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1 Introduction

This document contains the plan for the statistical analysis of the audit measures in the

2018 National Neonatal Audit Programme (NNAP), which is conducted on data from

2017. It is envisaged that future rounds of NNAP (data from 2018 onwards) and analy-

ses of other audit measures in the future would be conducted by the methods described

in this document, with changes or deviations from it described in brief notes, unless

the process of analysis is subjected to a substantial review. Throughout, 2018 Audit

refers to the assessment conducted in year 2018 using data from 2017. The document

is supplemented by Section 19 that describes case adjustment for bronchopulmonary

dysplasia (units and networks).

The current version of the plan can be divided into four parts:

1. Introduction and orientation in the data; Sections 1 – 5.

2. Funnel plots, caterpillar plots and lists of outliers for single-year analyses; Sec-

tions 6 – 8.

3. Longitudinal (multi-year) analysis; Sections 10 – 12.

4. Dealing with missing values; Sections 14 and 15.

5. Outliers among the networks; Sections 16 – 18.

The third part has three appendices. Throughout, the term network is used for

an operational delivery network (ODN); Wales and Scotland are also regarded as a

network each.

1.1 Main outputs and features

The outputs of the outlier analysis relate to neonatal units (hospitals), networks and

all the units participating in NNAP (the entire domain of the Audit). The key outcome

variable, defined for babies, is the indicator (coded as Yes/No) of whether a particular

aspect of care or treatment was applied according to the specified criterion. These

aspects, together with the associated criteria, are referred to as audit measures. In

some cases, the aspect is the presence of an adverse condition or illness. For the sake

of uniformity, we adopt the absence of this condition as the criterion. We treat the

presence of a desirable condition similarly.

The elementary record on which the analysis is based is referred to as a case. For

Antenatal steroids and Magnesium sulphate, a case is a mother. For all other audit
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measures a case is a baby. Satisfying the criterion for a case is referred to as compliance

(with an audit measure). The main results of the analysis are the rates (percentages) of

compliance, evaluated at the unit level, network level and overall. They are presented

in the following displays:

• caterpillar plot of the unit-level rates of compliance;

• caterpillar plot of the network-level rates of compliance;

• funnel plot of the unit-level rates of compliance;

• table (list) of outlying units.

Note that ‘compliance’ is a misnomer for (prevalence of) BPD and for Mother’s breast-

milk at discharge.

Outlier analysis is conducted for the following audit measures:

1. Ster — Antenatal steroids

2. Temp — Temperature on admission

3. Cons — First consultation with parents

4. ROP — Retinopathy of prematurity screening

5. MagS — Magnesium sulphate

6. FLW — Clinical follow-up at two years of age

The acronyms for them are printed in italics. Outlier analysis is conducted only at

network level for the audit measure

7. BC3 — Birth in a centre with a NICU

Caterpillar plots are constructed also for the following audit measures:

8. MBM — Mother’s breastmilk at discharge

9. BPD — Bronchopulmonary dysplasia

Further audit measures will be added to the latter list.

Outliers are classified by the terms ‘Alert’ and ‘Alarm’. Alert is used for units for

which there is a weaker evidence (2 SD– 3 SD) that they are outliers. Alarm is used for

units for which there is a stronger evidence (3 SD or more) that they are outliers.
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Outcomes are missing for some babies that satisfy the inclusion criteria for the

analysis. In the outlier analysis, these babies are discarded; that is, no imputation is

applied. The rate of nonresponse (frequency of missing entries) is evaluated and units

and networks with exceptionally high rates are noted. A unit-level summary of the

rates of nonresponse is also compiled.

The source of all data for the analysis is the National Neonatal Research Database

(NNRD).

2 Unit- and network-level tables

The relevant baby-level records for an analysis are extracted from NNRD and submitted

directly to customised SAS procedures1. Every baby is associated with three or more

units — where the mother was booked for delivery, where the baby was born and where

a particular aspect of neonatal care was provided (more than one unit for some babies).

In many cases, these units are not distinct; in some cases, all three units are the same.

Each measure is associated with one of these units. The term ‘attribution’ refers to

this association.

The unit-level table for an audit measure is formed by counting the numbers of

cases of compliance (denoted by Y), failures to comply (N) and missing outcomes (M).

The network-level table is formed similarly. Apart from Nobles Hospital, Isle of Man,

every unit belongs to a network. However, the entries in a network-level table may not

be equal to the totals of the corresponding entries for the units within their networks

because some babies are not associated with a participating neonatal unit but are

linked to a network. Examples of such cases are births at home and in transit. For

BC3, such cases are linked to networks.

In all analyses, the units in Wales and in Scotland are each treated as a single

network; there are 15 networks, 13 of them are operational delivery networks (ODN)

in England. Thames Valley and Wessex ODN were treated in 2016 as two networks.

In 2017 they will be treated as a single network. Some (small) units do not contribute

to the analysis of some audit measures, and so the number of units in an analysis may

vary across the audit measures.

1 SAS — Statistical Analysis Software, Cary, North Carolina, U.S.A.
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Table 1: Eligibility criteria for inclusion in the analysis

Criteria

Measure Subject Attribution GA Other

Antenatal steroids Mother Place of birth 24 – 34 First known episode only

Temperature Baby Place of birth < 32 First known episode only
Admitted to a unit within
one hour of birth

Consult. parents Baby Provider All Admitted to unit for at least
12 hours in the first episode;
transitional care unit excluded

ROP screening Baby Provider < 32 Or birthweight < 1501 grams
Alive at the end of the
screening window

Magnesium sulphate Mother Place of birth < 30 Within 24 hours of delivery

Mother’s milk Baby Provider < 33 All care in one unit
Discharge status — Home

BPD Baby Place of birth < 32 Survival till 36 weeks GA

Two-year follow-up Baby Last provider < 30 Survived till discharge

Birth in a centre Baby Place of birth < 27
with NICU

Notes: GA — gestational age at birth, in weeks.

3 Eligibility

The term ‘eligibility’ refers to the set of criteria for including a data record (a case, a

baby or mother) in the analysis. The eligibility criteria are specific to audit measures,

but have some elements in common. The principal criterion is given by a limit on the

gestational age at birth (GA). For ROP screening, the eligibility criterion is

gestational age at birth short of 32 weeks

or

birthweight smaller than 1501 grams.

The analysis of an audit measure is conducted at the baby level for all measures ex-

cept for Antenatal steroids and Magnesium sulphate, which are conducted for eligible

mothers. The attribution for Antenatal steroids, Temperature on admission, Magne-

sium sulphate, BPD and Birth in a centre with NICU is to the place of birth, and for

the other four measures it is to the provider; for Two-year follow-up it is to the last

provider. Details are given in Table 1.
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Consultation with parents has no eligibility criterion based on GA (all babies are

eligible), and the other measures have eligibility criteria with upper limits of 30 – 34

weeks. Babies with GA below 24 weeks are excluded from the analysis for Antenatal

steroids. Note that for Antenatal steroids the criterion for GA will be changed in the

2019 Audit (based on 2018 data) from 24 – 34 weeks to 23 – 33 weeks.

Except for BPD and Two-year follow-up, a baby is included in the audit if its date

of final discharge (with either survival status, died or survived) from a neonatal unit

is in the reference year (1st January – 31st December 2017 in the current plan, for

2018 Audit). For BPD, babies from the last three years are included (2015 – 17 in the

2018 Audit), and the reference period for Two-year follow-up is centred on 1st January

two years before the beginning of the audit year. For the 2018 Audit, the reference

period for Two-year follow-up is from 1st July 2014 till 30th June 2015. For BPD and

Two-year follow-up, the date used for inclusion in the analysis is the birthday, with a

correction for gestational age for the Follow-up.

4 Data for outlier analysis

The dataset for the analysis is extracted from NNRD as an Excel file (∗.csv). It has

the variables (fields) listed in Table 2. Audit measures that relate to the place of birth

use the unit and network of birth; measures for providers use the provider’s unit and

network. The data file will be re-used for network-level analysis. A data set will be

extracted in this format and layout even when only network-level analysis is conducted.

