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Hospital administrative data are attractive for comparing

performance of maternity units because of their often large

sample sizes, lack of selection bias and the relatively low

costs of accessing these data compared with conducting

primary data collection. However, using administrative data

to develop indicators can also present challenges including

varying data quality, the limited detail on clinical risk factors

and a lack of structural and user experience measures.

This review illustrates how to develop performance indicators

for maternity units using hospital administrative data,

including methods to address the challenges that

administrative data pose.
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Background

There is growing interest in performance monitoring

and quality improvement in healthcare in the UK and else-

where.1–3 Although the quality of healthcare can be

improved without measuring performance, for example,

through educational programmes or clinical guidelines,4,5

accurate measurement of processes and outcomes of care is

now seen as crucial for guiding service improvement.1,2,6,7

In countries in which routinely collected hospital admin-

istrative data sets exist, these are attractive data sources for

comparing the performance of maternity units, due to their

often large sample sizes, lack of selection bias and the rela-

tively low costs of accessing these data compared with con-

ducting primary data collection. A range of performance

indicators derived from these data have been proposed for

both primary and secondary care.8,9 However, despite high

levels of public interest in the safety and quality of maternity

care, many countries lack robust, easily interpretable infor-

mation on even basic maternal and perinatal outcomes.10

In the UK, a number of initiatives have recently been

introduced, aiming to improve this situation by drawing

on routinely collected clinical and hospital administrative

data to measure performance and variation in care between

maternity units.11–13 For example, the new National Mater-

nity and Perinatal Audit in England, Scotland and Wales

will link existing data sources, rather than introducing new

bespoke data collections solely for the purposes of the

audit.14 In Scandinavian countries, there is a long history

of using medical birth registry databases, often further

linked to other national databases, to conduct research into

the organisation and outcomes of maternity care and to

inform public health initiatives.15 Similar initiatives based

on routine data linkage exist in Australia.16 A recent sys-

tematic review found that broader adoption of routine data
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linkage of perinatal health databases could yield substantial

gains for research and surveillance.17 It therefore seems

likely that, despite the inherent challenges of using these

data, there will be a reliance on maternity indicators based,

at least in part, on administrative data for some time to

come.

Hospital administrative data have several advantages for

describing care and outcomes. Where administrative data

are readily available they are a cost-effective source of

information. Where the majority of care is captured by

these data, the risk of selection bias is reduced and sample

sizes can be large. For example, in England >96% of all

deliveries occur in National Health Service (NHS) hospitals

and are captured by administrative data (Hospital Episode

Statistics, HES).18 Hospital administrative data also capture

multiple procedures and diagnoses at the patient level,

providing a rich description of patient characteristics and

clinical risk factors. However, there are some important

limitations of using administrative data to develop perfor-

mance indicators. There can be concerns about the accu-

racy and completeness of diagnosis and procedure

coding,19 although there is mounting evidence that in

England, most NHS trusts submit good quality data to

HES.20–22 Another limitation is that not all clinical infor-

mation is captured in administrative data sets. Some risk

factors such as body mass index, smoking and alcohol con-

sumption are often not recorded. This means that they

cannot be taken into account in risk-adjustment for case-

mix, although record linkage can extend the range of data

items available and so can improve the validity and quality

of routine data. In addition, administrative data lend them-

selves to process and outcome indicators; measures of

structural and user experience are not normally available.

As a result of these challenges and opportunities, the

use of hospital administrative data for performance mon-

itoring requires caution and a robust methodology. How-

ever, information on how to derive maternity indicators

from administrative data sources is lacking. Our aim is

to address this by describing a transparent approach with

explicit criteria. This approach can be used by those

wanting to develop performance maternity indicators

using HES data, the national administrative database of

the English NHS, or administrative data available in

other healthcare settings. Furthermore, the criteria can be

used by clinicians to evaluate existing performance indi-

cators.

This approach has been used to develop indicators for

the Royal College of Obstetricians and Gynaecologists’

(RCOG) Clinical Indicators Project and examples from this

project will be used throughout.10,11 The data source used

for the examples is the HES database, containing records of

admissions to NHS hospitals. Briefly, the HES database

contains information on each episode of admitted patient

care in the English NHS.23 Each record contains data on

patient demographics (such as age, sex and ethnicity), the

episode of care (e.g. hospital name, date of admission and

discharge) and clinical information. Diagnoses are recorded

using the International Classification of Diseases, tenth edi-

tion (ICD-10)24 and procedures using the Office of Popula-

tion, Censuses and Surveys Classification of Surgical

Operations and Procedures, fourth revision (OPCS-4).25

Each episode related to the delivery of a baby can also cap-

ture details about the labour and birth, such as parity,

mode of delivery, gestational age and birthweight, in sup-

plementary data fields known as the ‘maternity tail’. Each

patient is assigned a unique identifier, allowing the study

of longitudinal patterns of care or the number of previous

births for a particular woman. For the example, delivery

records were defined as those with information about a

delivery in either the maternity tail or the OPCS fields in

the financial year 2013/14.

