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Abstract  

Congenital anomalies are amongst the leading causes of fetal and infant mortality 

and morbidity, yet are not consistently monitored within existing indicators used to 

assess the health and wellbeing of the New Zealand population.  Routine monitoring 

of public health indicators assists with designing and evaluation of health strategies, 

priorities and policies, as well as measuring the impact and utilisation of health 

services and interventions.  

This thesis sought to identify existing public health indicators for congenital 

anomalies in New Zealand, and assess whether these were comparable to 

international indicators.  It also sought to identify international indicators not 

measured in New Zealand, and the potential for their adoption.  From which, one 

was selected for a prevalence study to test the practicalities of implementation using 

existing administrative collections.  

Six public health indicators for congenital anomalies were identified as being or 

having been monitored in New Zealand, and these were comparable to international 

indicators.  Three international indicators were without a New Zealand equivalent, 

and only one, namely the indicator for “congenital anomalies typically requiring 

surgery”, showed potential for adoption, based on existing information within the 

New Zealand literature.  This indicator was therefore selected for a prevalence study, 

which served as a means of testing the practicalities of implementing this indicator.   

Methods 

The prevalence of selected congenital anomalies typically requiring surgery in New 

Zealand was reported based on the EUROCAT (European network for the 

surveillance of congenital anomalies) definition for the period 2000–2011.  The study 

utilised livebirth information held within the National Minimum Dataset and fetal 

death information from the National Mortality Collection.  Prevalence was assessed 
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in relation to time, and demographic risk factors, specifically maternal age, 

fetus/baby’s prioritised ethnicity, gestational age, and sex. 

Results 

In New Zealand, the prevalence of congenital anomalies typically requiring surgery 

was 4.1 per 1,000 births for 2000–2011, and a livebirth prevalence of 3.7 per 1,000 

births.  The temporal trend essentially remained stable over the period.  Prevalence 

of congenital anomalies typically requiring surgery was significantly higher for male 

fetuses/babies, for premature births, for fetuses/babies born to women of either 

young or advanced maternal age, and significantly lower for fetuses/babies of Māori 

or Pacific ethnicities.  Of the select anomalies encompassed within the indicator, only 

gastroschisis had a prevalence that was significantly higher in 2011 than in 2000. 

Discussion 

New Zealand has six congenital anomaly indicators comparable to international 

indicators; however, these indicators are inconsistently monitored by four 

organisations.  This creates the potential for misrepresentation of prevalence, which 

can impact on the planning and provision of services, interventions, and public 

health policy.  A congenital anomaly-specific framework would assist with rectifying 

these differences and ensure complete representation of prevalence.  This thesis 

provides the foundations for such a framework, and identified an additional 

indicator that could be implemented in practice.   

This thesis highlights the importance of reliable indicators for reporting the 

prevalence of congenital anomalies, particularly when used in conjunction with 

prevalence studies.  Information on the prevalence of congenital anomalies serves to 

increase the visibility and awareness of congenital anomalies in New Zealand, 

particularly among health professionals, and aids the planning and evaluation of 

public health policy and services.   

 



iv 

Preface 

I would like to thank my husband and children for supporting me during this 

process, and for the guidance provided by my supervisors, Dr Elizabeth Craig, and 

Adjunct Professor Robert (Mac) Gardner.   

I would also like to acknowledge the Ministry of Health for the provision of the data 

extracts from the administrative collections, and also the New Zealand Child and 

Youth Epidemiology Service for the provision of computational capacity. 

 



v 

Table of contents  

ABSTRACT    ..................................................................................................................................... II 

Preface ................................................................................................................................................ iv 

List of abbreviations ......................................................................................................................... xi 

INTRODUCTION.................................................................................................................................. 1 

Broad objectives .................................................................................................................................. 1 

Thesis structure ................................................................................................................................... 3 

Part one. Utilising public health indicators for monitoring congenital anomalies ........................ 3 

Part two. Indicator-specific prevalence study................................................................................. 4 

Part three. Discussion ...................................................................................................................... 5 

PART ONE. UTILISING PUBLIC HEALTH INDICATORS FOR MONITORING 

CONGENITAL ANOMALIES .................................................................................. 6 

Introduction to congenital anomalies .............................................................................................. 6 

Definition of congenital anomaly ..................................................................................................... 6 

Aetiology   ................................................................................................................................... 7 

Identification and prevention ......................................................................................................... 10 

Public health indicators for congenital anomalies ....................................................................... 13 

Mechanisms for monitoring congenital anomalies ......................................................................... 14 

Public health indicators .................................................................................................................. 23 

Conclusion on public health indicators ......................................................................................... 55 

PART TWO. INDICATOR-SPECIFIC PREVALENCE STUDY ............................................... 57 

Chapter One. Introduction ....................................................................................................... 58 

Congenital Anomalies Typically Requiring Paediatric Surgery .................................................... 58 

Chapter Two. Study methodology .......................................................................................... 84 

Study design   ................................................................................................................................ 85 

Statistical analyses.......................................................................................................................... 89 

Chapter Three. Results .............................................................................................................. 93 

Demography of the birth cohort ...................................................................................................... 93 

Epidemiology of congenital anomalies typically requiring surgery ............................................. 100 



vi 

PART THREE. DISCUSSION .......................................................................................................... 128 

Key findings from the prevalence study on the “congenital anomalies typically requiring 

surgery” indicator .......................................................................................................................... 128 

Encompassed anomalies ................................................................................................................ 129 

Influence of encompassed anomalies on risk factor association .................................................... 131 

Summary of congenital anomalies typically requiring surgery indicator .................................... 132 

Public health indicators for congenital anomalies ..................................................................... 134 

Conclusion ....................................................................................................................................... 137 

GLOSSARY   .................................................................................................................................. 138 

APPENDIX A—RESULTS SUPPLEMENTARY ........................................................................... 139 

REFERENCES   .................................................................................................................................. 144 

 



vii 

List of Tables 

Table 1. National Birth Defects Prevention Network (NBDPN) data-to-action matrix .................... 22 

Table 2. Clinical coding system used in new zealand ........................................................................... 29 

Table 3. Public health indicators for congenital anomalies ................................................................... 36 

Table 4. Prevalence of digestive system anomalies reported in new zealand literature................... 74 

Table 5. Prevalence of orofacial clefts reported in new zealand literature, 1964–2009 ..................... 77 

Table 6. Prevalence of individual severe chds reported within the new zealand literature ............ 83 

Table 7. ICD-10-AM code corresponding to congenital anomalies typically requiring surgery ..... 88 

Table 8. Definition of statistical significance using p-values ................................................................ 91 

Table 9. Number and percent of registered births, by demographic variable, 2000–2011 ................ 94 

Table 10. Number and percent of registered births, by birth status and maternal age group, 2000–

2011 ................................................................................................................................................ 95 

Table 11. Number and percent of registered births, by birth status and ethnicity, 2000–2011 .......... 96 

Table 12. Number and percent of registered births, by birth status and gestation, 2000–2011 .......... 98 

Table 13. Number and percent of registered births, by birth status and baby’s sex, 2000–2011 ........ 99 

Table 14. Number and prevalence of congenital anomalies typically requiring surgery present, by 

birth status and year, 2000–2011 .............................................................................................. 101 

Table 15. Number of congenital anomalies typically requiring surgery present, by birth status, 

2000–2011 .................................................................................................................................... 102 

Table 16. Prevalence of congenital anomalies typically requiring surgery, by birth status and 

congenital anomaly, 2000–2011 ................................................................................................ 102 

Table 17. Prevalence of orofacial clefts, by birth status and anomaly, 2000–2011 ............................. 103 

Table 18. Prevalence of severe congenital heart defects, by birth status and cardiovascular anomaly, 

2000–2011 .................................................................................................................................... 104 

Table 19. Prevalence of digestive system malformations, by birth status and anomaly, 2000−2011

 ...................................................................................................................................................... 105 

Table 20. Number and percent of congenital anomalies typically requiring surgery with a co-

existing chromosomal anomaly, by birth status, 2000–2011 ................................................ 106 

Table 21. Number and percent of congenital anomaly typically requiring surgery present with a 

chromosomal anomaly, by congenital anomaly, 2000–2011 ................................................ 106 

Table 22. Number and percent of congenital anomaly typically requiring surgery with a coexisting 

chromosomal anomaly, by congenital anomaly and chromosomal anomaly, 2000–2011 107 

Table 23. Number and prevalence of congenital anomalies typically requiring surgery, by birth 

status and maternal age group, 2000–2011 ............................................................................. 110 



viii 

Table 24. Number, prevalence and prevalence rate ratio of congenital anomalies typically requiring 

surgery, by maternal age group, 2000–2011 ........................................................................... 111 

Table 25. Number, prevalence, and prevalence rate ratio of congenital anomalies typically 

requiring surgery, by maternal age group and congenital anomaly, 2000–2011 .............. 112 

Table 26. Number and prevalence of congenital anomalies typically requiring surgery, by birth 

status and prioritised ethnicity, 2000–2011 ............................................................................. 114 

Table 27. Number, prevalence, and prevalence rate ratio of congenital anomalies typically 

requiring surgery, by fetus/baby’s prioritised ethnicity, 2000–2011 ................................... 115 

Table 28. Number, prevalence and prevalence rate ratio of individual congenital anomalies 

typically requiring surgery, by fetus/baby’s prioritised ethnicity and congenital anomaly, 

2000–2011 .................................................................................................................................... 118 

Table 29. Prevalence (with 95% ci) of congenital anomalies typically requiring surgery, by birth 

status, and fetus/baby’s gestational age at birth, 2000–2011 ................................................ 121 

Table 30. Number, prevalence, and prevalence rate ratio of congenital anomalies typically 

requiring surgery, by fetus/baby’s gestational age at birth and congenital anomaly, 2000–

2011 .............................................................................................................................................. 123 

Table 31. Prevalence (with 95% ci) of congenital anomalies typically requiring surgery, by birth 

status, and fetus/baby’s sex, 2000–2011 ................................................................................... 125 

Table 32. Number, prevalence, and prevalence rate ratio of congenital anomalies typically 

requiring surgery, by fetus/baby’s sex and congenital anomaly, 2000–2011 ..................... 126 

Table 33. Total birth prevalence of congenital anomaly typically requiring surgery (cars), by year 

and congenital anomaly, 2000–2011 ........................................................................................ 139 

Table 34. Livebirth prevalence of congenital anomaly typically requiring surgery (cars), by year 

and congenital anomaly, 2000–2011 ........................................................................................ 140 

Table 35. Fetal death prevalence of congenital anomaly typically requiring surgery (cars), by year 

and congenital anomaly, 2000–2011 ........................................................................................ 141 

Table 36. Prevalence (with 95% ci) of congenital anomalies typically requiring paediatric surgery, 

by maternal age group and fetus/baby’s prioritised ethnicity, 2000–2011 ......................... 142 

 



ix 

List of Figures 

Figure 1. Schematic of the various sutures that may prematurely fuse ................................................ 59 

Figure 2. Prevalence of gastroschisis reported in New Zealand literature, 1963–2011 ....................... 66 

Figure 3. Prevalence of omphalocele reported in New Zealand literature, 1963–2011 ....................... 68 

Figure 4. Proportion of registered births, by year, 1988–2011. ............................................................... 93 

Figure 5. Percent of total registered births by year and maternal age, 1988–2011 ............................... 94 

Figure 6. Proportion of registered births by maternal age group, 2000–2011 ...................................... 95 

Figure 7. Percent of total registered births, by year and baby’s prioritised ethnic group, 1996–2011

 ........................................................................................................................................................ 96 

Figure 8. Percent of registered births by birth status, maternal age and baby’s prioritised ethnic 

group, 2000–2011 .......................................................................................................................... 97 

Figure 9. Percent of total registered births by year and baby’s gestation, 1988–2011 ......................... 98 

Figure 10. Percent of total registered births by year and baby’s sex, 1988–2011 ................................... 99 

Figure 11. Prevalence (total births per 1,000 births with 95% CI) of congenital anomalies typically 

requiring surgery (CARS) by year, 2000–2011 ....................................................................... 100 

Figure 12. Proportion of total congenital anomalies typically requiring surgery, by anomaly and 

year, 2000–2011 ........................................................................................................................... 102 

Figure 13. Prevalence (with 95% CI) of individual congenital anomalies typically requiring surgery, 

by year, birth status, and congenital anomaly, 2000–2011 ................................................... 108 

Figure 14. (Total birth) prevalence (with 95% CI) of congenital anomalies typically requiring surgery 

(CARS), by maternal age group, 2000–2011 ........................................................................... 109 

Figure 15. Prevalence (with 95% CI) of congenital anomalies typically requiring surgery (CARS), by 

maternal age group and year, 2000–2011 ................................................................................ 111 

Figure 16. Prevalence (with 95% CI) of individual congenital anomalies typically requiring surgery, 

by maternal age group and congenital anomaly, 2000–2011 ............................................... 113 

Figure 17. Prevalence of congenital anomalies typically requiring surgery (CARS), by the baby’s 

prioritised ethnic group, 2000–2011......................................................................................... 114 

Figure 18. Prevalence of congenital anomalies typically requiring surgery (CARS), by year, and 

fetus/baby’s prioritised ethnic group, 2000–2011 .................................................................. 115 

Figure 19. Prevalence of individual congenital anomalies typically requiring surgery, by the 

fetus/baby’s prioritised ethnic group and congenital anomaly, 2000–2011 ....................... 117 

Figure 20. Prevalence (with 95% CI) of congenital anomalies typically requiring surgery (CARS), by 

maternal age group and fetus/baby’s prioritised ethnicity, 2000–2011 .............................. 119 



x 

Figure 21. Livebirth and fetal death prevalence (with 95% CI) of congenital anomalies typically 

requiring surgery (CARS), by maternal age group, birth status, and fetus/baby’s 

prioritised ethnicity, 2000–2011 ................................................................................................ 119 

Figure 22. Prevalence of congenital anomalies typically requiring surgery (CARS), by the 

fetus/baby’s gestational age at birth, 2000–2011 .................................................................... 120 

Figure 23. Prevalence of congenital anomalies typically requiring surgery (CARS), by the 

fetus/baby’s gestational age at birth, 2000–2011 .................................................................... 120 

Figure 24. Prevalence of congenital anomalies typically requiring surgery (CARS), by the 

fetus/baby’s gestational age at birth, 2000–2011 .................................................................... 121 

Figure 25. Prevalence of congenital anomalies typically requiring surgery (CARS), by birth status, 

year, and fetus/baby’s gestational age at birth, 2000–2011 ................................................... 122 

Figure 26. Prevalence of individual congenital anomalies typically requiring surgery, by 

fetus/baby’s gestational age at birth and congenital anomaly, 2000–2011 ......................... 124 

Figure 27. Prevalence of congenital anomalies typically requiring surgery (CARS), by year and 

fetus/baby’s sex, 2000–2011 ....................................................................................................... 125 

Figure 28. Prevalence of individual congenital anomalies typically requiring surgery, by year, 

fetus/baby’s sex, and congenital anomaly, 2000–2011 .......................................................... 127 

Figure 29. Prevalence (with 95% CI) of individual congenital anomalies typically requiring surgery, 

by fetus/baby’s prioritised ethnicity, maternal age group, and congenital anomaly, 2000–

2011 .............................................................................................................................................. 143 

 



xi 

List of abbreviations 

Abbreviation Description 

 

BDM 

 

Births, Deaths, and Marriages 

BINOCAR British Isles Network of Congenital Anomaly Registers 

CARS Congenital anomalies typically requiring surgery 

CHD Congenital heart defects or cardiovascular defects 

DHB District Health Board 

EUROCAT European network for the surveillance of congenital anomalies 

ICBDSR International Clearinghouse for Birth Defects Surveillance and 

Research 

ICD International Classification of Diseases 

MELAA Middle Eastern, Latin American, and African 

MORT National Mortality Collection 

NMDS National Minimum Dataset 

NTD Neural tube defect 

NZBDR New Zealand birth defects register 

NZCYES New Zealand Child and Youth Epidemiology Service 

PMMRC Perinatal and Maternal Mortality Review Committee 

PSANZ Perinatal Society of Australia and New Zealand 

WHO World Health Organization 

  

 

 



1 

Introduction 

Congenital anomalies are a major contributor to morbidity and/or mortality in 

fetuses, infants, and children, which impacts on the individual, their families, and the 

wider community, and places pressure on social, educational, and health-care 

services and systems1-5.  Congenital anomalies are not, however, recognised as 

priorities in public health globally, nor are they high on the public health agenda 

according to the 63rd World Health Assembly6.  This assembly emphasised the 

importance of decreasing the burden that congenital anomalies can have on a 

population, in conjunction with increasing awareness of congenital anomalies, 

particularly within the health sector through the inclusion of congenital anomalies in 

public health indicators.   

Indicators are ‘signals for things that cannot be directly seen’7, and provide a 

measurable summary of a predefined feature or issue of concern pertaining to a 

particular health question; in the present case, congenital anomalies.  Indicators assist 

with monitoring the impact on a population, and with prioritising, designing and 

evaluating public health policies, interventions, and services8.  Additionally, 

indicators enable comparisons to be made, such as between population groups, 

district health boards, anomalies, or interventions9.   

New Zealand utilises a number of indicators for monitoring the health and well-

being of the population, however, there only appears to be a select few that 

encompass congenital anomalies.  This is in spite of congenital anomalies being the 

second highest contributor to fetal and infants deaths10-12; and being present in nearly 

five percent of liveborn babies13,14.   

Broad objectives 

This thesis aims to identify public health indicators for congenital anomalies that 

could be enhanced or incorporated into existing monitoring systems in New 

Zealand.   
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Four objectives have been defined to address this aim, which involves: 

1. Identifying, through a review of the published literature, public health 

indicators that are or have been utilised for monitoring congenital anomalies in 

New Zealand, including the organisations involved and data sources utilised;  

2. Determining how comparable the New Zealand indicators are to the 

international indicators for monitoring congenital anomalies, as identified in 

the published literature; 

3. Identifying indicators not covered within New Zealand, and determining the 

viability of their adoption based on the published literature for New Zealand, 

including the existing knowledge pertaining to the anomalies encompassed 

within each indicator and any potential constraints or limitations to 

implementation; and 

4. Based on the outcome of objective three, select a potential indicator to 

undertake an investigative (prevalence) study to determine the likely 

prevalence and demographic risk factor associations. 

This thesis ultimately intends to lead to an enhancement of existing monitoring, 

which in turn would increase awareness amongst health professionals.  In addition, 

this thesis could serve as a baseline reference for the trends in birth prevalence and 

demographic characteristics of any newly investigated indicators of congenital 

anomalies, which is particularly relevant when planning and/or evaluating public 

health policy.  It is also hoped that this thesis will initiate discussion on inclusion of 

congenital anomalies within the portfolio of health indicators, and consideration of 

the ramifications of changes in the prevalence of anomalies on the demand for 

existing health services, particularly for children. 
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Thesis structure 

To address the central aim and research objectives, the layout of this thesis consists of 

three consecutive parts.  

Part one. Utilising public health indicators for monitoring congenital 

anomalies 

This part addresses the first three objectives and comprises four chapters. 

Chapter one—Introduction to congenital anomalies—introduces the reader to terms and 

concepts commonly used when discussing and monitoring congenital anomalies 

within a population.  

Chapter two—Public health indicators for congenital anomalies—serves to describe the 

spectrum of indicators used to monitor congenital anomalies.  It does this by briefly 

introducing the reader to the concept of an indicator before leading onto the first of 

two sections.  The first section provides an overview of the indicators for congenital 

anomalies applied internationally.  The second section describes the monitoring of 

congenital anomalies in New Zealand, and is further divided into two sub-sections.  

The first of these describes the organisations involved in monitoring congenital 

anomalies in New Zealand and the data sources employed.  The second sub-section 

utilises the published literature for New Zealand to describe the measures (or 

indicators) that are or have been utilised in New Zealand for monitoring congenital 

anomalies.  

Chapter three—Compatibility of congenital anomaly indicators utilised in New Zealand—

commences with a comparison of congenital anomaly-specific indicators 

internationally and in New Zealand in order to identify any indicator(s) not covered 

within New Zealand or that could be enhanced.  This chapter is separated into two 

sections.  The first section provides an overview of the New Zealand indicators 

comparable or equivalent to international indicators.  For each of these indicators, a 

brief account is provided of the prevalence and any potential limitations or methods 
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for enhancement.  The second section provides a summative description of the 

indicators not considered within existing New Zealand indicators and the 

practicalities of their implementation in New Zealand.  From this, one indicator that 

is potentially viable is selected for further investigation by means of a prevalence 

study.  

Part two. Indicator-specific prevalence study 

This part utilises the findings of the preceding chapter.  It is divided into three 

chapters. 

Chapter one introduces the indicator selected from the findings of the preceding part 

(namely congenital anomalies typically requiring surgery), and continues by utilising 

the published literature to provide an overview of the anomalies encompassed 

within this indicator, including the prevalence reported internationally and in New 

Zealand. 

Chapter two describes the methodology employed within the prevalence study.  

Chapter three comprises two sections.  The first section provides the reader with the 

background context on the birth cohort within which the congenital anomalies are 

encompassed.  It does this by analysing data extracted from the birth registration 

dataset to describe the characteristics of the birth cohort in New Zealand, in relation 

to time and demographic information, specifically maternal age, fetus/baby’s 

ethnicity, gestational age, and sex.  The second section investigates the selected 

indicator by analysing data extracted from two national administrative collections, 

specifically the national minimum dataset (NMDS) and the national mortality 

collection (MORT).  The analysis describes the prevalence and temporal trends in 

New Zealand, and also presents the prevalence in relation to the demographic 

characteristics of maternal age, fetus/baby’s ethnicity, sex, and gestational age (using 

uni- and multi-variate analyses). 
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Part three. Discussion 

The final part of this thesis reflects the overarching aim and objectives posed above, 

by summarising the overall findings of parts one and two; it discusses the relevance 

of the results; considers the potential limitations that will need addressing; and 

identifies any avenues warranting further investigation.  
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Part One. Utilising public health indicators for monitoring 

congenital anomalies 

This part provides an overview of the terms and basic concepts frequently applied 

when discussing or monitoring the occurrence of congenital anomalies within a 

population.  It investigates the published literature to ascertain the indicators for 

congenital anomalies applied internationally and in New Zealand, and then 

determines who has been monitoring congenital anomalies for New Zealand and 

what data sources have been employed.  It also considers whether any existing 

indicators are comparable to international indicators or require amendment to ensure 

comparability.  The existing New Zealand literature forms the basis for considering 

the potential for adopting any international indicators not presently measured in 

New Zealand.  

Introduction to congenital anomalies 

Definition of congenital anomaly 

The definition of congenital anomaly, which is synonymous with birth defect15, 

varies from broad to narrow according to the intended purpose.  The key element for 

a congenital anomaly is that it must be present at birth15,16, even if not clinically 

obvious at birth and diagnosed later in life16. 

The application of a broad definition is appropriate for implementing legislative 

change or acquiring financial support for public health policies, such as antenatal or 

newborn screening, or interventions, such as fortification of food3,15,16.  An example of 

a broad definition may be any structural, functional, or biochemical abnormality that 

is present from birth and of prenatal origin16,17.   

An explicit or narrow definition is employed by the majority of the published 

literature.  A concise definition is more appropriate and beneficial for monitoring or 
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research purposes, as it provides scope to clearly define the severity and type of 

congenital anomaly, and to tailor according to the specific monitoring requirements, 

methods and available resources15.  For example, a narrow definition may 

encapsulate specific types of defects, such as structural disorders1; functional 

abnormalities, including metabolic disorders1; genetic disorders;2,13,18 or be restricted 

by severity, such as major anomalies18,19.   

Defining severity 

The severity of a congenital anomaly may be minor or major, also referred to as 

serious16,20.  A minor anomaly can encompass normal or chance variants and does not 

have the same definitional requirement or impact as major15,19.  For a congenital 

anomaly to be perceived as major, it must be identifiable at birth16; 

 have a serious or adverse effect on the individual’s survival (i.e. be life 

threatening)2,16,21, health and development(14), or functional ability, including the 

potential for lifelong disability comprising physical, mental, visual or auditory 

impairment16,20,21; or  

 require medical or surgical intervention2,15,16; or 

 have a significant impact on physical (cosmetic) appearance15,18. 

Aetiology 

Knowledge on the aetiology of individual congenital anomalies varies; and around 

70 percent of congenital anomalies have no known cause21,22.  It is, however, generally 

acknowledged that the mechanisms involved are predominantly genetic and/or 

environmental (non-genetic). 

Genetic involvement encompasses, but is not limited to, variation in the structure, 

number, or composition of chromosomes and gene mutations23-25.  The genetic 

variation may be inherited, in which the existing variation present in either parent is 

passed on; or acquired, such as a fresh gene mutation occurring in the sperm26 or 

oocyte (egg), or a chromosomal error occurring during cell division of the gamete23-25.  
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Although the acquired variation is not inherited from either parent, it may be an 

artefact of biological factors associated with parents.  For instance, as the parents age 

the integrity of the cells (germ/spermatozoa and oocytes) decreases23-26.  For example, 

as a woman increases in age not only does the number of available oocytes decrease 

but the quality of the oocyte decreases.  The decreased quality translates to a 

deterioration in the cell components responsible for the alignment of the 

chromosomes, for instance the strength and number of connections and cohesive 

bonds of the chromatids and of the cells.  This deterioration may cause an incorrect 

number of chromosomes, or an asymmetrical distribution of chromosomes in the 

ovum. Trisomy 21 (Down syndrome) is an example of this maternal age effect24.   

Environmental or non-genetic involvement encompasses a wide range of risk factors, 

however, they can be broadly grouped into four categories21. 

 (Physical) environmental exposure—comprises exposure to occupational 

chemicals, or contamination, such as drinking water contaminants, residence 

near waste disposal sites and contaminated land, pesticide exposure in 

agricultural areas27. 

 Maternal behaviour—encompasses, but is not limited to, nutrition (such as 

supplementation with folic acid and vitamin A); exposure to drugs, including 

therapeutic, such as thalidomide,28, anticonvulsants, lithium, exogeneous female 

hormones29, tamoxifen30, and CNS sedatives (such as barbiturates, diazepam)31; 

recreational drugs (such as methamphetamine, cocaine, marijuana)32,33; and 

alcohol31,34-36. 

 Maternal health—comprises, but is not limited to, infections and conditions, 

such as toxoplasmosis, syphilis, varicella, rubella28,37-39, cytomegalovirus 

(CMV)40,41, and Herpes (collectively referred to as TORCH); obesity, including 

pre-pregnancy or in early pregnancy42; and diabetes mellitus42-44. 

 Parental demographics—encompasses age, ethnicity (or race), and the level of 

neighbourhood deprivation (or socioeconomic status) of the parents.  For 

instance, with parental age, the associated risk of some anomalies increases as 
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the chronological age of the parents increases, which increases the risk for 

genetic abnormalities in the oocyte and sperm (as previously mentioned).  An 

increased risk associated with young maternal age is, however, not an artefact 

of biological degradation but relates to the presence of extrinsic factors, such as 

high drug, tobacco and alcohol use, poor socioeconomic factors45, poor maternal 

health, poor antenatal and postnatal care, and genetic or physiological 

susceptibility46.  The risk of congenital anomalies varies by ethnicity and by 

socioeconomic status.  For example, with ethnicity/race, babies born to women 

of First Nation or Hispanic origins have a higher risk of neural tube defects47,48, 

Hispanic babies have a lower risk of hypospadias48, and in New Zealand babies 

of Pacific or Asian ethnicities have a higher risk of congenital anomalies 

compared to European babies13,49. While for socioeconomic status, risk increases 

for non-chromosomal anomalies with increasing deprivation50.  The aetiological 

association of congenital anomalies with ethnicity and with socioeconomic 

status are more complex due to the interaction between these two factors and 

also with other factors, such as country of origin, pre- and post-conception 

health (including underweight or obese, glycemic control), access to and use of 

healthcare services, and culture/beliefs48,50-52.  

The timing of exposure to a teratogen is a key feature in the potential formation of an 

anomaly.  For instance, an anomaly may result from exposure to an environmental 

risk factor occurs during the first few gestational weeks when the cells are dividing 

rapidly, or when the limbs and organs are forming22.   

For some anomalies, the aetiology is multifactorial, resulting from an interaction 

between genetic factors and exposure to one or more environment factors53.  

However, it has been proposed that in some instances the anomaly may arise from a 

random or “stochastic” error during embryonic/fetal development54. 
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Identification and prevention 

Identification 

The majority of congenital anomalies can potentially be diagnosed in the antenatal 

period (during pregnancy) and around one-third are diagnosed in the postnatal 

period, of which most are diagnosed around the time of birth55.  In some instances, 

diagnosis may not occur until later in infancy or childhood, and occasionally not 

until adulthood3,13,21,27,56.  Identification of a congenital anomaly during the antenatal 

period is typically through screening programmes, ultrasound scans on/after 18 

weeks gestation, and/or diagnostic testing.   

Antenatal screening programmes are conducted at a national level to screen pregnant 

women in the first or second trimester, and usually comprise a maternal blood 

(serum) sample and/or an ultrasound scan52,57.  The maternal blood sample is tested 

for deviations from the expected concentration of specific analytes, or biochemical 

markers, for example, alpha-fetoprotein, beta-human chorionic gonadotrophin, 

pregnancy-associated protein A, or unconjugated oestriol57,58.  In New Zealand, the 

first trimester screening option involves both an ultrasound scan to measure the 

nuchal translucency (NT) and crown rump length (CRL), and a maternal blood 

sample taken; while the second trimester option solely comprises a maternal blood 

sample57,58.  

The anatomy scan is an ultrasound scan performed at 18–20 weeks gestation to check 

whether the growth of the fetus is consistent with their gestational age, and 

anomalies may also be detected.  Women may undergo subsequent ultrasound scans, 

and these may also identify anomalies. 

Ultrasound scans observe the fetus for soft markers, which are (subtle) anatomical 

variations59 or minor, usually transient, structural change that potentially indicate ‘a 

risk of serious fetal anomaly but which in itself is probably inconsequential’60.  Most 

fetuses with an isolated ultrasound soft marker, particularly those identified in the 

second trimester59, will be normal at birth61.  Examples of soft markers are nuchal 
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thickening, cardiac echogenicities, minor dilatation of the fetal renal pelvis 

(pyelectasia), or the absence of the nasal bone59-62. 

Non-invasive antenatal testing via a maternal blood sample, which utilises the (cell 

free) fetal DNA or RNA within the maternal blood63,64, is being debated and trialled 

(internationally) as a new antenatal screening test58,65-67.  At present, non-invasive 

antenatal testing is not considered a diagnostic test68-70, and antenatal diagnostic 

testing currently involves an invasive procedure to obtain samples of the chorionic 

villi, or cells within the amniotic fluid58.   

Diagnostic testing can diagnose anomalies arising from alterations to the numbers of 

chromosomes, such as trisomies, triploidy, and of the sex chromosomes, and to the 

structure of the chromosomes, such as translocations, deletions, and duplications71.  

A postnatal diagnosis requires a sample of the baby’s blood to be tested.  Samples 

taken for diagnostic testing are processed using:  

 karyotyping, in which the number and structure of chromosomes present in the 

sample are examined under microscope71, or by the methodology of 

chromosomal microarray; and/or  

 rapid testing (such as FISH or QF-PCR tests), in which FISH (fluorescence in 

situ hybridisation) detects the presence or absence of specific chromosomes 

using chromosome-specific DNA probe hybridisation71, while QF-PCR 

(quantitative fluorescent polymerase chain reaction) detects the number of 

copies of chromosomes by amplifying the markers located on specific 

chromosomes72.  

In liveborn babies, up to 70 percent of congenital anomalies can be ameliorated or 

treated successfully following diagnosis, and may include surgical correction or 

medical treatment to control complications3.   
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Prevention 

Prevention targets particular risk factors to reduce or minimise the occurrence and/or 

clinical manifestation of congenital anomalies73.  There are three levels of prevention:  

1. Primary prevention—involves avoiding the cause(s) of congenital anomalies to 

eliminate the risk of congenital anomalies, particularly pre-conception or 

during the early first trimester16,53.  Primary prevention strategies frequently 

focus on: 

 Maternal nutrition, such as the promotion, particularly prior to 

conception, of using folic acid supplements and/or the consumption of 

fortification of food16,74,75;  

 prevention of maternal infections, such as the immunising against rubella 

to eliminate congenital rubella syndrome16,38,53; or  

 avoiding peri-conception exposure to teratogenic agents76, including 

recreational drugs, alcohol, and other chemicals.  