Units and networks

The list of eligible neonatal units, for which an analysis is to be carried out, is main-

tained by NNAP. All other entries are excluded from the analysis of units, although

they may be included in an analysis at the network level. They include records indicat-

ing birth at home, birth in none of the NHS hospitals, birth outside the delivery suite

of a NHS hospital, in transfer, at an unknown location, and the like. A record may be

excluded from an analysis based on the unit of birth (e.g., in transit), but included in

an analysis of units providing care (a neonatal unit).

A unit may report for only part of the year. The variable NotFullYear indicates

records from such units. These records are excluded from all unit-level analyses, but

are included in all network-level analyses. The attributes and assignments of a unit

may change during a year. For example, a unit may be promoted from level 2 (LNU) to

level 3 (NICU) or may be re-assigned from one network to another. In every analysis,
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Table 2: Variables in the extracted dataset for NNAP outlier analyses.

Name of variable Code name Notes

Identifiers

Badger code Badger3AnonID Unique

Mother’s code MotherCode Common to multiple births

Location (Unit and Network)

Unit providing care ProviderName

or Unit of birth PoBName

Network where care is provided ProviderODN

or network of birth PoBODN

The unit reports for full year? NotFullYear

Lower layer super area LSOA

Clinical level of the unit ProviderLevel

or PoBLevel

Baby

Episode No. EpisodeNumberBaby

GA (weeks) GestationWeeks # completed weeks

Birthweight Birthweight For ROP screening only

Year of birth BirthYear

Month of birth BirthMonth

Birth order BirthOrder

Outcome

Indicators (0/1) Specific to audit measures

Notes: Place of birth — for Antenatal steroids, Temperature, Magnesium sulphate, BPD,

Birth in a centre with NICU; Provider — for Consultation with parents, ROP screening,

Mother’s milk at discharge; Last provider — Two-year follow-up.

the attributes and assignments in force at the end of the audited period, such as 31st

December 2017 in the 2018 Audit, will apply.

The networks for which an analysis is to be carried out are listed in Table 3, together

with the abbreviated names for them. The entry Unknown is used to indicate ‘missing’;

there may also be an empty entry, or a missing-value code. Records with these entries

for network are excluded; their entries for the unit make them ineligible also from the

unit-level analysis. The only exception is Nobles Hospital, Isle of Man, which is not

associated with any network.
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Table 3: The full and abbreviated names of the networks participating in NNAP.

Full name Abbreviated name

East of England Neonatal ODN East of England

Midlands South West Newborn Neonatal ODN Midlands SW

North Central & North East London Neonatal ODN London N&C

North West London Neonatal ODN London NW

North West Neonatal ODN North West

Northern Neonatal ODN Northern

Peninsula & Western Neonatal ODN Penins & West

Scotland∗ Scotland

South East Coast Neonatal ODN South East

South London Neonatal ODN London South

Staffordshire, Shropshire and Black Country Neonatal ODN Staff-Shrop BC

Thames Valley & Wessex ODN† Thames Valley

Trent Perinatal & Central Newborn Neonatal ODN Trent

Wales∗ Wales

Yorkshire & Humber Neonatal ODN Yorkshire

Notes: ∗ — not organised as a network, but treated as one network in all analyses; † — a

single network in 2018 Audit, but two separate networks until 2017.

Outcomes

The outcomes, which define for every eligible baby whether its particular aspect of care

(audit measure) is in compliance, or a particular condition (morbidity) is present, are

given as a set of indicators. They differ across the audit measures. For Temperature,

there are two sets of indicators, one for timeliness of the measurement and one for

the range in which the measured value of the temperature falls. Within each set,

the indicators are divided into groups for compliance (usually one indicator) and for

noncompliance (in some cases several indicators). There may also be an indicator for

missing entry (Unknown). For every baby, the values of the indicators in a set comprise

zeros except for one unity. For example, if the indicators are for (measurement) On

time, Late, Never, and Unknown, then the possible sets of values are (1, 0, 0, 0) for

On time, (0, 1, 0, 0) for Late, (0, 0, 1, 0) for Never, and (0, 0, 0, 1) for Unknown.

The rules for classifying the outcomes for Temperature are given in Table 4. When

the temperature was not recorded, the category 32.5 – 35.9 is assigned by default.2 For

2This is not necessary, and should be marked as ‘Unknown’. Agreement to change it was made.
Impact on the estimation — none.
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Table 4: Classification of the outcomes for audit measure Temperature.

Temperature range (◦C)

Timeliness < 32.5 32.5− 35.9 36.0− 36.4 36.5− 37.5∗ > 37.5 N/A

On time∗ N N N C N ?

After one hour N N N N N N

Not taken N N N N N N

Unknown N N N ? N ?

Notes: ∗ — category that is mandatory for compliance. C — compliance; N — noncompli-

ance; ? — missing entry.

compliance, both criteria (timeliness and range) have to be satisfied. Failure on either

criterion amounts to noncompliance, irrespective of the outcome for the other criterion.

The categories ‘Not taken’ (it is established that the temperature was not taken) and

‘Unknown’ (it is not known whether the temperature was taken or not) are distinct.

For temperature range, the category ‘N/A’ is defined by default, when none of the

other (proper) categories is applicable.

For the other outcome measures, the indicators are listed in Table 5. Note that

failure to screen for ROP and failure to record information about screening cannot be

distinguished. Both types of failure are treated as noncompliance, and so, by construc-

tion, missing entries for ROP screening do not occur.

4.1 Checking the data extracted for outlier analysis

The dataset for an audit measure, extracted from NNRD, is subjected to several data

checks. Their purpose is to verify that there were no errors in extraction or transfer

from NNRD to the computational environment for the analysis3.

The Badger code has to be unique. That is, in a dataset of n babies there have to

be n distinct codes. The mother’s code is duplicated for multiple births and separate

pregnancies within the year. It should be checked that the number of distinct mothers’

codes is 85 – 90% of n for audit measures that are restricted to very low GA (< 32

weeks), and about 95% for audit measures that are less restricted. In the audit of data

from 2015, single deliveries constituted 94.2% for Consultation with parents, 89.8% for

ROP screening, 88.1% for Mother’s milk at discharge and 87.7% for Temperature.

3 R Language and Environment for Statistical Computing, R Foundation for Statistical Computing,
Vienna, Austria. https://www.R-project.org/.
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Table 5: Indicators for the outcomes of the audit measures. See Table 4 for Tempera-
ture.

Codes

Audit measure Compliance Missing Noncompliance

Antenatal steroids At least one dose Unknown None given

Consult. parents Within 24 hours Unknown After 24 hours,
Before admission
No consultation

ROP screening On time∗ — Screened early•

Screened late•

Not screened†

Magnesium sulphate MagYes MagMiss MagNo

Mother’s breast milk Exclusively Missing Other
Mixed feeding

BPD NoBPD or BPDMild Unknown BPDSignificant

Two-year follow-up Impairment not determin. — Lost to follow up
Mild/moderate disability No health data entered
No impairment Not assessed
Severe impairment for another reason
Died post discharge

Birth in a centre At NICU Unknown At a non-tertiary unit
with NICU

Notes: ∗ — for a baby who is screened for ROP several times, it suffices if one screen is on

time; † — ‘Not screened’ and missing entry are not distinguished; all such entries are treated

as noncompliance; • — there are two variables for this failure to comply: screening (early

or late) before or after discharge. For ROP and Two-year follow-up, all missing entries are

subsumed in codes for noncompliance.

Records with provider (or place of birth) unit or network names that are not on

the list of participating units or networks (for a particular audit measure) have to

be excluded from the unit- or network-level analysis, as appropriate. The entries for

network for such (ineligible) records should have a special code, such as aOther, that

are not on the list of participating networks in Table 3.

Data integrity checks include: all records for a unit belong to the same network and

have the same clinical level of care and the same entry for NotFullYear. Tabulation of

the values of GA should confirm the pattern of increasing counts with GA, except for

ROP screening, where GA is not the sole principal eligibility criterion. The outcome

indicators in a set have to have the patterns of all zeros except for one entry which is
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Table 6: Variables in unit- and network-level datasets for an audit measure.