Developing indicators

Indicators are statistics that can describe clinical

performance. The information they provide can be used for

identifying possible problems and opportunities for

improvement, informing policy-making, comparative

benchmarking, and providing information to facilitate con-

sumers’ choice of healthcare provider.

Building on work carried out in several surgical spe-

cialties,20 we assessed the suitability of using hospital

administrative data for developing maternity indicators and

developed a three-stage process: ‘identification’, ‘develop-

ment and evaluation’, and ‘implementation and feedback’

(summarised in Figure 1).10,11 The second stage involves

evaluation against four criteria: ‘validity’, ‘statistical power’,

‘technical specification’ and ‘fairness’. Potential indicators

must meet each criterion before being evaluated against the

next.

Seeking input from clinicians, methodologists and service

users is a key characteristic of this indicator development

process, and should be sought at each stage. Input can be

via formal consensus methods,26 or less formal round-table

discussions. To minimise bias, it is important that the dis-

cussions are facilitated by a neutral chair and to ensure that

all key stakeholder groups are sufficiently represented. The

specific stakeholder groups that are key may vary in differ-

ent settings, depending on how maternity care is organised.

At the outset, all stakeholders should receive a clear brief

about the aims of the initiative, the process for indicator

selection and the opportunities and limitations of the data

source/s. The consensus group that guided the indicator

development process described in this paper consisted of

obstetricians and midwives active in the English NHS,

health services researchers and lay women with recent
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experience of English maternity care (see Acknowledg-

ments). Lay representatives were recruited from the

RCOG’s Women’s Voices Involvement Panel.27

Stage one: Indicator identification

To identify candidate indicators for development using

administrative data, a valuable first step is a systematic

review of the literature, including clinical guidelines. This

also allows for an examination of associations between candi-

date indicators and important outcomes. Nonsystematic

approaches can be informative, but do not maximise the use

of available evidence.8 In addition to identifying indicators

from the literature, suggestions can be sought from stake-

holders with an interest in measuring the performance of

maternity services through surveys or face-to-face meetings,

thereby reducing the potential impact of publication bias.

To provide a broad understanding of the performance

and quality of a healthcare service as a whole it is impor-

tant that a suite of indicators is ‘balanced’. A balanced suite

would ideally include indicators relating to the structure of

care, the processes of care, or the outcomes of the care

received6 throughout the care pathway, and including mea-

sures of user experience. Indicators derived from adminis-

trative data will tend to focus on process and outcome

indicators as structural and user experience measures are

not normally available in these data sets. However, they are

nonetheless important for understanding many care out-

comes. Balancing the types of measures used to evaluate

performance can also help to minimise the risk of indica-

tors being taken out of context and in that way misinform-

ing quality improvement initiatives.

Stage two: Indicator development and
evaluation

Given the challenges of using administrative data it is

important to rigorously evaluate candidate indicators to

address these issues as far as possible. In our process this

entailed evaluation against four criteria in turn: ‘validity’,

‘statistical power’, ‘technical specification’ and ‘fairness’.

Criterion one: Validity
Clinical and lay input should be sought to identify which

of the identified indicators are considered to be clinically

meaningful, or in other words to measure aspects of the

service or the quality of care provided that are relevant to

patients. For an indicator to be considered valid, it must

also be likely that a difference in the indicator reflects a dif-

ference in the quality of care, and a specific direction

should reflect better quality. For example, a higher rate of

‘obstetric anal sphincter injury’ can be thought to reflect

poorer obstetric care. Indicators not meeting this criterion

should be dropped at this stage. Examples of decisions to

include, refine and exclude indicators based on assessments

of validity in the RCOG Maternity Indicators Project are

provided in the Supporting information (Appendix S1).

Figure 1. How to develop relevant, rigorous and robust clinical

indicators.
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A key consideration when using hospital administrative

data to develop indicators of quality of care is whether

denominators and numerators can be adequately captured.