Other primary strategies include genetic counselling74; the early uptake of 

pregnancy care77, control strategies for women with diabetes16, or promoting 

obese women to decrease their weight prior to conception42. 

2. Secondary prevention—attempts to minimise the risk of congenital anomalies 

or increase the prospect for the individual to have a normal lifetime with no or 

minimal disability16,53,78.  This is achieved by early detection of a congenital 

anomaly subsequently followed by successful medical or surgical intervention 

(either in-utero or, the vast majority, in the postnatal period)53,78.  Antenatal 

screening can only be considered secondary prevention if the anomaly can be 

successfully treated (or avoided)74, such as antenatal screening for rubella 

antibodies38.  Secondary prevention does not include pre-implantation 

diagnosis, nor antenatal diagnosis preceding a termination of pregnancy for 

fetal anomaly74,79. 
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3. Tertiary prevention—encompasses early detection of a congenital anomaly 

subsequently followed by successful intervention in the postnatal period16, 

including medical treatment of complications16, or early surgical correction of a 

congenital anomaly after which the individual has complete recovery ‘without 

residual defects or minimal after effects’78.  Examples include treatment of 

specific congenital heart defects, such as ventricular septal defects, and 

congenital pyloric stenosis78.   

The identification of new pathogenetic factors or the success of an implemented 

prevention strategy, such as those described above, can be measured through 

indicators and descriptive studies, such as epidemiological prevalence studies, and 

changes in prevalence monitored through indicators.   

Public health indicators for congenital anomalies 

Congenital anomalies place a considerable burden on the individual, their family, the 

population, and the health system16,80,81, yet are often not encompassed within public 

health indicators, such as those that encapsulate perinatal conditions or rare 

diseases9.  This was highlighted at the 63rd World Health Assembly, at which 

concerns were expressed over congenital anomalies not being recognised as a public 

health priority.  The assembly also conveyed the need for improved access and 

coverage for maternal, newborn, and child health policies, interventions and services 

relating to congenital anomalies6.   

The assembly urged the setting of priorities, commitment of resources, and 

development of ‘plans and activities for integrating effective interventions that 

include comprehensive guidance, information and awareness raising to prevent 

congenital anomalies, and care for children with congenital anomalies into existing 

maternal, reproductive, and child health services and social welfare for all 

individuals and effective interventions to prevent tobacco and alcohol use during 

pregnancy’.  They stated the necessity of adequate, accurate, and available 

epidemiological information, which is a key tool for congenital anomalies, and 
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results from the development, and strengthening of systems for monitoring 

congenital anomaly6.  

Mechanisms for monitoring congenital anomalies 

Congenital anomalies gained recognition internationally and in New Zealand 

following a number of tragic events, of which the thalidomide tragedy in the mid-

1950s to early-1960s had the greatest impact, and this culminated in the initiation of 

monitoring systems utilising existing data sources or congenital anomaly-specific 

registers, also known as birth defect registers82.  

Simply, monitoring is the mechanism of routine collection and utilisation of 

information pertaining to cases identified with a congenital anomaly.  The intention 

of monitoring is to detect changes in the environment or health status of 

populations15.  Monitoring can reveal changes in the structure of the population at 

risk, changes in the diagnostic procedures and/or practices employed by health 

professionals.  It can also reflect the introduction of more effective technologies for 

identification15.  The information acquired from monitoring can be used to set or 

evaluate public health policy, such as the identification of at-risk groups, or assessing 

the effectiveness of services, such as Down syndrome screening in the antenatal 

period; as well as providing the means for investigating and reporting the prevalence 

of congenital anomalies.   

Measuring occurrence of congenital anomalies: prevalence versus 

incidence 

Prevalence is deemed the appropriate term within the published literature for 

referring to the occurrence of congenital anomalies rather than incidence2,15,83-85.  The 

rationale for prevalence is that it estimates the population risk for congenital 

anomalies in pregnancies that survived to late pregnancy or to birth2,55,85.  Prevalence 

is defined as the number of (all) cases of the disease in a population at the specific 

time point.  Prevalence of congenital anomalies can also be measured at any time, 
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although is typically at birth; and enables populations to be readily defined and 

compared, such as the inclusion of particular pregnancy outcomes or comparisons 

between populations of differing sizes15.  

Incidence, by contrast, is defined as the number of new cases of disease that develop 

in the total population at risk during a specified time interval55,83,85,86.  Incidence of 

congenital anomalies is, however, hampered by the difficulties in accurately 

determining the total population at risk, namely all conceptuses83, which encompass 

pregnancies from conception to delivery.  An additional difficulty for incidence is the 

lack of diagnostic examination or information documenting the presence of a 

congenital anomaly in conceptuses of pregnancies (spontaneously or medically) 

aborted prior to 20 weeks gestation15.   

Calculating prevalence 

Prevalence measures the number of existing cases of congenital anomaly within a 

population (in relation to area and time period).  Prevalence may measure the 

number of anomalies (anomaly rate)87 or the number of cases with one or more 

anomalies15. 

Anomaly rate=
number of a particular congenital anomaly among births

the number of births
×multipler 

Prevalence at birth is the most frequently utilised measure15, particularly among 

congenital anomaly indicators, and is defined as follows: 

Prevalence =
number of births with one+congenital anomaly

the number of births 
×multipler 

Births typically comprise either total births (livebirths and fetal deaths), or livebirths 

only, and may incorporate terminations of pregnancy for fetal anomaly (TOPFA)15.  

The international convention for multipliers is either 1,000 or 10,00015,84, although 

various multipliers has been used in New Zealand (range: 1,000 to 100,000)13,86.   



16 

Although the international conventions favour prevalence, the reporting of 

occurrence of congenital anomalies still varies around the world, and therefore has 

the potential to complicate comparisons of the supplied information, and the 

reported prevalence. 

Monitoring congenital anomalies: data collection  

This variability may relate to the criteria for identifying cases relevant to the 

measures, such as inclusion of various pregnancy outcomes88 or limited to birth or 

one year of age; the ascertainment system utilised, such as active surveillance 

systems; or the information sources utilised15.   

Inclusion criteria and definitions 

The inclusion criterion depends on the congenital anomalies intended to be 

measured, and can impact upon the reported trends or international comparisons, 

such as inclusion of livebirths versus total births, or the definition of a fetal death.  

For example, New Zealand mandated for the registration of fetal deaths if the fetus 

reached 20 weeks gestation (or 400g birthweight)10,89,90, however, prior to 1996 the 

legal requirement for registration was 28 weeks gestation and beyond91.  Similarly 

other countries reporting total birth prevalence may apply differing criteria for fetal 

deaths, such as a fetal death of at least 28 weeks gestation or 1000g birthweight92. 

Ascertaining congenital anomaly cases 

Cases of congenital anomaly may be identified and collated from various sources 

through active and/or passive mechanisms.   

 Active—involves case finding.  This is a labour intensive process in which a 

trained individual accesses and systematically reviews all birth records held by 

medical facilities (such as hospitals, birthing centres, cytogenetic laboratories) to 

identify individual cases of congenital anomaly.  This can include fetal deaths 

and terminations of pregnancy for fetal anomaly.  The intended outcome is the 

creation of a complete record of information, which then undergoes diagnostic 
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confirmation15, for example by a medical geneticist reviewing the file, including 

case notes and medical records. 

 Passive—involves case reporting.  This process utilises pre-existing systems to 

identify cases of congenital anomaly, and can involve either a case report or 

extract from a data source.  This mechanism can capture information from a 

single source or a variety of sources, such as hospital discharge, mortality, birth 

registration, and cytogenetic testing, without the reliance on manual 

identification of data.  The information pertaining to any identified 

babies/fetuses can then be extracted according to predefined criteria.  The 

constraint with this mechanism is that the diagnostic information for the 

identified cases are not confirmed, and therefore may not be complete15. 

Depending on the method employed, there is the potential for ascertainment 

variations88.  In some instances, a combination of these two methods may be utilised 

to ensure complete and accurate information, such as identification of cases via 

passive means with subsequent diagnostic confirmation.    

Information sources utilised 

Internationally the information utilised for measuring the prevalence of congenital 

anomalies may be procured from a range of sources, such as 15,93-95: 

 vital records, including birth and death certificates, and postmortem reports;  

 administrative data collections, e.g. hospital morbidity data, mortality 

collections;   

 other hospital sources, including from medical records, birthing centres, and 

hospital departments and/or services, such as paediatric, neonatal, orthopaedic, 

ultrasound, and surgical services;  

 perinatal databases;  

 fetal anomaly databases, or local congenital anomalies surveillance programs or 

registers;  

 genetic services, including cytogenetic. 
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A number of local and overseas monitoring entities combine data from these various 

sources into integrated databases.  Examples include the New Zealand Birth Defect 

Register (which is discussed later); Birth Defect Registers in New South Wales, South 

Australia, and Victoria; the European network for the surveillance of congenital 

anomalies (EUROCAT), and the International Clearinghouse for Birth Defects 

Surveillance and Research (ICBDSR; which is discussed in more detail later).  

EUROCAT and ICBDSR are examples of international registers that monitor the 

prevalence of congenital anomalies through the provision of information from a 

multitude of collaborating countries, who in turn would have obtained the 

information for their population from various sources.   

The advantage of obtaining information from a variety of sources is increased 

completeness, precision, and accuracy of the collated information, however, it also 

increases the resources and time required for collation96.  Additionally, some sources 

may be constrained by the lack of diagnostic information, or may lack a precise 

description of the defect, such as information held on birth or death certificates, and 

the utilisation of differing coding standards to identify congenital anomalies, and the 

quality of the coded information15,97.  

Coding congenital anomalies 

Congenital anomalies can be classified using a number of coding systems, such as 

SNOMED CT (Systematized Nomenclature of Medicine Clinical Terms)98; OMIM 

(Online Mendelian Inheritance in Man)99,100; STS (Society of Thoracic Surgeons)101; 

IPCCC (International Paediatric and Congenital Cardiac Code)102; or PSANZ-PDC 

(Perinatal Society of Australia and New Zealand-Perinatal Death Classification)103, 

however, congenital anomalies are frequently coded using the International 

Classification for Disease (ICD) coding convention.  For instance, ICD-10 is utilised 

across EUROCAT registers94,104, the British Paediatric Association (BPA) modified 

ICD-10 is utilised in the United Kingdom55 and ICD-9-BPA is utilised by a number of 

Australian registers (New South Wales, Victoria, Western Australia, and South 

Australia105-107), a Clinical Modification of ICD-9 is utilised in the USA108.  An 
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Australian Modification of ICD-10, which is considered to more appropriately reflect 

the clinical practice and supports collection of data relevant to local population109, is 

utilised in Australia by some states and territories (including Tasmania, the 

Australian Capital Territory, Queensland105,110, and national agencies such as the 

AIHW National Perinatal Statistics Unit110), Ireland, Singapore, and in New Zealand 

the nomenclature utilised varies between ICD-9 and ICD-10-AM13,111.  

The ICD was initially developed in 1893 to classify deaths.  In the early 1990s, the 

World Health Organization (WHO) expanded the system to encompass morbidity, 

and sought international adoption, with the intention of the system serving as a 

‘diagnostic tool for epidemiology, health management and clinical purposes’112.  This 

coding system (or nomenclature) involves classification of diseases, injuries, 

symptoms, reasons for encounter with health system, factors that influence health 

status, external causes of disease, and procedures113. 

Application of a consistent coding system, such as the ICD nomenclature, has the 

advantage of enabling consistent identification and retrieval of information 

pertaining to conditions and/or diseases and procedures.  Within ICD (and 

associated modifications), congenital anomalies can be identified using 740.0−759.9 

for ICD-9 and the Q chapter for ICD-10.   

These systems are, however, not without their limitations15.  The main limitation is 

the granularity of the codes for identification of individual anomalies.  For example, 

ICD-9 is hampered by a lack of adequate codes necessary for identifying the distinct 

abdominal wall defects, such as gastroschisis and omphalocele, which are both 

anterior abdominal wall defects.  Under ICD-9, these two anomalies are grouped as 

one (7567—Omphalocele and gastroschisis)114,115.  A few international studies have 

utilised a procedure code (54.71—gastroschisis repair) as a proxy diagnosis to 

differentiate the two defects116,117.  This issue is rectified in ICD-10 with each defect 

having a unique diagnostic code (Q79.3 for gastroschisis and Q79.2 for omphalocele), 

and therefore information specific to these individual anomalies can be obtained.   
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Monitoring congenital anomalies: information utilisation  

The process of monitoring is cyclical, in that the data and information collated 

frequently stems from an initial observation or implementation of a service or policy 

that culminates in the analysing information, which in turn drives further 

investigation.  The multifaceted relationship between data collection and information 

utilisation is best presented in the National Birth Defects Prevention Network’s 

(NBDPN) data-to-action matrix (Table 1).   

The information derived from the monitoring process may be utilised for15:  

 Educational or social purposes—such as provide data for economic or follow-

up studies, or informing the public, parents and health professionals on the 

significance of congenital anomalies from a public health, resource and health 

care service perspective;  

 Evaluation purposes—such as evaluating preventative policies or service 

utilisation;  

 Planning or prevention purposes—including the planning of public health 

policies and services, informing parents (and general public), service funders 

and providers;  

 Research or epidemiological purposes—such as prevalence or epidemiological 

studies to monitor trends and identify aetiological factors; to assess high risk 

groups within a population; to undertake cluster investigations; or to identify 

disparities between different groups.  The information also enables 

identification of avenues for further research, such as potential teratogenic 

agents, and supports comparisons with other research15,84. 

In summary, information is vital for assisting decisions on prevention and control of 

congenital anomalies, ensuring effective and equitable management, the continued 

provision of care and support to individuals affected by congenital anomalies, and 

for monitoring the effect of implemented policy through relevant indicators.  The 

information derived from monitoring congenital anomalies assists with increasing 
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awareness and knowledge of congenital anomalies amongst the population and 

health professionals; serves as a conduit for research; highlights the potential 

presence of teratogens; and provides a means for the setting and assessment of public 

health policy and interventions.  
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Table 1. National Birth Defects Prevention Network (NBDPN) data-to-action matrix 

 Actors Nature of product Product types 
Presentation mode  

(generated information) 
D

at
a 

Data providers 

Data sources 

Abstractors  

(i.e. collate and 

summarise data) 

Data collectors 

Data validity  

(i.e. how reflective 

data is of all cases)  

Timely 

Complete 

Accurate 

Counts 

Ratios 

Proportions 

Rates 

Maps/GIS 

Multivariate analysis 

Surveillance 

databases 

Data tables 

Inclusion of 

‘unknown’ category 

(comprising missing 

or unknown data) 

In
fo

rm
at

io
n

 

Data interpreters 

Data managers 

Epidemiologists 

Analysts / 

Statisticians 

Public health staff 

Relevant 

Useful 

Comparable like with 

like 

Within region 

Across region 

Comparisons by   

context: 

population, 

time, geographic  

areas,  

benchmarks 

Epidemiologic 

variables (e.g. sex, 

ethnicity, maternal 

age) 

Graphs and charts 

Histogram 

Frequency 

Bar chart 

Spot map 

K
n

o
w

le
d

g
e 

Knowledge makers 

Data providers 

Data interpreters 

Action takers 

Generated through 

iterative, 

multidirectional 

communication 

between collectors, 

interpreters and 

users of data 

Tailored 

presentations to 

information needs 

and varying audience 

backgrounds  

Discussion  

Written feedback on 

presentations 

A
ct

io
n

 

Action takers 

Data reporting / 

surveillance staff 

Policy / decision 

makers (e.g. MOH 

policy teams or DHB 

planning & funding 

teams) 

Health care providers 

Intervention 

designers / 

implementers 

Families 

Community 

Scientist / researchers  

Media 

Appropriate 

 

Evidence-based 

 

Maximally effective 

and cost-effective 

Estimating 

frequencies 

Referrals to services 

Planning services 

Planning 

interventions 

Conducting research 

Cluster 

investigations 

Reports and 

publications 

Surveillance reports 

Scientific 

publications 

Websites 

Policy papers 

Guidelines 

Targets or indicators 

Intervention 

protocols 

Risk communications 

Press release, media 

articles and shows 

Table adapted from matrix presented in NBDPN Guidelines for conducting Birth Defects 

Surveillance15 
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Public health indicators 

Indicators are ‘signals for things that cannot be directly seen’7.  They utilise 

monitoring information and serve as a ‘quantitative summary to guide public health 

policy and to measure in gross terms the effect of policy interventions’9.  An indicator 

provides a relevant and meaningful summary that is sensitive, transparent, testable, 

and scientifically sound, and also cost-effective to implement118.   

Indicators are beneficial for designing and setting strategies and priorities to improve 

the health and wellbeing of a population; for assessing the success of implemented 

policy; for measuring the potential for achieving a set policy outcome; for measuring 

the impact, quality, safety, equity, and utilisation of health services and 

interventions; and enabling comparisons between population groups, geographic 

areas, diseases, conditions, or interventions9,118-120.   

International public health indicators 

Public health indicators for congenital anomalies are an example of how captured 

information can be routinely utilised, for example, evaluating folate-related 

prevention strategies through changes in prevalence of neural tube defects.  Yet 

congenital anomaly indicators have typically been confined to a single indicator of 

either morbidity or mortality, encapsulated within a suite of indicators covering 

perinatal, child, or maternal health.   

Internationally, a limited number of congenital anomaly-specific public health 

indicators are routinely monitored by countries and organisations, such as Australia, 

Canada, United Kingdom, United States of America (USA), the International 

Clearinghouse for Birth Defects Surveillance and Research (ICBDSR), the European 

network for the surveillance of congenital anomalies (EUROCAT), and the World 

Health Organization (WHO)9,55,115,121-125. 

Existing international indicators for monitoring congenital anomalies strive to assess 

mortality and/or morbidity of congenital anomalies9; to measure the impact of 

congenital anomalies on individuals, families, and the public health system9,115; to 
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increase awareness of congenital anomalies amongst health professionals, the 

community, and the public; or to indicate the presence of a potential teratogen115.  

Examples of the indicators employed internationally and their stated purposes 

include measuring the: 

 Prevalence of major congenital anomalies or of individual anomalies, such as 

congenital heart defects, orofacial clefts, limb deficiency defects, gastroschisis, 

and musculoskeletal anomalies—these serve as indicators of the impact 

congenital anomalies have on individuals, families, and the public health 

system105,115,122,123,125,126;  

 Infant mortality associated with congenital anomalies overall or with individual 

anomalies, such as congenital health defects, and Down syndrome—this serves 

as an indicator of the burden of mortality55,121,127; 

 Perinatal mortality associated with congenital anomalies—this also serves as an 

indicator of the burden of mortality9; 

 Detection rate of antenatal screening services—focuses on live babies born with 

Down syndrome9,115,122, and quantifies the compounded effect of delayed 

childbearing (i.e. birth at increasingly older maternal ages), antenatal screening 

policy, and termination of pregnancy9;   

 Termination of pregnancy for fetal anomaly (TOPFA)—evaluates the choices 

subsequent to antenatal diagnosis and also measures the impact TOPFA may 

have on perinatal mortality and livebirth prevalence9;  

 Requirement for paediatric surgery—assesses the potential need for surgical 

treatment, and when stratified by birth type also quantifies the expected 

surgical requirement for liveborn babies9,124; 

 Birth prevalence according to maternal age, including differentiation of 

chromosomal and non-chromosomal anomalies—measures the associated risk 

for each maternal age group55; 

 Prevalence of neural tube defects (NTD) overall or of individual neural tube 

anomalies, the major two being anencephaly and spina bifida9,121,122,128, in 
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relation to time and birth type (livebirth versus fetal death or TOPFA), and 

indicates the success of preventive public health strategies, such as folic acid 

supplementation and/or food fortification9. 

This list is not exhaustive, particularly as consideration of what constitutes an 

indicator may vary between countries.  For instance, an indicator measuring the 

survival of a baby born with a congenital anomaly may be from the beginning of the 

postneonatal period (28 days and older)129 or from birth up to one year of age55.  

Other potential indicators include those with a peripheral relationship with 

congenital anomalies, for instance monitoring the utilisation of screening services, 

such as newborn hearing screening services, which aim to increase awareness of 

congenital hearing impairment and minimise late diagnosis123.   

The indicators listed above help exemplify the broad focus with which indicators can 

measure the mortality and morbidity associated with congenital anomalies.  These 

indicators are discussed in more detail in a subsequent section (Compatibility of 

congenital anomaly indicators utilised in New Zealand). 

Monitoring congenital anomalies in New Zealand 

New Zealand utilises a range of indicators that encompass all aspects of health, 

including but not limited to access, equity, quality, and safety of service provision, or 

implementation of public health policy119,120.   

Although the prevalence of select sentinel congenital anomalies in New Zealand are 

routinely monitored in accordance with an indicator framework defined by the 

ICBDSR125, there are a limited number of indicators for congenital anomalies in New 

Zealand119,130,131.  More recently, any discussion on congenital anomalies has been 

confined to specific anomalies, such as the debate surrounding the ethics of screening 

for Down syndrome67, or the fortification of food in relation to neural tube defects132-

135.  This is further highlighted by the multiple organisations that monitor congenital 

anomalies in varying ways. 
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Organisations monitoring congenital anomalies in New Zealand 

At present four organisations monitor congenital anomalies in New Zealand.  These 

include the Ministry of Health, the Perinatal and Maternal Mortality Review 

Committee (PMMRC), the International Clearinghouse for Birth Defects Surveillance 

and Research (ICBDSR) via the New Zealand Birth Defects Register, and the New 

Zealand Child and Youth Epidemiology Service (NZCYES).  At least three of these 

organisations have their own system for capturing information pertaining to 

congenital anomalies.   

The following sections discuss the data sources and congenital anomaly specific 

reporting undertaken by each of these organisations. 

Ministry of Health 

The Ministry of Health is responsible for improving, promoting, and protecting the 

health and wellbeing of the New Zealand population.  This responsibility includes 

leading the health and disability system; advising government; purchasing or 

payment for provision of interventions and services, such as screening services; and 

the provision of national administrative collections136. 

Ministry of Health: existing data sources 

The national administrative collections, held by the Ministry of Health, are datasets 

created to fulfil operational or managerial purposes15, such as ensuring provision of 

services or for the processing of claims.  Within the collections, information relating 

to congenital anomalies is predominantly contained in hospital events or mortality 

records.  Other collections, not discussed in this thesis, that potentially contain 

supplementary information relevant to congenital anomalies include the national 

maternity collection (MAT), and the mental health data collection (PRIMHD).   

National Minimum Dataset (NMDS) 

The National Minimum Dataset (NMDS) collates the summaries of all discharge 

events from hospital, which are supplied in the month succeeding discharge, as an 

extract from the institutions’ patient management system.  The summaries contain 
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demographic and all diagnostic and procedural information, as coded within the 

organisation by trained clinical coders.  Since 1997, all publicly funded hospital 

events have been electronically submitted to the collection137.   

When monitoring congenital anomalies prevalent at birth, NMDS captures all 

publicly funded births that occur in public and private hospitals and birthing units, 

however, it does not capture births that occurred outside the hospital setting, such as 

a home birth138.   

NMDS is beneficial for the provision of indicator-specific information, such as the 

prevalence of congenital anomalies diagnosed at the time of birth or the number of 

babies that had paediatric surgery, as it not only contains diagnostic and procedural 

information but it also contains demographic information on the baby, such as 

birthweight and gestation, and a limited set of information on the mother, such as 

maternal age137.   

It is, however, constrained by the potential for under-reporting of anomalies, 

including:  

 identification of the anomaly beyond the immediate postnatal period (such as 

post discharge from hospital or in a subsequent hospital event);  

 the lack of information pertaining to babies born at home, which in 2011 

accounted for 3.3 percent of births139, unless the baby was subsequently 

admitted to hospital on the same day as the birth, such as to a neonatal 

intensive care unit (NICU)137;  

 misdiagnosis; or  

 the birth was ineligible for public funding.  For instance, the mother was not a 

New Zealand permanent resident or citizen, or did not have a New Zealand 

work visa for two or more years140. 

National Mortality Collection (MORT) 

The information pertaining to each death registered in New Zealand is collated 

within the national mortality collection (MORT).  Each mortality record contains 
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information on the underlying cause of death and any contributory causes, such as 

cancers, external causes of injury, and procedures.  Various sources are utilised to 

source the required information, including the Medical Certificates of Causes of 

Death, and Coroners’ reports, hospital discharge data from NMDS and private 

hospital discharge returns, the New Zealand Cancer Registry, the Department for 

Courts, the Police, the Land Transport Safety Authority, Water Safety NZ, Media 

Search, and letters from certifying doctors, coroners, and medical records officers in 

public hospitals141.   

A subset of information held within the national mortality collection pertains to fetal 

deaths (or stillbirths), which are an important inclusion when monitoring congenital 

anomalies at birth141.  The World Health Organization (WHO) defines a fetal death as 

‘death prior to the complete expulsion or extraction from its mother of a product of 

conception, irrespective of the duration of pregnancy; the death is indicated by the 

fact that after such separation the fetus does not breathe or show any other evidence 

of life such as beating of the heart, pulsation of the umbilical cord or definite 

movement of voluntary muscles’10,137.  In New Zealand, a fetal death is defined under 

the Births, Deaths, Marriages and Relationships Registration Act 1995 as a fetus that 

is delivered dead on or after 20 weeks gestation or had a birthweight of at least 400 

grams; and includes stillbirths, any spontaneous abortion (or miscarriage), and fetal 

deaths subsequent to a termination of pregnancy (for fetal anomaly; TOPFA)10.  Prior 

to the legislative change in 1995, the gestational age at which a fetal death was legally 

required to be registered was 28 weeks125. 

Coding the administrative collections 

In New Zealand, the majority of administrative collections are held by the Ministry 

of Health, and contain diagnostic or procedural information coded using the 

International Classification of Diseases (ICD) coding system.  The information is 

coded either by trained clinical coders within the public hospitals, or by trained 

personnel within the Ministry of Health, primarily for data from other sources, such 

as private hospitals or coroners142.   
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The majority of administrative collections held by the Ministry of Health contain 

diagnostic or procedural information coded transitioned from the ICD-9 coding 

system to the Australian Modification of the ICD 10th edition in July 1999 (Table 2).  

This conversion was due to the constraint on detail within the 9th edition’s use of a 

three digit based system with or without filler codes141.  Both NMDS and MORT are 

coded in accordance with the International Classification of Disease (ICD) coding 

system.   

Table 2. Clinical coding system used in New Zealand 

Coding system Edition 
Implementation year 

NMDS137 MORT141 

ICD-9-CM  Pre-July 1995 1988–1994 

ICD-9-CM-A 2nd 1 July 1995 1 July 1995 

ICD-10-AM 1st 1 July 1999  

 2nd 1 July 2001 1 Jan 2000 

 3rd 1 July 2004  

 6th 1 July 2008 1 Jan 2008 

 8th 1 July 2014 1 Jan 2015 

Source: Ministry of Health; Note: CM corresponds to Clinical Modification; CM-A corresponds to 

Clinical Modification - Australian version; AM corresponds to Australian Modification. 

Ministry of Health: reporting prevalence of congenital anomalies 

The Ministry of Health reports on the annual number of hospitalisations, or deaths 

by underlying cause of death.  Congenital anomalies (overall and per individual 

anomaly) are not, however, the core focus of these publications.  

Historically, the Ministry of Health initiated the monitoring of congenital anomalies 

within the congenital anomaly programme, and included developing the New 

Zealand birth defect register (NZBDR; discussed in a later section) in 1977143,144.  In 

the mid to late 1990s, the Ministry of Health monitored the progress towards meeting 

a congenital anomaly-specific health target to reduce the prevalence of spina bifida145. 

At present, the Ministry of Health reports on congenital anomalies, both overall and 

by individual anomaly, within three publications:  

 Publicly funded hospital discharges—in which the annual number of publicly 

funded hospital events according to the primary diagnostic or procedural 
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reason for the event, among which is congenital anomalies146.  This publication 

utilises information from the national minimum dataset; 

 Privately funded hospital discharges—in which the annual number of 

discharge events from a privately funded hospital is reported, according to the 

primary diagnosis or procedure, including congenital anomalies147.  This 

publication also utilises information from the national minimum dataset; 

 Fetal and infant deaths—in which the annual number and rate of fetal, perinatal 

and infant deaths according to underlying cause, among which congenital 

anomalies are included148. 

The strength of these publications is that they document the prevalence of congenital 

anomalies overall, and for the individual anomaly according to the coding 

nomenclature utilised by the health sector at the time.  These publications only report 

the number of congenital anomalies for a single year, and therefore any trend 

information would need to be manually compiled from the individual publications.   

Perinatal and Maternal Mortality Review Committee (PMMRC) 

The Perinatal and Maternal Mortality Review Committee (PMMRC) was established 

in 2005 by the Minister of Health to review all cases of perinatal and maternal deaths 

in New Zealand; to identify factors that were potentially avoidable; and to develop 

strategic policy and approaches to decrease the likelihood of further deaths due to 

avoidable causes.   

The PMMRC established a system for reviewing each death reported by lead 

maternity carers that meet its remit.  This system involves each death being reviewed 

and classified by local District Health Board PMMRC co-ordinators, and is coupled 

with the submission of additional information, such as post-mortem or histology 

reports.   
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PMMRC: existing data source 

All the information derived from this system that pertains to the perinatal or 

maternal death is collated and manually entered into the PMMRC’s perinatal 

mortality database149.   

All deaths within the PMMRC’s perinatal mortality database are coded using the 

Perinatal Society of Australia and New Zealand Perinatal Death Classification 

(PSANZ-PDC)150.  This coding system differs from ICD (international classification 

for diseases), in that PSANZ-PDC classifies the obstetric factors and sequence of 

events that lead to the perinatal death151, and is intended to enable clinicians to 

investigate and audit the death152.  Under the PSANZ-PDC nomenclature, congenital 

anomalies are classified into nine broad anomaly groups, such as central nervous 

system, cardiovascular system, gastrointestinal system, or chromosomal152, and does 

not enable the fine-grained distinction of individual anomalies as per the ICD 

nomenclature.  

PMMRC: reporting prevalence of congenital anomalies 

The PMMRC publishes an annual report utilising the information from its perinatal 

mortality database.  Within these reports, congenital anomalies are described as 

being amongst the leading causes of perinatal death.  Differentiation is also made 

between the timing of death with the distinction between a fetal death, which is 

further classified into termination of pregnancy and stillbirth, and a neonatal 

death150.  The 2013 report, covering deaths occurring in 2010, investigated perinatal 

deaths attributed to congenital anomalies of the central nervous or cardiovascular 

systems, or to chromosomal anomalies.  Aside from asserting the need for a 

congenital anomaly-specific register containing all pregnancies and babies with 

congenital anomalies, one of the findings was that 54 percent of pregnant women 

had reported taking folic acid supplements during the antenatal period, but only 

seven percent prior to conception150.   

Unfortunately the PMMRC reports utilise a coding nomenclature that makes it 

difficult to draw comparison with other rates published locally and internationally.  
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International Clearinghouse for Birth Defects Surveillance and Research 

(ICBDSR) and New Zealand birth defects register (NZBDR) 

The New Zealand birth defects register (NZBDR) provides all congenital anomaly-

specific information for New Zealand to the International Clearinghouse for Birth 

Defects Surveillance and Research (ICBDSR). 

New Zealand birth defects register (NZBDR) 

The NZBDR (formerly the congenital anomaly register) was initiated in 1977 by the 

National Health Statistics Centre of then Department of Health (now the Ministry of 

Health)143 in conjunction with the Paediatric Society of New Zealand153.  Its upkeep is 

presently contracted to an external provider.   

The Ministry of Health tasked the register with:  

 monitoring the prevalence of congenital anomalies in New Zealand; 

 investigating any clusters of anomalies;  

 research into the causes of congenital anomalies; and  

 providing information for the planning of health services and the development 

of health policy related to congenital anomalies144,154.   