Variable Description Notation or formula

1. Counts

Cases of compliance Y

Cases of noncompliance N

Missing entries M

2. Estimated rates of compliance

No imputation Ignoring missing items P̂ = Y/ (Y + N)

By pessimistic imputation Missing = Noncompliance Y / (Y + N + M)

By optimistic imputation Missing = Compliance (Y + M) / (Y + N + M)

3. Standard error

Estimated standard error
√

P̂ (1− P̂) / (Y + N)

4. Exclusion criterion (for units only)

Not reporting for full year Closure, new unit, etc.

equal to unity. Instances of all entries being zero are interpreted as a missing outcome.

For Temperature, there are two sets of outcomes. The outcome Not taken cannot be

accompanied by a proper temperature range, but Unknown may be.

5 Unit- and network-level summaries

The baby-level outcomes are condensed into two datasets, one for units and the other

for networks.

The unit-level dataset has the variables listed in Table 6. They comprise four blocks:

the first gives the count of babies within the unit whose care is classified as compliance

(Y), the count of cases of noncompliance (N), and the count of missing entries (M).

The symbols Y, N and M are used below.

The second block gives the estimates of the compliance rate evaluated in three ways

that differ in their treatment of missing entries:

• No imputation (deletion) — ignoring the missing entries;

• Pessimistic imputation — recoding each missing entry as a case of noncompli-

ance;

• Optimistic imputation — recoding each missing entry as a case of compliance.
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In the 2018 Audit, all reports and other outputs will be based on no imputation. That

is, all missing entries will be ignored. Recall that by construction M=0 for ROP

screening and Two-year follow-up; for them, the three types of imputation coincide.

The rate of missing entries is negligible for Temperature (16 babies in the data for

2016, less than 0.1%), it is small for Antenatal steroids, BPD and Mother’s breast milk

at discharge (1.1%– 1.5%), is nontrivial for Consultation with parents (3.7%), and is

endemic for Magnesium sulphate (18.8%). The formulae for pessimistic and optimistic

imputation, printed in distinct color, are given only for completeness and to retain the

format from previous years. They are used only in an internal report that assesses the

impact that these methods of imputation would have on the results. In some graphical

outputs, whiskers are used (optionally) to indicate the results that would be obtained

by applying optimistic and pessimistic imputation.

The rate of compliance (or of a condition) based on no imputation is denoted by

P̂.4 The estimates are multiplied by 100 to have the form of percentages.

The third block gives the estimated standard error. Its evaluation is based on

the compliance rate estimated by deletion, P̂, and the number of babies with proper

entries n (= Y + N), so that P̂ = Y/n. Then the standard error is estimated by
√

P̂× (1− P̂)/n.

The network-level dataset has the same variables, aggregated within the networks,

except for the fourth block, since no participating networks are excluded.

6 Shrinkage estimates and funnel plots

The estimated unit-level compliance rates P̂ are based solely on data from the unit

concerned. These estimates can be improved by drawing on the information from the

other units when the units have similar rates. Therefore the distribution (location and

dispersion) of the underlying compliance rates is estimated, and the results are used

to improve the estimated compliance rates.

The beta-binomial model for compliance rates involves two parameters, α and β

(the shape parameters of the beta distribution). Their estimates, denoted α̂ and β̂, are

obtained by fitting the model by the method of maximum likelihood. The estimates

have the following interpretation. For a unit with Y cases of compliance and N cases

4 The circumflex ˆ , as in P̂, is used throughout for estimates, that is, observed or evaluated
quantities for which we consider underlying values, P. Of principal interest is P, and P̂ is used in
inferential statements about P.
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of noncompliance, the enhanced estimate of the compliance rate is

P̃ =
Y + α̂

(

Y+ α̂ +N+ β̂
) ;

that is, α̂ and β̂ are the effective numbers of additional cases of compliance and non-

compliance, respectively. The estimates P̃ are moved from P̂ = Y/ (Y+N) toward

α̂/(α̂+ β̂), to a greater extent when Y+N is small. This phenomenon is referred to as

shrinkage and the estimators are called shrinkage estimators. As a result of shrinkage,

the estimated compliance rate is lower than 100% even for a unit with a perfect record

(N=0). The ‘original’ estimates P̂ are dispersed more than the target values P, and

this dispersion is reduced by shrinkage. The resulting estimates P̃ are dispersed less

than the targets P. The estimates P̃ are superior to P̂ for a majority of units. Unfortu-

nately, estimation for the units with the lowest and highest rates P is a weakness of this

method. Note that such units cannot be readily identified by inspecting the values of

P̂ or P̃, especially for small units. In essence, too much shrinkage takes place for units

that are genuinely exceptional (have exceptional values of P). Applying less shrinkage

is not a good solution because it is applied according to values of P̂, not according to

P, which is not known.

The funnel plot is a scatterplot of the estimates P̃ against the caseloads Y + N.

Added to them are the confidence limits, which are curves with values dependent on the

caseload. These limits are centred around a standard π, set to a realistic (and rounded)

value of the compliance rate, such as 60% for Temperature.5 The limits are calculated as

extreme (low and high) percentiles of the (beta) distribution of the observed compliance

rates evaluated under the assumption that the underlying compliance rate is π. In

effect, the unit-level compliance rates are compared to π, and units for which we have

sufficient evidence that their rates are lower than π are declared as outliers.

Apart from the standard used in the outlier analysis there is also a clinical standard,

which sometimes refers to a long-term goal or an ideal. These two standards for the

audit measures are displayed in Table 7. In some cases, the standard is not established.

These standards are carried forward from the 2017 Audit. For comparability of

the results for successive years, it is essential to maintain these standards for several

years. However, they have to be revised when they become obsolete, for example, after

a substantial increase in the overall rate of compliance. Note that the standards set by

NNAP for the funnel plots differ from the audit standards for satisfactory performance.

5This standard will be changed to the national (overall) rate in the 2019 Audit for every audit
measure.
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Table 7: Standards for satisfactory performance and for funnel plots (outlier analysis).

Audit measure
Satisfactory

performance (%)
Outlier

analysis (%)

Temp Temperature 90 60

ROP ROP screening 100 96

Cons First consultation 100 90

Ster Use of antenatal steroids 85 85

MagS Magnesium sulphate ? 65

FLW Two-year follow-up 100 60

Notes: Empty field — standard not established; ? — to be set.

6.1 Stages of the analysis

The analysis of the units concludes with a (possibly empty) list of outliers. This list is

compiled in two stages.

In stage 1, a beta-binomial model is fitted to all the participating units represented

in the data, and the funnel plot is drawn. The limits are set to the 5th and 95th

percentiles. All the units that have their estimated compliance rates below the funnel

plot are regarded provisionally as outliers. An example is displayed in Figure 1 for

Temperature. In stage 1 there are five outliers, marked in the diagram by circles.

In stage 2, the beta-binomial model is re-fitted to the participating units, with

the stage-1 outliers removed. The funnel plot based on this model fit is drawn, with

the provisional outliers included in the diagram. Two pairs of limits are drawn in this

diagram, one based on percentiles 2.5 and 97.5, and another on 0.1 and 99.9. The units

that are located between the two lower limits (percentiles 0.1 and 2.5) are classified as

Alert outliers and those below the limit for 0.1% as Alarm outliers. See Figure 2 for an

example linked to Figure 1. In this example, one unit, marked by a circle, is classified

as Alert, and another unit, marked by a double circle, is classified as Alarm.

The results that would be obtained by optimistic and pessimistic imputation are

indicated in Figures 1 and 2 by ‘whiskers’ — hairline segments attached to the discs

that mark the estimates obtained by no imputation. The whiskers are absent for most

units because they have no missing entries. For the few units that do have them they

are very short, indicating that there are very few of them and imputation for them

changes the values of the estimates only slightly. The outlier classification would be

altered by changing the method of imputation if a whisker intersected one of the funnel

limits. No such instances arise.
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Figure 1: Funnel plot for stage 1 of the outlier analysis for Temperature (2016).