Once an indicator was identified as valid, input from clini-

cians was used to define the appropriate ‘denominator’ (the

group of patients for whom the indicator is relevant) and

‘numerator’ (the state or the event of which the frequency is

captured by the indicator). For example, an indicator reflect-

ing the use of elective caesarean section before 39 weeks

without clinical indication would have as its denominator

the number of patients who had an elective caesarean section

without a recorded clinical indication (e.g. gestational hyper-

tension, gestational diabetes or poor fetal growth) and as its

numerator the number of patients in this group who had an

elective caesarean section before 39 weeks.11,29

Not all variation in performance indicators will reflect

variation in quality of care. Factors including random fluc-

tuations, differences in data quality, and the case-mix of

patients between hospitals may account for a large part of

the observed variation. Conclusions about quality of care

can only be reasonably drawn after differences due to these

other factors are excluded. With criteria two, three and

four we describe a transparent approach to address these

issues in administrative data sets.

Criterion two: Statistical power
An advantage of using administrative data to develop indi-

cators is their often large sample size. However, even in

large data sets, where an event or a procedure that forms

part of an indicator is rare, the statistical power to identify

providers with truly poor performance is low. In this situa-

tion, no evidence of poor performance cannot be taken as

evidence of acceptable performance.29 Indicators should be

reported at a level (clinic, hospital, NHS trust) that is

appropriate to how care is commissioned and provided.

However, where numbers within a unit are too small, a

higher-level unit of analysis, or a longer timeframe should

be considered. If this is not appropriate (given the way that

care is commissioned or provided) the indicator cannot be

judged to have met this statistical power criterion. We

rejected some maternity indicators due to a small number

of events per hospital per year. For example, the maternal

mortality rate in the UK is 8.5/100 000 pregnancies.30

Therefore, the ‘signal to noise’ ratio for this measure is too

low to detect true differences between hospitals.31,32 In this

situation, composite indicators may be appropriate. For

example, a composite maternal morbidity indicator has

been proposed using Australian routine hospital data.33,34

Criterion three: Feasibility of technical
specification
As administrative data are collected for administrative pur-

poses rather than for research or quality improvement, not

all data items required for specific indicators may be ade-

quately captured. Valid and adequately powered indicators

should therefore next be evaluated in terms of their techni-

cal specification. This comprises a detailed assessment of

the available data source(s) to establish how well patient

populations, important case-mix differences and the proce-

dures or outcomes that define the indicator can be cap-

tured. In HES, this involves exploring the diagnosis (ICD-

10) and procedure (OPCS-4) codes that can be used to

define the indicator in preliminary analyses. The technical

specification of the inclusions and exclusions defined in

step 1 should also be evaluated.

Where data required to construct the indicators and

identify the units of analysis are available, an assessment of

the data quality and completeness should also be con-

ducted. Identifying data quality issues that would affect our

ability to define the appropriate populations for each indi-

cator allowed us to be confident that indicators were based

on data that met minimum standards. We propose assess-

ing data quality overall, and by hospital, using three main

methods:11

� Investigation of the proportion of missing data

� Internal consistency between data items within HES.21,35

For example, we excluded hospitals in which <90% of the

records had consistency of mode of delivery between the

main HES record and the maternity tail (see Supporting

information, Appendix S1).

� Comparison with results from external studies

Examples of data quality assessments conducted as part

of the Maternity Indicators Project are provided in the

Supporting information, (Appendix S2). Full details of how

data quality was assessed have been published elsewhere.11

Another example of evaluating the technical specification

of an indicator is a recent study that explored whether a

composite maternal morbidity indicator developed using

Australian routine data could be derived from HES data.33

This study found that the quality of the relevant HES data

meant that 11 conditions that were included in the Aus-

tralian indicator would have to be excluded from the English

indicator. These included eclampsia, obstetric embolism and

cardiac arrest/failure, which are associated with increased

risk of maternal mortality in the UK,36 making the resultant

indicator questionable in its ability to accurately estimate

maternal morbidity during childbirth in England.

Criterion four: Fairness
Patient characteristics may influence indications for proce-

dures and treatments, as well as influencing outcomes.

Indicators should only be used for comparative purposes

where adequate adjustment has been made for key case-

mix differences between populations of patients. Calculat-

ing indicators without appropriate risk-adjustment may

give rise to misleading results.3,37–39 A number of questions
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should be evaluated as part of robust risk-adjustment

(Box 1).

Hospital administrative data are able to capture multiple

procedures and diagnoses at an individual level, providing

a rich description of the case-mix of patient characteristics

and clinical risk factors. However, not all clinical informa-

tion is captured; risk factors such as body mass index,

smoking and alcohol consumption are not recorded, mean-

ing they cannot be accounted for.

In maternity care, certain pregnancy characteristics can

have a large impact on the care provided and on outcomes.