In 2013, it was also tasked with providing reliable and valid data on the prevalence 

of congenital anomalies; and for the data to be used to assess the effectiveness of 

congenital anomaly-specific programmes for prevention and screening154.   

The NZBDR is a contributing member of the International Clearinghouse for Birth 

Defects Surveillance and Research (ICBDSR)125, and is an affiliate member of the 

European network for the surveillance of congenital anomalies (EUROCAT)144. 

NZBDR: data capture 

The register predominantly utilises passive mechanisms for identifying cases of 

congenital anomalies , particularly among infants diagnosed before the age of one 

year155.  At present, the register utilises information from the Ministry of Health’s 

National Minimum Dataset (NMDS), and voluntary information on terminations of 
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pregnancy156.  Historically, the register only utilised information supplied on the 

‘Medical Notification of Birth or Stillbirth’ (H661) form, which was ‘completed for a 

stillbirth (at least 28 weeks gestation), or the death of an infant in hospital, or before, 

but as close as practicable to, the discharge or transfer of an infant from hospital’153.  

As mentioned above, in 1995 the definition of a fetal death was changed to 

encompass fetuses reaching at least 20 weeks gestation and/or 400g birthweight125. 

NZBDR: reporting prevalence of congenital anomalies 

Over the years, the NZBDR information has been utilised in ad-hoc research and the 

aforementioned routine ICBDSR reporting.  The ad-hoc studies include determining 

the prevalence of specific anomalies, such as anencephaly, spina bifida, and 

congenital heart defects155,157; and investigating the causal effect of potential 

teratogens, such as teratogens in drinking water, and 2,4,5-T.   

The NZBDR initiated in 2011 the on-line publishing of the livebirth prevalence 

information, which is equivalent to what is supplied to the ICBDSR.  These on-line 

reports cover the periods 2000–2009, 2010, and 2011111,158,159.  Unfortunately, the report 

for 2000–2009 presents the prevalence using ICD-9111,125, and therefore suffers from 

the depth limitations, which can be attributed to the inadequacy of the ICD-9 coding 

nomenclature.  This nomenclature appears to be preferentially used by the 

NZBDR111.  This limitation also presumably applies to the 2010 and 2011 reports, 

even though the specific coding system is not documented within the respective 

reports.   

Aside from the ad-hoc research and the routine reporting to the ICBDSR, the NZBDR 

has not developed, nor does it routinely report on, any indicators that exist 

internationally. 

International Clearinghouse for Birth Defects Surveillance and Research (ICBDSR) 

The ICBDSR publishes the annual prevalence of 39 sentinel anomalies.  The 

prevalence of each anomaly is reported, as supplied by each contributing register, in 

relation to time, both for the latest reporting year and for five or ten-year time 
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periods; however, it does not, with the exception of maternal age and Down 

syndrome, report on any associated risk factors125. 

New Zealand is a contributing member, and the information utilised by ICBDSR is 

supplied annually from the New Zealand Birth Defect Register (NZBDR).  Up until 

2009, the supplied information on congenital anomalies only involved livebirths160.  

Since then, the total number of births has encompassed livebirths and fetal deaths, 

however, for the more recent publications, the cases of congenital anomaly still 

appear to only encompass livebirths111,125,161.  

The prevalence information for New Zealand published within the ICBDSR annual 

reports is hampered by incomplete reporting from the NZBDR, as previously 

mentioned, in particular the incomplete reporting attributed to the NZBDR’s 

utilisation of the ICD-9 coding nomenclature111.   

New Zealand Child and Youth Epidemiology Service (NZCYES) 

The New Zealand Child and Youth Epidemiology Service (NZCYES) was established 

in 2004 by the Paediatric Society of New Zealand to provide valid information on the 

health and wellbeing of children and young people in New Zealand, including the 

provision of evidence-based information and identification of inequality or 

disparity162.   

NZCYES: existing data sources 

NZCYES utilises information from a variety of sources, such as the administrative 

collections held by the Ministry of Health, data from the Police, Plunket, the Ministry 

of Education, or the Ministry of Social Development.  The information pertaining to 

congenital anomalies utilised by NZCYES are sourced from the National Minimum 

Dataset and the National Mortality Collection. 

NZCYES: reporting prevalence of congenital anomalies 

NZCYES reports the triennial prevalence of congenital anomalies (overall and select) 

within it’s the health of children and young people with chronic conditions and disability 

publication.  This publication is the third report in a triennial series monitoring select 
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indicators of child and youth health, which support decisions on the prioritisation, 

planning, and resourcing of services made by District Health Boards (DHB) and the 

Ministry of Health13,163,164.   

A set of four congenital anomaly indicators are covered within the health of children 

and young people with chronic conditions and disability publication, namely:  

1) congenital anomalies evident at the time of birth; 2) cardiovascular anomalies;  

3) Down syndrome; and 4) neural tube defects.  These indicators describe the 

prevalence among in-hospital livebirths, either as the aggregated number of 

individual congenital anomalies present, or as the number of babies with one or 

more congenital anomalies, and does not differentiate between major and minor 

anomalies.  These indicators are intended to serve as an indicator of significant long-

term disability, in which the anomalies are detectable during the antenatal and 

neonatal period13.  Information for these indicators are presented in relation to time, 

and also measures the risk associated with maternal age group, prioritised ethnicity, 

sex, deprivation, and region (district health board)13.   

In summary, there are four organisations that at various times have monitored, or do 

monitor, the prevalence of congenital anomalies in New Zealand.  This section has 

alluded to some congenital anomaly specific measures utilised in New Zealand, 

however, whether these measures are conceptually equivalent to indicators utilised 

internationally remains unclear.  The subsequent section discusses the compatibility 

of any measures utilised in New Zealand in relation to the indicators defined 

internationally. 

Compatibility of congenital anomaly indicators utilised in New 

Zealand 

There are at least nine public health indicators utilised internationally for monitoring 

congenital anomalies, of which three have no New Zealand equivalent, as presented 

in Table 3.   
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Table 3. Public health indicators for congenital anomalies 

 

USA 
121 

CAN 
115,122 

AUS 
105,128,165 

E&W 
55,166 

EU9 NZ Other 

Prevalence of congenital 

anomalies 
  

 
105,167 

 
 

LB 
13 

ICBDSR 
125 

Infant mortality associated with 

congenital anomalies  
 

  
 

 

 
148,164  

Perinatal mortality associated 

with congenital anomalies   

 
128,165,167  

 
 

148,168  

Down syndrome livebirth 

prevalence 
  

 
105 

  
 

13,161 
ICBDSR 

125 

Detection rate of antenatal 

screening services  
 

  
 

  

Termination of pregnancy for 

fetal anomaly    

 
129,167 

  
  

Requirement for paediatric 

surgery     
 

 

WHO 
124 

Overall prevalence according to 

maternal age   

 
167,169 

 
 

LB 
13  

Prevalence of NTD 
 

 
 

105,167 
  

LB 
13  

Note: The codes correspond to: AUS = Australia, CAN = Canada, EU = European network for the 

surveillance of congenital anomalies (EUROCAT), NZ = New Zealand, E&W = England and Wales (as 

reported by BINOCAR [British Isles Network of Congenital Anomaly Registers]), and USA = United 

States of America; ICBDSR = the International Clearinghouse for Birth Defects Surveillance and 

Research; WHO = the World Health Organization; LB = livebirths; NTD = neural tube defects.   

This chapter discusses each international indicator and whether it is monitored for 

New Zealand; and for the indicators with no existing New Zealand equivalent, the 

plausibility of implementation is discussed based on the published literature.   

Comparable indicators 

There are six measures reported within the New Zealand literature equivalent to 

those utilised internationally as congenital anomaly-specific indicators, specifically:   

 Prevalence of major congenital anomalies or of the individual anomalies 

 Infant mortality associated with congenital anomalies overall or for individual 

anomalies 
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 Congenital anomaly perinatal mortality 

 Maternal age associated congenital anomaly prevalence  

 Down syndrome livebirth prevalence 

 Prevalence of neural tube defects (NTD) overall or for individual anomalies. 

Each indicator is discussed in turn, and presents the prevalence reported 

internationally and in New Zealand, based on the existing published literature, and 

whether the New Zealand indicator requires adaptation to ensure a more 

comparable estimation of prevalence. 

Prevalence of (major) congenital anomalies (overall or individual anomalies) 

This indicator supports evaluation of the impact congenital anomalies have on 

individuals, families, and the public health system.  It does this by measuring the 

number of births (livebirth and fetal deaths) with at least one congenital anomaly115.   

Internationally, there is variation in the reporting of this indicator, such that some 

countries report the prevalence of congenital anomalies overall and/or the prevalence 

of select anomalies (for instance, sentinel anomalies reported by the International 

Clearinghouse for Birth Defects Surveillance and Reporting [ICBDSR]).  The 

prevalence of congenital anomalies overall was reported for 2010 in Canada 

(excluding Quebec) as 39.7 per 1,000 (total) births115, and in England and Wales 

(excluding West Midlands, Yorkshire and the Humber, London, the South East, the 

North West and East Anglia) as 22.4 per 1,000 births55.  In Australia, there is a paucity 

of information on congenital anomalies for the country as a whole beyond 2003105, 

however, some of the States and Territories had published varying prevalence rates 

for more recent years.  The prevalence of congenital anomalies overall was reported 

in Victoria for 2007 as 44.0 per 1,000 births129, in Western Australia for 2009 as 

38.3 per 1,000 births170, and in Queensland for 2010–2011 as 57.0 per 1,000 births171.   
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Presently in New Zealand, the prevalence of congenital anomalies overall has only 

been monitored by NZCYES, and the prevalence of select anomalies has been 

monitored by NZCYES and ICBDSR.  In a recent NZCYES publication covering the 

period 2000–2009, the prevalence of congenital anomalies are presented using the 

aggregated number of anomalies among live hospital births.  For congenital 

anomalies overall, the prevalence for 2005–2009 was 53.9 per 1,000 live hospital 

births13.   

The prevalence of congenital anomalies overall for 2009 in New Zealand was around 

41.0 per 1,000 live hospital births13, however, if NZCYES had reported the indicator 

as total births, then the resulting prevalence might be similar to the 2009 

international prevalence estimates of Canada and Western Australia (38.6, and 

38.3 per 1,000 births respectively)115,170.  The decreasing temporal trend observed for 

New Zealand is consistent with that seen in Canada, although the decrease in New 

Zealand was subsequent to 2007, versus the consistent decline to a plateau around 

38.0 per 1,000 births for Canada13,115.   

Adoption of total birth methodologies would enable international comparisons, and 

provide a more complete picture of the burden of congenital anomalies amongst the 

New Zealand population. 

Infant mortality associated with congenital anomalies (overall) 

This indicator serves to measure the mortality burden, and is defined as the number 

of liveborn babies that died before the age of one year with at least one congenital 

anomaly.    

Internationally, the infant mortality rate due to congenital anomalies varies.  In the 

United States of America (USA), the infant mortality rate associated with congenital 

anomalies for 2008 was 1.3 per 1,000 livebirths121.  In England and Wales (excluding 

West Midlands, Yorkshire and the Humber, London, the South East, the North West 

and East Anglia) the infant mortality rate for 2011 was 0.68 per 1,000 livebirths 
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(n=176), within which the prevalence of infant mortality due to a non-chromosomal 

anomaly was 0.55 per 1,000 livebirths (n=143)166.  

Presently in New Zealand, the infant mortality rate associated with congenital 

anomalies has been monitored by the Ministry of Health and NZCYES.   

The Ministry of Health reports the infant mortality rate based on underlying cause of 

death in its annual fetal and infant death series, within which congenital anomalies 

are encompassed10.  As the focus of this publication is not specifically on congenital 

anomalies, the information pertaining to congenital anomalies lacks in trend 

information and, for the more recent publications, is only presented as the number of 

infant deaths for each anomaly for the total population and in relation to the infant’s 

sex and prioritised ethnicity (specifically Māori, Pacific peoples, and Other)148.  For 

2010, the reported number of infant deaths due to congenital anomaly was 81148, 

which equates to a prevalence of 1.25 infant deaths attributed to a congenital 

anomaly per 1,000 livebirths.   

NZCYES also reports on congenital anomalies are encompassed within an infant 

mortality indicator.  The analyses are, however, not presented on the overall 

prevalence of congenital anomalies as underlying cause of infant death but rather 

differentiate between neonatal and post-neonatal deaths, and are separated further 

according to three anomaly groupings (namely cardiovascular, central nervous 

system and other)164.  The most recent report covering 2004–2008 reports 368 infant 

deaths due to congenital anomaly164, which equates to 1.2 per 1,000 livebirths.   

The prevalence of congenital anomaly associated infant mortality is around  

1.2 per 1,000 livebirths148,164.  This consistency is due to these organisations utilising 

the same data collection; however, the lack of trend information makes 

determination of the presence or direction of any temporal trend impossible, and also 

makes comparisons with international indicators problematic.   
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Despite the differing time periods, the New Zealand rate is similar to the USA but 

higher than the England and Wales rate; this inconsistency raises the question that 

infant mortality associated with congenital anomalies warrants continued 

monitoring.  Future monitoring should focus specifically on congenital anomalies, 

and comprise trend information and determination of the anomalies of high 

prevalence among infant deaths.   

Perinatal mortality associated with congenital anomalies 

This indicator focuses on fetal deaths (or stillbirths) from 20 weeks’ gestation through 

to early neonatal deaths (within the first week of life), with or without the inclusion 

of terminations of pregnancy for fetal anomaly (TOPFA)9,55.  This indicator measures 

the ‘mortality burden’ that congenital anomalies have on the population9. 

Internationally, the prevalence of congenital anomaly attributed perinatal mortality 

ranges from range from 0.2 to 2.7 per 1,000 births.  In England and Wales, the 

perinatal mortality rate from congenital anomalies for 2010 was 1.2 per 1,000 total 

births (n=306), although this rate incorporates terminations of pregnancy at or after 

24 weeks of pregnancy within the fetal death numbers55.  The overall rate reported 

for 27 EUROCAT registers was approximately 1.0 per 1,000 births (ranging from 

0.2 to 2.4 per 1,000 births) for 2004–2008, and presents as a slight decreasing trend 

over the period9.   

Although this indicator is meant to exclude TOPFA, the countries in which TOPFA is 

not legally permissible will report high rates of fetal deaths associated with 

congenital anomaly, within which, however, it is assumed cases of TOPFA may 

reside.  For example, a high perinatal mortality rate of 2.4 per 1,000 births was 

reported for Ireland (Dublin), where TOPFA is illegal9.  In Australia, the congenital 

anomaly perinatal mortality rate was 2.7 per 1,000 births (n=344) for six states and 

territories in 2010165.  This rate was derived from information coded using the PSANZ 

nomenclature, and rather than ICD as used elsewhere.  
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In New Zealand, two organisations have reported varying rates of perinatal deaths 

with a congenital anomaly.  For 2010, the Ministry of Health documented 176 

perinatal deaths with a congenital anomaly, as extracted from the National Mortality 

Collection148.  This equates to a prevalence of 2.70 congenital anomaly attributed 

perinatal deaths per 1,000 births.  For the same year, the Perinatal and Maternal 

Mortality Review Committee (PMMRC) reported 211 perinatal-related deaths with a 

congenital anomaly based on their collection168, which equates to 3.24 per 1,000 

births.   

The variation between these rates arises from differing ascertainment and 

classification methodologies employed by the Ministry of Health and PMMRC.  The 

PMMRC utilises the PSANZ perinatal death classification system, which is intended 

for auditing purposes and, as previously mentioned, places emphasis on an obstetric 

antecedent rather than the primary cause of death as coded using the ICD-10-AM 

nomenclature within the Ministry of Health’s national mortality collection.  There is 

also a high possibility that both New Zealand organisations include terminations of 

pregnancy within their rates, although it is not explicitly stated.  Neither publication 

investigates the trends in perinatal mortality due to congenital anomalies in New 

Zealand, which makes it difficult to determine whether the lack of consensus on the 

rate of perinatal deaths from congenital anomalies is solely due to differing 

methodologies.   

In New Zealand, the prevalence rates reported for 2010 by the Ministry of Health 

(2.70 per 1,000 births [n=176]148) and the Perinatal and Maternal Mortality Review 

Committee (PMMRC; 3.24 per 1,000 births [n=211]168) are both higher than those 

reported for England and Wales and across EUROCAT, although only marginally 

higher than the countries where TOPFA are illegal.  Whilst the PMMRC utilises a 

similar nomenclature to Australia, the rates are considerably different.   
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In summary, the reporting undertaken by the Ministry of Health on indicator on 

perinatal mortality associated with congenital anomalies is consistent with 

international practice, particularly in relation to the use of the ICD coding system, 

and should be continued.  However, any decisions derived from international 

comparisons are contingent on additional information being provided by trend data, 

and on an investigation to ascertain the likely reasons for the lack of consensus 

within New Zealand.  

Maternal age associated congenital anomaly prevalence  

This indicator assesses the high-risk maternal age groups by measuring the 

prevalence of congenital anomalies overall across the maternal age groups.  The 

indicator further differentiates between chromosomal and non-chromosomal 

anomalies, which accounts for the differing association between intrinsic (biological) 

and extrinsic factors (as described in an earlier chapter).   

Internationally the prevalence distribution across the maternal ages is described in 

multiple countries as somewhat U-shaped, such as England and Wales and 

Australia, where the highest prevalence is for the oldest maternal age group, 

followed by those aged less than 20 years, and the lowest prevalence is for the 25–29 

year maternal age group55,169. 

The prevalence distribution across the maternal age groups differs between 

chromosomal and non-chromosomal.  The prevalence of chromosomal anomalies 

increases from the under 20 year age group to the older maternal age groups, while 

the distribution of the non-chromosomal anomalies decreases from the less than 20 

year age group.  For example, in England and Wales, the prevalence for 

chromosomal is lowest at the less than 20 years maternal age group and highest for 

the 40 years and over (2.0 and 39.3 per 1,000 births respectively), while for the non-

chromosomal anomalies, it is lowest for the 40 years and over maternal age group 

and highest for less than 20 years (17.1 and 22.5 per 1,000 births respectively)55. 
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In New Zealand, this indicator (prevalence of congenital anomalies according to 

maternal age) is monitored by NZCYES within the “prevalence of congenital 

anomalies overall” indicator.  It does not, however, differentiate between 

chromosomal and non-chromosomal anomalies.  NZCYES reported for 2005–2009, 

the prevalence of congenital anomalies according to maternal age as increasing 

across six maternal age groups, rather than U-shaped, in which the lowest prevalence 

was for the less than 20 years maternal age group (50.2 per 1,000 live hospital births), 

and increased to the highest prevalence for 40 years and over (67.9 per 1,000 live 

hospital births)13.   

This is inconsistent with the international findings, and may be artefact of utilising 

live hospital births rather than total births.  The differentiation in prevalence by 

maternal age between chromosomal and non-chromosomal anomalies does not occur 

in New Zealand.  However, it could be implemented as NZCYES also reported on 

the maternal age distribution for Down syndrome, which is the most prevalent of the 

chromosomal anomalies in New Zealand13.    

Down syndrome livebirth prevalence  

This indicator is intended to monitor the combined effect of delayed childbearing 

(increasing maternal age at birth), antenatal screening policy, and termination of 

pregnancy9.  This indicator measures the number of liveborn Down syndrome cases 

among total births, and may be further differentiated by maternal age.   

Internationally, the livebirth prevalence of Down syndrome is around 1.0 livebirths 

per 1,000 births in Canada, England and Wales, and across 27 EUROCAT registers 

(ranging approximately from 0.5 to 2.3 livebirths per 1,000 births)9,115,166.  The high 

prevalence rates were reported for EUROCAT registries with no or low TOPFA 

rates9.  When differentiated by maternal age, EUROCAT reported around half of the 

Down syndrome affected livebirths were born to women aged 35 years and older for 

2004–2008.  In Australia, the prevalence of Down syndrome for 2002–2003 is reported 

according to birth type, such that the livebirth prevalence was 0.99 per 1,000 
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livebirths, and the total birth prevalence was 1.11 per 1,000 total births.  Increasing 

prevalence with increasing maternal age was also described105. 

Presently in New Zealand, the prevalence of Down syndrome has routinely been 

monitored by two organisations, namely ICBDSR (based on NZBDR-supplied data) 

and NZCYES.   

ICBDSR has monitored the prevalence of Down syndrome in New Zealand since the 

late 1970s, and, from 2008, it began measuring the livebirth prevalence of Down 

syndrome among total births125,160.  The prevalence was 0.94 livebirths per 1,000 

(total) births (n=61) for 2008, 0.78 (n=49) for 2009, and 0.79 (n=51) for 2010125,161.  The 

ICBDSR had previously monitored the prevalence by maternal age group up until 

1990125.   

NZCYES measures the livebirth prevalence of Down syndrome among in-hospital 

live births, and in relation to time, maternal age group, baby’s prioritised ethnicity, 

sex, deprivation, and region (district health board).  The report covering 2005–2009 

reported the Down syndrome prevalence as 0.88 per 1,000 live hospital births.  The 

temporal trend was depicted as decreasing overall from 2000 to 2009, although 

presents with large year-on-year variations.  Of the live babies born in hospital with 

Down syndrome during 2005–2009, half of the cases were born to women of 

advanced maternal age (35 years and over)13. 

Historic studies reporting the livebirth prevalence of Down syndrome were Morris 

(1971)172, in which the prevalence was reported as 0.73 Down syndrome livebirths per 

1,000 livebirths172, and Gardner et al (1973)173, in which the authors determined (based 

on cytogenetic data) the minimum true prevalence of Down syndrome to be 1.0 per 

1,000 births173; whereas other historic studies undertaken in the 1970s−1980s reported 

the total birth prevalence of Down syndrome143,174-177. 
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Although there are methodological differences between the two organisations for the 

Down syndrome indicator, which makes comparisons difficult, the continued 

reporting of this indicator would serve to maintain focus on the importance of 

support services and secondary or tertiary preventative strategies, such as antenatal 

screening or genetic counselling.  The prevalence estimates for New Zealand are 

consistent with the range of rates published internationally, both overall and 

associated with maternal age. 

In summary, this indicator should continue being monitored in New Zealand.  

However, NZCYES should consider adopting the total birth methodology to ensure 

consistent reporting with ICBDSR and international studies, particularly as NZCYES 

is the only source of maternal age information for New Zealand.  

Prevalence of neural tube defects (NTD) overall or individual 

This indicator focuses on the total prevalence of neural tube defects (NTD; either 

spina bifida, anencephaly, or all forms) among livebirths, fetal deaths (or stillbirths) 

from 20 weeks’ gestation, and TOPFA.  The indicator monitors the change in 

prevalence overall, and by type of birth (live vs fetal death or TOPFA).  It serves a 

measure of the effect of primary prevention strategies9, such as (mentioned earlier) 

folic acid supplementation and/or folate fortification of food115.    

Internationally, the prevalence of NTDs was around 1.0–1.2 per 1,000 births in 

England and Wales (between 2007 to 2011) and across the 27 EUROCAT registers (for 

2004–2008)9,166, while a lower prevalence has been reported for Australia (0.42 per 

1,000 births for 2002–2003)105, and for Canada, in which the prevalence decreased 

from 0.76 per 1,000 total births in 1996 to 0.41 in 2007115.  The NTD prevalence 

reported by EUROCAT comprised predominantly TOPFA, and presented as a 

decreasing trend from 1.05 per 1,000 births in 2004 to 0.94 in 2008.  The decrease is 

attributable to the decreased prevalence of TOPFAs and livebirths with a NTD, as the 

prevalence of fetal deaths with a NTD remained stable9.   
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New Zealand has two indicators that can be encompassed within the category of 

NTD indicator, namely the prevalence of spina bifida, and the prevalence of neural 

tube defects overall (including anencephaly, encephalocele, and other rare forms).  

These indicators have been monitored at various times by three differing 

organisations.   

Prevalence of spina bifida 

The occurrence of NTDs, specifically spina bifida, among livebirths were first 

monitored between 1995 and 1997 by the Ministry of Health, as a result of spina 

bifida being included within the then Minister of Health’s health targets.  The 

intention of these targets was to reduce the prevalence of spina bifida among 

livebirths from 0.42 per 1,000 livebirths in 1993 to 0.26 per 1,000 livebirths or less by 

the year 1997145,178.  Progress towards meeting the target was monitored using 

information from the national minimum dataset (NMDS), and also enabled the 

evaluation of public health policy, implemented in 1995, that encouraged health 

professionals to promote the availability of 0.8mg folic acid tablets, thus simplifying 

the taking of this medication by women who are pregnant, or, preferably, planning 

to be pregnant145.  Prior to 1995, prevalence studies had been undertaken which likely 

lead to the formation of this health target.  Since the successful reduction of spina 

bifida in the years to 1997, congenital anomalies have not been incorporated within 

more recent health targets.  More recently, the Ministry of Health has only made 

reference to congenital anomalies in its reports describing the number of 

hospitalisations or mortalities for which the anomalies were the primary diagnosis or 

underlying cause of death10,14. 

The ICBDSR has also monitored the prevalence of the individual NTDs, including 

spina bifida, since 1975.  The most recent publication reports the prevalence of spina 

bifida for 2010 as 0.14 live births per 1,000 total births, and presents a decrease in 

prevalence rates, from 1.26 live births per 1,000 total births for 1974–1980 to 0.19 for 

2006–2010125, which equates to an approximate seven-fold reduction in prevalence.  
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Prevalence of neural tube defects overall 

Since 2007, NZCYES has monitored congenital anomaly-specific indicators, as part of 

a broader set of indicators developed to assess the health of children and young 

people in New Zealand179.  The prevalence of neural tube defects is one of four 

congenital anomaly-specific indicators.  This indicator is monitored using 

information extracted from the NMDS, and prevalence is expressed as the number of 

liveborn babies with a NTD per live hospital births.  The NTD prevalence for 

2005−2009 was 0.24 livebirths per 1,000 live hospital births13.  In addition, NZCYES 

also presents the prevalence for the individual neural tube defects, in which the 

prevalence of spina bifida for 2005–2009 was 0.15 livebirths per 1,000 live hospital 

births13.   

Whilst three organisations have monitored some variation of a NTD-specific 

indicator, NTDs have also been the focus of fifteen prevalence studies in New 

Zealand.  The majority of these prevalence studies reported on the prevalence of 

individual NTDs, and only five studies reported the overall 

prevalence19,125,143,155,157,175,177,180.  There is broad variance between these studies in 

prevalence reported, which likely relates to case ascertainment differences (for 

instance, single centre cohort studies utilising an individual hospital versus 

utilisation of national data sources).  For example, four studies covering the period 

1964–1975 presented varying prevalence rates for NTDs ranging from 2.5 to 4.5 per 

1,000 births176,181-183.   

Based on the historic success of the spina bifida health target, coupled with the 

existing knowledge, these NTD indicators could be enhanced, particularly as reliance 

on reporting prevalence only for live births makes international comparisons difficult 

and is also underestimating prevalence, chiefly because neural tube defects are 

frequently present among fetal deaths and terminations of pregnancy for fetal 

anomaly.  Continued reporting of this indicator, following enhancement, would 

serve to maintain focus on the importance of preventative strategies, such as the 

continued promotion of pre- and peri-pregnancy use of folic acid supplements. 
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In summary, the continued monitoring of this indicator enables evaluation of the 

burden of congenital anomalies on the overall population and health sector; 

however, the current reporting of this indicator should be adjusted to report total 

birth prevalence (including stillbirths), thereby providing a more complete 

representation of prevalence.   

Potential indicators for incorporation  

This section focusses on the indicators that have not previously been investigated 

within the published literature for New Zealand.  It provides for each indicator, a 

summary of the intended focus of the indicator, the prevalence published 

internationally, the level of information available in New Zealand based on the 

existing published literature, and whether the indicator could be readily 

implemented based on the available information.  The indicators covered are:  

1. Congenital anomaly prenatal diagnosis prevalence; 

2. Congenital anomaly termination of pregnancy (TOP)—measures the impact of 

termination of pregnancy for fetal anomaly (TOPFA) on the perinatal mortality 

and livebirth prevalence rates; 

3. Congenital anomaly requiring surgery—measures the need for paediatric 

surgery; 

Congenital anomaly prenatal diagnosis prevalence 

This indicator is defined as identification of a major congenital anomaly in a live 

fetus, and may differentiate between chromosomal and non-chromosomal anomalies 

to accommodate the differing screening methods and/or timing of diagnosis.  This 

indicator is intended to measure the detection rate of antenatal screening services.  

Various measures have been applied internationally to assess the time of diagnosis of 

a congenital anomaly.  

EUROCAT measures the prevalence of antenatally diagnosed cases of congenital 

anomaly, excluding soft markers, and differentiates between antenatal and postnatal 

diagnosis9.  Across the 27 EUROCAT registers during 2004–2008, the prevalence of 
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congenital anomalies diagnosed during the antenatal period was 9.0 per 1,000 births, 

of which the majority diagnosed during the antenatal period were non-chromosomal 

anomalies.  Differing temporal trends were reported for chromosomal and non-

chromosomal anomalies diagnosed in the antenatal period, in which chromosomal 

anomalies remained stable at 2.4 per 1,000 births over the 2004−2008 period, while 

increasing trends were observed for non-chromosomal anomalies9.   

BINOCAR (British Isles Network of Congenital Anomaly Registers) measures the 

proportion of cases of one or more congenital anomalies with a known timing of 

diagnosis, and differentiates between antenatal and postnatal diagnosis, and further 

stratifies by pregnancy outcome.  For 2011, 51.7 percent of all congenital anomalies 

registered with a BINOCAR register were diagnosed in the antenatal period.  The 

majority of anomalies diagnosed in the antenatal period were chromosomal, and the 

proportion ranged from 66.2 percent for 2007 to 73.7 percent for 2011166. 

In New Zealand, there is a lack of published information on the prevalence of 

congenital anomalies diagnosed during the antenatal period, particularly the 

anomalies confirmed following cytogenetic testing by one of the four cytogenetic 

laboratories.  Information does, however, exist on the number of pregnant women 

who chose to be screened through the antenatal screening programme for Down 

syndrome and other conditions, as reported by LabPLUS, and who were identified as 

at increased risk of a congenital anomaly followed a completed screening test.   

The antenatal screening programme available in New Zealand is offered to pregnant 

women by maternity providers.  If the option of screening is accepted and the 

screening process completed, then the pregnant woman receives an estimate of the 

risk for aneuploidies, such as Down syndrome (Trisomy 21), Edwards syndrome 

(Trisomy 18) and Patau syndrome (Trisomy 13), and other anomalies, such as neural 

tube defects (NTDs)57,58.  The screening process comprises a first trimester option, 

which involves both an ultrasound scan to measure the nuchal translucency (NT) 

and crown rump length (CRL), and a blood sample taken; or a second trimester 

option, which solely comprises a blood sample.  Based on the monitoring report 
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covering 2012, 36,718 pregnant women had screening in 201257, which equates to 

around half of all births.  Of these screened women, 913 were identified as at 

increased risk of a congenital anomaly, and the majority of these increased risk 

results were for a chromosomal anomaly57.  Any pregnant woman screened who is 

identified as at increased risk is provided the option of confirming the identified 

anomaly through antenatal (cytogenetic) diagnostic testing, which at present will 

typically be amniocentesis.   

The screening information could not, however, be used as the sole basis for this 

indicator, not only as it is known to be incomplete, but crucially because the data 

would include pregnant women who had received a false positive screening result, 

which could potentially outnumber the true positives.  Confirmed antenatal 

diagnoses (that is, true positives) are captured in disparate regional systems by each 

cytogenetic laboratory and radiology service.  Screening information is not, however, 

to be overlooked. The creation of a national collection on diagnostic testing, 

particularly if integrated with screening data and pregnancy data from the national 

maternity collection, would provide valuable information for this indicator, as well 

as enabling evaluation of antenatal and newborn screening programmes.   

Adoption of this indicator, in which screening data is integrated with other data, 

would provide valuable information to assist with the development and evaluation 

of health policies and prevention strategies.  Although implementation of this 

indicator in New Zealand may be theoretically possible, at this stage further 

investigation would be warranted, particularly in relation to accessibility of 

individual record data (with unique identifiers) and data validity, to ensure that any 

information captured is not incomplete and to minimise the potential for duplicate 

records from the differing sources.  