The analysis concludes with a list of units (hospitals) that appear as outliers in

at least one stage of the analysis. The results are presented in a table in which the

values of the variables in the first two blocks of Table 6 (counts and estimated rates)

are reproduced. The right-most column displays the outlier status, defined as a set of

three digits that indicate whether the unit is an outlier

1. in stage 1 (provisionally);

2. in stage 2 in the Alert category;

3. in stage 2 in the Alarm category.

For example, 1 10 stands for Alert (and also outlier in stage 1) and 1 11 for Alarm in

stage 2. Table 8 displays this information for the example presented in Figures 1 and

2.

The estimates based on pessimistic and optimistic imputation are presented in the

form of whiskers — hairline segments that connect the values based on deletion with

the values obtained by the two methods of imputation. With imputation, the caseload
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Figure 2: Funnel plot for stage 2 of the outlier analysis for Temperature (2016).

Table 8: Outlying hospitals in the analysis of Temperature (2016).

Compliance Estimate (%) Outlier

Hospital Y N M P̂ Stage 1 Stage 2 status

BIRMINGHAM WOMEN’S HOSPITAL 83 80 0 50.9 52.7 53.9 1 00

CHELSEA & WESTMINSTER HOSP. 41 50 0 45.1 49.4 51.7 1 00

CITY HOSPITAL, BIRMINGHAM 25 37 0 40.3 47.6 50.8 1 00

BIRMINGHAM HEARTLANDS HOSP. 45 71 0 38.8 43.8 46.5 1 10

QUEEN’S HOSPITAL, ROMFORD 12 56 1 17.6 31.8 37.8 1 11

Note: The three digits of the outlier status indicate the status (1 — outlier; 0 — not an

outlier) in stage 1, stage 2–Alert) and stage 2–Alarm.
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is increased; therefore the whiskers aim to the right, upwards for optimistic imputation

and downwards for pessimistic imputation.

In addition to Temperature, this outlier analysis is conducted also for Antenatal

steroids, Consultation with parents, ROP screening, Magnesium sulphate and Clini-

cal follow-up at two years. Outlier analysis (funnel plots) will be conducted for the

networks after an adaptation of the method for the units is developed.

6.2 Positive outliers

Units with exceptionally high rates of compliance may be of interest. They can be

identified similarly to units labelled as Alert and Alarm, as being between the two

upper funnel limits and above the higher of them, respectively. These units could be

labelled as ‘Excellent’ and ‘Outstanding’. For example, there are three excellent and

one outstanding unit in Figure 2.

In making this proposal, we made one shortcut. In stage 1 of the outlier analysis of

units with low rates of compliance (negative outliers), we excluded negative provisional

outliers and retained all the positive provisional outliers. Arguably, the latter should

also have been excluded. As an alternative, a separate two-stage analysis could be

carried out, concerned solely with positive outliers, which would also permit us to set

a different outlier standard. When both negative and positive outliers are considered

we will use (two-sided) confidence limits at 2.5% and 97.5% for the funnel plot in stage

1, and provisionally exclude both positive and negative outliers.

Analysis of positive outliers is not meaningful for audit measures for which many

units attain high rates of compliance. It should not be conducted for Consultation

with parents or ROP screening. In the 2018 Audit, positive outliers will be analysed

for Temperature, Magnesium sulphate, Two-year follow-up and Birth in a centre with

NICU.

7 Caterpillar plots

In a caterpillar plot for units, each unit is represented by a vertical segment that

extends from the lower to the upper confidence limit for the compliance rate of the

unit. The estimates of the rates of compliance and confidence limits are evaluated

without shrinkage and with no imputation. The estimates are marked by discs. The

units (their vertical bars) are sorted in the ascending order of the estimated rates

of compliance. The (caterpillar) bar for a unit represents the confidence interval; it

extends from P̂ −2S to P̂ +2S, where P̂ is the unit’s estimated rate of compliance and
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Figure 3: Unit-level caterpillar plot for Temperature (2016).

S its standard error. Figure 3 displays the unit-level caterpillar plot for Temperature

in 2016.

For the networks, caterpillar plots are constructed similarly. Abbreviated names of

the networks are printed at the horizontal axis. The overall caseloads and the estimated

national rates of compliance for units and networks, printed in the respective caterpillar

plots, differ slightly because they are based on different sets of babies. Some units

are excluded from unit-level analyses, but their babies are included in network-level

analyses. Figure 4 displays the network-level caterpillar plot for Temperature in 2016.

The vertical bars based on pessimistic and/or optimistic imputation may be added

to this plot. They are displaced (offset) to the left and right, respectively, and both

sets are drawn by grey colour, to keep the rates and confidence intervals based on no

imputation prominent. A similar layout can be used for displaying the estimated rates

and confidence intervals for two or three consecutive years.

8 Additional analyses and integrity checks

The analysis that results in the list of outliers and funnel and caterpillar plots is

supported by further analyses intended to establish the integrity and continuity of the

data.
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Figure 4: Network-level caterpillar plot for Temperature (2016).

The units are expected to have similar caseloads and rates of compliance in two

consecutive years. This is checked informally by plots of the caseloads and estimated

rates. In the diagram, the units that have small caseloads (n < 10) or too many missing

entries (more than 10%) may be marked by distinct symbols. Whiskers are attached

to connect the points based on no imputation (ignoring missing entries) and on the

entire caseload, to indicate the extent of missing entries (and their distribution across

the units). For caseloads, a unit that has some missing entries has one whisker. For

the estimated rates, a unit has a pair of whiskers, one for each method of imputation.

An example for Temperature is displayed in Figure 5. It shows that the caseloads

have increased for some and decreased for other units, but for none of them substan-

tially. The right-hand panel shows that extreme rates (zero and 100%) occur exclusively

for units with small caseloads. The rate of compliance increased in 2016 for a majority

of the units; their points are above the dashes that indicate no change.

8.1 Missed ROP screening and implausible birthweight

The eligibility criterion for ROP screening involves two conditions, GA short of 32

weeks and birthweight below 1501 grams. A baby is included in the analysis if at least

one of these conditions is satisfied. It was noticed that some missing entries occur for
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Figure 5: Comparison of caseloads and rates of compliance for Temperature; years
2015 and 2016.

babies with GA greater than 32 weeks and implausibly small birthweights. It is likely

that these birthweights are recorded incorrectly.

The left-hand panel of Figure 6 displays the scatterplot of GA and birthweight.

In the plot, babies with properly recorded values are marked by grey dots and babies

with missing entries by crosses. A set of ten babies with implausibly small birthweights

(less than 500 grams) for their GA (greater than 32 weeks) is easily identified. If the

birthweights were corrected some or maybe all the babies involved would be excluded

from the analysis for ROP screening, and the estimated rates of compliance for the

unit(s) involved would be increased. In the 2015 audit, when this issue was raised for

the first time, there were many more such cases. The right-hand panel displays the

inset that focuses on babies with birthweights or GA close to the respective thresholds

of 32 weeks and 1500 grams. It highlights an opportunity for increasing the rate of

compliance.

9 Tabular output for the Report

This section lists the tables presented in the Audit Report. Each table has the following

headings:

• Number of eligible units (when applicable)

• Number of eligible babies (or mothers)
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Figure 6: Exploration of birthweight and gestational age for babies in the analysis of
ROP screening (2016).

• The counts (percentages) of babies within the specified categories

The rows of the table are implied by the classification (levels of care, units or

networks).

Antenatal steroids

By level of unit, unit and network.

Temperature

By level of unit, unit and network.

ROP screening

By level of unit, unit and network.

By GA groups (< 27, 27− 28, 29− 31, ≥ 32), for babies with birthweight smaller than

1500 g, and for babies transferred and not transferred before the end of the screening

window.

Consultation with parents

By level of unit, unit and network.

Magnesium sulphate

By unit and network.

BPD

By level of unit, unit and network.