To ensure that the indicators would allow fair comparisons

among hospitals, we decided to focus on women with sin-

gleton, term, cephalic deliveries, whose maternity care is

most affected by between-hospital and between-provider

variation in clinical practices.40,41 Multiple births, preterm

births and breech deliveries require very different manage-

ment. Remaining differences in case-mix between hospitals

can be addressed in several ways. First, indicators can be

stratified by a clinical condition that has a major influence

on outcomes. For example, we stratified maternity indica-

tors by parity (nulliparous and multiparous). Second, risk-

adjustment using a regression model can be used. Further

information on the methods and impact of risk adjustment

in the RCOG’s maternity indicators project is provided in

the Supporting information (Appendix S3). Identifying

which factors to include in these risk adjustment models is

complex, requiring knowledge of the relevant factors, statis-

tical expertise and adequate data.

Following evaluation against these four criteria of: ‘valid-

ity’, ‘statistical power’, ‘technical specification’ and ‘fair-

ness’, in turn, 18 maternity indicators were developed from

HES data (Table 1).11

Stage three: Implementation and
feedback

Given high levels of public interest in the quality of maternity

care, and the challenges associated with using administrative

data for this purpose, the use of indicators for performance

assessment derived from administrative data needs to be

implemented cautiously. A feasibility phase in which hospi-

tal-specific results are published anonymously can generate

buy-in from those who will ultimately use the indicators.

Individual, personalised feedback of results to the hospitals

may also give them an opportunity to address identified

data-quality issues.10,11 Also, careful consideration should be

given to the best methods for reporting results to achieve

maximum impact with the intended audiences.42,43,44 This

may be static reports, interactive online formats, and/or a

series of local or regional discussion meetings. Finally, it is

important to encourage those who use indicators not to

interpret the results of individual indicators in isolation, but

to look at a suite as a whole, considering possible relation-

ships between indicators.45 For example, in maternity care

there is an association between lower prelabour caesarean

section rates and therefore higher vaginal delivery rates on

the one hand but also higher emergency caesarean section

rates, which in turn can influence outcomes such as length of

stay or readmission post-delivery.

Concluding remarks

There is international interest in using indicators derived

from administrative data to drive improvements in mater-

nity care3,16 but information on how to derive indicators

from administrative data, addressing the challenges pre-

sented by these data, is lacking. We present an approach

for developing indicators using administrative data that has

been well received by healthcare professionals and addresses

many of the challenges of using administrative data for this

purpose.10,11 Key features of this process are explicit data

quality checks, risk-adjusting hospital results for differences

in patient case-mix, and clinical and lay input at all stages.

Some of the indicators developed have already been incor-

porated into local monitoring systems and national out-

come frameworks (Box 2) and will be developed further as

part of the new National Maternity and Perinatal Audit.14

Our indicator development process is also more ‘stream-

lined’ than others,3,46 with three steps and four evaluation

criteria. This supportive approach also included collabora-

tion between those developing indicators and those whose

performance they are designed to monitor.

Overall, hospital administrative data sources are attrac-

tive for comparing performance of maternity units within

and between countries due to their often large sample

sizes, lack of selection bias and the relatively low costs of

Box 1. Risk adjustment: questions to ask

Case mix

How big are the important case-mix differences between
hospitals/trusts?

Data

Does sufficient detail on case-mix exist in the available data?
If not, could data linkage be used to obtain these data from other
sources?

Unmeasured confounding

Which factors do not have data available which could result in
unmeasured confounding?

Impact of adjustment

What is the impact of risk-adjustment on the differences
between the hospitals/trusts?
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accessing these data compared with those of conducting

primary data collection. However, using administrative

data to develop maternity indicators also presents chal-

lenges, and the development of the indicators described in

this review has triggered debate about the use of adminis-

trative data for this purpose. Such debate has included

concerns about the accuracy and completeness of coding,

that data quality may vary between healthcare providers,

the lack of detail on risk factors such as body mass index,

smoking and alcohol consumption and the absence of struc-

tural and user experience measures.19,47 However, a system-

atic review of discharge coding accuracy in administrative

Table 1. Indicators developed from HES for the RCOG’s maternity indicators project

Population subset

1. Unassisted vaginal deliveries

(1a) Proportion of spontaneous, unassisted vaginal deliveries Primip/Multip

2. Indicators related to induction of labour

(2a) Proportion of induced labours Primip/Multip

(2b) Proportion of induced labours in deliveries between 37 and 39 weeks of gestation Primip/Multip

(2c) Proportion of induced labours in deliveries ≥42 weeks of gestation Primip/Multip