Congenital anomaly termination of pregnancy 

This indicator focuses on the terminations of pregnancy for fetal anomaly (TOPFA) 

following antenatal diagnosis (as defined above).  Differentiation between 

chromosomal and non-chromosomal anomalies is made to account for the differing 



51 

screening methods.  This indicator provides an indication of ‘the degree to which 

termination of pregnancy is the choice after prenatal diagnosis’, as well as measuring 

the effect TOPFA have on perinatal mortality and livebirth prevalence9. 

During 2004–2008, the prevalence of TOPFA was stable at 4.0 per 1,000 births among 

the EUROCAT registers of countries that permit termination of pregnancies, and 

prevalence ranged from approximately 0.5–10 per 1,000 births.  Correspondingly, 

null TOPFA prevalence rates were observed for the EUROCAT registers of countries 

where TOPFA is illegal, such as Ireland and Poland9.   

In Australia, the Victorian birth defect register reported that of all pregnancies with a 

congenital anomaly, 12.1 percent in 2005–2006 and 11.2 percent in 2007 were 

terminated prior to 20 weeks gestation, and an additional 4.9 percent and 5.7 percent 

respectively were terminated at or after 20 weeks gestation129,167.  Queensland 

reported TOPFA prevalence for select anomalies, based on select ICD-10-AM codes 

indicating a TOPFA within a women’s hospital records110. 

At present in New Zealand, terminations of pregnancy (TOP) are only permitted 

under section 182 of the Crimes Act 1961 if it is applied to prevent the occurrence of 

adverse psychological harm or to preserve the life of the mother184.  Information 

pertaining to TOPs is limited and incomplete, either because the supplied 

information is ambiguous or inaccurate, or is supplied on a voluntarily basis.  This 

partly relates to the highly emotive and political environment surrounding the 

provision and availability of terminations of pregnancy, which LIFE, a “pro-life” 

organisation, describes as ‘a highly emotional and controversial subject with no 

immediate sign of consensus’185.   

The Abortion Supervisory Committee (ASC) is tasked with the certifying consultants 

to provide TOPs, who are obliged to supply information on TOPs they have 

performed via a notification form, and the ASC also is responsible for revising and 

monitoring of TOP services.  Through this information they have identified that not 

all pregnant women referred to termination services continue to have a 
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termination186.  For this indicator, the ASC reports are unsuitable, as a TOPFA cannot 

be identified, nor can the specific anomaly involved, due to the broad grounds for 

which a TOP is permitted under section 187A of the Crimes Act 1961, such as 

‘seriously handicapped child’ or ‘handicapped child and mental danger‘184,187.   

Three other organisations may serve as potential sources of TOP information, namely 

the NZBDR, the PMMRC, and the Ministry of Health.   

The NZBDR receives TOPFA information on a voluntary basis, for which a form was 

introduced in 2011125.  To date, no information has been released publicly by NZBDR 

on the overall numbers of TOPFAs.  

The PMMRC has released information on TOPFA in its annual reports.  This 

information is captured at a local level by PMMRC co-ordinators.  The PMMRC 

report covering births in 2011 showed that TOPFA comprise the majority of the fetal 

deaths with a congenital anomaly (n=126 of 152), however, trend information was 

not reported within the report150. 

The Ministry of Health has two national collections that potentially contain 

information pertaining to TOP, namely the national minimum dataset (NMDS) and 

the national maternity collection.  NMDS potentially captures hospital discharge 

information for women who underwent a TOP.  For example, the recent 

hospitalisation data tables covering the year ending 30 June 2012 reported the 

occurrence of 9,640 medical abortions (funded publicly or privately)146,147.  This 

warrants exploration through trialling the Queensland methodology188 for 

identification of TOP relating to a congenital anomaly within NMDS.   

The national maternity collection is the other Ministry of Health held national 

collection that captures information of pregnancies, including those ending in a TOP, 

supplied by maternity service providers in order to receive payment for the 

providing primary maternity services to pregnant women (and their babies).  Lead 

Maternity Carers (LMC) and non-LMCs, such as general practitioners or 

obstetricians, may supply this information as the one of the reasons for which the 
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provision of first (and second) trimester maternity services was completed189,190.  This 

information, however, only indicates that the women was referred for a termination, 

rather than necessarily having had a termination191.  The forms also do not allow for 

the provision of whether the referral for termination involved a congenital anomaly.  

The pregnancy outcome information that did not conclude in the delivery of a baby 

(live or still) is held within an activity table of pregnancies192, and the information is 

likely to be incomplete or of low quality.  It is unclear whether pregnancies ending in 

a TOP after 20 weeks gestation are included within the national maternity collection.   

Presently, the PMMRC information is the only publicly available source of TOPFA 

information; unfortunately, this information cannot presently be corroborated.  

Partial confirmation may, however, be plausible based on TOP codes documented 

within the national collections held by the Ministry of Health.    

At this stage, it seems unlikely that any information captured for this indicator could 

be anything other than incomplete.  Therefore, in the interim, further investigation 

would be required to determine the feasibility and limitations of implementing this 

indicator.  Any reporting on this indicator may be constrained by the highly emotive 

and political environment surrounding this area, and as such may require a long-

term focus involving informed discussion and potentially a governmental directive. 

Congenital anomaly typically requiring paediatric surgery 

The definition of this indicator is the number of congenital anomalies that require 

surgery within the first year of life7,9.  Two organisations applied differing measures 

to this indicator, namely the WHO (World Health Organization) and EUROCAT 

(European network for the surveillance of congenital anomalies). 

The WHO published a suite of indicators to improve children’s environmental health 

in 20037, which incorporated this indicator.  The WHO applied a broad definition to 

the indicator, specifically it encompassed all congenital anomalies that are 

‘sufficiently severe to require surgical treatment or correction’ during the first year of 

life124.  There is, however, a paucity of information for the indicator, particularly in 
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relation to observed prevalence and whether the indicator is only monitoring the 

occurrence of actual surgical treatment.  

EUROCAT published its version of this indicator in 2011, and focused on six major 

congenital anomalies (or anomaly types) that typically require or undergo paediatric 

surgery within the first year of life.  The prevalence reported distinguishes between 

pregnancy outcome (livebirth, fetal death, and TOPFA), which is to account for the 

differing severity and service requirements of livebirths9, particularly as surgery is 

essentially only performed on liveborn babies.  

The six congenital anomalies encompassed by the EUROCAT indicator account for 

half of all paediatric surgeries for congenital anomalies, and are9:  

1. craniosynostosis,  

2. gastroschisis,  

3. malformations of the digestive system, 

4. omphalocele,  

5. orofacial clefts, and  

6. severe congenital heart disease.   

For most of these anomalies, surgical management can successfully correct the defect.  

For the isolated cases, surgery can ameliorate the potential for lifelong disability or 

future defect-related surgeries.   

The prevalence observed for the indicator across the 27 full-member EUROCAT 

registers was 4.3 per 1,000 births, and ranged from 3.0 to 5.0 per 1,000 births for the 

period 2004–2008.  Of fetuses/babies with a congenital anomaly typically requiring 

surgery, the majority were liveborn.  Over the period, the livebirth prevalence 

decreased by ten percent from 4.5 per 1,000 births in 2004 to 4.1 in 2008.  At the same 

time, the prevalence of congenital anomalies typically requiring surgery among fetal 

deaths, and among TOPFA remained relatively stable9.   
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Of these two measures, the EUROCAT indicator is more clearly defined and 

observed prevalence rates have been reported publicly.  This makes it more suitable 

for consideration for New Zealand. 

In New Zealand, over 55 percent of paediatric surgeries performed between 1 July 

2011 and 30 March 2014 were acute (that is they needed immediate assessment or 

treatment)193, however, none of the literature for New Zealand reports on the overall 

prevalence of congenital anomalies typically requiring paediatric surgery.  A few 

studies have selectively investigated surgically correctable congenital anomalies in 

New Zealand, and within these studies most focused on a particular body system, 

such as abdominal or gastrointestinal defects194,195, or on the management of the fetus 

or baby196,197.   

It is, however, plausible that the existing administrative collections contain 

information pertaining to the six anomalies encompassed within the indicator as 

defined by EUROCAT.  This is exemplified by the hospital discharge data published 

by the Ministry of Health covering the year ending 30 June 2011, in which it reports 

that 219 children aged 0–4 years were discharged from hospital with a primary 

diagnosis of orofacial clefts198.  This indicator therefore warrants further investigation 

through a prevalence study, and as such has formed the rationale for the second part 

of this thesis.   

Conclusion on public health indicators  

Public health indicators are important for increasing awareness and aiding decisions 

made by parents and health professionals.  They assist with the planning and 

evaluation of public health policy, health services and interventions, as well as 

assisting identifying temporal changes, which may elucidate the presence of 

potential teratogens and changes in other risk factors, and avenues for further 

investigation.  

Internationally, there are at least nine indicators that provide a quantitative snapshot 

of the burden of congenital anomalies, particularly in relation to mortality and 
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morbidity, and assessment of public health policy and health services.  Six of the 

international indicators have New Zealand equivalents, which have been variously 

monitored in New Zealand by up to four organisations.   

One of the dominant differences between the international and existing New Zealand 

indicators is that four of the six indicators utilised in New Zealand apply differing 

methodologies, and frequently measure prevalence among livebirths rather than 

total births.  The differing methodologies employed by the four organisations that 

monitor the prevalence of congenital anomalies in New Zealand highlights the lack 

of a consistency on how and what congenital anomalies should be monitored, and 

also the frequency that they should be reported on, which presently varies from 

annually to triennially.  These inconsistencies increase the potential for the 

prevalence of anomalies to be misrepresented, such as severe chromosomal 

abnormalities or neural tube defects, which have a high rate of in-utero death, 

whether through miscarriage or termination of pregnancy166.  The ramifications of the 

prevalence being misrepresented can impact upon the planning or continuation of 

services and prevention strategies targeting congenital anomalies, such as potentially 

driving a reduction in public health messages promoting the use of folic acid or 

fortified food to prevent neural tube defects.  

Of the remaining three international indicators, “congenital anomalies typically 

requiring surgery” is the only indicator that shows potential for implementation in 

New Zealand, based on the information reported from the existing administrative 

collections.  If the EUROCAT definition is applied, then this indicator would serve to 

indicate the potential requirement for surgical treatment of congenital anomalies that 

have a high prevalence among liveborn babies.  Given no prevalence or descriptive 

epidemiological information exists for this indicator within the published literature 

for New Zealand, this indicator, requires investigation by way of a prevalence study, 

in order to determine the plausibility of adoption; this conclusion forms the focus of 

the second part of this thesis.   
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Part Two. Indicator-specific prevalence study 

Congenital anomalies requiring surgery was one of three international indicators not 

previously described within the literature for New Zealand, yet these anomalies 

place considerable burden on families and the health sector, such as long length of 

stays associated with abdominal wall defects, or the high fiscal cost associated with 

severe cardiovascular defects199.  This burden should, however, be considered in light 

of the numerous cost-effective surgical procedures and improved long-term 

prognosis that can make surgery a crucial service for individuals with congenital 

anomalies1. 

As no prevalence or epidemiological information exists for this indicator, the 

feasibility of implementing this indicator in New Zealand, utilising the European 

network for the surveillance of congenital anomalies (EUROCAT) definition and 

existing data collections, warranted investigation through a prevalence study, 

thereby forming the driver for this part.  A prevalence study is beneficial for not only 

describing the occurrence or birth prevalence of select anomalies, but it also enables 

identification of trends, associations, and clusters of anomalies (for example, in a 

particular region); assessment of resource and interdisciplinary service requirements; 

and identification of further research avenues15.  The information derived from a 

prevalence study supports the decision as to whether to implement indicators for 

congenital anomalies by quantifying the magnitude of occurrence, providing a 

baseline, and potential limitations.  

The intention of this part is to not only test the practicalities of adopting EUROCAT 

methodologies within a prevalence study, but also to provide an overview of the six 

anomalies encompassed within the indicator for congenital anomalies typically 

requiring surgery, including the prevalence reported internationally and in New 

Zealand. 
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Chapter One. Introduction 

Within indicators utilised internationally, the requirement for surgical correction of 

congenital anomalies is one of the burdens highlighted, predominantly by the 

European network for the surveillance of congenital anomalies (EUROCAT).  The 

definition applied to the indicator for congenital anomalies typically requiring 

paediatric surgery by EUROCAT, as previously mentioned, focused on six select 

anomalies that have a high pregnancy survival rate (that is a high proportion of 

livebirths) and have a high requirement for surgery before the age of one year.  The 

six anomalies comprise three individual anomalies (namely craniosynostosis, 

gastroschisis, and omphalocele) and three groups of anomalies (namely severe 

congenital heart disease [CHD], digestive system malformations, and orofacial 

clefts).   

There is a paucity of epidemiological and trend information for congenital anomalies 

requiring surgery within the published literature, and this may be a consequence of 

the restricted set of anomalies selected in this indicator coupled with this indicator 

only being published by EUROCAT in 2011.  It is, however, plausible that 

information on the encompassed anomalies may already be available within the 

existing literature for New Zealand.   

Congenital Anomalies Typically Requiring Paediatric Surgery 

This chapter utilises the existing literature to establish whether information has been 

reported for each of the encompassed anomalies for New Zealand, and if so, suggests 

whether a prevalence study would be feasible to test the practicalities of 

implementing the indicator using existing administrative collections in New 

Zealand.  In addition, prior to ascertaining the prevalence reported within the 

literature, both internationally and for New Zealand, a synopsis of each anomaly 

based on the existing international literature is provided, in order to assist with 

understanding the encompassed anomalies, particularly in relation to aetiology, risk 

factors, and diagnostic and treatment methods.   
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Craniosynostosis 

Craniosynostosis manifests within the months subsequent to birth, and results from 

the premature fusing of one or more cranial sutures (or fibrous tissues that separate 

the six major cranial bones)104,200, thereby creating an abnormally shaped head201,202.  

The sutures, of which there are four (Figure 1), enable the baby’s head to progress 

through the birth canal during delivery and also enables the skull to expand to 

accommodate the growing brain as the infant ages200,203.   

 

Figure 1. Schematic of the various sutures that may prematurely fuse 

Adapted from Johnson (2011)201  

Craniosynostosis is dependent on the number and type of major suture involved, 

and the timing and order in which the specific sutures fuse201,204, such as:   

 Coronal synostosis—presents as a skewed head formed through the fusing of a 

single (unilaternal) coronal suture on either side of the head, or if both 

(bilateral) coronal sutures fuse the head has a broad and flattened shape; 

 Lambdoid synostosis—presents as a skewed head through the fusing of either 

lamboid suture at the back of head;  

 Metopic synostosis—presents as a triangular forehead shape associated with 

fusion of the metopic suture; 

 Sagittal synostosis—presents as a long and narrow head shape through fusion 

of the sagittal suture. 

 

Sagittal 
(top of skull) 

Coronal 
Metopic 
(top front of skull towards 

root of the nose) 

Lambdoid 

Anterior 
(front of the skull) 

Posterior 
(back of the skull) 
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Craniosynostosis can be classified as simple or complex, as primary or secondary, 

and as syndromic or nonsyndromic (or isolated)201,203-206.  Simple craniosynostosis 

involves a single suture, whilst complex (or compound) involves two or more 

sutures.  Nonsyndromic or isolated craniosynostosis is where no other congenital 

anomalies are present, whilst syndromic craniosynostosis is diagnosed based on the 

presence of other congenital malformations, such as of the face, nervous system, and 

skeletal structure203,205.  Syndromes involving craniosynostosis include Crouzon, 

Apert, Muenke, Saethre-Chotzen, and Pfeiffer syndromes205.  Craniosynostosis may 

lead to increased pressure inside the skull, particularly for nonsyndromic 

craniosynostosis, leading to impairments of neurological function201, which 

potentially lead to developmental,203,205 learning, and language disabilities207.   

Aetiology 

The aetiology of craniosynostosis, particularly for syndromic craniosynostosis, is 

multifactorial201.  Genetic factors accounted for 24 percent of craniosynostosis cases, 

and comprise chromosomal abnormalities, and gene mutations201, such as of HBF, 

FGFs (Receptors 1–3), TGF(s)-β, BMPs202, EFNB1201, MSX2, TWIST1202,203,205, TCF12208, 

and ERF209.  Craniosynostosis may also be associated with chromosome 

microdeletions, for example syndromic craniosynostosis caused by a Xp22.11 

deletion involving three genes (ZFX, PDK3, and PCYT1B)210.  For nonsyndromic 

craniosynostosis, which constitute the majority of craniosynostosis cases, research is 

increasingly linking genetic involvement with environmental factors211.  

Risk factors include, but are not limited to, infant sex (predominantly male212), 

advanced maternal or paternal age, preterm birth, maternal race/ethnicity 

(predominantly white213), maternal smoking, and prepregnancy obesity204. 

Diagnosis and treatment 

Craniosynostosis can be identified within the months following birth through the 

presentation of an abnormal head shape201, however, occipital flattening (positional 

plagiocephaly), in which the back of the head (occiput) flattens or is assymmetric due 
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to persistent positioning on the back, can be (mis)diagnosed as craniosynostosis214.  

Ultrasound diagnosis in the antenatal period has been found ineffectual for 

identifying craniosynostosis, with the exception of severe forms201.  Diagnosis is 

therefore undertaken following delivery, and may be confirmed through a x-ray, a 

computerised tomography (CT) scan, or a magnetic resonance imaging (MRI)205.  

Surgical correction usually occurs between the ages of six months and two years201, 

however, the first surgery for syndromic craniosynostosis may be performed as early 

as three months old, or for nonsyndromic craniosynostosis between the ages of six 

months to one year of age202,205.  Multiple surgeries may be required to correct the 

synostosis, particularly for those originating from a single gene mutation215.  Surgical 

correction of craniosynostosis may involve:  

 removal of the fused strip (‘strip craniectomy’)206, 

 use of expansive springs216, and/or  

 a (postoperative) custom fitted helmet206. 

Surgery also aims to minimise or prevent further deformities or complications of 

craniosynostosis, and to reduce the potential risk of, and complications from, 

intracranial pressure201.   

Prevalence 

The prevalence estimates for craniosynostosis are between 0.4–0.5 per 1,000 

livebirths201,204,205, however, considerable variation in craniosynostosis prevalence 

exists, especially if emphasis is on type206, or on suture involvement.   

A study in Western Australia for the period 1980–1994 reported the prevalence of 

craniosynostosis as 0.51 per 1,000 births, and the temporal trend as increasing 

significantly (four percent per annum).  The authors, however, found this trend 

could be attributable predominantly to the increasing prevalence of lambdoid 

synotosis212.  
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A prevalence study by EUROCAT of 21 contributing European registries reported 

the prevalence of craniosynostosis as 0.18 per 1,000 births for the period 1999−200884, 

and no significant trend over the period.   

The number of studies investigating craniosynostosis in New Zealand is increasing; 

and some focus on the gene mutations involved217, or on surgical techniques216.  At 

present, only one study reports the prevalence of craniosynostosis for New Zealand, 

published in 1970181.   

This single centre cohort study undertaken by Howie and Phillips181 investigated the 

prevalence of congenital anomalies amongst births at National Women’s Hospital 

(Auckland) during 1964–1967.  Within their cohort of 387 babies diagnosed with a 

major congenital anomaly, they observed six cases of craniosynostosis181, which 

equates to a prevalence of 0.37 per 1,000 births.  Risk factor analyses by the baby’s 

ethnicity, sex, and birthweight were not undertaken, presumably due to the small 

number of cases.  The observed prevalence is toward the lower end of the rates 

reported internationally, and could potentially be explained by this single centre 

study covering less than ten percent of births in New Zealand; however, the 

prevalence estimate remains uncorroborated by other New Zealand-specific studies.   

In summary, the prevalence reported within the single New Zealand study is lower 

than the rates reported internationally, however, this study was undertaken in the 

mid to late 1960s and no recent studies have investigated craniosynostosis.   
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Gastroschisis and omphalocele 

Gastroschisis and omphalocele are the two most common defects of the abdominal 

wall.   

 Gastroschisis—involves a deficiency (almost always) to the right side of the 

intact umbilical cord and the herniated intestines (which may include the 

spleen) are not covered in a membrane sac87,104,116,218;   

 Omphalocele—involves organs (typically small intestine and liver, however, 

may also occasionally involve part of the large intestine, the bladder, spleen, 

stomach, uterus, and ovaries) being herniated within a thin membrane sac 

through the base of the umbilical cord87,104,218,219.   

Aetiology 

The aetiology of gastroschisis is unknown218,220, although it has been mooted to be 

multifactorial220-222.  Gastroschisis frequently occurs in isolation219.  A number of risk 

factors have been implicated, such as young maternal age218, maternal genitourinary 

infection (such as Chlyamydia trachomatis)221, lack of antenatal care, nutritional 

deficiencies87,221, low socioeconomic status, low maternal body mass index (BMI; or 

underweight mother)218,219, first pregnancy219, preterm birth223, and use of recreational 

drugs, tobacco and alcohol33,87,219,221.  There is no difference in prevalence of 

gastroschisis between the sexes224, and babies born with gastroschisis are more 

frequently premature225.   

The aetiology of omphalocele is multifactorial and omphalocele is often associated 

with chromosomal anomalies, such as trisomy 18, and various chromosomal 

imbalances, for example from parental translocations 46,XX,t(13;14)(q34;q32.2) or 

46,XX,t(3;11)(q21;q23)219.  The gene mutations associated with omphalocele include 

PITX2, CDKN1C, and MTHFR219,225.  The risk factors associated with omphalocele 

include, but are not limited to, very young and advanced maternal ages195,219, infant 

sex (predominantly male)224,225, preterm birth223, maternal obesity, and fluctuating 

glycaemic control219.  Omphalocele is less prevalent among Pacific populations219. 
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Diagnosis and treatment 

Gastroschisis and omphalocele are both identifiable in the antenatal period.  Both can 

be identified via ultrasound as early as 12 to 13 weeks gestation224, although are 

usually detected between 18 to 20 gestational weeks225.  In addition, gastroschisis, 

and to a lesser extent omphalocele, can be identified through elevated levels of α-

fetoprotein in the maternal serum and amniotic fluid, or elevated 

acetylcholinesterase in the amniotic fluid225.  Isolated gastroschisis presents in 

46.8−85.9 percent of cases218,226, and 25.8 percent of omphalocele cases226.   

Careful diagnosis during the antenatal period is required, as misdiagnosis occurs in 

approximately 15 percent of cases with an abdominal wall defect116.  For example, 

misdiagnosis may occur where giant or ruptured omphaloceles are classified as 

gastroschisis116,219.  Similarly diagnostic shifts can also impact, for example, the 

recognition of gastroschisis as a distinct anomaly, rather than a burst omphalocele116. 

Antenatal diagnosis can inform the required pregnancy care (such as amniotic fluid 

exchange to prevent damage to the herniated organs), delivery and postnatal care, in 

order to ensure a better prognosis for the fetus/infant following treatment (such as 

urgent action required of a paediatric surgical team following delivery)224.  Up to one-

third of pregnancies affected with gastroschisis (12.6–26.5 percent) or omphalocele 

(around 30 percent) may be terminated223,227; however, given the good prognosis for 

these defects if properly managed116, the decision to terminate may relate to the 

presence of other anomalies or being part of a syndrome.  For example, gastroschisis 

present with intestinal atresia has a poor prognosis, and requires multiple surgeries, 

long hospital stays, and delayed establishment of (enteral) feeding224.  

Gastroschisis requires urgent surgical correction following delivery, which aims to 

minimise the risk of infection, whereas there is no such urgency for surgery with 

omphalocele as the herniated organs are covered in a membrane224.  Surgical 

treatment to correct gastroschisis and omphalocele are designed to encourage the 

herniated organs back into the abdomen and subsequent closure of the defect224, 

which can take between one to fourteen days.  A variety of methods can be used to 
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encourage closure, including a silastic “silo” (a chimney shaped bag or pouch with a 

spring loaded ring at the bottom that is placed though the defect beneath the edges 

of the abdominal wall)224,225,228, application of a prosthetic mesh or material and/or a 

silastic sheet228, covering the opening with a skin flap or graft, or using tissue 

expanders to expand the abdominal cavity225.  Complications can arise if the 

correction of gastroschisis is too rapid, which can increase the pressure within the 

abdomen potentially resulting in intestinal perforation or death due to necrotising 

enterocolitis224. 

Prevalence  

Caution is warranted when investigating the temporal trends in prevalence of 

abdominal wall defects, as significant changes may be an artefact of shifting 

diagnostic trends to minimise misdiagnosis (as described above), or changing coding 

nomenclature.  For instance, the ICD-9 coding nomenclature has gastroschisis and 

omphalocele grouped as one (7567—Omphalocele and gastroschisis), and 

differentiation is potentially possible through the presence of a defect-specific 

procedure code, such as 54.71 for gastroschisis repair116,199.  Fortunately, this issue is 

rectified in ICD-10 through each defect having a unique diagnostic code (Q79.3 for 

gastroschisis and Q79.2 for omphalocele).   

Gastroschisis 

The prevalence of gastroschisis is considered to be between 0.1–0.3 per 1,000 

livebirths195,219, however, there is wide variation in the literature with published rates 

ranging from 0.05 to 0.5 per 1,000 births55,218,224,225,229.  Similarly, while there is 

international consensus on the increasing temporal trend for gastroschisis55,229,230, a 

review of 69 studies undertaken by Castilla et al (2008)116 found variability in the 

trends reported.  The review found that increasing trends were reported by nearly 

half of the multicentre studies (16/33), and three quarters of single country or centre 

studies (27/36).  The remaining studies reported the prevalence as stable overall, 

within which some studies had observed a rapid increase in prevalence preceding a 
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period of stability, and one study reported decreasing prevalence subsequent to an 

initial rapid rise116.   

In New Zealand, the prevalence of gastroschisis has been reported by the 

International Clearinghouse for Birth Defects Surveillance and Reporting (ICBDSR) 

in their annual reports125, and in a prevalence study undertaken by Srivastava et al 

(2009)195.  Despite the differing prevalence rates between these two studies, which is 

likely due to the overlapping cohorts, there is consensus on an increasing temporal 

trend between the two (Figure 2).  
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Figure 2. Prevalence of gastroschisis reported in New Zealand literature, 1963–2011 

Source: cited references.  ICBDSR denominator is livebirths from 1979–2008 and total 

births from 2009–2011; Srivastava denominator is livebirths.  †Prevalence was not 

reported to the ICBDSR for the 1974–1980 and 1991–2005 periods and prevalence contains 

less than five years data for 1986–1990 and 2006–2010. 

As previously mentioned, the annual report series by ICBDSR utilises information 

from the New Zealand birth defects register (NZBDR) to present the prevalence of 

gastroschisis, alongside the other sentinel anomalies, for rolling five or ten-year time 

periods125.  Prior to 2009, the prevalence of gastroschisis was only reported on 

congenital anomaly cases among livebirths160.  In the latest report (covering the 

period 1980–2010), the prevalence of gastroschisis ranges from 0.03 per 1,000 births 

for 1981–1985, 0.06 for 1986–1990, and 0.11 for 2006–2010 (Figure 2).  This report is, 

however, hampered by the absence and incomplete reporting for gastroschisis, 
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particularly through the inadequacy of the ICD-9 coding nomenclature, as described 

above, which appears to be the nomenclature preferentially used by the NZBDR111.  

The report does not explicitly state whether the proxy surgical codes for gastroschisis 

or coding nomenclature were used by NZBDR to report to the ICBDSR.   

The retrospective multicentre study by Srivastava et al195 identified 351 cases of 

gastroschisis in four tertiary paediatric surgical centres during 1991–2004.  To 

accommodate for the differing reporting periods of the four centres, the trend 

investigation was limited to 1996–2004.  They reported an increasing temporal trend, 

in which prevalence increased from 0.30 to 0.52 per 1,000 livebirths (p=0.018)195.  The 

authors also observed that gastroschisis was more prevalent in babies born to 

mothers of young age, in whom the median age was  

21 years195.   

In summary, the increasing trends for gastroschisis apparent within the two studies 

(ICBDSR160 and Srivastava et al) and the high prevalence for young maternal ages 

reported by Srivastava et al (2009)195 are consistent with the international literature116; 

however, there is no consensus on the prevalence rates between the two studies.  

Omphalocele 

The prevalence of omphalocele is considered to be 0.20–0.25 per 1,000 livebirths195, 

however, wide variation in prevalence exists within the published literature, in 

which prevalence ranges from 0.15 to 0.5 per 1,000 births55,224,225,229.   

There is general consensus on the relatively stable prevalence of omphalocele229,230, 

however, decreasing or increasing trends have also been observed230.  Historically 

(pre-1970), omphalocele was reported to be more prevalent than gastroschisis, which 

may reflect a limited awareness of the distinction between these two anomalies in 

earlier times116.  
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Figure 3. Prevalence of omphalocele reported in New Zealand literature, 1963–2011 

Source: cited references. * Denominators are per total births, with the exception of 

notifications for Foster (1982), livebirths for Tuohy et al and Srivastava et al, and ICBDSR 

denominator is livebirths from 1979–2008 and total births from 2009–2011. † Prevalence 

was not reported to the ICBDSR for the periods 1974–1980 and 1996−2005 and prevalence 

contained less than five years data for 1981–1985 and 2006−2010. 

In New Zealand, ten studies have reported the prevalence of omphalocele since the 

mid-1960s (Figure 3).  Five of these studies utilise national data from the 

NZBDR125,143,153,174,175, three were single hospital studies (namely Howie and Phillips 

(1970)181, O’Connor (2002)182 and Buckfield (1973)177), one was a retrospective 

multicentre study (Srivastava et al (2009)116), and one a cohort study involving a 

survey at six weeks post birth (Tuohy et al (1993)19).  Although the cohort study had a 

small sample for omphalocele (n=2)19, it is within the range of rates reported by the 

ten studies (ranged from 0.07 to 0.80 per 1,000 births).  Half of these studies reported 

the prevalence as 0.2–0.3 per 1,000 births125,153,174,181,195.  

Although five of the studies utilise the NZBDR data, there is variation in the 

prevalence reported for similar periods (Figure 3), which may be attributable to the 

level of completeness of the acquired data at the time of reporting.  For example, 

Foster (1982)[176] reports the prevalence for 1980 as 0.41 per 1,000 notifications and 

0.20 for 1981 based on the NZBDR, while Borman and Read (2010)153, who also 
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utilised the NZBDR, observed 0.39 and 0.18 per 1,000 births for the corresponding 

years.   

The temporal trends observed for omphalocele were inconsistent.  Decreasing trends 

were reported by Borman and Read (2010)153 from 0.39 per 1,000 births in 1980 to 0.18 

in 1989, although there was large year-on-year variation within the period with 

prevalence reaching a low of 0.12 per 1,000 births153.  Whereas increasing trends were 

implied between 1981–1985 and 2006–2010 in the ICBDSR annual report125, and 

observed as significant (p=0.043) by Srivastava et al (2009)195 over the period 

1996−2004195.  These trends may, however, be attributable to study design factors, 

especially in light of the variance in prevalence reported within the literature for 

New Zealand and general consensus internationally on the relatively stable 

prevalence of omphalocele.   

The risk factors associated with omphalocele were only examined by Srivastava et al 

(2009), in which a U-shaped distribution for maternal age was observed195.   

In summary, there is limited consensus in the literature for New Zealand on the 

prevalence of omphalocele, and somewhat conflicting reports on temporal trends.   
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Malformations of the digestive system 

Eight congenital anomalies are encompassed within the category ‘malformations of 

the digestive system’ that typically require surgery, which partly explains the paucity 

of review articles on these anomalies as a collective group.   