22



Table 9: Tables compiled for the Annual Report.

Measure By level By unit By network Other

Antenatal steroids X X X

Temperature X X X

ROP screening X X X By GA groups∗

Consult. parents X X X

Magnesium sulph. X X X

BPD X X X

Mother’s milk X X X

Two-year follow-up — X X

Birth in a centre with NICU — — X

Notes: ∗ — see text.

Mother’s breast milk at discharge

By unit and network.

Two-year follow-up

By level of unit, unit and network.

Birth in a centre with NICU

By network.

Each table includes a row of totals (overall rates). For each audit measure, a

comparison with the results for the previous audits (years) is included. These details

are displayed in Table 9. Table 10 lists the inclusion criteria for the audit measures.

10 Longitudinal analysis

Longitudinal analysis will be conducted in NNAP for the first time in 2018, on data

for years 2015, 2016 and 2017. Therefore, this plan does not have a precedent and may

require substantial revisions in the future. The plan will be updated for 2019, to cater

for data for four years, 2015 – 18.

Longitudinal analysis in 2018 will be conducted for the following audit measures:

1. Ster — Antenatal steroids

2. Temp — Temperature on admission

3. Cons — First consultation with parents

4. ROP — Retinopathy of prematurity screening
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Table 10: Audit measures and inclusion criteria.

Audit measure GA (weeks) Other

Antenatal steroids > 23 and < 35

Temperature < 32

ROP screening < 32 or BW< 1500 g

Consultation with parents All

Magnesium sulphate < 30

BPD∗ < 32

Mother’s breast milk at discharge < 33

Two-year follow-up < 30

Birth in a centre with NICU < 27

Note: ∗ — Data for BPD are pooled over the last three years, e.g., 2015 – 17 in 2018 Audit.

5. MagS — Magnesium sulphate

6. MBM — Mother’s breastmilk at discharge

7. FLW — Clinical follow-up at two years of age

An analysis will not be conducted for Bronchopulmonary dysplasia (BPD) because

the established outlier analysis is based on the aggregate of three years’ data, and a

longitudinal analysis would have to use data from relatively distant past.

Unit- and network-level analyses will be conducted. The analyses will be based on

no imputation; that is, records with missing entries for the outcome will be discarded.

The quantity of interest is the change in the rates of compliance from the previous

year, 2016, to the current year, 2017,

∆p = p2017 − p2016 ,

defined for units and networks. A similar analysis will be conducted to compare the

outcomes in years 2015 and 2017. To avoid some duplication, details are given only for

the comparison of years 2016 and 2017.

The changes from one year to another are estimated by the differences of the cor-

responding estimates,

∆p̂ = p̂2017 − p̂2016 .

The data summaries required for a longitudinal analysis are concisely described as the

pairs (∆p̂, ŝ∆) for all the units (or networks). Here ŝ∆ is the standard error of the

estimate ∆p̂. The derivation of ŝ∆ is moved to Appendix A.
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Figure 7: Unit-level caterpillar plot for the changes of the compliance rates (∆p̂) for
Temperature from 2015 to 2016.

Computational procedures for evaluating the rates of compliance p̂ and their (esti-

mated) standard errors ŝ are described in earlier sections.

11 Key outputs

The confidence limits for the changes ∆p are constructed from their estimates ∆p̂ and

standard errors ŝ∆ . They are presented in caterpillar plots, one for the units and

another for networks. See details in Section 7. Note that the values of ∆p̂, expressed

in percentages, are between −100 (for change from 100 to 0) and 100 (change from 0

to 100). Extreme changes tend to occur only for very small units. Figure 7 displays

an example for units using data for Temperature for years 2015 and 2016 and Figure

8 displays its version for networks.

For networks, the annual estimates and standard errors can also be presented in

a caterpillar plot in which a displacement (offset) and grey colour are used for the

previous year. The network-level plot for Temperature in 2015 and 2016 is presented

in Figure 9. An arrow is added for each network at the top of the plot to indicate the
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Figure 8: Network-level caterpillar plot for the changes of the compliance rates (∆p̂)
for Temperature from 2015 to 2016.

direction of change. A similar plot for the units is not practical because it would be too

cluttered. However, such a caterpillar plot may be useful for the units of a network.

Funnel plots will be drawn to identify outlying units, using the same criteria as

for the annual results. Thus, units will be highlighted as Alert- and Alarm-outliers if

they have exceptional reductions in their rates of compliance from one year to another.

The label ‘Alert’ is for units with estimated differences more than two standard errors

(2 SD) below the standard, and ‘Alarm’ is for units with estimates more than 3 SD

below the standard. See Sections 6 and 7 for details. Positive outliers will be qualified

as Excellent (above the 2 SD limit) and Outstanding (above the 3 SD limit). Appendix

B describes the method, adapted to data that are differences of rates.

Figures 10 and 11 illustrate the method on the comparisons of the rates of compli-

ance for 2015 and 2016. The horizontal axis is the average of the two annual caseloads.

More precisely, it is the harmonic average6. The harmonic average is smaller than

or equal to the arithmetic average; for units with similar caseloads in the two years,

the two averages differ only slightly. In stage 1 (Figure 10) there is a single positive

6The harmonic average of two values, a and b, is defined as the reciprocal of the average of
reciprocals, that is, 2/(1/a+ 1/b)
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Figure 9: Combined caterpillar plot for the network-level rates of compliance for Tem-
perature in 2015 (grey bars) and 2016 (black bars).

provisional outlier, marked by a circle, and no negative provisional outliers. In stage

2 (Figure 11) the positive outlier is confirmed. The overall rate of compliance in-

creased by 2.7%, and the estimated between-unit variance of the differences is 62.4%2;

that is, the standard deviation of the unit-level changes in the rates is estimated by√
62.4 = 7.9%.

A table of outlying units will be compiled. In this example, the only entry in this

table would be North Bristol NHS Trust (Southmead). Its rate of compliance increased

from 23.9% in 2015 to 54.5% in 2016. The shrinkage estimate of the difference, equal

to 17.4%, is plotted in the diagram. (The shrinkage estimate in stage 1 is 18.0%.) The

caseloads of this unit were 92 in 2015 and 77 in 2016. Their arithmetic average is 84.5,

whereas the harmonic average is 83.8.

Appendix C presents the results of the comparison for years 2014 and 2016.

12 Analysis of four years. Stick plots

The longitudinal analysis in the 2019 Audit will be carried out for data from four

consecutive years, 2015 – 18, referred to as years 1 – 4. Three analyses will be carried
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Figure 10: Funnel plot for stage 1 of the analysis for the changes of rates of compliance
from 2015 to 2016.

out, comparing pairs of years 3 and 4, 2 and 4, and 1 and 4.

The relevant caterpillar plots could be drawn side by side, or one above the other,

but a single plot in which all four years’ results and the year-to-year changes would be

represented may be more informative. The stick plot for two years’ results comprises

two horizontal lines on which the annual results for the units (or networks) are marked

by discs of sizes related to the caseloads. The pairs of discs that correspond to the same

unit (or network) are connected by straight lines (sticks). The thicknesses and hues

(shades of grey) of these lines are related to their caseloads. Figures 12 and 13 present

examples for Temperature in 2015 and 2016 for units and networks, respectively.

In a static display, a stick plot for units appears rather cluttered — it contains

nearly 200 sticks. However, in an interactive display, the user could identify a unit by

clicking on the unit’s stick, or select from a list provided by a menu one unit or the

units of a network.

An important advantage of the stick plot over the corresponding caterpillar plots

is that they can be stacked one above another, presenting the annual rates and indi-

cating the year-to-year changes in a natural way for a sequence of several years. Their

drawback is that the standard errors are represented only indirectly by the thicknesses
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Figure 11: Funnel plot for stage 2 of the analysis for the changes of rates of compliance
from 2015 to 2016.

and hues of the sticks and sizes of the discs. Of course, stick plots for networks are

not cluttered. The overall rates for the two years are connected by a thick grey dashed

line. This line (stick) is difficult to discern in the unit-level plot.