3. Indicators relating to caesarean section

(3a) Proportion of deliveries by caesarean section Primip/Multip

(3b) Proportion of induced labours resulting in emergency caesarean section Primip/Multip

(3c) Proportion of spontaneous labours resulting in emergency caesarean section Primip/Multip

(3d) Proportion of prelabour caesarean sections Primip/Multip

(3e) Proportion of prelabour caesarean sections performed before 39 weeks of gestation without clinical indication Pre

(3f) Proportion of vaginal births following a primary caesarean section Multip

4. Involvement of instruments

(4a) Proportion of deliveries involving instruments Primip/Multip

5. Episiotomy

(5a) Proportion of episiotomies among vaginal deliveries Primip/Multip

(5b) Proportion of episiotomies among instrumental deliveries F/Va

6. INDICATORS RELATING TO third- and fourth-degree tears

(6a) Proportion of third- and fourth-degree perineal tears among vaginal deliveries Primip/Multip

(6b) Proportion of third- and fourth-degree perineal tears among unassisted vaginal deliveries Primip/Multip

(6c) Proportion of third- and fourth-degree perineal tears among assisted vaginal deliveries Primip/Multip

7. Admissions to hospital following delivery

(7a) Unplanned maternal readmission to hospital within 42 days of delivery V/CS

(7b) Unplanned neonatal readmission to hospital within 28 days of birth NB

Primip, primiparous; Multip, multiparous; CS, caesarean section deliveries; F, forceps, NB, normal birthweight infants; Pre, subset of prelabour

caesarean section deliveries including women with non-cephalic presentation OR where one or two previous caesarean sections; Va, vacuum.

For all indicators, multiple and preterm deliveries were excluded. Women who delivered a baby with a non-cephalic presentation were also

excluded, apart from for indicators 3e and 7b.

Box 2. Examples of use of indicator definitions or data

Information from the maternity indicators project has already been used by trusts and incorporated into local monitoring systems,
national outcomes frameworks. For example:

� The definition of the indicator ‘Elective caesarean section without indication before 39 weeks of gestation’ has been proposed for
the Clinical Commissioning Group Outcomes Indicator Set
� Several Clinical Networks held regional workshops to encourage trusts within the same region to compare results and reflect on the
cause of any differences in practices or outcomes
� A number of indicators from this project have been included in regional dashboards.50

� The indicators have been used by trusts in the following ways (based on a small evaluation survey carried out in May 2016; n = 19
trusts):
o Discussed with clinical board/Senior Management Team: 55% (n = 11)
o Led to an internal audit: 30% (n = 6)
o Led to an investigation of data collection/coding/provision: 45% (n = 9)
o Led to a change in data systems/ability to provide data in the future: 25% (n = 5)
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UK data found that primary diagnosis accuracy improved

from 73.8% to 96.0% in the last decade, concluding that

administrative data are sufficiently robust to use for research

and managerial decision-making.48 For each indicator pro-

posed, careful evaluation of how well it can be derived from

administrative data to meet ‘validity’, ‘statistical power’,

‘technical specification’ and ‘fairness criteria’ allows some of

these challenges to be addressed. This transparent approach

to developing indicators using administrative data could also

be applied in other specialties, for primary care, and for

international, national or regional comparisons.

Hospital administrative data are not the perfect data

source for developing indicators of maternity care quality.

Because administrative data are not collected for research

purposes the performance indicators available may differ

from core outcome sets used in clinical trials that focus on

quality improvement and safety. The development of more

clinically detailed routine maternity data sets49 will ulti-

mately allow for improvement of existing indicators, and

the development of new indicators, producing a more bal-

anced picture of the quality of maternity care. However,

until centrally available electronic maternity records

become the norm, routine hospital administrative data,

linked with other sources of clinical and user experience

data where possible, will be the key data source for perfor-

mance indicators. Some countries, such as Denmark, Fin-

land, Norway and Sweden, are ahead of the game in

integrating data linkage into their routine perinatal health

surveillance systems and making these data available for

research, but this is not a universal practice even in

high-income countries with access to electronic hospital

administrative data.17 Standardisation of performance

measures derived from administrative data research would

be desirable to facilitate comparisons both nationally and

internationally.

It seems likely that there will be a reliance on maternity

indicators based, at least in part, on administrative data for

some time to come. In light of this, methods for addressing

the challenges posed by administrative data for the devel-

opment of performance indicators are sorely needed. The

transparent approach detailed in this paper aims to

contribute to this effort. Our approach has led to the

development of maternity indicators that have been

adopted at a local and national level, and addresses many

of the issues raised about the usefulness of administrative

data for performance monitoring.
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