The anomalies are:  

 annular pancreas—involves the pancreatic tissue forming a circle around the 

duodenum (first section of the small intestine), rather than adjunct, thereby 

creating a narrowing or actual obstruction of the duodenum223,231; 

 anorectal atresia and stenosis—is the absence or narrowing of the anorectal 

canal (between the rectum and anus).  This may involve neighbouring organs223, 

such as the large intestine181;  

 atresia of bile ducts (biliary atresia)—involves the absence of the lumen within 

the bile ducts or diminished connection from the bile ducts, thereby resulting in 

obstructed bile flow104,232; 

 atresia or stenosis of the duodenum or of other parts of the small intestine—

involves the (partial or complete) obstruction or narrowing of the duodenum or 

of the small intestine104.  Obstruction may be through the formation of lesions 

within the organ (intrinsic) or through conditions external to the organ 

(extinisic), such as annular pancreas, intestinal malrotation, midgut volvulus, or 

through compression from veins crossing anteriorly over the organ rather than 

taking the normal posterior course, such as the preduodenal portal vein231; 

 congenital diaphragmatic hernia (CDH)—involves herniation of the intestines 

into the thoracic cavity through a deficiency in one side of the diaphragm104, 

thereby restricting the development and function of the respiratory system233; 

 Hirschsprung disease—involves the absence of large intestinal nerve cells 

(namely the parasympathetic ganglion cells of the myenteric and submucosal 

plexuses, which are responsible for peristalsis within the intestine) of the wall of 

the colorectum and anal canal104.  Rarely, the small intestine may be involved234; 
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 oesophageal atresia with or without tracheo-oesophageal fistula (TOF). 

Oesophageal atresia (OA) involves a deficiency in the mid part of the 

oesophagus, and thus causes a complete obstruction of the foregut.  It is often 

present with a fistulous connection between the upper section of the 

oesophagus and the trachea104,235. 

Aetiology 

Knowledge on the aetiology of digestive system anomalies varies.  For many of these 

anomalies, the aetiology is thought to be multifactorial232,234, however, for others the 

aetiology is unknown but the presumption is either genetic involvement, through 

observation of familial inheritance, or multifactorial233,234.  Multiple genes mutations 

have been associated with the various digestive system anomalies.  For example, the 

gene mutations associated with syndromic OA/TOF include SOX2, CHD7, TBX2 and 

4, and BPAG1235; while for Hirschsprung disease the genes within which mutations 

can occur include GDNF, SOX-10, S1P1 (more recently called ZFHX1B), Phox2B, and 

most commonly, the RET proto-oncogene234.   

For the anomalies considered multifactorial, the implicated environmental risk 

factors include: maternal nutritional deficiency (vitamin-A), low maternal body mass 

index (BMI; underweight or thin), exposure to insecticides, or maternal use of drugs 

during the antenatal period (such as methimazole235, phenmetrazine, thalidomide, 

quinine, and nitrofen)233.   

The prevalence of digestive system anomalies varies by demography and condition.  

For example, males fetuses/babies have a higher prevalence of isolated OA/TOF235, or 

isolated CDH233, while premature or female fetuses/babies have a higher prevalence 

of CDH233.  A maternal age association was not observed for non-chromosomal 

OA/TOF235.   

Many of these digestive system anomalies may be present with chromosomal 

anomalies233, such as trisomies (21231,234, 18236, 13), deletions (22q11 deletion syndrome, 

known as DiGeorge syndrome235,236), translocations, or are part of a syndrome, such 
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as Smith-Lemli-Opitz syndrome234.  Digestive anomalies may also present with other 

associated defects, such as VACTERL (vertebral, anorectal, cardiac, trachea-

oesophageal, renal, and limb defects) or CHARGE (coloboma, heart defects, atresia 

choanae, retarded development, genital hypoplasia, ear abnormalities)235,236. 

Diagnosis and treatment  

Postnatal diagnosis of digestive system anomalies can be made using a variety of 

imaging tools, including ultrasound, contrast x-ray, computed tomography (CT), and 

Magnetic Resonance Imaging (MRI)231,234,237; and diagnostic procedures, such as 

serum or histological testing232, anorectal manometry, or rectal biopsy234. 

For most of these anomalies, surgical repair results in a post-operative survival of 

over 90 percent231,236.  The various surgical procedures used to treat congenital 

malformations of the digestive system include, but are not limited to, resection of the 

affected section with reconstruction234, duodenoplasty, laparoscopic 

duodenoduodenostomy or bypass anastomosis231, portoentersotomy or 

transplantation232.   

Prevalence 

Internationally, the prevalence of these digestive system anomalies varies.  Across 21 

EUROCAT registries, a prevalence rate of 1.63 per 1,000 births was reported for the 

period 1999–2008.  Within that period, a significant non-linear temporal trend was 

observed84.  Within these registers, six were from the England and Wales, and had a 

prevalence of 1.8 per 1,000 births for 2010.  This rate decreased to 1.63 when cases 

with chromosomal anomalies were excluded55.  Of the eight digestive system 

anomalies, the more prevalent anomalies were anorectal atresia and stenosis, 

congenital diaphragmatic hernia, and oesophageal atresia with/without TOF55,84.  

Loane et al (2011)84 reported their respective prevalence rates for 1999–2008 as 0.29, 

0.26 and 0.22 per 1,000 births, and each had significant decreasing temporal trends84. 
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In New Zealand, none of the studies reviewed report the prevalence for digestive 

anomalies as a group, nor do they report specifically on annular pancreas or biliary 

atresia.  They do, however, report on the prevalence of the remaining six digestive 

system anomalies (Table 4).  Anorectal atresia and stenosis and oesophageal atresia 

with/without TOF were frequently reported within eight studies for New Zealand, 

followed by congenital diaphragmatic hernia in five studies (Table 4).  The 

prevalence of anorectal atresia and stenosis was 0.12–1.28 per 1,000 births, and based 

on the ICDBSR appears stable around 0.2 per 1,000 births. 

In summary, there is limited information in the literature for New Zealand on 

malformations of the digestive system typically requiring surgery.   
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Table 4. Prevalence of digestive system anomalies reported in New Zealand literature 

Digestive system anomalies Author (year) Period 
Source 

of data 
No. 

Prevalence* 

(95% CI) 

Anorectal atresia and stenosis 

Howie and Phillips (1970) 1964–1967 HS 9 0.56 (0.26–1.06) 

O'Connor (2002) 1965–1972 HS 6 0.84 (0.31–1.82) 

Buckfield (1973) 1970–1971 HS 8 1.28 (0.55–2.52) 

Foster (1979) 1977–1978 R na 0.22 

Foster (1984) 1978 R 19 0.36 (0.22–0.56) 

Foster (1982) 1977–1979 R 29 0.26 (0.14–0.29) 

Borman and Read (2010) 1980–1989 R 116 0.23 (0.19–0.28) 

ICBDSR (2012) 

1974–1980 R 8 0.17 (0.07–0.34) 

1981–1985 R 63 0.25 (0.19–0.32) 

1986–1990 R 66 0.24 (0.18–0.30) 

1991–1995 R 85 0.29 (0.23–0.36) 

1996–2000 R 65 0.23 (0.18–0.29) 

2001–2005 R 69 0.24 (0.19–0.31) 

2006–2010 R 65 0.21 (0.16–0.26) 

Atresia or stenosis of other 

parts of the small intestine 
Howie and Phillips (1970) 1964–1967 HS 3 0.19 (0.04–0.54) 

Duodenal atresia or stenosis Howie and Phillips (1970) 1964–1967 HS 4 0.25 (0.07–0.64) 

Small intestine atresia or 

stenosis 
ICBDSR (2012) 

1996–2000 R 51 0.18 (0.13–0.24) 

2001–2005† R 65 0.23 (0.18–0.29) 

2006–2010† R 72 0.23 (0.18–0.29) 

Congenital diaphragmatic 

hernia 

Howie and Phillips (1970) 1964–1967 HS 8 0.5 (0.21–0.98) 

O'Connor (2002) 1965–1972 HS 1 0.14 (0.00–0.77) 

Buckfield (1973) 1970–1971 HS 6 0.96 (0.35–2.09) 

Tuohy et al (1993) 1990–1991 P 23 5.37 (3.40–8.05) 

ICBDSR (2012) 

1981–1985† R 38 0.15 (0.11–0.21) 

1986–1990† R 41 0.15 (0.11–0.20) 

1996–2000† R 69 0.24 (0.19–0.31) 

2001–2005 R 70 0.25 (0.19–0.31) 

2006–2010† R 80 0.26 (0.20–0.32) 

Hirschsprung disease 
Howie and Phillips (1970) 1964–1967 HS 1 0.06 (0.00–0.35) 

Tuohy et al (1993) 1990–1991 P 2 0.47 (0.05–1.68) 

OA with or without TOF 

Howie and Phillips (1970) 1964–1967 HS 2 0.12 (0.01–0.45) 

O'Connor (2002) 1965–1972 HS 1 0.14 (0.00–0.77) 

Buckfield (1973) 1970–1971 HS 4 0.64 (0.17–1.64) 

Foster (1979) 1977–1978 R na 0.20 

Foster (1984) 1978 R 12 0.23 (0.12–0.4) 

Foster (1982) 1977–1979 R 24 0.20 (0.11–0.25) 

Borman and Read (2010) 1980–1989 R 86 0.17 (0.14–0.21) 

ICBDSR (2012) 

1974–1980 R 8 0.17 (0.07–0.34) 

1981–1985 R 47 0.19 (0.14–0.25) 

1986–1990 R 49 0.18 (0.13–0.23) 

1991–1995 R 71 0.24 (0.19–0.31) 

1996–2000 R 60 0.21 (0.16–0.27) 

2001–2005 R 42 0.15 (0.11–0.20) 

2006–2010† R 55 0.18 (0.13–0.23) 

Source: cited references. * Denominators are per 1,000 total births.  Exceptions are: notifications for 

Foster (1982), livebirths for Tuohy et al, and ICBDSR denominator is livebirths from 1979–2008 and 

total births from 2009−2011.  † Data contains less than five years of data.  Source of data: HS = hospital 

(single); R = register; P = Plunket cohort study.  na = not available. 
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Orofacial clefts 

Orofacial clefts are craniofacial anomalies, which encompass defects of the lip and/or 

palate, but can also involve other oral or facial structures238.  A cleft (or opening) 

involves the incomplete fusing of the lip and/or palate, and typically occurs within 

the first seven weeks of pregnancy.  Orofacial clefts typically comprise two groups104: 

 cleft palate only (CP)—involves a cleft in the soft and/or hard palate, or in the 

submucous palate, and is not present with a cleft lip;  

 cleft lip with or without cleft palate (CLP)—involves a cleft of the upper lip and 

may involve clefting of the palate and/or the maxillary alveolar ridge.  

The severity of the cleft varies according to the size and type of cleft, and whether 

unilateral or bilateral239.  Orofacial clefts may also be syndromic, present with other 

congenital anomalies, or nonsyndromic, occuring in isolation238.   

Aetiology 

The aetiology of orofacial clefts varies.  The aetiology of syndromic clefts is thought 

to be multifactorial239,240, and for many of these, a specific gene defect is known, such 

as TP63, MSX1, IRF6, and FGFR1240-242.  A number of syndromes present with cleft lip 

and/or palate, including chromosomal anomalies, such as trisomy 13, Fryns 

syndrome, Meckel syndrome, or Pierre Robin syndrome238,243.  Little is known about 

the aetiology of non-syndromic clefts, however, a genetic basis for isolated (non-

syndromic) clefts has long been recognised, although identification of actual genes 

has been challenging239,240.   

Risk factors that have been associated with orofacial clefts include parental age 

(specifically a U-shaped distribution), ethnicity, socioeconomic status, maternal 

consumption of alcohol, drugs (including prescription), and smoking whilst 

pregnant, nutritional deficiencies (such as zinc, folate, vitamin B6 or B12), and 

diabetes238,240,244.  Male fetuses/babies have a higher risk of CLP, whereas females have 

a higher risk of CP244.  Fetuses/babies of Asian or Latin American ethnicities have 
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higher rates of CLP, while white ethnicities, such as Canadian and northern 

European have higher rates of CP239.   

Diagnosis and treatment 

Orofacial clefts can be identified during the antenatal period via ultrasound typically 

during the second trimester; however, diagnosis is usually at birth.  Minor cleft 

defects, such as submucous cleft palate, may be diagnosed later in life.  Maternal use 

of folic acid supplements has been linked to minimising the risk of cleft lip and 

palate, and multivitamins for cleft palate238. 

A baby with an orofacial cleft, particularly of the palate, may have difficulties feeding 

and swallowing, hearing and speech difficulties, and later in life the cleft may 

potentially impact their self-esteem, behaviour and social skills, particularly if 

surgical repair is delayed.  Orofacial clefts are typically corrected through a series of 

operations, particularly when both lip and palate are involved, and multidisciplinary 

support, such as speech therapy, orthodontics, ENT (ear, nose and throat), and 

psychology238.   

Prevalence 

Internationally, prevalence varies from 0.4–2.0 per 1,000 livebirths55,84,240.  The 

prevalence of orofacial clefts in Canada is 1.63 per 1,000 births115, and around 1.5 per 

1,000 births in England and Wales, and for 21 EUROCAT registers55,84,166.  In England, 

Wales and Northern Ireland, CRANE (an orofacial cleft-specific register, which 

utilises both cleft notifications and hospital episode data) also reports on the 

prevalence of orofacial clefts, which for 2010 and 2011 was 1.37 and 1.49 per 1,000 

livebirths respectively166.   

In Europe, a non-linear change was observed over the period 1999–200884, whilst in 

England, Wales and Northern Ireland a significantly decreasing trend over the 

period 2000–2010 was reported (from 1.6 to 1.4 per 1,000 livebirths)55. 



77 

In New Zealand, the prevalence of the individual orofacial clefts is frequently 

reported on within the literature, however, only five studies have reported the 

prevalence of orofacial clefts overall.  Of these studies, four were conducted in the 

1970s to early-1980s, and prevalence ranged from 1.5 to 2.1 per 1,000 births (Table 5).  

The variation in prevalence can mostly be explained by the study design, particularly 

case ascertainment.  Of these studies, four were cohort studies, in which three 

involved a single hospital (namely Howie and Phillips (1970)181, Buckfield (1973)177, 

Chapman (1983)153), and one was regional (Hanify et al (1980)176).  The most recent 

study was undertaken by Craig et al (2011)13, and reported the prevalence of clefts for 

2005−2009 as 1.35 clefts per 1,000 live hospital births13.  While this rate is within the 

range reported internationally, the prevalence is actually reporting the (aggregated) 

number of anomalies rather than the number of babies with a cleft.  

Table 5. Prevalence of orofacial clefts reported in New Zealand literature, 1964–2009 

Author (year) Period Source of data No. Prevalence* (95% CI) 

Howie and Phillips (1970) 1964–1967 HS 28 1.74 (1.15–2.51) 

Hanify, JA. et al (1980) 1966–1977 HR 37 1.50 (1.09–2.13) 

Buckfield, P (1973) 1970–1971 HS 29 4.64 (3.11–6.66) 

Chapman, CJ. (1983)† 1960–1976 HR 396 1.83 (1.65–2.02) 

Craig, E. et al (2011) 2005–2009 N 402 1.35 (1.16–1.42) 

Source: cited references. *Denominator is per 1,000 births, with the exception of anomalies per live 

hospital births for Craig et al.  † presented in Borman and Read.  Source of data: HS = hospital (single); 

HR = hospital (region); N = national administrative datasets.   

In summary, there are several sources of prevalence information on the individual 

clefts in the literature for New Zealand, however, recent information is scarce on the 

prevalence of orofacial clefts overall.   
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Severe congenital heart defects  

Congenital heart defects (or cardiovascular defects; CHDs) are the most commonly 

occurring non-chromosomal anomaly27, such that they account for over a quarter of 

major anomalies245.  EUROCAT selected 13 CHDs for inclusion within the indicator 

defining ‘anomalies typically requiring surgery’9.   

These anomalies are considered severe CHDs, and are: 

 aortic valve atresia and/or stenosis—involves obstruction or narrowing of the 

aortic valve104;  

 atrioventricular septal defects (AVSD)—involves a partial or complete defect in 

the atrial or ventricular septum, or the malformation of the common 

atrioventricular valve104,246,247;  

 coarctation of the aorta—involves a narrowing the aortic arch (or aortic 

isthmus; the region where the ductus joins the aorta), and obstructing the flow 

of oxygenated blood104,248,249;  

 common arterial truncus—involves the presence of a large single arterial blood 

vessel that exits the base of the heart from which other vessels (such as the 

aortic arch, pulmonary and coronary arteries) derive104, and is the result of the 

failure of the aorta and main pulmonary artery to separate250,251.  This defect is 

usually accompanied by a large defect of the ventricular septum104;  

 Ebstein anomaly—is where the tricuspid valve is either displaced or fails to 

form resulting in a distended right atrium and small right ventricle104,252;  

 hypoplastic left heart syndrome (HLHS)—involves an underdevelopment of the 

left side of the heart, particularly of the left ventricle253, and of the outflow tract 

and ascending aorta104,254;   

 hypoplastic right heart (HRH)—involves the underdevelopment of the right 

ventricle104;  

 pulmonary valve atresia—is the obstruction of the blood flow from the right 

ventricle to the pulmonary artery as a result of the failed formation of the 

pulmonary valve104;  
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 single ventricle—involves the presence of a single complete ventricle into which 

blood flows from both the left and right atria104.  This defect may also be 

referred to as a double inlet left ventricle;  

 tetralogy of Fallot (TOF)—is defined by the presence of four cardiac defects, 

namely a ventricular septal defect (VSD), overriding of the ventricular septum 

by the aortic root, narrowing or obstruction of the right ventricular outflow 

(pulmonary valve), and right ventricular hypertrophy104,255,256; 

 total anomalous pulmonary venous return (TAPVR)—involves all four 

pulmonary veins, which normally enter the left atrium, connecting abnormally 

to either the right atrium, or its venous tributaries104,257,258; 

 transposition of great vessels (TGA)—also known as transposition of great 

arteries, involves the misplacement of the major arteries from the heart.  Simply 

put, there are two major forms of TGA, a D-form and a L-form, according to 

whether the vessels connect to the ‘correct’ chamber.  In a D−(right-sided) form, 

there are two completely separated parallel circulatory systems104, with the 

aorta arising incorrectly from the right ventricle, and the pulmonary artery 

from the left ventricle.  In the L-transposition form, or ‘congenitally corrected’ 

TGA, the ventricles are inverted leading to the arterial connections being 

correct259; 

 tricuspid atresia and/or stenosis—involves the obstruction, or failed formation 

of the tricuspid valve through which blood enters the right ventricle, causing an 

underdeveloped right ventricle104,252,260.   

Aetiology 

The diverse range of anomalies encompassed may partly explain the paucity of 

review articles on this collective group.  CHDs are multifactorial in origin, in which 

genetic and environmental risk factors have been associated with increasing the 

potential for developing a cardiac defect.   

Chromosomal anomalies account for 8–10 percent of CHDs, while single gene 

mutations account for 3–5 percent, in which over 40 different genes have been 
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associated with CHD, including GATA4, NKX2-5261.  For severe CHDs, seven percent 

may present with a chromosomal anomaly, such as trisomy 21, 18, or 13, and has 

well known association with microdeletion of chromosome 22q11 (or DiGeorge 

syndrome)251,256,262.   

Environmental factors are thought to account for 8–12 percent of CHDs263.  Risk 

factors include, but are not limited to, advanced maternal or paternal age; Asian or 

European ethnicity; pre-gestational diabetes mellitus; infections, such as rubella; 

phenyl ketouria; febrile illness; exposure to various drugs (pharmaceutical or other), 

such as vitamin A, antiepileptic drugs, isotretinoin, tobacco; exposure to organic 

solvents; consanguinity; increased deprivation; and maternal obesity.  Particular 

types of CHDs are more prevalent in males, such as transposition of the great 

arteries, aortic valve stenosis, coarctation, tetralogy of Fallot, while mitral valve 

prolapse, persistent ductus arteriosus, and complete atrioventricular septal defects 

are more prevalent in females.  Folic acid supplementation has been linked with 

decreasing the prevalence of severe CHDs245,261,262,264-267. 

Diagnosis and treatment 

CHDs, including mild forms, can be diagnosed during the antenatal period using 

echocardiography, and the antenatal detection rate varies between the individual 

cardiovascular anomalies55,166,262,268.  Otherwise, diagnosis may occur within the first 

week of life.  A European study reported that 8.1 percent of fetuses/babies with a 

severe CHD died during the perinatal period (from 20 weeks gestation up to seven 

days of life), and 14 percent of pregnancies with a severe CHD were terminated 

(TOPFA range between countries 0–32 percent)262.   

Advances in cardiothoracic surgery and anaesthesia have served to increase the 

chance of survival and improve prognosis for liveborn infants following surgical 

treatment of the cardiac anomaly245.   
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Prevalence 

Much of the international literature focuses on the overall prevalence of CHDs or on 

specific defects within the broader group.  While ventricular or atrial septal defects 

and (non-premature) patent ductus arteriosus are the more prevalent cardiac 

defects245, the severity and high perinatal mortality rate of severe CHDs highlight 

their importance for monitoring.   

Prevalence is frequently reported for the individual severe cardiovascular anomalies.  

The more prevalent are pulmonary or aortic stenosis, tetralogy of Fallot (TOF), 

coarctation of the aorta, and transposition of great arteries, while the severest are 

single ventricle, hypoplastic left or right heart, Ebstein anomaly, and tricuspid 

atresia262.   

The prevalence of severe CHDs was reported between 1.8 and 2.2 per 1,000 

births55,84,262.  The prevalence of severe CHDs in the UK for 2010 was 2.2 per 1,000 

births, and in Europe prevalence was around 1.8 per 1,000 births for 1999−200884.  

Both of these regions reported decreasing trends in prevalence55,84, which is contrary 

to the stable prevalence observed for CHDs overall84.   

Across 21 EUROCAT registers, significant decreasing trends were observed during 

1998–2008 for six of the severe CHDs (namely transposition of great vessels, single 

ventricle, atrioventricular septal defect, aortic valve atresia and/or stenosis, HRH, 

and coarctation of aorta), whilst the remaining seven either had a significant non-

linear change or did not change significantly84.   

For New Zealand, seven studies report the prevalence of CHDs; however, none 

report the prevalence of severe CHDs as a group.  A few studies reported on select 

anomalies, which is summarised in Table 6, however, none reported prevalence for 

TAPVR, HRH, single ventricle, and Ebstein anomaly.  For some cardiovascular 

anomalies, such as HRH, this lack of information reflects the lack of specific codes 

prior to the introduction within ICD-10 (and modified versions). 
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Table 6 shows that there is limited consensus between the studies for each of the 

anomalies, and whilst difficult to ascertain the reason, it may relate to the differing 

cohorts studied, or differences in the specificity of the coding nomenclature utilised.  

In summary, none of the literature for New Zealand describes the prevalence of 

severe CHDs as a group, whilst information pertaining to the 13 individual 

anomalies is variable.   
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Table 6. Prevalence of individual severe CHDs reported within the New Zealand literature 

Severe cardiovascular 

anomaly 
Author (year) Period 

Source 

of data 
No. 

Prevalence*  

(95% CI) 

Aortic valve 

atresia/stenosis 
Howie and Phillips (1970) 1964–1967 HS 7 0.43 (0.17–0.90) 

Atrioventricular Septal 

Defect 

Howie and Phillips (1970) 1964–1967 HS 3 0.19 (0.04–0.54) 

Craig et al (2011)* 2005–2009 N 48 0.16 (0.11–0.20) 

Coarctation of aorta 

Howie and Phillips (1970) 1964–1967 HS 10 0.62 (0.30–1.14) 

Borman et al (1987) 1978 R 13 0.25 (0.13–0.43) 

ICBDSR (2012) 

1996–2000† R 57 0.20 (0.15–0.26) 

2001–2005 R 98 0.34 (0.28–0.42) 

2006–2010 R 71 0.23 (0.18–0.29) 

Common arterial 

truncus 

Howie and Phillips (1970) 1964–1967 HS 3 0.19 (0.04–0.54) 

Borman et al (1987) 1978 R 5 0.10 (0.03–0.23) 

Hypoplastic left heart 

syndrome 

Borman et al (1987) 1978 R 4 0.08 (0.02–0.20) 

ICBDSR (2012) 

1986–1990† R 23 0.08 (0.05–0.12) 

1991–1995† R 56 0.19 (0.14–0.25) 

1996–2000 R 40 0.14 (0.10–0.19) 

2001–2005 R 31 0.11 (0.07–0.15) 

2006–2010 R 34 0.11 (0.07–0.15) 

Pulmonary valve 

atresia 

Howie and Phillips (1970) 1964–1967 HS 1 0.06 (0.00–0.35) 

Borman et al (1987) 1978 R 6 0.12 (0.04–0.25) 

Tetralogy of Fallot 

Howie and Phillips (1970) 1964–1967 HS 4 0.25 (0.07–0.64) 

Foster (1984) 1978 R 13 0.25 (0.13–0.43) 

Borman et al (1987) 1978 R 11 0.21 (0.11–0.38) 

Craig et al (2011)* 2005–2009 N 82 0.27 (0.21–0.33) 

ICBDSR (2012) 

1996–2000† R 133 0.47 (0.39–0.55) 

2001–2005 R 124 0.44 (0.36–0.52) 

2006–2010 R 132 0.42 (0.35–0.50) 

Transposition of great 

vessels 

Howie and Phillips (1970) 1964–1967 HS 12 0.75 (0.38–1.30) 

Foster (1984) 1978 R 25 0.48 (0.31–0.71) 

Borman et al (1987) 1978 R 24 0.46 (0.30–0.69) 

Tuohy et al (1993) 1990–1991 P 1 0.23 (0.00–1.30) 

ICBDSR (2012) 

1986–1990† R 15 0.06 (0.03–0.09) 

1996–2000 R 146 0.51 (0.43–0.60) 

2001–2005 R 136 0.48 (0.40–0.57) 

2006–2010 R 155 0.49 (0.42–0.58) 

Tricuspid atresia and 

stenosis 

Howie and Phillips (1970) 1964–1967 HS 1 0.06 (0.00–0.35) 

Borman et al (1987) 1978 R 5 0.10 (0.03–0.23) 

Source: cited references. * Denominators are per 1,000 total births, with the exception of notifications 

for Foster, livebirths for Borman et al and Tuohy et al, anomalies in live hospital births for Craig et al, 

and ICBDSR denominator is livebirths from 1979–2008 and total births from 2009–2011.  † Data 

contains less than five years of data. Source of data: HS = hospital (single); N = national administrative 

datasets; R = register; P = Plunket cohort study.   
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Although the literature for New Zealand does not report on the indicator for 

congenital anomalies typically requiring surgery (as defined by EUROCAT [European 

network for the surveillance of congenital anomalies]), information does exist 

pertaining to the six encompassed anomalies.  This information is, however, variable, 

and frequently the information for recent years is limited.  The existence of anomaly-

specific information for New Zealand suggests that it may be plausible to pilot the 

indicator, by means of a prevalence study, using existing New Zealand-based 

administrative collections.  In addition, the prevalence reported by EUROCAT for 

this indicator does not investigate the association by risk factor. 

Chapter Two. Study methodology 

Prevalence studies are useful for assessing the level and burden of a disease in a 

population, are typically retrospective, and provide vital information to inform the 

creation and adjustment of indicators269.  Prevalence studies also support indicators 

by providing additional information on factors that affect the current burden of the 

disease on the population, such as prevalence amongst different ethnic groups.  This 

chapter provides an overview of the methodology applied within the prevalence 

study. 

As previously mentioned, the intention of this prevalence study was to determine 

whether the birth prevalence of congenital anomalies typically requiring surgery, as 

defined by EUROCAT, could be established for New Zealand.  This study also 

intends to provide the prevalence of the six anomalies encompassed within the 

indicator, and the prevalence in relation to risk factors, namely maternal age, the 

prioritised ethnicity, sex, and gestational age at birth.   
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Study design 

This prevalence study was a retrospective population-based study for New Zealand.  

Live babies born in hospital and fetal deaths occurring between the calendar years 

2000 and 2011 with a diagnosis of any of the six encompassed anomalies, selected by 

EUROCAT as typically requiring surgery, were selected based on the information 

documented in two New Zealand administrative collections.   

Period selection 

The study period covers the calendar years 2000 to 2011, and was selected to ensure 

all encompassed anomalies had unique codes specified within the coding 

nomenclature, and a consistent birth cohort to serve as a denominator for the 

prevalence calculations.   

Prior to the introduction of ICD-10-AM between 1st July 1999 and 1st January 2000, a 

few of the anomalies could not be readily identified within the national collections 

using ICD-9, as previously mentioned, such as gastroschisis, and hypoplastic right 

heart. 

In addition, the information pertaining to the birth cohort denominator presented a 

pronounced decrease in numbers for the years 1997 and 1998, which was noticeable 

when viewed by gestational age at birth.  The decrease resulted from a delay in the 

birth registration process, coupled with the introduction by the Department of 

Internal Affairs of a new vitals collection system to electronically capture information 

supplied on registration forms270.  The implication for the study was an incomplete 

birth cohort for the calendar years preceding 2000. 

Case ascertainment 

Identification of study cohort 

Liveborn baby 

All liveborn babies born in hospital were identified within the National Minimum 

Dataset (NMDS) based on an event type code of ‘BT’ and a birth year corresponding 
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to the study period.  As some of these babies may be admitted to hospital 

immediately following birth (i.e. on the same day as their birth), they would also 

have an inpatient record.  This record may hold additional information not 

necessarily documented on the birth event.  To ensure the information pertaining to 

each liveborn baby was as complete as possible, all diagnostic information (including 

procedures) from the baby’s subsequent inpatient record was collated with the 

corresponding birth information, thereby resulting in a single record.  

NMDS captures at least 95 percent of all births271,272, however, does not capture births 

that occurred outside the hospital setting, such as a home birth unless they are 

subsequently admitted to hospital137.   

Fetal death (or stillborn baby) 

The definition of a fetal death includes babies born still at or after 20 weeks gestation 

or 400g birthweight10.  Fetal deaths were identified within the National Mortality 

Collection (MORT) based on a death type code of ‘S’ and a year of birth within the 

study period.  The resultant dataset comprised a single record for each fetal death 

occurring within the period, including information on the underlying cause of death, 

and any relevant contributing causes of deaths, such as cancers, maternal conditions, 

and fetal conditions.   

Terminations of pregnancy (TOP) can be identified within MORT, however, a 

substantial jump in numbers from 2007 onwards was observed within the MORT 

data, and suggests that the TOP information was incomplete prior to 2007.  

The information relating to livebirths and to fetal deaths, as described above, were 

then combined to create a single dataset from which fetuses/babies with a congenital 

anomaly were identified. 

Identification of anomalies within study cohort 

Identification of all cases of a congenital anomaly within the livebirth and fetal death 

records were based on the inclusion of at least one of the six anomaly codes (listed in 

Table 7 on page 88) within the relevant diagnostic fields, which are coded according 
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to the Australian modified 10th edition of the International Classification of Disease 

(ICD-10-AM)114.   

Multiple congenital anomalies in the same fetus/baby 

As the indicator for “congenital anomalies typically requiring surgery” was defined 

by EUROCAT, it was considered appropriate to adopt similar internationally utilised 

methodologies (appropriately adapted for the New Zealand information climate)15,273, 

particularly in relation to the handling of multiple defects present in one fetus/baby. 

For fetuses/babies with multiple defects present, each individual congenital anomaly 

was counted as a separate case.  Where the fetus/baby has two or more defects within 

the same congenital anomaly category, then it was counted once, such that it was 

counted once for each individual congenital anomaly and only once for the broad 

category that describes that group of anomalies15.  For example, if the infant had both 

a ventricular septal defect and a transposition of great vessels, then the infant would 

be counted once within each individual anomaly, and once within the congenital 

heart defect category. 
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Table 7. ICD-10-AM code corresponding to congenital anomalies typically requiring surgery  

Congenital anomalies typically requiring surgery (CARS) ICD–10–AM 

Craniosynostosis  Q75.0 

Abdominal wall defects 

Gastroschisis  Q79.3 

Omphalocele  Q79.2 

Digestive system malformations 

Congenital diaphragmatic hernia Q79.0 

Anorectal atresia and stenosis Q42.0–Q42.3 

Oesophageal atresia (OA) with or without trachea-oesophageal fistula (TOF) Q39.0–Q39.1 

Duodenal atresia or stenosis Q41.0 

Atresia or stenosis of other parts of the small intestine (SIAS) Q41.1–Q41.8 

Hirschsprung disease Q43.1 

Atresia of bile ducts Q44.2 

Annular pancreas Q45.1 

Orofacial clefts 

Cleft lip with or without palate  Q36–Q37 

Cleft palate only  Q35 

Severe congenital heart disorder (CHD) 

Common arterial truncus  Q20.0 

Transposition of great vessels Q20.3 

Single ventricle Q20.4 

Atrioventricular septal defect  Q21.2 

Tetralogy of Fallot  Q21.3 

Tricuspid atresia and stenosis  Q22.4 

Ebstein anomaly  Q22.5 

Pulmonary valve atresia  Q22.0 

Aortic valve atresia and/or stenosis  Q23.0 

Hypoplastic left heart  Q23.4 

Hypoplastic right heart  Q22.6 

Coarctation of aorta  Q25.1 

Total anomalous pulmonary venous return (TAPVR) Q26.2 

Note: ICD–10–AM corresponds to International Classification of Disease 10th edition Australian 

modification.   