The boundaries of a network may change over time. The boundaries in force at

the end of the last year in the analysis will be used throughout. In particular, Thames

Valley and Wessex will be regarded as a single network in the 2018 Audit, including

all its (network-level) longitudinal analyses.

13 Integrity checks and exclusions

A unit should not be included in a longitudinal analysis unless it has participated

in NNAP throughout the period (years) involved. A unit may undergo substantial

changes in such a period. We are usually not informed about such changes, but can

use changes in caseloads (numbers of cases) as a proxy. Figure 5 in Section 8 displays

such a diagram (two panels), in which units with exceptional changes of their annual

caseloads can be identified. Units with exceptional changes in their caseloads should

be excluded from longitudinal analysis.
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14 Missing values

Missing outcomes are a problem in any analysis. In NNAP for 2017, cases with missing

entries will be ignored — no imputation will be applied. We acknowledge that multiple

imputation based on a comprehensive regression model would be the ideal solution,

but its implementation is not practical in the context of tight deadlines, an increasing

number of audit measures and extensive reporting commitments.

Processes are in place to give opportunities for the participating units to review

their data submissions and to replace missing data items by valid entries. Both NNAP

and the units have a stake in the completeness of the data used by the Audit. On the

one hand, we do not want to penalise units unduly for their failure to submit all the

data required for an analysis; on the other hand, high frequency of missing entries is a

barrier to reliable analysis.

The remainder of this section describes the method used for summarising the unit-

and network-level rates of missing entries for the outcomes in NNAP. The following

section applies an informal approach that focuses on units and networks with excep-

tionally high frequencies of missing values.

We use the following nomenclature for the overall frequency of missing entries (data

incompleteness):

• No missing entries, or missing entries ruled out by construction

• Negligible — up to 0.5%

• Small — 0.5 – 2%

• Nontrivial — 2 – 5%

• Large — 5– 15%

• Endemic — above 15%

For each unit and audit measure, we count the number of valid and invalid (missing)

data entries. We use the notation Y for positive (affirmative) outcomes and N for

negative outcomes and M for missing outcomes. The number of valid entries is Y+N.

The rate of missing entries is M/ (Y+N+M); it is multiplied by 100 to have the form

of a percentage. There may be several codes that contribute to these counts, such as

no entry, period ‘.’, and ‘Unknown’ for missing.
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14.1 Summaries of nonresponse

Suppose there are K units and H audit measures in the Audit. For each unit and audit

measure, the nonresponse rate is evaluated as 100 × M/ (Y+N+M). These values are

presented in a K ×H table. The average nonresponse rates in the units are evaluated

as the (row-wise) averages of the these nonresponse rates. A unit may have no eligible

babies for an audit measure. In this case, the nonresponse rate is not defined. For

evaluating the average rate, zero is imputed in all these cases.

The nonresponse rates in the networks are summarised similarly. No formal proce-

dures for identifying outliers are applied.

15 Reports for the audit measures

This section gives an informal summary of nonresponse in the 2017 Audit (data from

2016). It is intended as a template for reports in future audits.

For ROP screening and Two-year follow-up, missing outcomes are ruled out by

construction. Reports for the other audit measures are presented in separate sections.

Antenatal steroids

In the 2017 Audit for Antenatal steroids, there were 203 missing entries in an overall

caseload of 18 581, accounting for 1.1% of all cases. They were shared by over one-

third of the units. Two units accounted for over a quarter of the missing entries,

Birmingham Heartlands Hospital (31) and Good Hope Hospital (27). The next highest

count of missing entries was 7. In Birmingham Heartlands Hospital, the missing entries

accounted for 16% of the cases (133 cases of compliance, 30 of noncompliance and 31

missing entries, that is, 133Y + 30N + 31M). The summary for Good Hope Hospital

was 14Y + 5N + 27M, so that over half the cases had missing entries. Only one other

unit, Nobles Hospital, Isle of Man, with 10Y + 5N + 4M, had more than 10% missing

entries. The frequencies of missing entries exceeded 5% in five other units.

Temperature on admission

In the 2017 Audit, there were only 16 missing entries for Temperature, contributed by

14 units; 12 units had one missing entry each and two other units two missing entries

each. Thus, the frequency of missing entries is negligible, and no details are worth

reporting, except perhaps that in one small unit, Good Hope Hospital, the one missing

entry among four cases amounted to 25%.
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Consultation with parents

Data incompleteness for this audit measure was nontrivial, with 2222 missing entries

(3.7%) in the caseload of 60 148. Only 59 units (about one-third) had no missing entries.

Five units had more than 100 missing entries each: Birmingham Heartlands Hospital

(192), Liverpool Women’s Hospital (152), Aberdeen Maternity Hospital (105), Princess

Royal University Hospital (104) and Queen’s Hospital, Romford (101). Together, they

accounted for nearly 30% of the missing entries.

Altogether 19 units had more than 10% missing entries each; only two of them had

caseloads smaller than 100: Nobles Hospital, Isle of Man, (55Y + 8N + 8M) and West

Cumberland Hospital, (56Y + 26N + 18M). Further 25 hospitals had more than 5%

missing entries each.

Magnesium sulphate

The outcomes for Magnesium sulphate are recorded very poorly. The overall frequency

of missing entries is 18.8% (817 out of 4345 cases). Setting aside units with fewer

than 20 cases, three units had missing entries for more than 50% of their cases: Royal

Victoria Infirmary (9Y + 3N + 53M), Birmingham Heartlands Hospital (11Y + 15N

+ 43M) and City Hospital, Birmingham (0Y + 13N + 22M). Only 45 units (25%) had

no missing entries and 33 other units (18%) had one missing entry each.

Magnesium sulphate was included for the first time in the 2017 Audit. It is hoped

that its introduction in the Annual Report will be an incentive for units to improve

recording of their outcomes for this audit measure.

Mother’s breast milk at discharge

There were 101 missing entries in the overall caseload of 6574, that is, 1.5%. Only

14 units had some missing entries, and Liverpool Women’s Hospital stands out among

them with 82, which account for more than 80% of all the missing entries. The re-

maining 19 entries are shared by 13 units; ten of these units have one missing entry

each.

Bronchopulmonary dysplasia (BPD)

The overall frequency of missing entries for BPD was 0.3%, based on the counts 15 186Y

+ 6792N + 71M. Two units, Great Western Hospital and St. Mary’s Hospital, London,

had nine missing entries each, and the next highest count, 6, was for University College
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Table 11: Missing outcomes in the 2016 Audit.

Cases

Audit measure Y N M %M Category

Antenatal steroids 16 136 2242 203 1.1 Small

Temperature on admission 4834 3074 16 0.2 Negligible

ROP screening 8597 534 0 — None

Consultation with parents 54 422 3504 2222 3.7 Nontrivial

Magnesium sulphate 1868 1660 817 18.8 Endemic

BPD 15 186 6792 71 0.3 Negligible

Mother’s breast milk at discharge 3866 2607 101 1.5 Small

Two-year follow-up 2450 1573 0 — None

Hospital. The 71 missing entries were dispersed across 31 units (17%), 16 of them with

one missing entry each.

15.1 Summary

Table 11 presents a summary of the missing entries in 2016 data. The table confirms

that the problem of data incompleteness is most acute for Magnesium sulphate, but

there is probably ample scope for reducing the frequency of missing entries also for

Consultation with parents.

Two large units, Birmingham Heartland Hospital and Liverpool Women’s Hospital,

feature prominently in the reports for the audit measures. The frequencies of missing

entries are high also for two small units, Good Hope Hospital and Nobles Hospital, Isle

of Man.

16 Outlier analysis for networks

Outlier analysis of neonatal units is well established in NNAP. The 2018 Audit, using

data from 2017, will also assess the networks. The method used for unit-level outlier

analysis could in principle be applied also to networks, although some of its elements

are not necessary, being devised for units with caseloads in a wide range, many of them

very small. The caseloads of the networks are in a narrower range in the following sense.

For a typical audit measure, the largest ODN has 3 – 4 times greater caseload than the

smallest ODN. The corresponding ratio for units is one hundred or more.
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A much simpler method will be applied, involving only one stage (in the unit-level

analysis there are two stages), and applying no shrinkage. Shrinkage would not be

useful, because there are relatively few networks (15, 13 of them in England; Wales and

Scotland are each treated as a network) and their caseloads are large. As a consequence

of there being few networks, the network-level variance, which characterises the spread

of the networks’ rates of compliance, is estimated with low precision. Large caseloads

of the networks imply that only slight shrinkage would be applied, if the network-level

variance were known or were estimated reliably.

The next section describes the method and the following section illustrates it on

data from 2016. The standard, around which the funnel is centred in the funnel plot, is

set to the overall rate as the default. This setting may be reviewed in the future. The

concluding section summarises the results, points out the need for setting the standards

for the outlier analyses with greater care than for the unit-level analyses, and discusses

some options.

17 Methods

The networks are denoted by indices k = 1, . . . , K. The rate of compliance for network

k is estimated by p̂k , with standard error ŝk . The caseload of network k is nk . The

national rate of compliance is equal to the weighted mean of the networks’ estimated

rates:

p̂ =
1

N
(n1 p̂1 + n2 p̂2 + · · ·+ nK p̂K) ,

where N = n1 + n2 + · · ·+ nK is the overall caseload. The funnel plot is based on the

confidence intervals, specific to the caseload. They are evaluated at percentages 0.1,

2.5, 97.5, 99.9. The limits of the funnel at caseload n are

p̂+ Φ

√

pstn (1− pstn)

n
,

where pstn is the standard for the outlier analysis (see Table 7) and Φ is the quantile

that corresponds to the percentages 0.1, 2.5, 97.5 and 99.9. These quantiles are rounded

to –3, –2, 2 and 3, respectively. As a default pstn is set to the estimated overall rate p̂.

The class (outlier status) of each network is established by comparing its estimated

rate p̂k with the (four) limits of the funnel, as it is done in stage 2 of the corresponding

analysis of units; see Section 6.1.
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18 Outputs

The output of the analysis is a table and a funnel plot. The table has the following

details for each ODN: caseload, estimated rate of compliance (in percent) and outlier

status (classification). The networks are presented in the ascending order of the rates.

The funnel plot for an audit measure is a plot of the caseloads on the horizontal axis

and the estimated rates of compliance on the vertical axis. Each network is represented

by a black disc with circle(s) and box(-es) added to indicate the outlier status.

Table 12 and Figure 14 present the results for Temperature (timeliness combined

with normothermia) using the data in 2016. In the diagram, circles are used for high-

lighting networks that can be regarded as unsatisfactory or substandard (Alert, using

one circle, and Alarm using two circles), and boxes indicate (exceptionally) good per-

formance (one for Excellent and two for Outstanding). The table confirms that there

are three Excellent and one Outstanding networks; two networks are in the Alarm

range and two others in the Alert range. In the table, Thames Valley & Wessex stands

for the amalgamation (union) of two current ODNs, Thames Valley and Wessex, which

are treated as a single ODN from 1st January 2017. In this and subsequent analyses,

the currently separate ODNs (as per 2016 data) are treated as a single ODN to make

the analyses a more faithful test for the future operational analyses.

The method is liberal in identifying networks as significant because the networks

have large caseloads. Note that Thames Valley and Wessex are treated as a single

network, as they will be amalgamated in the 2018 Audit. It would be more appropri-

ate not to refer to the four categories (all except Satisfactory) as outliers; this term

should be reserved for exceptional units or networks. A cursory inspection of Figure 14

would suggest that only Midlands South West and Thames Valley & Wessex should be

classified as outliers because they are clearly set aside from the other networks. This

issue is prominent also for some other audit measures.

Table 13 and Figure 15 present the outputs for ROP. There is a clear (Alarm)

outlier, Wales, with rate of compliance far lower than for any other network. Another

network is in the Alert class. There are two Outstanding networks.

The outputs for Antenatal steroids and First consultation are presented in the

following tables and figures. For First consultation, only four networks are classified as

Satisfactory. Having so many outliers (6 negative and 5 positive outliers) undermines

the potential of the general approach to identifying exceptional networks.

The caseloads for First consultation are far greater than for the other audit mea-

sures. The vertical scale of the plot is narrower than the range of the estimated rates.

On the ‘full’ scale there would be a lot of clutter in the middle of the plot. In the dia-
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Figure 14: Funnel plot for networks; Temperature at admission, 2016.
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Figure 15: Funnel plot for networks; ROP screening, 2016.
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Figure 16: Funnel plot for networks; Antenatal steroids, 2016.
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Figure 17: Funnel plot for networks; First consultation, 2016. Three networks that
have their rates outside the vertical limits are indicated by arrows.
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Table 12: Outlier analysis for networks; Temperature in 2016.

Network (ODN) N
Rate of

compliance
Classification

Midlands South West 413 47.46 Alarm

North Central & North East London 572 52.45 Alarm

Staffordshire, Shropshire and Black Country 302 54.64 Alert

North West London 376 55.59 Alert

Peninsula & Western 440 58.86 Satisfactory

North West 994 59.36 Satisfactory

Yorkshire & Humber 728 60.71 Satisfactory

Northern 409 60.88 Satisfactory

South London 522 61.30 Satisfactory

Scotland 410 63.90 Satisfactory

South East Coast 547 65.08 Satisfactory

Trent & Central 593 65.94 Excellent

East of England 619 66.24 Excellent

Wales 317 67.51 Excellent

Thames Valley & Wessex∗ 661 70.65 Outstanding

Notes: The amalgamation of Thames Valley & Wessex (Thames Valley) and Thames Valley

& Wessex (Wessex), which is in force since 1st January 2017 and will be applied in the 2018

Audit.

gram, the network with rate outside the limits is Thames Valley & Wessex (indicated

by arrow). In a more meaningful assessment it would be in an outlier class on its own.

The parallel analysis based on decision theory deals with this problem integrally

but requires the setting of the thresholds and loss ratios.

18.1 Conclusion

If the networks’ caseloads were extremely large, (almost) every network would be clas-

sified as either Outstanding or as Alarm because there would be very little uncertainty

about its rate of compliance — whether it is higher or lower than the overall rate. The

funnel would be very slim. With First consultation, we are very close to this setting.

One way of making the highlighting (as an extreme network) more selective is to move

the funnel walls further apart. This can be justified as giving the networks some leeway,

but this leeway has to be set, separately for each audit measure.

To elaborate this on a stylised example, suppose the overall rate of compliance

is 75%. We construct two funnel plots. In the first, the funnel is centred around
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Table 13: Outlier analysis for networks; ROP screening in 2016.

Network (ODN) N
Rate of

compliance
Classification

Wales 385 87.53 Alarm

South East Coast 605 91.40 Alert

Midlands South West 446 92.60 Satisfactory

Trent & Central 701 92.72 Satisfactory

Northern 456 92.76 Satisfactory

Scotland 515 93.01 Satisfactory

North Central & North East London 708 93.79 Satisfactory

North West London 424 94.10 Satisfactory

North West 1069 94.11 Satisfactory

Peninsula & Western 512 94.53 Satisfactory

East of England 766 95.30 Satisfactory

Thames Valley & Wessex 714 95.66 Satisfactory

South London 645 95.66 Satisfactory

Yorkshire & Humber 855 97.78 Outstanding

Staffordshire, Shropshire and Black Country 325 98.46 Outstanding

Table 14: Outlier analysis for networks; Antenatal steroids in 2016.

Network (ODN) N
Rate of

compliance
Classification

Midlands South West 804 81.84 Alarm

Trent & Central 1450 85.45 Alert

Staffordshire, Shropshire and Black Country 682 86.36 Satisfactory

Peninsula & Western 1144 86.45 Satisfactory

Yorkshire & Humber 1814 87.16 Satisfactory

North West 2333 87.40 Satisfactory

South East Coast 1313 87.59 Satisfactory

North Central & North East London 1290 87.67 Satisfactory

Northern 840 87.86 Satisfactory

East of England 1629 88.15 Satisfactory

Wales 744 88.31 Satisfactory

South London 1072 88.71 Satisfactory

Thames Valley & Wessex 1422 89.87 Excellent

North West London 722 91.83 Outstanding

Scotland 1104 93.03 Outstanding

40



Table 15: Outlier analysis for networks; First consultation in 2016.