Birth cohort 

The denominator for determining the prevalence of fetuses/babies with a congenital 

anomaly typically requiring surgery was the total number of births registered, 

according to year of birth.  This information was obtained through a combination of 

livebirths registered as held within the birth registration dataset, and registered 

stillbirths (or fetal deaths) as held by the Ministry of Health within MORT.   
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Birth registration dataset 

Every birth in New Zealand must be registered by law.  Registration is usually 

completed by the parents, and lodged with Births, Deaths, and Marriages (BDM; a 

division of the Department of Internal Affairs)274.  The supplied registration 

information is held within the birth registration dataset.  This set is useful for 

providing the total number of babies that were born in New Zealand as it is not 

limited to a location of birth, however, this set does not contain diagnostic 

information, and therefore it cannot be used to identify individuals with a congenital 

anomaly.   

Statistical analyses 

All data manipulation and statistical analyses were undertaken using Statistical 

Analysis System (SAS) Enterprise Guide 4.3.  

The prevalence estimates are calculated for the number of fetuses or babies with at 

least one anomaly encompassed by the indicator.  Prevalence therefore represents the 

number of babies rather than the number of anomalies.  The annual prevalence at 

birth was estimated (with 95% confidence intervals) as follows: 

 (Total birth) prevalence= 
Number of cases (livebirths+fetal deaths)

Number of births (livebirths+fetal deaths)
×1,000 

Livebirth prevalence= 
Number of cases (livebirths)

Number of births (livebirths+fetal deaths)
×1,000 

 Fetal death prevalence= 
Number of cases (fetal deaths)

Number of births (livebirths+fetal deaths)
×1,000 

where: 

Number of livebirth cases is the observed count of in-hospital livebirths with a 

congenital anomaly, as extracted from NMDS; 

Number of fetal death cases is the observed count of fetal deaths with a congenital 

anomaly, as extracted from MORT; 
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Number of births is the total number of registered livebirths from the birth registration 

dataset combined with the total number of fetal deaths from MORT. 

The modifier of 1,000 is in keeping with international convention, as described earlier 

in Part One.   

Note: EUROCAT report the prevalence of CARS utilising a total birth denominator 

(as described).  For consistency with the EUROCAT method, this thesis will present 

the total, livebirth, and fetal death prevalences among total births. 

As congenital anomalies are considered rare events, and any individual anomaly 

could conceivably have numbers less than thirty, internationally it is deemed 

appropriate to use a Poisson distribution when calculating confidence intervals15, 

particularly as the Poisson distribution resembles a normal distribution when the 

numbers become large15,275.  The 95% confidence intervals (using a Poisson 

distribution) were calculated as follows275: 

𝐋𝐨𝐰𝐞𝐫 𝐂𝐈 =  

𝑂 × (1 −
1

9𝑂 −
𝑧

3√𝑂
)

3

𝑛
 

𝐔𝐩𝐩𝐞𝐫 𝐂𝐈 =  

(𝑂 + 1) × (1 −
1

9(𝑂 + 1)
−

𝑧

3√(𝑂 + 1)
)

3

𝑛
 

where:  

O is the observed count; 

z is 1.96 or the 97.5th percentile value from the standard normal distribution. 

Tests for significance  

Prevalence rate ratios and temporal trends were determined from the data by the 

fitting a Poisson log-linear model, namely SAS Proc Genmod, to model the rate 

variances, particularly in relation to time and demographic risk factor, which were 

grouped as categorical variables.  The Poisson (log-linear) regression model is 

considered more accurate for descriptive epidemiological analyses than using a 

logistic regression model276.  If the overall (Wald) test, derived by the models, were 

statistically significant, then pairwise comparisons were examined.  The derived 
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prevalence rate ratios (PRR) provided an estimate of the proportional change in 

prevalence, and were undertaken in two ways.  Firstly, univariate prevalence rate 

ratios were used to assess the effect of each risk factor on the prevalence.  Secondly, 

multivariate prevalence rate ratios were used to assess the effect of each risk factor 

on the prevalence whilst controlling for the effect of the other factors.  Additionally, 

tests for linear trend (Chi-square) were also calculated for the indicator (overall) and 

each select anomaly for the period 2000–2011.   

Associations were considered statistically significant with p≤0.05, and for simplicity 

of reporting, the significance of the results from the aforementioned models were 

classified as presented in Table 8.   

Table 8. Definition of statistical significance using p-values  

p-value Denotation Definition 

>0.05  non-significant result, likely to have occurred by chance 

≤0.05 * (marginal) statistical significance 

≤0.01 ** statistically significant 

≤0.001 *** Highly statistically significant 

 

Demographic risk factors 

Prevalence within the indicator for congenital anomalies typically requiring surgery 

is defined as overall (or total) prevalence, and by birth type, specifically livebirths, 

fetal deaths, and TOPFA (termination of pregnancy for fetal anomaly).  The 

differentiation by birth type is to account for the paediatric surgery only being 

performed on livebirths, and the potential contribution the TOPFA rate may have 

had on the livebirth prevalence.  Unfortunately for New Zealand, TOPFA 

information is incomplete, so the birth type has been limited to livebirth and fetal 

death.  

The association between the six anomalies encompassed within the indicator and 

various risk factors have often been studied by numerous studies, such as the 

demographic factors of maternal age, race/ethnicity, sex, and gestational age.   
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Maternal age 

Maternal age at birth was stratified into five age bands, specifically under 20, 20–24, 

25–29, 30–34, and 35 years and over.  Any age outside of the range of 10–50 years was 

classified as ‘Not stated’, thereby minimising the potential impact of erroneous data.  

The reference group for any maternal age comparisons was 25–29 years, which is 

consistent with international practice. 

Ethnicity 

The prioritised ethnicity of the fetus/baby, described elsewhere by the Ministry of 

Health,137 was stratified into one of four ethnic groups, namely Māori, Pacific, Asian, 

and European/Other (which encompasses ethnicities classified as European; Middle 

Eastern, Latin American, African [MELAA]; and Other).  Any instance where the 

code corresponded to not specified (codes 94–99) was classified as ‘Not stated’.  The 

reference group for ethnic comparisons was European/Other (European, MELAA, 

Other) as it constitutes the largest group. 

Gestational age 

The gestational age of the fetus/baby at birth was classified as preterm (less than 37 

weeks) or term (37 weeks and over).  This group was stratified further into 20–27, 

28−36, and 37 weeks and over.  Any gestational ages outside of the range of 20 to 44 

gestational weeks was classified as ‘Not stated’.  The reference group for any 

gestational age comparisons was 37 weeks and over.   

Sex 

The sex of the fetus/baby was stratified into male and female.  Any instances of an 

indeterminate sex or where the sex was not specified were categorised as ‘Not 

stated’.  The reference group for any sex comparisons was male.   
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Chapter Three. Results 

Demography of the birth cohort 

A total of 727,447 fetal deaths and live births were born, and registered in New 

Zealand, within the study period (2000–2011).  During this time, the number of births 

has gradually increased from approximately 58,000 in 2000 to 62,000 in 2011 (Figure 

4).  The majority of the registered babies were born live (99.3 percent) and 0.7 percent 

were fetal deaths (Table 9).  The demography of the birth cohort is presented in this 

section and summarised in Table 9.   
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Figure 4. Proportion of registered births, by year, 1988–2011.  

Blue line represents beginning of study period. 
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Table 9. Number and percent of registered births, by demographic variable, 2000–2011 

Demographic variable Number Percent 

 

Demographic variable Number Percent 

Birth status 

   

Prioritised ethnicity of fetus/baby 

Livebirth 722,213 99.3 

 

Māori 209,160 28.8 

Fetal death 5,234 0.7 

 

Pacific 79,803 11.0 

Maternal age (years) 

 

Asian 70,164 9.6 

<20 51,923 7.1 

 

European/Other 367,688 50.5 

20–24 128,997 17.7 

 

Not stated 632 

 25–29 181,627 25.0 

 

Gestational age of fetus/baby (weeks) at birth 

30–34 214,409 29.5 

 

20–27 6,256 0.9 

≥35 150,464 20.7 

 

28–36 50,877 7.0 

Not stated 27 

  

≥37 669,913 92.1 

Sex of infant/fetus     

 

Not stated 316  

Male 373,129 51.3 

 

   

Female 354,293 48.7 

    Not stated 25           

European/Other encompasses European, MELAA and Other.  

Maternal age 

In the years preceding the study period, the proportion of births to women aged 

30−34 years, and 35 years and over increased, whilst births remained relatively stable 

for women aged under 20 years, and decreased for those aged between 20 to 29 years 

(Figure 5).  During 2000–2011, the increasing proportion of births to women aged 

35 years and older continued, while the trends essentially remained stable for the 

under 20 years, and 20–24 year age groups (Figure 5).   
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Blue line represents beginning of study period. 
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The maternal age group with the highest proportion of births during the study 

period was mothers aged 30–34 years (Table 10, Figure 6).  Mothers aged less than 20 

years accounted for 7.1 percent of births (within which 99.2 percent were aged 

between 15–19 years), and 20.7 percent were aged 35 years and older.  A similar 

distribution was observed for the mothers of livebirths, and of fetal deaths (Table 10). 

Table 10. Number and percent of registered births, by birth status and maternal age group, 2000–

2011 

Maternal age 

(years) 

Total births Livebirths Fetal deaths 

Number Percent Number Percent Number Percent 

<20  51,923  7.1  51,476  7.1  447  8.5  

20–24  128,997  17.7  128,046  17.7  951  18.2  

25–29  181,627  25.0  180,436  25.0  1,191  22.8  

30–34  214,409  29.5  213,037  29.5  1,372  26.2  

≥35  150,464  20.7  149,194  20.7  1,270  24.3  

Not stated 27  0.0  24  0.0  3  0.1  

Total 727,447  100.0  722,216  100.0  5,234  100.0  
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Figure 6. Proportion of registered births by maternal age group, 2000–2011 
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Ethnicity 

In 2000–2011, 50.5 percent of fetuses/babies were European, MELAA, or Other ethnic 

groups (hereafter referred to as European/Other), 28.8 percent were Māori, 

11.0 percent were Pacific, and 9.6 percent were Asian.  Similar proportions were 

observed for livebirths and for fetal deaths (Table 11).  Over the study period, the 

proportions of Māori and Pacific fetuses/babies did not alter, whilst the proportion of 

European/Other fetuses/babies gradually decreased, and the proportion of Asian 

fetuses/babies gradually increased (Figure 7).   

Table 11. Number and percent of registered births, by birth status and ethnicity, 2000–2011 

Prioritised ethnicity 

Total births Livebirths Fetal deaths 

Number Percent Number Percent Number Percent 

Māori 209,160  28.8  207,692  28.8  1,468  28.0  

Pacific 79,803  11.0  79,134  11.0  669  12.8  

Asian 70,164  9.6  69,609  9.6  555  10.6  

European/Other 367,688  50.5  365,157  50.6  2,531  48.4  

Not stated 632  0.1  621  0.1  11  0.2  

Total 727,447  100.0  722,213  100.0  5,234  100.0  

European/Other encompasses European, Middle Eastern, Latin American, and African (MELAA), and 

Other ethnic groups. 
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Figure 7. Percent of total registered births, by year and baby’s prioritised ethnic group, 1996–2011 

European/Other encompasses European, Middle Eastern, Latin American, and African 

(MELAA), and Other ethnic groups.  Blue line represents beginning of study period. 
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There were pronounced differences in the maternal age distribution between the 

fetuses/babies of different ethnic groups.  For the fetuses/babies of Asian, or of 

European/Other ethnic groups, the highest proportions were born to mothers aged 

30–34 years.  Whereas for fetuses/babies of Pacific, or Māori ethnicities, the highest 

proportions were for the younger maternal age groups (25–29 years and 20–24 years 

respectively; Figure 8).  This distribution reflects the pattern observed for livebirths 

(Figure 8).   
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Figure 8. Percent of registered births by birth status, maternal age and baby’s prioritised ethnic 

group, 2000–2011 

European/Other encompasses European, MELAA, and Other ethnic groups. 
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Gestational age 

The majority of births registered were for term babies (37 weeks gestation and over; 

Table 12, Figure 9).  During the study period, 92.1 percent of registered births were 

term, and 7.9 percent were preterm (between 20 and 36 weeks gestation; Table 12).  

Fetal deaths, however, were the exception as 54.1 percent of fetal deaths occurred at 

20–27 weeks gestation, although they only accounted for 0.7 percent of births and did 

not change over the period.  Terminations of pregnancy could not be completely 

identified within these analyses, and therefore may be contributing to the high 

proportion of fetal deaths at 20–27 weeks gestation.   

Table 12. Number and percent of registered births, by birth status and gestation, 2000–2011 

Gestation 

Total births Livebirths Fetal deaths 

Number Percent Number Percent Number Percent 

20–27 weeks 6,256  0.9  3,422  0.5  2,834  54.1  

28–36 weeks 50,877  7.0  49,667  6.9  1,210  23.1  

37+ weeks 669,913  92.1  668,759  92.6  1,154  22.0  

Not stated 401  0.0  365  0.0  36  0.7  

Total 727,447  100.0  722,213  100.0  5,234  100.0  

Note: 85 babies within the Not stated category were under 20 weeks gestation (n=61 for livebirths and 

24 for fetal deaths). 
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Figure 9. Percent of total registered births by year and baby’s gestation, 1988–2011 

Blue line represents beginning of study period.  Dip in 1997–1998 due to the processing 

issues, mentioned previously. Percentage for 20–27 weeks not presented due to small 

numbers.  
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Sex 

Of the births registered, there were slightly more male fetuses/babies born than 

female (51.3 and 48.7 percent respectively; Table 13).  This proportion remained 

constant over the study period (Figure 10).  Similar proportions were observed for 

livebirths and fetal deaths (Table 13). 

 

Table 13. Number and percent of registered births, by birth status and baby’s sex, 2000–2011 

Sex of fetus/baby 

Total births Livebirths Fetal deaths 

Number Percent Number Percent Number Percent 

Male 373,129 51.3  370,441  51.3  2,688  51.4  

Female 354,293 48.7  351,772  48.7  2,521  48.2  

Not stated 25 0.0  - - 25  0.5  

Total 727,447 100.0 722,213  100.0  5,234  100.0  

Not stated includes indeterminate sex or sex was not recorded. 
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Figure 10. Percent of total registered births by year and baby’s sex, 1988–2011 

Blue line represents beginning of study period. 
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Epidemiology of congenital anomalies typically requiring surgery 

Prevalence and trends 

During the period 2000–2011, congenital anomalies typically requiring surgery (CARS) 

were documented in the records of 2,993 fetuses/babies.  The overall prevalence of 

anomalies typically requiring surgery for 2000–2011 was 4.11 per 1,000 births 

(95% CI 3.97–4.26).  Prevalence did not vary significantly between 2000 and 2011 

(p=0.80; Figure 11, Table 14).  

Of these fetuses/babies with an anomaly typically requiring surgery, 90.5 percent 

were a livebirth (3.72 livebirths per 1,000 births [95% CI 3.59–3.87]); and the 

remaining 9.5 percent were a fetal death (0.39 fetal deaths per 1,000 births 

[95% CI 0.35–0.44]; Table 14).  

 

 

Figure 11. Prevalence (total births per 1,000 births with 95% CI) of congenital anomalies typically 

requiring surgery (CARS) by year, 2000–2011 
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Table 14. Number and prevalence of congenital anomalies typically requiring surgery present, by 

birth status and year, 2000–2011 

Year of  

birth 

Number of births 

registered 

Congenital anomalies typically requiring surgery 

Total Livebirths Fetal deaths 

Livebirths 

Fetal 

deaths No. 

Prevalence*  

(95% CI) No. 

Prevalence* 

(95% CI) No. 

Prevalence* 

(95% CI) 

Total 722,213 5,234 2,993 
4.11  

(3.97–4.26) 
2,709 

3.72  

(3.59–3.87) 
284 

0.39  

(0.35–0.44) 

2000 57,828 387 226 
3.88  

(3.39–4.42) 
206 

3.54  

(3.07–4.06) 
20 

0.34 

(0.21–0.53) 

2001 56,459 379 213 
3.75  

(3.26–4.29) 
195 

3.43  

(2.97–3.95) 
18 

0.32 

(0.19–0.50) 

2002 55,940 425 224 
3.97  

(3.47–4.53) 
209 

3.71 

 (3.22–4.25) 
15 

0.27 

(0.15–0.44) 

2003 57,442 416 247 
4.27  

(3.75–4.84) 
222 

3.84  

(3.35–4.38) 
25 

0.43 

(0.28–0.64) 

2004 58,280 451 253 
4.31  

(3.79–4.87) 
233 

3.97 

 (3.47–4.51) 
20 

0.34 

(0.21–0.53) 

2005 58,892 406 251 
4.23  

(3.73–4.79) 
231 

3.90 

(3.41–4.43) 
20 

0.34 

 (0.21–0.52) 

2006 60,375 442 258 
4.24  

(3.74–4.79) 
235 

3.86 

(3.39–4.39) 
23 

0.38 

 (0.24–0.57) 

2007 63,995 478 258 
4.00  

(3.53–4.52) 
217 

3.37  

(2.93–3.84) 
41 

0.64 

 (0.46–0.86) 

2008 64,389 484 270 
4.16  

(3.68–4.69) 
240 

3.70  

(3.25–4.20) 
30 

0.46 

 (0.31–0.66) 

2009 63,700 496 279 
4.35  

(3.85–4.89) 
256 

3.99  

(3.51–4.51) 
23 

0.36 

 (0.23–0.54) 

2010 63,576 461 253 
3.95  

(3.48–4.47) 
228 

3.56  

(3.11–4.05) 
25 

0.39  

(0.25–0.58) 

2011 61,337 409 261 
4.23  

(3.73–4.77) 
237 

3.84  

(3.37–4.36) 
24 

0.39  

(0.25–0.58) 

* Prevalence is per 1,000 (live and still) births. 

The majority of babies with a congenital anomaly typically requiring surgery only 

had one of the six surgical anomalies present (Table 15).  Orofacial clefts, severe 

CHDs, and digestive system malformations accounted for over 80 percent of the 

anomalies typically requiring surgery (Table 16, Figure 12).  Over the study period, 

the proportion of fetuses/babies born with gastroschisis gradually increased (Figure 

12).  
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Table 15. Number of congenital anomalies typically requiring surgery present, by birth status, 

2000–2011 

Number of CARS present 

Total births Livebirths Fetal deaths 

Number Percent Number Percent Number Percent 

One 2,872 96.0 2,615 96.5 257 90.5 

Two or more 121 4.0 94 3.5 27 9.5 

Total 2,993 100.0 2,709 100.0 284 100.0 

Note: CARS corresponds to congenital anomalies typically requiring surgery 

Table 16. Prevalence of congenital anomalies typically requiring surgery, by birth status and 

congenital anomaly, 2000–2011 

 Total births Livebirths Fetal deaths 

  Number 

Prevalence 

(95% CI) Number 

Prevalence 

(95% CI) Number 

Prevalence 

(95% CI) 

Total CARS 2,993 
4.11 

(3.97–4.26) 
2,709 

3.72 

(3.59–3.87) 
284 

0.39 

(0.35–0.44) 

Orofacial cleft 983 
1.35 

(1.27–1.44) 
935 

1.29 

(1.20–1.37) 
48 

0.07 

(0.05–0.09) 

Severe CHD 941 
1.29 

(1.21–1.38) 
806 

1.07 

(1.01–1.14) 
135 

0.19 

(0.16–0.22) 

Digestive system 657 
0.90 

(0.84–0.97) 
584 

0.80 

(0.74–0.87) 
73 

0.10 

(0.08–0.13) 

Gastroschisis 270 
0.37 

(0.33–0.42) 
252 

0.35 

(0.30–0.39) 
18 

0.02 

(0.01–0.04) 

Omphalocele 148 
0.20 

(0.17–0.24) 
115 

0.16 

(0.13–0.19) 
33 

0.05 

(0.03–0.06) 

Craniosynostosis 117 
0.16 

(0.13–0.19) 
113 

0.20 

(0.17–0.24) 
4 

0.01 

(0.00–0.03) 

Note: some babies have multiple anomalies present therefore the sum of the individual anomalies 

may not sum to the total.  Prevalence is per 1,000 (live and still) births.  CARS corresponds to 

congenital anomalies typically requiring surgery; CHD corresponds to congenital heart defects. 
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Figure 12. Proportion of total congenital anomalies typically requiring surgery, by anomaly and 

year, 2000–2011 
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Of the anomalies encompassed within the ”congenital anomalies typically requiring 

surgery” indicator, the most common were orofacial clefts, severe CHD, and 

digestive system malformations (32.8 percent, 31.4 percent, and 22.0 percent 

respectively).   

Of the fetuses/babies born with an orofacial cleft, 47.1 percent had a cleft palate only 

(Table 17); however, as the sum of individual anomalies is greater than orofacial cleft 

total, this highlights a data quality issue, which may have arisen during the hospitals’ 

clinical coding process.  As the analyses are on the presence of any orofacial cleft, this 

coding discrepancy has not been corrected for.   

Table 17. Prevalence of orofacial clefts, by birth status and anomaly, 2000–2011 

 Total births Livebirths Fetal deaths 

  No. 

Prevalence 

(95% CI) No. 

Prevalence 

(95% CI)r No. 

Prevalence 

(95% CI)r 

Orofacial clefts 983 
1.35  

(1.27–1.44) 
935 

1.29  

(1.20–1.37) 
48 

0.07  

(0.05–0.09) 

Cleft palate only 466 
0.64  

(0.58–0.70) 
439 

0.60  

(0.55–0.66) 
27 

0.04  

(0.02–0.05) 

Cleft lip 186 
0.26  

(0.22–0.30) 
181 

0.44  

(0.21–0.29) 
5 

0.01  

(0.00–0.02) 

Cleft palate and lip 338 
0.46  

(0.42–0.52) 
322 

0.44  

(0.40–0.49) 
16 

0.02  

(0.01–0.04) 

Note: As some babies have multiple congenital anomalies typically requiring surgery present the sum 

of the individual anomalies does not equate to the total number of paediatric surgery congenital 

anomalies.  Prevalence is per 1,000 (live and still) births.   

Of the fetuses/babies born with a severe CHD, the majority of cases were attributable 

to three of the thirteen cardiovascular anomalies, namely transposition of great 

arteries, tetralogy of Fallot, and coarctation of aorta (Table 18).  
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Table 18. Prevalence of severe congenital heart defects, by birth status and cardiovascular anomaly, 

2000–2011 

 Total births Livebirths Fetal deaths 

  No. 

Prevalence 

(95% CI) No. 

Prevalence 

(95% CI) No. 

Prevalence 

(95% CI) 

Severe CHD 657 
0.90  

(0.84–0.97) 
584 

0.80  

(0.74–0.87) 
73 

0.10  

(0.08–0.13) 

Transposition of great vessels 219 
0.30  

(0.26–0.34) 
201 

0.28  

(0.24–0.32) 
18 

0.02  

(0.01–0.04) 

Tetralogy of Fallot 189 
0.26  

(0.22–0.30) 
174 

0.24  

(0.20–0.28) 
15 

0.02  

(0.01–0.03) 

Coarctation of aorta 147 
0.20  

(0.17–0.24) 
139 

0.19  

(0.16–0.23) 
8 

0.01  

(0.00–0.02) 

Atrioventricular septal defect 112 
0.15  

(0.13–0.19) 
98 

0.13  

(0.11–0.16) 
14 

0.02  

(0.01–0.03) 

Hypoplastic left heart 123 
0.17  

(0.14–0.2) 
73 

0.10  

(0.08–0.13) 
50 

0.07  

(0.05–0.09) 

Pulmonary valve atresia 59 
0.08  

(0.06–0.10) 
50 

0.07 

 (0.05–0.09) 
9 

0.01  

(0.01–0.02) 

Tricuspid atresia and stenosis 53 
0.07  

(0.05–0.10) 
42 

0.06  

(0.04–0.08) 
11 

0.02  

(0.01–0.03) 

Common arterial truncus 39 
0.05  

(0.04–0.07) 
28 

0.04  

(0.03–0.06) 
11 

0.02  

(0.01–0.03) 

Aortic valve atresia/stenosis 34 
0.05  

(0.03–0.07) 
28 

0.04  

(0.03–0.06) 
6 

0.01  

(0.00–0.02) 

Hypoplastic right heart 37 
0.05  

(0.04–0.07) 
27 

0.04  

(0.02–0.05) 
10 

0.01  

(0.01–0.03) 

Single ventricle 32 
0.04  

(0.03–0.06) 
25 

0.03  

(0.02–0.05) 
7 

0.01  

(0.00–0.02) 

Ebstein anomaly 34 
0.05  

(0.03–0.07) 
32 

0.04  

(0.03–0.06) 
2 … 

TAPVR 24 
0.03  

(0.02–0.05) 
24 

0.03  

(0.02–0.05) 
0 - 

Note: As some babies have multiple congenital anomalies typically requiring surgery present the sum 

of the individual anomalies does not equate to the total number of paediatric surgery congenital 

anomalies.  Prevalence is per 1,000 (live and still) births.  CHD corresponds to congenital heart defects; 

TAPVR corresponds to Total anomalous pulmonary venous return;  

… = rates not derived as numbers are too small for appropriate rate calculation; - = rates not derived 

Around 70 percent of fetuses/babies with a digestive system anomaly were 

attributable to three of the eight anomalies, namely congenital diaphragmatic hernia 

(CDH), anorectal atresia and stenosis, and oesophageal atresia with/without trachea-

oesophageal fistula (TOF).  The majority of these fetuses/babies had one digestive 

system anomaly present, whilst 3.8 percent had two or three anomalies present 

(Table 19).   
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Table 19. Prevalence of digestive system malformations, by birth status and anomaly, 2000−2011 

 Total births Livebirths Fetal deaths 

  No. 

Prevalence 

(95% CI) No. 

Prevalence 

(95% CI)r No. 

Prevalence 

(95% CI)r 

Digestive system malformations 657 
0.90  

(0.84–0.97) 
584 

0.80  

(0.74–0.87) 
73 

0.10  

(0.08–0.13) 

Congenital diaphragmatic hernia 180 
0.25  

(0.21–0.29) 
149 

0.20  

(0.17–0.24) 
31 

0.04  

(0.03–0.06) 

Anorectal atresia and stenosis 169 
0.23  

(0.20–0.27) 
169 

0.23  

(0.20–0.27) 
26 

0.04  

(0.02–0.05) 

OA with/without TOF 122 
0.17  

(0.14–0.20) 
122 

0.17  

(0.14–0.20) 
10 

0.01  

(0.01–0.03) 

Duodenal atresia or stenosis 91 
0.13  

(0.10–0.15) 
91 

0.13  

(0.10–0.15) 
7 

0.01  

(0.00–0.02) 

SIAS 67 
0.09  

(0.07–0.12) 
67 

0.09  

(0.07–0.12) 
3 … 

Hirschsprung disease 46 
0.06  

(0.05–0.08) 
46 

0.06  

(0.05–0.08) 
0 - 

Atresia of bile ducts 7 
0.01  

(0.00–0.02) 
7 

0.01  

(0.00–0.02) 
0 - 

Annular pancreas 2 … 2 … 0 - 

Note: As some babies have multiple congenital anomalies typically requiring surgery present the sum 

of the individual anomalies does not equate to the total number of paediatric surgery congenital 

anomalies.  Prevalence is per 1,000 (live and still) births.  OA corresponds to oesophageal atresia; TOF 

corresponds to trachea-oesophageal fistula; SIAS corresponds to atresia or stenosis of other parts of 

the small intestine. … = rates not derived as numbers are too small for appropriate rate calculation; - = 

rates not derived 

Of the fetuses/babies with a “congenital anomaly typically requiring surgery” 

(CARS), 2,771 (92.6 percent) did not have a chromosomal anomaly present.  The 

remaining 222 fetuses/babies with a CARS also had a co-existing chromosomal 

anomaly, which were mostly Down syndrome (Table 20).   

Of the individual surgical anomalies, gastroschisis was the only anomaly without a 

chromosomal anomaly present (Table 21).  Chromosomal anomalies were present in 

13.1 percent of fetuses/babies with a severe CHD, and 10.5 percent of fetuses/babies 

with a digestive system malformation.  Of these, the majority presented with a 

trisomy (Table 22). 
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Table 20. Number and percent of congenital anomalies typically requiring surgery with a co-

existing chromosomal anomaly, by birth status, 2000–2011 

Chromosomal anomaly 

Total births Livebirths Fetal deaths 

No. Percent No. Percent No. Percent 

No chromosomal anomaly present 2,771 92.6 2522 93.1 249 87.7 

Chromosomal anomaly present 222 7.4 187 6.9 35 12.3 

Down syndrome (trisomy 21) 115 51.8 106 56.7 9 25.7 

Edwards syndrome (trisomy 18) 25 11.3 17 9.1 8 22.9 

Patau syndrome (trisomy 13) 15 6.8 10 5.3 5 14.3 

Other autosomal trisomies 11 5.0 4 2.1 7 20.0 

Other deletions and/or rearrangements 19 8.6 18 9.6 1 2.9 

Turners syndrome (XO) 10 4.5 8 4.3 2 5.7 

Other female phenotype sex chromosome 1 0.5 1 0.5 0 0.0 

Male phenotype sex chromosome 3 1.4 2 1.1 1 2.9 

Other chromosome anomalies 26 11.7 23 12.3 3 8.6 

Note: As some fetuses/babies have various chromosomal anomalies present, the percent of may not 

sum to 100.   

 

Table 21. Number and percent of congenital anomaly typically requiring surgery present with a 

chromosomal anomaly, by congenital anomaly, 2000–2011 

 

No chromosomal anomaly Chromosomal anomaly 

  Number Percent Number Percent 

Orofacial cleft 942 95.8 41 4.2 

Severe CHD 818 86.9 123 13.1 

Digestive system malformations 588 89.5 69 10.5 

Gastroschisis 270 100.0 0 0.0 

Omphalocele 136 91.9 12 8.1 

Craniosynostosis 114 97.4 3 2.6 
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Table 22. Number and percent of congenital anomaly typically requiring surgery with a coexisting 

chromosomal anomaly, by congenital anomaly and chromosomal anomaly, 2000–2011 

 

Orofacial 

cleft 
Severe CHD 

Digestive 

system 
Omphalocele Craniosynostosis 

 
No. % No. % No. % No. % No. % 

Down syndrome 1 2.4 76 61.8 44 63.8 0 0.0 1 33.3 

Edwards syndrome 7 17.1 12 9.8 6 8.7 5 41.7 0 0.0 

Patau syndrome  9 22.0 4 3.3 1 1.4 1 8.3 0 0.0 

Other autosomal 

trisomies 
4 9.8 2 1.6 3 4.3 2 16.7 1 33.3 

Turners syndrome 1 2.4 7 5.7 3 4.3 1 8.3 0 0.0 

Monosomies and 

autosomal deletions / 

rearrangements 

9 22.0 10 8.1 3 4.3 0 0.0 0 0.0 

Other female 

phenotype sex 

chromosome 

anomalies  

0 0.0 0 0.0 1 1.4 0 0.0 0 0.0 

Male phenotype sex 

chromosome 

anomalies 

1 2.4 0 0.0 1 1.4 1 8.3 0 0.0 

Other chromosome 

anomalies 
10 24.4 12 9.8 7 10.1 2 16.7 1 33.3 

Note: As some fetuses/babies having multiple anomalies present, the percent may not sum to 100.   

The trends in prevalence for the six congenital anomalies typically requiring surgery 

are shown in Figure 13, and the corresponding prevalence tables are provided in 

Appendix A—Results supplementary.  Gastroschisis was the only anomaly for which 

there was an increase (χ2=22.96; df=11; p=0.02) in prevalence since 2000 (Figure 13).  

Severe CHD and digestive system anomalies had higher prevalence rates in 2011 

compared to 2000, however, these differences were not statistically significant.  The 

prevalence of orofacial cleft, omphalocele, and craniosynostosis remained relatively 

constant.  Caution should, however, be applied when interpreting the temporal trend 

for craniosynostosis, due to the small number of annual cases. 
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Figure 13. Prevalence (with 95% CI) of individual congenital anomalies typically requiring surgery, 

by year, birth status, and congenital anomaly, 2000–2011 

0.0

0.5

1.0

1.5

2.0

2.5

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

Year of birth

Orofacial cleft
Total births
Livebirths
Fetal deaths

P
re

v
al

en
ce

 (
p

er
 1

,0
0

0
 b

ir
th

s)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

Craniosynostosis

Total births

Livebirths

Fetal deaths

0.0

0.5

1.0

1.5

2.0

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

Digestive system

Total births

Livebirths

Fetal deaths

0.0

0.2

0.4

0.6

0.8

1.0

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

Gastroschisis
Total births
Livebirths
Fetal deaths

0.0

0.1

0.2

0.3

0.4

0.5

0.6

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

Omphalocele

Total births
Livebirths

Fetal deaths

0.0

0.5

1.0

1.5

2.0

2.5

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

Year of birth

Severe CHD

Total births
Livebirths
Fetal deaths



109 

Demographic risk factors 

The epidemiology of “congenital anomalies typically requiring surgery”, and of the 

individual anomaly/anomaly types, were analysed in relation to the select 

demographic risk factors of maternal age, fetus/baby’s prioritised ethnicity, 

gestational age, and sex.   

Maternal age 

The prevalence of congenital anomalies typically requiring surgery has a reverse ‘J-

shape’ distribution curve across the maternal age groups (Figure 14).  This 

distribution curve presents a significant increased risk for mothers aged under 25 

years or aged 35 years and older compared to mothers aged 25–29 years.  A similar 

distribution was observed for livebirths and fetal deaths, although in the case of fetal 

deaths these differences did not reach statistical significance (Table 23).     
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Figure 14. (Total birth) prevalence (with 95% CI) of congenital anomalies typically requiring surgery 

(CARS), by maternal age group, 2000–2011 
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Table 23. Number and prevalence of congenital anomalies typically requiring surgery, by birth 

status and maternal age group, 2000–2011 

Maternal 

age (years) 

Total births Livebirths Fetal deaths 

Number 

Prevalence  

(95% CI) Number 

Prevalence  

(95% CI) Number 

Prevalence  

(95% CI) 

<20 295 5.68 (5.05–6.37) 265 5.10 (4.51–5.76) 30 0.58 (0.39–0.82) 

20–24  561 4.35 (4.00–4.72) 508 3.94 (3.60–4.30) 53 0.41 (0.31–0.54) 

25–29  653 3.60 (3.32–3.88) 582 3.20 (2.95–3.48) 71 0.39 (0.31–0.49) 

30–34  805 3.75 (3.50–4.02) 733 3.42 (3.18–3.68) 72 0.34 (0.26–0.42) 

≥35 678 4.51 (4.17–4.86) 620 4.12 (3.80–4.46) 58 0.39 (0.35–0.44) 

Note: One fetus/baby had no maternal age recorded.  Prevalence is per 1,000 (live and still) births.   

The maternal age group with the highest prevalence was for mothers aged under 

twenty years (5.68 per 1,000 births; Table 23, Table 24); and the prevalence for this 

age group has significantly increased from 2000 to 2011 (Figure 15).  The unadjusted 

prevalence rate ratio (PRR) for a fetus/baby with a congenital anomaly typically 

requiring surgery born to a mother aged less than 20 years or 20–24 years was 

1.6 times and 1.2 times respectively compared with those born to a mother in the 

25−29 year maternal age group.  After adjusting for the influence of the other 

demographic factors, the PRR for these young maternal age groups was 1.7 and 

1.3 times that of the reference group (Table 24).   

Fetuses/babies with a congenital anomaly typically requiring surgery born to 

mothers aged 35 years and over had a prevalence of 4.51 per 1,000 births; however, 

the rates in 2011 were not significantly higher than in 2000 (Figure 15).  The 

unadjusted PRR for this group was significantly higher (1.26 times) than the 25–29 

year maternal age group, however, this became a non-significant once adjusted 

(Table 24). 
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Table 24. Number, prevalence and prevalence rate ratio of congenital anomalies typically requiring 

surgery, by maternal age group, 2000–2011 

Maternal age (years) Number 

Prevalence  

(95%CI) 

unadjusted PRR  

(95%CI) 

adjusted PRR†  

(95%CI) 

<20 295 5.68 (5.05–6.37) 1.59 (1.38–1.82)*** 1.74 (1.51–2.00)*** 

20–24 561 4.35 (4.00–4.72) 1.21 (1.08–1.36)*** 1.29 (1.15–1.45)*** 

25–29 653 3.60 (3.32–3.88) 1.00 1.00 

30–34 805 3.75 (3.50–4.02) 1.05 (0.94–1.16) 0.97 (0.87–1.08) 

≥35 678 4.51 (4.17–4.86) 1.26 (1.13–1.41)*** 1.12 (1.00–1.25) 

Note: Prevalence is total birth prevalence per 1,000 (live and still) births.  PRR denotes prevalence rate 

ratio; † PRR are adjusted for effects of other risk factors (birth status, prioritised ethnicity, sex, and 

gestational age).  *** = p-value of <0.001. 
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Figure 15. Prevalence (with 95% CI) of congenital anomalies typically requiring surgery (CARS), by 

maternal age group and year, 2000–2011 

The prevalence of congenital anomalies typically requiring surgery across the 

maternal age groups reflects the maternal age association for the six individual 

anomalies (Figure 16, Table 25).  The high prevalence rate observed for the 

fetuses/babies born to mothers aged less than twenty years echoes the distribution 

observed for gastroschisis, in which prevalence decreased with increasing maternal 

age.  The prevalence of congenital anomalies typically requiring surgery increased 

with increasing maternal age (from the 25–29 year maternal age group).  This reflects 

the increasing maternal age distribution observed for severe CHD and digestive 

malformations (Figure 16).  The prevalence and (unadjusted and adjusted) PPR by 

maternal age for each individual anomaly typically requiring surgery is presented in 

Table 25.  
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Table 25. Number, prevalence, and prevalence rate ratio of congenital anomalies typically 

requiring surgery, by maternal age group and congenital anomaly, 2000–2011 

Maternal age (years) 

  Number Prevalence (95%CI) 

Unadjusted PRR 

(95%CI) 

Adjusted PRR† 

(95%CI) 

Craniosynostosis 

<20 7 0.13 (0.05–0.28) 1.11 (0.48–2.61) 1.35 (0.57–3.20) 

20–24 14 0.11 (0.06–0.18) 0.90 (0.46–1.75) 1.02 (0.52–2.01) 

25–29 24 0.13 (0.08–0.20) 1.00 1.00 

30–34 37 0.17 (0.12–0.24) 1.39 (0.82–2.36) 1.22 (0.72–2.08) 

≥35 35 0.23 (0.16–0.32) 1.87 (1.09–3.19)* 1.56 (0.91–2.68) 

Digestive system malformations 

<20 54 1.04 (0.78–1.36) 1.48 (1.08–2.05)* 1.73 (1.25–2.40)** 

20–24 107 0.83 (0.68–1.00) 1.16 (0.89–1.51) 1.29 (0.99–1.68) 

25–29 128 0.7 (0.59–0.84) 1.00 1.00 

30–34 186 0.87 (0.75–1.00) 1.23 (0.98–1.54) 1.10 (0.88–1.38) 

≥35 182 1.21 (1.04–1.40) 1.71 (1.36–2.15)*** 1.42 (1.13–1.79)** 

Gastroschisis 

<20 99 1.91 (1.55–2.32) 9.36 (6.42–13.66)*** 10.18 (6.92–15.0)*** 

20–24 107 0.83 (0.68–1.00) 4.03 (2.77–5.86)*** 4.39 (3.01–6.40)*** 

25–29 38 0.21 (0.15–0.29) 1.00 1.00 

30–34 17 0.08 (0.05–0.13) 0.39 (0.22–0.69)** 0.34 (0.19–0.61)*** 

≥35 9 0.06 (0.03–0.11) 0.26 (0.12–0.56)*** 0.21 (0.10–0.45)*** 

Omphalocele 

<20 16 0.31 (0.18–0.5) 1.65 (0.91–2.98) 1.42 (0.78–2.61) 

20–24 36 0.28 (0.20–0.39) 1.37 (0.85–2.21) 1.27 (0.78–2.06) 

25–29 34 0.19 (0.13–0.26) 1.00 1.00 

30–34 35 0.16 (0.11–0.23) 0.87 (0.54–1.40) 0.90 (0.56–1.44) 

≥35 27 0.18 (0.12–0.26) 0.92 (0.55–1.54) 0.87 (0.52–1.45) 

Orofacial cleft 

<20 73 1.41 (1.10–1.77) 1.09 (0.84–1.41) 1.18 (0.90–1.54) 

20–24 169 1.31 (1.12–1.52) 1.01 (0.83–1.23) 1.06 (0.87–1.29) 

25–29 242 1.33 (1.17–1.51) 1.00 1.00 

30–34 288 1.34 (1.19–1.51) 1.02 (0.86–1.22) 0.97 (0.81–1.15) 

≥35 210 1.40 (1.21–1.60) 1.07 (0.89–1.29) 0.99 (0.82–1.19) 

Severe CHD 

<20 58 1.12 (0.85–1.44) 0.97 (0.73–1.30) 1.05 (0.78–1.42) 

20–24 162 1.26 (1.07–1.46) 1.08 (0.88–1.33) 1.15 (0.93–1.41) 

25–29 207 1.14 (0.99–1.31) 1.00 1.00 

30–34 271 1.26 (1.12–1.42) 1.10 (0.92–1.32) 1.03 (0.86–1.24) 

≥35 243 1.62 (1.42–1.83) 1.41 (1.17–1.70)*** 1.24 (1.03–1.50)* 

Note: Prevalence is total birth prevalence per 1,000 (live and still) births.  PRR denotes prevalence rate 

ratio; † PRR are adjusted for effects of other risk factors (birth status, ethnicity, sex and gestation); * 

denotes p-value <0.05; ** denotes p-value <0.01; *** denotes p-value <0.001. 
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Figure 16. Prevalence (with 95% CI) of individual congenital anomalies typically requiring surgery, 

by maternal age group and congenital anomaly, 2000–2011 
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Ethnicity 

Fetuses/babies of European, MELAA, or Other ethnicities represented 60.4 percent of 

the babies born with a congenital anomaly typically requiring surgery.  The 

prevalence for these babies was 4.92 per 1,000 births (95%CI 4.69–5.15; Figure 17, 

Table 26), and did not vary significantly between 2000 and 2011 (Figure 18).   
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Figure 17. Prevalence of congenital anomalies typically requiring surgery (CARS), by the baby’s 

prioritised ethnic group, 2000–2011 

Note: European/Other encompasses European, MELAA, and Other ethnic groups. 

 

Table 26. Number and prevalence of congenital anomalies typically requiring surgery, by birth 

status and prioritised ethnicity, 2000–2011 

Prioritised ethnicity 

Total births Livebirths Fetal deaths 

Number 

Prevalence 

(95% CI) Number 

Prevalence 

(95% CI) Number 

Prevalence 

(95% CI) 

Māori 659 
3.15  

(2.91–3.40) 
598 

2.86  

(2.63–3.10) 
61 

0.29  

(0.22–0.37) 

Pacific 279 
3.50  

(3.10–3.93) 
250 

3.13  

(2.76–3.55) 
29 

0.36  

(0.24–0.52) 

Asian 220 
3.14  

(2.73–3.58) 
179 

2.55  

(2.19–2.95) 
41 

0.58  

(0.42–0.79) 

European/Other 1,808 
4.92  

(4.69–5.15) 
1,656 

4.50  

(4.29–4.73) 
152 

0.41  

(0.35–0.48) 

Note: 27 fetuses/babies did not have an ethnicity specified.  European/Other encompasses European, 

MELAA, and Other ethnic groups. 
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Figure 18. Prevalence of congenital anomalies typically requiring surgery (CARS), by year, and 

fetus/baby’s prioritised ethnic group, 2000–2011 

 

The prevalence for Māori babies was 3.15 per 1,000 births (95% CI 2.91–3.40) and 3.50 

(95% CI 3.10–3.93) for Pacific babies (Table 27).  There was no significant trend over 

this period (Figure 18).  The relative risks of Māori, Pacific, and Asian fetuses/babies 

with a congenital anomaly typically requiring surgery were significantly lower than 

the European, MELAA, or Other ethnic group, and remained significantly lower 

when adjusted for the other demographic factors (Table 27).   

 

Table 27. Number, prevalence, and prevalence rate ratio of congenital anomalies typically 

requiring surgery, by fetus/baby’s prioritised ethnicity, 2000–2011 

Prioritised 

ethnicity No. Prevalence (95%CI) 

Unadjusted PRR 

(95%CI) 

Adjusted PRR† 

(95%CI) 

Māori 659 3.15 (2.91–3.40) 0.63 (0.58–0.69)*** 0.56 (0.51–0.62)*** 

Pacific 279 3.50 (3.10–3.93) 0.72 (0.64–0.82)*** 0.68 (0.60–0.77)*** 

Asian 220 3.14 (2.73–3.58) 0.65 (0.56–0.75)*** 0.65 (0.57–0.75)*** 

European/Other 1,808 4.92 (4.69–5.15) 1.00 1.00 

Note: Prevalence is total birth prevalence per 1,000 (live and still) births.  PRR denotes prevalence rate 

ratio; † PRR are adjusted for effects of other risk factors (birth status, maternal age, sex, and gestational 

age).  European/Other encompasses European, MELAA, and Other ethnic groups; 

*** denotes p-value <0.001. 
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Fetuses/babies of European/Other ethnicity had significantly higher rates, compared 

with the other ethnic groups, of craniosynostosis, digestive system malformations, 

orofacial clefts, and severe CHDs (Figure 19, Table 28).  These differences for 

European/Other babies remained significant for most of the mentioned anomalies 

following adjustment for the effects of the other risk factors, with the exception of 

craniosynostosis and digestive system malformations for Asian babies where the 

differences became non-significant (Table 28).   

Compared with European/Other fetuses/babies, the prevalence of gastroschisis was 

lower for Pacific and Asian fetuses/babies (0.29 and 0.09 per 1,000 births 

respectively), and higher for Māori (0.44 per 1,000 births; Figure 19).  Only the lower 

prevalence of gastroschisis amongst Asian fetuses/babies was considered significant 

(unadjusted PRR: 0.22 (95% CI 0.10–0.49); Table 28), however, once adjusted the PRR 

for gastroschisis became significantly lower for Māori, Pacific, and Asian 

fetuses/babies (0.45, 0.42, and 0.24 times lower respectively [p<0.001]; Table 28), 

compared with European/Other ethnic group. 

Pacific fetuses/babies had the highest prevalence of omphalocele (0.28 per 1,000 

births), followed by Māori, Asian, and European/Other (Figure 19).  The unadjusted 

PRR of 1.63 was significantly higher for the Pacific group (p=0.048) than the 

European/Other ethnic group, however, this difference became non-significant once 

adjusted for the other risk factors (Table 28). The difference in (unadjusted and 

adjusted) prevalence of omphalocele was not significant for Māori, and Asian 

fetuses/babies (Table 28). 
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Figure 19. Prevalence of individual congenital anomalies typically requiring surgery, by the 

fetus/baby’s prioritised ethnic group and congenital anomaly, 2000–2011 

Note: European/Other encompasses European, MELAA, and Other. 
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Table 28. Number, prevalence and prevalence rate ratio of individual congenital anomalies 

typically requiring surgery, by fetus/baby’s prioritised ethnicity and congenital 

anomaly, 2000–2011 

Prioritised 

ethnicity No. Prevalence (95%CI) 

Unadjusted PRR 

(95%CI) 

Adjusted PRR† 

(95%CI) 

Craniosynostosis 

Māori 19 0.09 (0.05–0.14) 0.36 (0.22–0.61)*** 0.38 (0.22–0.65)*** 

Pacific 7 0.09 (0.04–0.18) 0.39 (0.18–0.85)* 0.42 (0.19–0.91)* 

Asian 7 0.10 (0.04–0.21) 0.45 (0.21–0.97)* 0.46 (0.21–1.01) 

European/Other 82 0.22 (0.18–0.28) 1.00 1.00 

Digestive system malformations 

Māori 112 0.54 (0.44–0.64) 0.44 (0.35–0.54)*** 0.41 (0.33–0.51)*** 

Pacific 51 0.64 (0.48–0.84) 0.55 (0.41–0.73)*** 0.54 (0.40–0.72)*** 

Asian 51 0.73 (0.54–0.96) 0.61 (0.45–0.81)*** 0.62 (0.46–0.83) 

European/Other 433 1.18 (1.07–1.29) 1.00 1.00 

Gastroschisis 

Māori 93 0.44 (0.36–0.54) 1.11 (0.85–1.44) 0.45 (0.34–0.59)*** 

Pacific 23 0.29 (0.18–0.43) 0.73 (0.47–1.13) 0.42 (0.27–0.65)*** 

Asian 6 0.09 (0.03–0.19) 0.22 (0.10–0.49)*** 0.24 (0.10–0.54)*** 

European/Other 147 0.40 (0.34–0.47) 1.00 1.00 

Omphalocele 

Māori 50 0.24 (0.18–0.32) 1.36 (0.93–1.98) 1.19 (0.80–1.77) 

Pacific 22 0.28 (0.17–0.42) 1.63 (1.01–2.66)* 1.50 (0.91–2.45) 

Asian 13 0.19 (0.10–0.32) 1.01 (0.55–1.88) 0.99 (0.53–1.83) 

European/Other 62 0.17 (0.13–0.22) 1.00 1.00 

Orofacial cleft 

Māori 222 1.06 (0.93–1.21) 0.66 (0.56–0.77)*** 0.63 (0.54–0.74)*** 

Pacific 100 1.25 (1.02–1.52) 0.79 (0.64–0.97)* 0.77 (0.62–0.95)* 

Asian 67 0.95 (0.74–1.21) 0.59 (0.46–0.76)*** 0.59 (0.46–0.76)*** 

European/Other 588 1.60 (1.47–1.73) 1.00 1.00 

Severe CHD 

Māori 194 0.93 (0.80–1.07) 0.59 (0.50–0.69)*** 0.59 (0.49–0.69)*** 

Pacific 83 1.04 (0.83–1.29) 0.67 (0.53–0.85)*** 0.67 (0.53–0.84)*** 

Asian 85 1.21 (0.97–1.50) 0.77 (0.62–0.97)* 0.77 (0.61–0.97)* 

European/Other 570 1.55 (1.43–1.68) 1.00 1.00 

Note: Prevalence is total birth prevalence per 1,000 (live and still) births.  PRR denotes prevalence rate 

ratio; † PRR are adjusted for effects of other risk factors (birth status, maternal age, sex, and gestational 

age).  European/Other encompasses European, MELAA, and Other ethnic groups;   

* denotes p-value <0.05; ** denotes p-value <0.01; *** denotes p-value <0.001. 

Maternal age and ethnicity 

The maternal age distributions of CARS for each ethnic group were fairly similar 

(Figure 20; Figure 21).  High prevalence rates were observed for fetuses/babies born 

to European/Other, Māori, and Pacific mothers aged less than 20 years compared to 

25–29 year olds mothers of the same ethnicities (Figure 20).  A similar distribution 

was observed for livebirths (Figure 21).  The corresponding prevalence tables and 



119 

figure for the individual anomalies are provided in Appendix A—Results 

supplementary.   

 

Figure 20. Prevalence (with 95% CI) of congenital anomalies typically requiring surgery (CARS), by 

maternal age group and fetus/baby’s prioritised ethnicity, 2000–2011 

 

 

Figure 21. Livebirth and fetal death prevalence (with 95% CI) of congenital anomalies typically 

requiring surgery (CARS), by maternal age group, birth status, and fetus/baby’s 

prioritised ethnicity, 2000–2011 
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Gestational age 

The prevalence of “congenital anomalies typically requiring surgery” was higher 

among preterm fetuses/babies (under 37 weeks gestation at birth) than those born at 

term (37 weeks gestation and over; Figure 22).  Prevalence was highest among those 

born at 20 weeks gestation and steadily declined to 27 weeks gestation (Figure 23).   

 

 
Figure 22. Prevalence of congenital anomalies typically requiring surgery (CARS), by the 

fetus/baby’s gestational age at birth, 2000–2011 

 

 

Figure 23. Prevalence of congenital anomalies typically requiring surgery (CARS), by the 

fetus/baby’s gestational age at birth, 2000–2011 
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The prevalence among term fetuses/babies was 3.04 per 1,000 births 

(95% CI 2.91−3.18).  The prevalence for fetuses/babies born with an anomaly typically 

requiring surgery between 20–27 weeks was 44.3 per 1,000 births (95%CI 39.2−49.8; 

Table 29).   

 

Table 29. Prevalence (with 95% CI) of congenital anomalies typically requiring surgery, by birth 

status, and fetus/baby’s gestational age at birth, 2000–2011 

Gestational 

age (weeks) 

Total births Livebirths Fetal deaths 

Number 

Prevalence  

(95% CI) Number 

Prevalence  

(95% CI) Number 

Prevalence  

(95% CI) 

20–27 277 
44.28 

(39.22–49.81) 
59 

9.43 

(7.18–12.17) 
218 

34.85 

(30.37–39.79) 

28–36 653 
12.83 

(11.87–13.86) 
602 

11.83 

(10.91–12.82) 
51 

1.00 

(0.75–1.32) 

37 and over 2,037 
3.04 

(2.91–3.18) 
2,023 

3.02 

(2.89–3.15) 
14 

0.02 

(0.01–0.04) 

Note: 26 fetuses/babies did not have a gestation specified or were under 20 weeks (n=1).  Prevalence is 

per 1,000 (live and still) births.   

  

Figure 24. Prevalence of congenital anomalies typically requiring surgery (CARS), by the 

fetus/baby’s gestational age at birth, 2000–2011 

Fetal deaths accounted for 78.7 percent of the fetuses/babies born at 20–27 weeks 

gestation, and the fetal death prevalence was 34.9 per 1,000 births (Table 29, Figure 

24).  Fetal deaths with CARS were consistently higher than livebirths at 20−27 weeks 

gestation between 2000 and 2011, however, it was the reverse for the older 
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gestational ages (Figure 25).  Terminations of pregnancy, as previously mentioned, 

may be contributing to the high proportion of fetal deaths at 20–27 weeks gestation.   

 

 

Figure 25. Prevalence of congenital anomalies typically requiring surgery (CARS), by birth status, 

year, and fetus/baby’s gestational age at birth, 2000–2011 

 

The prevalence rate ratio of a fetus/baby born with a CARS between 20 and 36 weeks 

gestation was 5.3 times higher than those born at term, however, when adjusted for 

the other demographic factors, including birth status, the risk decreased to 4.1 times.  

A similar pattern was observed for the individual anomalies (Table 30). 

The prevalence of digestive system malformations, omphalocele, orofacial clefts, and 

severe CHD among fetuses/babies at 20–27 weeks were significantly higher than the 

other gestational ages (Figure 26).  Severe CHDs had the highest prevalence of 

22.7 per 1,000 births among fetuses/babies born at 20–27 weeks gestation.  

Gastroschisis was the exception, in which prevalence was highest among 

fetuses/babies born between 28–36 weeks gestation (Table 30, Figure 26).   
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Table 30. Number, prevalence, and prevalence rate ratio of congenital anomalies typically 

requiring surgery, by fetus/baby’s gestational age at birth and congenital anomaly, 

2000–2011 

Gestational age 

(weeks) Number 

Prevalence  

(95%CI) 

Unadjusted PRR 

(95%CI) 

Adjusted PRR† 

(95%CI) 

Congenital anomalies typically requiring surgery 

20–27 295 5.68 (5.05–6.37) 
5.33 (4.93–5.76)*** 4.12 (3.78–4.50)*** 

28–36 561 4.35 (4.00–4.72) 

37 and over 653 3.60 (3.32–3.88) 1.00 1.00 

Craniosynostosis 

20–27 6 0.96 (0.35–2.09) 

6.42 (4.37–9.44)*** 6.17 (4.14–9.18)*** 28–36 36 0.71 (0.50–0.98) 

37 and over 73 0.11 (0.09–0.14) 1.00 1.00 

Digestive system malformations 

20–27 70 11.2 (8.72–14.1) 

9.80 (8.38–11.4)*** 7.93 (6.71–9.38)*** 28–36 224 4.40 (3.85–5.02) 

37 and over 356 0.53 (0.48–0.59) 1.00 1.00 

Gastroschisis 

20–27 14 2.24 (1.22–3.75) 

14.6 (11.4–18.5)*** 13.8 (10.8–17.7)*** 28–36 136 2.67 (2.24–3.16) 

37 and over 119 0.18 (0.15–0.21) 1.00 1.00 

Omphalocele 

20–27 24 3.84 (2.46–5.71) 

8.61 (6.19–12.0)*** 4.88 (3.28–7.26)*** 28–36 38 0.75 (0.53–1.03) 

37 and over 84 0.13 (0.10–0.16) 1.00 1.00 

Orofacial cleft 

20–27 47 7.51 (5.52–9.99) 

2.21 (1.86–2.63)*** 1.75 (1.45–2.12)*** 28–36 107 2.10 (1.72–2.54) 

37 and over 822 1.23 (1.14–1.31) 1.00 1.00 

Severe CHD 

20–27 142 22.7 (19.1–26.8) 

5.65 (4.93–6.48)*** 3.59 (3.05–4.22)*** 28–36 160 3.14 (2.68–3.67) 

37 and over 632 0.94 (0.87–1.02) 1.00 1.00 

Note: Prevalence is total birth prevalence per 1,000 (live and still) births.  PRR denotes prevalence rate 

ratio; † PRR are adjusted for effects of other risk factors (birth status, maternal age, ethnicity, and sex); 

*** denotes p-value <0.001.  PRR is presented for preterm vs term. 
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Figure 26. Prevalence of individual congenital anomalies typically requiring surgery, by 

fetus/baby’s gestational age at birth and congenital anomaly, 2000–2011 
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Sex 

The prevalence of congenital anomalies typically requiring surgery was higher for 

male fetuses/babies than female (4.49 per 1,000 births [95% CI 4.28–4.71] and 3.71 

[95% CI 3.51–3.91] respectively; Table 31).  A similar pattern was observed among 

livebirths and fetal deaths (Table 31).  The temporal trend for males were 

significantly higher in 2011 than in 2000 (Figure 27).  

 

Table 31. Prevalence (with 95% CI) of congenital anomalies typically requiring surgery, by birth 

status, and fetus/baby’s sex, 2000–2011 

Sex 

Total births Livebirths Fetal deaths 

Number 

Prevalence  

(95% CI) Number 

Prevalence  

(95% CI) Number 

Prevalence  

(95% CI) 

Male 1,676 4.49 (4.28–4.71) 1,530 4.10 (3.90–4.31) 146 0.39 (0.33–0.46) 

Female 1,314 3.71 (3.51–3.91) 1,178 3.32 (3.14–3.52) 136 0.38 (0.32–0.45) 

Note: 3 fetuses/babies did not have a sex specified.  Prevalence is per 1,000 (live and still) births.   

 

 

Figure 27. Prevalence of congenital anomalies typically requiring surgery (CARS), by year and 

fetus/baby’s sex, 2000–2011 

The prevalence rate ratio for female fetuses/babies with a CARS was significantly 

lower than for males (Table 32).  Similarly, prevalence rate ratios for digestive system 

malformations, omphalocele, and severe CHDs among female fetuses/babies were 

significantly lower than the male fetuses/babies (Table 32, Figure 28).   
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Table 32. Number, prevalence, and prevalence rate ratio of congenital anomalies typically 

requiring surgery, by fetus/baby’s sex and congenital anomaly, 2000–2011 

Sex Number Prevalence (95%CI) Unadjusted PRR (95%CI) Adjusted PRR† (95%CI) 

Congenital anomalies typically requiring surgery 

Male 1,676 4.49 (4.28–4.71) 1.00 1.00 

Female 1,314 3.71 (3.51–3.91) 0.83 (0.77–0.89)*** 0.84 (0.78–0.91)*** 

Craniosynostosis 

Male 65 0.17 (0.13–0.22) 1.00 1.00 

Female 52 0.15 (0.11–0.19) 0.87 (0.60–1.26) 0.89 (0.61–1.28) 

Digestive system malformations 

Male 386 1.03 (0.93–1.14) 1.00 1.00 

Female 270 0.76 (0.67–0.86) 0.75 (0.64–0.88)*** 0.77 (0.66–0.91)** 

Gastroschisis 

Male 139 0.37 (0.31–0.44) 1.00 1.00 

Female 130 0.37 (0.31–0.44) 0.98 (0.77–1.25) 1.06 (0.83–1.35) 

Omphalocele 

Male 89 0.24 (0.19–0.29) 1.00 1.00 

Female 58 0.16 (0.12–0.21) 0.69 (0.49–0.96)* 0.71 (0.51–0.99)* 

Orofacial cleft 

Male 521 0.72 (0.66–0.78) 1.00 1.00 

Female 462 0.64 (0.58–0.70) 0.92 (0.82–1.05) 0.93 (0.82–1.05) 

Severe CHD 

Male 543 1.46 (1.34–1.58) 1.00 1.00 

Female 397 1.12 (1.01–1.24) 0.76 (0.67–0.87)*** 0.78 (0.68–0.88)*** 

Note: Prevalence is total birth prevalence per 1,000 (live and still) births.  PRR denotes prevalence rate 

ratio; † PRR are adjusted for effects of other risk factors (birth status, maternal age, ethnicity, and 

gestational age); * denotes p-value <0.05; ** denotes p-value <0.01; *** denotes p-value <0.001. 
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Figure 28. Prevalence of individual congenital anomalies typically requiring surgery, by year, 

fetus/baby’s sex, and congenital anomaly, 2000–2011 
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Part Three. Discussion  

Key findings from the prevalence study on the “congenital 

anomalies typically requiring surgery” indicator 

The intention of the prevalence study on the indicator for “congenital anomalies 

typically requiring surgery” was to identify the potential information that could be 

gleaned, and to determine the value and limitations of this indicator for New 

Zealand.   

In this study, the total prevalence of congenital anomalies typically requiring 

surgery, as recorded in the administrative collections in New Zealand, was 4.11 per 

1,000 births, and had essentially remained stable between 2000 and 2011.  The total 

prevalence was 3.72 livebirths per 1,000 total births, for whom surgical correction 

would be performed, and also remained stable over the study period.  This rate is 

comparable to those observed amongst the individual EUROCAT registers at the 

lower end of the livebirth prevalence range, such as East Midlands and South 

Yorkshire9.   

The stable temporal trend, however, contrasts with the Pan-European trends, in 

which a decrease of ten percent was observed in the livebirth prevalence (coupled 

with relatively stable TOPFA [termination of pregnancy for fetal anomaly] and fetal 

death prevalence rates)9.  Further investigation is required to identify the precise 

reason for the differing trends.  The differences may potentially relate to differing 

population sizes, public health policies, or (more likely) data acquisition, such as the 

limited information available in New Zealand on the progression of a pregnancy and 

terminations of pregnancy, particularly in early pregnancy, which may affect the 

livebirth rate of CARS among total births. 

Additional findings pertaining to demographic risk factors were also investigated to 

identify potential ‘at risk’ groups for further consideration.  It was found that 

fetuses/babies born with a congenital anomaly typically requiring paediatric surgery 
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were more prevalent among women of young maternal age (at least 1.5 times more 

likely than women aged 25–29 years), irrespective of the fetus/baby’s ethnicity.  

These anomalies were less prevalent among fetuses/babies of Māori and Pacific 

ethnicities; and were more prevalent among male fetuses/babies and fetuses/babies 

born between 20–27 weeks gestation, although the high prevalence of fetal deaths 

within this gestational age group may potentially be terminations of pregnancy.  

These demographic risk factors had not previously been investigated for congenital 

anomalies typically requiring paediatric surgery in New Zealand, nor were they 

investigated within the Khoshnood et al (2011)9 study. 

Encompassed anomalies 

While the focus of this study is on the aggregated prevalence of all six anomalies 

encompassed within the indicator, the indicator amalgamates the differing surgical 

expertise required to treat each anomaly.  The prevalence of these anomalies was also 

investigated in order to inform potential influences on the overarching indicator, and 

to enable identification of any trends or risk factors not obvious within the 

overarching indicator.   

Craniosynostosis 

Craniosynostosis accounted for less than four percent of the anomalies typically 

requiring surgery.  In this study, the prevalence of craniosynostosis for 2000–2011 

was 0.16 per 1,000 births.  This finding was lower than the prevalence reported for 

the mid-1960s by Howie (1970)181 study, yet comparable to the more recently 

reported prevalence for 21 EUROCAT registers.  Caution should, however, be 

applied to any interpretation given the consistently low numbers, which may relate 

to diagnosis and/or initial surgery later in the postnatal period or in childhood217. 
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Gastroschisis 

Gastroschisis accounted for around nine percent of the anomalies typically requiring 

surgery.  Gastroschisis was the only anomaly in this study to have a significant 

increasing trend from 2000 to 2011 (range 0.15 to 0.50 per 1,000 births; p=0.02).  In this 

study, although the prevalence estimates between this study and Srivastava et al 

(2009)195 did differ for the corresponding year, there was consensus on the significant 

association with fetuses/babies born to mothers of young maternal age195.  Both of 

these findings are consistent with the published literature55,116,195,229,230,277,278.  The 

increasing prevalence of gastroschisis highlights the increasing demand for urgent 

post-delivery surgical treatment, and also identifies young mothers as a high risk 

group for having a fetus/baby with gastroschisis.   

Omphalocele 

Omphalocele accounted for approximately five percent of the anomalies typically 

requiring surgery.  In this study, the prevalence of 0.20 per 1,000 births was 

consistent with international studies, however, the rates differed between this study 

and Srivastava et al (2009)195 for the corresponding year, which is likely related to 

case ascertainment differences.  While this study found significantly high prevalence 

rates for males, this should be treated with caution due to the relatively small 

numbers observed during the study period.  Due to the relatively small numbers of 

omphalocele cases within this study, differentiation between syndromic and isolated 

omphaloceles was not undertaken. 

Malformations of the digestive system 

In this study, this group of anomalies accounted for 21 percent of the anomalies 

typically requiring surgery, and had a prevalence of 0.9 per 1,000 births.  This finding 

is lower than internationally reported rates, which warrants further investigation.  In 

this study, prevalence was significantly higher for males and for fetuses/babies born 

to women of advanced maternal age (compared to 25–29 year olds).  This is a new 

finding for this group of anomalies, at the time of writing not recorded in the 

international literature.  



131 

Orofacial clefts 

Orofacial clefts accounted for almost 32 percent of the anomalies typically requiring 

surgery.  In this study, the prevalence of 1.35 per 1,000 births was consistent with 

international studies166,240.  There were no significant associations between the 

demographic risk factors and orofacial clefts (as a collective group) in this study.   

Severe congenital heart defects  

In this study, this group of cardiovascular anomalies accounted for just over 30 

percent of the anomalies typically requiring surgery, and the observed prevalence 

was 1.29 per 1,000 births.  This finding is lower than the rates observed by 

EUROCAT, and in England and Wales.  This potentially reflects a delay in diagnosis 

of cardiovascular anomalies, and warrants further investigation.  For example, 

internationally less than 50 percent of severe CHDs are diagnosed in the antenatal 

period166; and 20 percent of CHDs are diagnosed in the post neonatal period (that is, 

after one month of age)279.  In this study, prevalence was significantly higher for 

males and for fetuses/babies born to women of advanced maternal age (compared to 

25–29 year olds).   

Influence of encompassed anomalies on risk factor association 

The associations by demographic risk factor observed for the indicator overall 

appeared to be influenced by the associations attributable to particular anomalies.  

This was exemplified in this study within the maternal age association, which 

presented as a reverse ‘J-shape’ distribution curve across the maternal age groups for 

the overarching indicator.  The observation of a significant increased risk for 

fetuses/babies born to mothers aged under 25 years reflects the significant association 

attributable to gastroschisis, while the significant increased risk for fetuses/babies 

born to mothers aged 35 years and older reflects the association with digestive 

system malformations and with severe CHDs.   
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Summary of congenital anomalies typically requiring surgery 

indicator 

This prevalence study has demonstrated that this indicator can be implemented in 

practice in New Zealand using existing administrative data collections.  Adoption 

and monitoring of this indicator would provide information on trends, which may 

have implications for the planning of future paediatric surgery infrastructure, and 

assist with the planning of policy and services, such as the importance of an 

antenatal anatomy ultrasound; the requirement for urgent postnatal paediatric 

surgical services or support services; and the identification of mothers and 

fetuses/babies with a high risk of congenital anomalies typically requiring surgery.   

Further investigation is warranted to determine whether the trend information for 

this indicator would be affected by changes in various factors.  For example, 

improvements to surgical and/or non-surgical management; the development of a 

new antenatal diagnostic tool for congenital anomalies leading to an increased need 

for facilities for in-utero surgery; improved collection of information on termination 

of pregnancy for fetal anomalies; or changes in the uptake of terminations (increases 

or decreases) impacting on the need for surgical intervention.  It is plausible that 

decreasing trends may be observed for this indicator as a consequence of changes in 

maternal behaviour as a consequence of significant decreases in the prevalence of 

particular anomalies.  For example, decreases in the prevalence of severe CHDs or 

orofacial clefts (which are account for over 50 percent of the anomalies) may be the 

result of improved maternal nutrition (such as increased uptake of vitamin and folic 

acid supplementation) coupled with mandatory fortification of food products, such 

as bread.  Also, increasing trends for the indicator may arise from the increasing 

prevalence of severe CHDs or digestive system anomalies through continuation of 

the current trend for delaying pregnancy until older maternal ages (30 years and 

older).  

This study identified the importance of concomitant investigation of the individual 

anomalies encompassed within an indicator.  In particular, the significant underlying 
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trends obscured by the overall indicator, which was exemplified by the increasing 

prevalence of gastroschisis, particularly among babies born to women of young 

maternal age.  These obscured trends suggest that further research may be required 

to determine whether a differing configuration of anomalies may provide a more 

reflective or coherent indicator of surgical need for New Zealand.   

The purpose of this prevalence study was to not only investigate the prevalence of 

congenital anomalies typically requiring surgery that were diagnosed at birth, but to 

demonstrate the practical adoption of the indicator, including identification of 

limitations.  

This indicator is potentially limited by the use of passive case ascertainment methods 

for identification of cases of congenital anomalies held within the national 

collections.  This limitation arises from incomplete records, in terms of diagnoses and 

documentation for coding; varying diagnostic practices in New Zealand, such as the 

timing of diagnosis (for instance at birth or later in childhood); and the method of 

diagnosis, for instance, visual observation of a defect during the birth event versus 

advanced testing (genetic testing).  These limitations potentially have a considerable 

effect on the prevalence of select anomalies, such as cardiovascular anomalies, which 

may not be diagnosed until after the initial hospital (birth) event.  The potential 

implication of this is that the number of anomalies requiring surgery observed in this 

study may be an underestimation, and extension of the indicator criteria from birth 

to diagnosis up to one year of age, as well as identification of terminations of 

pregnancy for fetal anomaly, may compensate for the potential under-ascertainment.   

Unfortunately this limitation applies to all existing data sources in New Zealand, 

including the New Zealand Birth Defects Register.  The situation could, however, be 

improved through the supplementation and enhancement of existing collections.  

This would involve capturing additional information, or extending existing 

collections, in order to report upon information already captured, whilst 

simultaneously ensuring improved quality of the captured data.  This could be 

achieved by, for example, improving the quality of information supplied to the 
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National Maternity Collection on miscarriages and terminations of pregnancy, or by 

initiating collation of positive screening and cytogenetic information at a national 

level.  

Public health indicators for congenital anomalies 

Congenital anomalies are a major contributor to morbidity and/or mortality in 

fetuses, infants, and children, and place considerable burden on a population and its 

health system.  Yet concerns about the low priority awarded to congenital anomalies 

within public health policy have been expressed internationally.  Public health 

indicators are one mechanism that contributes to increasing awareness of congenital 

anomalies, and serve to highlight the necessity for development, prioritisation, and 

evaluation of public health policy and treatment services, such as primary 

prevention, antenatal screening, genetic counselling, and paediatric surgery. 

This thesis sought to identify any existing public health indicators for congenital 

anomalies in New Zealand, and posed the following questions:  

 What public health indicators are or have been utilised for monitoring 

congenital anomalies in New Zealand, whom has undertaken this monitoring, 

and what data collections were utilised? 

 If any indicators exist, are they comparable to international indicators or do 

they require revision?  

 Are there any international indicator(s) not measured in New Zealand? If so, 

how practical is adoption of the indicator(s)? 

 If an international indicator shows potential for adoption, can the prevalence 

then be determined for that indicator and what associations does it have by 

demographic risk factor? 
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This thesis identified six public health indicators that had been or are utilised for 

monitoring congenital anomalies in New Zealand, specifically:  

1. Prevalence of (major) congenital anomalies (overall or individual anomalies) 

2. Infant mortality associated with congenital anomalies (overall) 

3. Perinatal mortality associated with congenital anomalies 

4. Livebirth prevalence of Down syndrome (among total births) 

5. Prevalence of neural tube defects (NTD) overall or individual. 

6. Maternal age associated congenital anomaly prevalence 

These indicators have been monitored by one of four organisations, namely the 

Ministry of Health, the International Clearinghouse for Birth Defects Monitoring and 

Surveillance (ICBDSR), the Perinatal and Maternal Mortality Review Committee 

(PMMRC), and the New Zealand Child and Youth Epidemiology Service (NZCYES).  

The latter is the only organisation to monitor multiple indicators in relation to time 

and demographic risk factors.   

The infant and perinatal mortality indicators that measure the mortality burden of 

congenital anomalies.  Both of these indicators applied definitions equivalent to 

international indicators.  The infant mortality indicator was consistently reported 

within New Zealand, although lacks trend information, which is vital from a policy 

perspective.  The perinatal indicator lacks consensus between the Ministry of Health 

and PMMRC, which is attributable to differing data sources and coding 

nomenclatures used, and therefore warrants further attention.   

Multiple indicators measure the morbidity of congenital anomalies, namely the 

prevalence of congenital anomalies overall or of individual anomalies, the livebirth 

prevalence of Down syndrome, and the prevalence of neural tube defects.  The latter 

two indicators would also be useful for evaluating preventative policy, such as the 

promotion of folic acid supplements, or services, such as antenatal screening 

programmes.  These morbidity indicators require amendment to comprise total 

births, particularly for NTD, to ensure consistency with international indicators.   
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The final existing indicator used in New Zealand was the prevalence of congenital 

anomalies associated with maternal age, which was only reported on by NZCYES.  

This indicator was not consistent with international indicators, and therefore requires 

further attention, such as adjusting to encompass total births rather than live in-

hospital births.   

Although there is sufficient data that exists for these indicators, they are hampered 

by underreporting associated with earlier or differing coding systems; the exclusion 

of congenital anomalies among fetal deaths; the lack of support from prevalence 

studies; large time lapses between publishing prevalence for a limited set of 

indicators; or inconsistency in methodologies and reported rates between the four 

organisations that monitor for New Zealand and also those reported internationally.  

These constraints potentially underrepresent prevalence, and therefore have 

ramifications for any decisions based on these indicators.   

This thesis has highlighted that, although congenital anomalies are being monitored 

for New Zealand, there is no standard (monitoring) framework for congenital 

anomalies.  Yet the combination of these indicators has the potential to provide a 

comprehensive reflection of the impact congenital anomalies have on New Zealand’s 

population and health services.   

This thesis has created the foundations from which construction of a congenital 

anomaly-specific framework could be initiated.  As four organisations monitor 

congenital anomalies for New Zealand, it would be prudent for one of these 

organisations to take the lead in devising an indicator framework specific to 

congenital anomalies.  Such a framework would encourage quality assurance, and 

consistent reporting of anomalies, such as through the utilisation of consistent coding 

nomenclatures; revision of inconsistent indicators to encompass total births, rather 

than livebirths, where appropriate; the frequency of reporting; and inclusion of new 

indicators.   
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Three international indicators were identified as not being incorporated within the 

existing indicators for New Zealand.  The “Congenital anomaly prenatal diagnosis 

prevalence”, and “Congenital anomaly termination of pregnancy” indicators warrant 

further exploration to identify and create a suitable source of national data.  Whereas 

the “congenital anomalies typically requiring surgery” indicator, as defined by 

EUROCAT, showed potential for implementation based upon the existence of 

limited amounts of publicly available information for some of the anomalies 

encompassed within the indicator.  This potential was confirmed in this thesis by 

means of a prevalence study using existing administrative collections.   

Conclusion 

This thesis laid the foundations for a congenital anomaly-specific indicator 

framework for New Zealand, and identified six existing indicators that would benefit 

from enhancement.  It also identified that the “congenital anomalies typically 

requiring surgery” indicator could be implemented in practice in New Zealand using 

existing administrative collections, albeit with an awareness of the potential for 

underestimating prevalence.  Such a framework would encourage cohesion and 

comparability of indicator monitoring and reporting.   

The importance of reliable indicators, particularly if coupled with prevalence studies, 

for reporting the prevalence of congenital anomalies was also highlighted.  

Prevalence information serves to increase the visibility and awareness of congenital 

anomalies in New Zealand, particularly among health professionals, and aids the 

planning and evaluation of public health policy and services.   
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Glossary 

Term Definition 

Atresia Obstruction or occlusion 

Non-syndromic Occurs in isolation or is not present with other 

congenital anomalies 

Perinatal mortality Fetal death and death within the first week of life 

Soft marker(s) (Subtle) anatomical variations or minor, usually 

transient, structural change observed by ultrasound, 

and potentially indicate ‘a risk of serious fetal anomaly 

but which in itself is probably inconsequential’59,60 

Stenosis Narrowing 

Syndromic  present with other congenital anomalies 

Ventricular septal defect 

(VSD) 

A defect/hole in the interventricular septum, leading to 

a “shunt”, whereby deoxygenated blood and 

oxygenated blood may flow inappropriately to the left 

or right circulations respectively 251 
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Appendix A—Results supplementary 

Table 33. Total birth prevalence of congenital anomaly typically requiring surgery (CARS), by year and congenital anomaly, 2000–2011 

Year of birth 

Total CARS Craniosynostosis Digestive system Gastroschisis Omphalocele Orofacial cleft Severe CHD 

No. 
Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 

2000–2011 2,993 
4.11  

(3.97–4.26) 
117  

0.16  

(0.13–0.19) 
657  

0.90  

(0.84–0.97) 
270  

0.37  

(0.33–0.42) 
148  

0.20  

(0.17–0.24) 
983  

1.35  

(1.27–1.44) 
941  

1.29  

(1.21–1.38) 

2000 226 
3.88  

(3.39–4.42) 
13 

0.22  

(0.12–0.38) 
51 

0.88  

(0.65–1.15) 
9 

0.15  

(0.07–0.29) 
7 

0.12  

(0.05–0.25) 
83 

1.43  

(1.14–1.77) 
71 

1.22  

(0.95–1.54) 

2001 213 
3.75  

(3.26–4.29) 
12 

0.21  

(0.11–0.37) 
49 

0.86  

(0.64–1.14) 
18 

0.32  

(0.19–0.50) 
11 

0.19  

(0.10–0.35) 
79 

1.39  

(1.10–1.73) 
55 

0.97  

(0.73–1.26) 

2002 224 
3.97 

(3.47–4.53) 
9 

0.16  

(0.07–0.30) 
59 

1.05  

(0.80–1.35) 
28 

0.50  

(0.33–0.72) 
11 

0.20  

(0.10–0.35) 
71 

1.26  

(0.98–1.59) 
55 

0.98  

(0.74–1.27) 

2003 247 
4.27 

(3.75–4.84) 
7 

0.12  

(0.05–0.25) 
53 

0.92  

(0.69–1.20) 
22 

0.38  

(0.24–0.58) 
11 

0.19  

(0.09–0.34) 
89 

1.54  

(1.24–1.89) 
72 

1.24  

(0.97–1.57) 

2004 253 
4.31 

(3.79–4.87) 
11 

0.19  

(0.09–0.34) 
56 

0.95  

(0.72–1.24) 
21 

0.36  

(0.22–0.55) 
12 

0.20  

(0.11–0.36) 
86 

1.46  

(1.17–1.81) 
75 

1.28  

(1.00–1.60) 

2005 251 
4.23 

(3.73–4.79) 
9 

0.15  

(0.07–0.29) 
58 

0.98  

(0.74–1.26) 
21 

0.35  

(0.22–0.54) 
17 

0.29  

(0.17–0.46) 
75 

1.26  

(0.99–1.59) 
82 

1.38  

(1.10–1.72) 

2006 258 
4.24 

(3.74–4.79) 
6 

0.10  

(0.04–0.21) 
55 

0.90  

(0.68–1.18) 
21 

0.35  

(0.21–0.53) 
11 

0.18  

(0.09–0.32) 
90 

1.48  

(1.19–1.82) 
81 

1.33  

(1.06–1.66) 

2007 258 
4.00 

 (3.53–4.52) 
15 

0.23  

(0.13–0.38) 
50 

0.78  

(0.58–1.02) 
16 

0.25  

(0.14–0.40) 
17 

0.26  

(0.15–0.42) 
83 

1.29  

(1.03–1.60) 
95 

1.47  

(1.19–1.80) 

2008 270 
4.16  

(3.68–4.69) 
13 

0.20  

(0.11–0.34) 
53 

0.82  

(0.61–1.07) 
22 

0.34  

(0.21–0.51) 
14 

0.22  

(0.12–0.36) 
87 

1.34  

(1.07–1.65) 
93 

1.43  

(1.16–1.76) 

2009 279 
4.35  

(3.85–4.89) 
12 

0.19  

(0.10–0.33) 
63 

0.98  

(0.75–1.26) 
34 

0.53  

(0.37–0.74) 
11 

0.17  

(0.09–0.31) 
98 

1.53  

(1.24–1.86) 
74 

1.15  

(0.91–1.45) 

2010 253 
3.95  

(3.48–4.47) 
7 

0.11  

(0.04–0.23) 
54 

0.84 

(0.63–1.10) 
27 

0.42  

(0.28–0.61) 
14 

0.22  

(0.12–0.37) 
67 

1.05  

(0.81–1.33) 
95 

1.48  

(1.20–1.81) 

2011 261 
4.23  

(3.73–4.77) 
3 

0.05  

(0.01–0.14) 
56 

0.91  

(0.69–1.18) 
31 

0.50  

(0.34–0.71) 
12 

0.19  

(0.10–0.34) 
75 

1.21  

(0.96–1.52) 
93 

1.51  

(1.22–1.85) 

Note: Prevalence is per 1,000 (live and still) births 
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Table 34. Livebirth prevalence of congenital anomaly typically requiring surgery (CARS), by year and congenital anomaly, 2000–2011 

Year of birth 

Total CARS Craniosynostosis Digestive system Gastroschisis Omphalocele Orofacial cleft Severe CHD 

No. 
Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 

2000–2011 2,709  
3.72  

(3.59–3.87)  
113  

0.16  

(0.13–0.19) 
584  

0.8  

(0.74–0.87) 
252  

0.35 

(0.30–0.39) 
115  

0.16 

(0.13–0.19) 
935  

1.35  

(1.27–1.44) 
806  

1.11  

(1.03–1.19) 

2000 206 
3.54  

(3.07–4.06) 
12 

0.21  

(0.11–0.36) 
46 

0.79  

(0.58–1.05) 
9 

0.15  

(0.07–0.29) 
4 

0.07 

(0.02–0.18) 
78 

1.34 

(1.06–1.67) 
62 

1.07  

(0.82–1.37) 

2001 195 
3.43  

(2.97–3.95) 
12 

0.21  

(0.11–0.37) 
47 

0.83  

(0.61–1.1) 
16 

0.28  

(0.16–0.46) 
9 

0.16 

(0.07–0.30) 
75 

1.32  

(1.04–1.65) 
46 

0.81 

(0.59–1.08) 

2002 209 
3.71  

(3.22–4.25) 
9 

0.16  

(0.07–0.30) 
52 

0.92  

(0.69–1.21) 
24 

0.43  

(0.27–0.63) 
8 

0.14 

(0.06–0.28) 
70 

1.24 

(0.97–1.57) 
53 

0.94 

(0.70–1.23) 

2003 222 
3.84  

(3.35–4.38) 
7 

0.12 

(0.05–0.25) 
46 

0.80 

(0.58–1.06) 
19 

0.33  

(0.20–0.51) 
10 

0.17  

(0.08–0.32) 
88 

1.52 

(1.22–1.87) 
59 

1.02 

(0.78–1.32) 

2004 233 
3.97  

(3.47–4.51) 
11 

0.19 

(0.09–0.34) 
51 

0.87 

(0.65–1.14) 
21 

0.36  

(0.22–0.55) 
9 

0.15 

(0.07–0.29) 
83 

1.41 

(1.13–1.75) 
65 

1.11 

(0.85–1.41) 

2005 231 
3.90  

(3.41–4.43) 
9 

0.15 

(0.07–0.29) 
50 

0.84  

(0.63–1.11) 
20 

0.34  

(0.21–0.52) 
13 

0.22  

(0.12–0.37) 
74 

1.25 

(0.98–1.57) 
73 

1.23 

(0.96–1.55) 

2006 235 
3.86  

(3.39–4.39) 
6 

0.10 

(0.04–0.21) 
48 

0.79  

(0.58–1.05) 
20 

0.33 

(0.20–0.51) 
7 

0.12 

(0.05–0.24) 
88 

1.45 

(1.16–1.78) 
71 

1.17 

(0.91–1.47) 

2007 217 
3.37 

 (2.93–3.84) 
15 

0.23  

(0.13–0.38) 
42 

0.65  

(0.47–0.88) 
14 

0.22 

(0.12–0.36) 
12 

0.19 

(0.10–0.33) 
72 

1.12 

(0.87–1.41) 
75 

1.16 

(0.91–1.46) 

2008 240 
3.70  

(3.25–4.20) 
12 

0.18  

(0.10–0.32) 
46 

0.71  

(0.52–0.95) 
21 

0.32 

(0.20–0.49) 
13 

0.20  

(0.11–0.34) 
79 

1.22 

(0.96–1.52) 
76 

1.17 

(0.92–1.47) 

2009 256 
3.99  

(3.51–4.51) 
10 

0.16 

(0.07–0.29) 
57 

0.89  

(0.67–1.15) 
31 

0.48 

(0.33–0.69) 
8 

0.12 

(0.05–0.25) 
94 

1.46 

(1.18–1.79) 
67 

1.04 

(0.81–1.33) 

2010 228 
3.56  

(3.11–4.05) 
7 

0.11  

(0.04–0.23) 
45 

0.70 

(0.51–0.94) 
26 

0.41 

(0.27–0.59) 
13 

0.20 

(0.11–0.35) 
62 

0.97 

(0.74–1.24) 
83 

1.30 

(1.03–1.61) 

2011 237 
3.84  

(3.37–4.36) 
3 

0.05  

(0.01–0.14) 
54 

0.87  

(0.66–1.14) 
31 

0.50 

(0.34–0.71) 
9 

0.15 

(0.07–0.28) 
72 

1.17 

(0.91–1.47) 
76 

1.23 

(0.97–1.54) 

Note: Prevalence is livebirth prevalence per 1,000 (live and still) births 
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Table 35. Fetal death prevalence of congenital anomaly typically requiring surgery (CARS), by year and congenital anomaly, 2000–2011 

Year of birth 

Total CARS Craniosynostosis Digestive  system Gastroschisis Omphalocele Orofacial cleft Severe CHD 

No. 
Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 
No. 

Prevalence 

(95% CI) 

2000–2011 284  
0.39  

(0.35–0.44) 
4  

0.01  

(0.00–0.01) 
73  

0.10  

(0.08–0.13) 
18  

0.02  

(0.01–0.04) 
33  

0.05  

(0.03–0.06) 
48  

0.07  

(0.05–0.09) 
135  

0.19  

(0.16–0.22) 

2000 20 
0.34  

(0.21–0.53) 
1 

0.02  

(0.00–0.10) 
5 

0.09 

(0.03–0.20) 
0 - 3 

0.05  

(0.01–0.15) 
5 

0.09  

(0.03–0.2) 
9 

0.15  

(0.07–0.29) 

2001 18 
0.32  

(0.19–0.50) 
0 - 2 

0.04  

(0.00–0.13) 
2 

0.04  

(0.00–0.13) 
2 

0.04  

(0.00–0.13) 
4 

0.07  

(0.02–0.18) 
9 

0.16 

(0.07–0.30) 

2002 15 
0.27  

(0.15–0.44) 
0 - 7 

0.12  

(0.05–0.26) 
4 

0.07  

(0.02–0.18) 
3 

0.05  

(0.01–0.16) 
1 

0.02 

(0.00–0.10) 
2 

0.04  

(0.00–0.13) 

2003 25 
0.43  

(0.28–0.64) 
0 - 7 

0.12  

(0.05–0.25) 
3 

0.05  

(0.01–0.15) 
1 

0.02  

(0.00–0.10) 
1 

0.02  

(0.00–0.10) 
13 

0.22  

(0.12–0.38) 

2004 20 
0.34  

(0.21–0.53) 
0 - 5 

0.09  

(0.03–0.20) 
0 - 3 

0.05  

(0.01–0.15) 
3 

0.05 

(0.01–0.15) 
10 

0.17 

(0.08–0.31) 

2005 20 
0.34  

(0.21–0.52) 
0 - 8 

0.13  

(0.06–0.27) 
1 

0.02  

(0.00–0.09) 
4 

0.07 

 (0.02–0.17) 
1 

0.02 

(0.00–0.09) 
9 

0.15  

(0.07–0.29) 

2006 23 
0.38  

(0.24–0.57) 
0 - 7 

0.12  

(0.05–0.24) 
1 

0.02  

(0.00–0.09) 
4 

0.07  

(0.02–0.17) 
2 

0.03 

(0.00–0.12) 
10 

0.16 

(0.08–0.30) 

2007 41 
0.64  

(0.46–0.86) 
0 - 8 

0.12  

(0.05–0.24) 
2 

0.03  

(0.00–0.11) 
5 

0.08  

(0.02–0.18) 
11 

0.17  

(0.09–0.31) 
20 

0.31 

(0.19–0.48) 

2008 30 
0.46  

(0.31–0.66) 
1 

0.02  

(0.00–0.09) 
7 

0.11  

(0.04–0.22) 
1 

0.02  

(0.00–0.09) 
1 

0.02 

 (0.00–0.09) 
8 

0.12  

(0.05–0.24) 
17 

0.26  

(0.15–0.42) 

2009 23 
0.36  

(0.23–0.54) 
2 

0.03  

(0.00–0.11) 
6 

0.09  

(0.03–0.20) 
3 

0.05  

(0.01–0.14) 
3 

0.05  

(0.01–0.14) 
4 

0.06 

(0.02–0.16) 
7 

0.11  

(0.04–0.22) 

2010 25 
0.39  

(0.25–0.58) 
0 - 9 

0.14  

(0.06–0.27) 
1 

0.02  

(0.00–0.09) 
1 

0.02  

(0.00–0.09) 
5 

0.08  

(0.03–0.18) 
12 

0.19  

(0.10–0.33) 

2011 24 
0.39  

(0.25–0.58) 
0 - 2 

0.03  

(0.00–0.12) 
0 - 3 

0.05  

(0.01–0.14) 
3 

0.05  

(0.01–0.14) 
17 

0.28 

(0.16–0.44) 

Note: Prevalence is fetal death prevalence per 1,000 (live and still) births 
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Table 36. Prevalence (with 95% CI) of congenital anomalies typically requiring paediatric surgery, 

by maternal age group and fetus/baby’s prioritised ethnicity, 2000–2011 

Prioritised 

ethnicity 

Maternal 

age (years) 

Total births Livebirths Fetal deaths 

No. 

Prevalence  

(95% CI) No. 

Prevalence  

(95% CI) No. 

Prevalence  

(95% CI) 

Māori  

<20  137 
4.41  

(3.70–5.22) 
118 

3.80  

(3.14–4.55) 
19 

0.61  

(0.37–0.96) 

20–24  189 
3.25  

(2.80–3.75) 
174 

2.99  

(2.56–3.47) 
15 

0.26  

(0.14–0.43) 

25–29  158 
3.08  

(2.62–3.60) 
140 

2.73  

(2.30–3.22) 
18 

0.35  

(0.21–0.55) 

30–34  97 
2.35  

(1.91–2.87) 
92 

2.23  

(1.80–2.73) 
5 

0.12  

(0.04–0.28) 

<35  78 
2.85  

(2.25–3.55) 
74 

2.70  

(2.12–3.39) 
4 

0.15  

(0.04–0.37) 

Pacific  

<20  33 
5.00  

(3.44–7.03) 
29 

4.40  

(2.94–6.32) 
4 

0.61  

(0.16–1.55) 

20–24  70 
3.60  

(2.80–4.54) 
63 

3.24  

(2.49–4.14) 
7 

0.36  

(0.14–0.74) 

25–29  56 
2.60  

(1.97–3.38) 
51 

2.37  

(1.77–3.12) 
5 

0.23  

(0.07–0.54) 

30–34  69 
3.77  

(2.93–4.77) 
61 

3.33  

(2.55–4.28) 
8 

0.44  

(0.19–0.86) 

<35  51 
3.66  

(2.72–4.81) 
46 

3.30  

(2.42–4.40) 
5 

0.36  

(0.12–0.84) 

Asian  

<20  2 
1.96  

(0.22–7.07) 
1 

0.98  

(0.01–5.45) 
1 

0.98  

(0.01–5.45) 

20–24  37 
4.25  

(3.00–5.86) 
27 

3.10  

(2.05–4.52) 
10 

1.15  

(0.55–2.11) 

25–29  54 
2.44  

(1.83–3.18) 
44 

1.98  

(1.44–2.66) 
10 

0.45  

(0.22–0.83) 

30–34  63 
2.71  

(2.08–3.47) 
54 

2.32  

(1.74–3.03) 
9 

0.39  

(0.18–0.73) 

<35  64 
4.26  

(3.28–5.45) 
53 

3.53  

(2.64–4.62) 
11 

0.73  

(0.37–1.31) 

European/ 

Other 

<20  122 
9.23 

(7.67–11.0) 
116 

8.78  

(7.25–10.5) 
6 

0.45  

(0.17–0.99) 

20–24  260 
6.10  

(5.38–6.89) 
240 

5.63  

(4.94–6.39) 
20 

0.47  

(0.29–0.73) 

25–29  379 
4.38  

(3.95–4.84) 
341 

3.94  

(3.53–4.38) 
38 

0.44  

(0.31–0.60) 

30–34  566 
4.31  

(3.96–4.68) 
516 

3.93  

(3.60–4.28) 
50 

0.38  

(0.28–0.50) 

<35  480 
5.11  

(4.66–5.59) 
442 

4.70  

(4.28–5.16) 
38 

0.40  

(0.29–0.56) 

Note: 28 fetuses/babies did not have a maternal age or prioritised ethnicity specified.  Prevalence is 

per 1,000 (live and still) births.  European/Other encompasses European, MELAA, and Other ethnic 

groups. 



143 

 

Figure 29. Prevalence (with 95% CI) of individual congenital anomalies typically requiring surgery, 

by fetus/baby’s prioritised ethnicity, maternal age group, and congenital anomaly, 2000–

2011 
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