Network (ODN) N
Rate of

compliance
Classification

Midlands South West Newborn 2632 87.20 Alarm

Wales 2278 90.52 Alarm

Scotland 4285 91.55 Alarm

North West 7026 91.87 Alarm

Peninsula & Western 4004 92.03 Alarm

Staffordshire, Shropshire and Black Country 2060 92.52 Alert

Northern 2151 92.98 Satisfactory

North West London 2287 93.48 Satisfactory

Trent & Central 3625 93.77 Satisfactory

North Central & North East London 4319 94.21 Satisfactory

Yorkshire & Humber 4748 95.83 Outstanding

East of England 6485 96.02 Outstanding

South East Coast 3629 96.06 Outstanding

South London 3668 96.10 Outstanding

Thames Valley & Wessex 4666 99.59∗ Outstanding

Note: ∗ — off the vertical scale in Figure 17.

75 − 5 = 70% and in the second it is centred around 75 + 5 = 80%. The first funnel

plot is used only for highlighting networks as Alert and Alarm, so its upper walls

are redundant. The second plot is used for highlighting networks as Excellent and

Outstanding, so its lower walls are redundant. The two funnel plots can be drawn in

a single diagram, with the redundant walls discarded.

Instead of 5%, a different half-gap can be used, and the two half-gaps (upper and

lower) need not be identical. If the upper half-gap is set to a large value, e.g., 25% or

more in this example, then the classes Excellent and Outstanding are ruled out. To

implement this proposal with integrity, a process should be set (a protocol written) on

how the half-gaps are set.

For unit-level analyses, the half-gaps are set to zero by default. In principle, this

setting could be reviewed, especially if long lists of outlying units are undesirable.

There are obvious advantages to having the same standard for the two outlier anal-

yses (for units and networks). The results presented here suggest that the (common)

standard has to be set with greater care than it was set for units. This is so because

the unit-level rates are estimated with far lower precision, and a unit being an outlier

amounts to a greater level of exceptionality than for a network. This conclusion can

be interpreted also that the level of exceptionality for a small unit is different from the
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level for a (much larger) unit.

Some other options are outlined in Longford (Decision theory for comparing insti-

tution Statistics in Medicine, 2018); decision theory is not an essential element of some

of them. For example, one method aims to identify all units (or networks) that are not

much better than the worst; and not much worse than the best. It is much closer in

‘spirit’ to the idea of an outlier as an exclusive category. A possible outcome is that

most (or even all) the units (or networks) are found to be not much better than the

worst. This outcome is interpreted as ‘(almost) all units have almost the same perfor-

mance’; that is, there are no outliers. The analysis presented in this note is inferior

because it fails to distinguish outliers in the subset the networks that are classified as

outliers. That is, if a large fraction of the networks are classified as outliers, then the

definition of an outlier should be refined, and a subset of outliers found for whom the

formal definition and the informal meaning are in closer correspondence, and are better

aligned with the purpose of the Audit.

19 Bronchopulmonary dysplasia. Accounting for

case-mix differences by matching

The analysis is based on the data for the past three years, 2015 – 17 in the 2018 Audit.

Matching is used to find a set of babies from the entire country that have a distribution

of backgrounds (case-mix) similar to the babies from the focal network (or unit). This

set of babies is referred to as the matched group and the rate of BPD in this group is

called the matched rate. The matched rate is compared with the sample (crude) rate of

BPD in the focal network (or unit). The difference of these two rates is the estimate of

the treatment effect associated with the network (unit). Large positive effect indicates

good performance — the sample rate is lower than the matched rate, and large negative

effect indicates poor performance — the babies cared for in the network would have

fared better had they been treated elsewhere in the country.

This analysis is conducted in 2018 for the first time; below we describe procedures

and the formats and layouts for displaying the results. Separate sections deal with

the analysis for networks and units. In the calculation of all rates, each case of death

before the time point at which BPD status would be established is counted as a case

of BPD; the audit measure would be more precisely described as ‘significant BPD or

death’. The overall rate estimated by this rule cannot be compared straightforwardly

with its counterpart in the 2017 Audit (based on data for years 2014 – 2016), because
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cases of death were not counted earlier. Also, the rates are calculated using different

rules for imputation in the two Audits; no imputation is used in the 2018 Audit.

19.1 Networks

For a given network, referred as the focal network, a dataset is formed by the babies in

this network, and the babies in the entire dataset. This dataset comprises all the back-

ground variables (see below) and whether a record originates from the focal network or

the entire dataset (the country). Propensity is defined as the probability that a baby

in this dataset originates from the focal network. This propensity is estimated by lo-

gistic regression fitted to the indicator of the focal network in terms of the background

variables. This analysis yields a fitted propensity for each record. These propensities

are grouped into ordinal categories and cross-classified by GA groups (three groups,

separated by 26.5 and 28.5 weeks) and level of the unit (two categories, tertiary, level

3, and non-tertiary unit, level 1 or 2). Babies from level 1 units are included in the

analysis of networks, but level 1 units are excluded from the analysis of units in Section

19.3. We refer to the pairs that belong to the same propensity, GA, and level-of-unit

group as a matching cell.

Pairs are formed by twinning each record in the focal network with a record in the

entire dataset. The two babies involved are distinct and belong to the same propen-

sity group as well as the same GA group and type of unit. The matched pairs are

reconstituted as the focal network and its matched group. The analysis then proceeds

by comparing the rates of BPD in these two groups without any involvement of the

background variables.

Imbalance of two groups is defined as the scaled difference of their means. For

binary variables, means coincide with the proportions of positives. The propensity

groups are formed by repeated splitting with the intent to minimise the imbalance of

the two groups, subject to the proviso that each matching cell has to have at least 15

pairs.

The background variables are listed in Tables 16 and 17 for binary (categorical)

and ordinal (continuous) variables, respectively.

19.2 Results

The results for the networks will be listed in a table (Table A) with a row for each

network. The entries of the table will be:

• sample rate
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Table 16: Binary background variables.

Name Description Categories % Notes

Sex Boy/Girl 46.2

Ethni2 Black N/Y 8.0 Reference category:
Ethni3 Asian N/Y 11.0 White British
Ethni4 White other or not British N/Y 20.9

BrtOrd Birth order First/Not first 14.3

MedPrMtrY Medical problems N/Y 28.3
prior to pregnancy

MedPrMtrM Med. prob. prior. R/M 27.7
missing

MedPrPrgY Medical problems N/Y 24.7
during pregnancy

MedPrPrgM Med. prob. pregn. R/M 57.3
missing

SmokePrgY Smoking N/Y 18.3
during pregnancy

SmokePrgM Smoking pregn. R/M 12.9
missing

Steroids Received at least one N/Y 89.3
dose of antenatal steroids

Pyrexia Maternal pyrexia Y/N 78.2 Missing coded as N

AntbIntPY Intrapartum antibiotics N/Y 24.0

AntbIntPM Intrap. antib. 20.8
missing

ModeDelC Delivery by Caesarean N/Y 56.6
section

Apgar1M Apgar 1min score R/M 10.8
missing

Apgar5M Apgar 1min score R/M 11.0
missing

CordArtpM Cord, artery pH R/M 65.0
missing

CortVenpM Cord, venous pH R/M 64.0
missing

ConsPar Consultation with parents N/Y 89.3

Level12 Clinical level not tertiary N/Y 44.1
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Table 17: Ordinal background variables.

Name Description Mean Range Note

EpisNr Episode number 1.68 1 – 4 Integer

GAwks GA in weeks, fractional 29.17 24.00 – 31.86

BirthYr Birth year, fractional, 2.36 0.21 – 3.96
since 01/2013

MotherAge Mother’s Age (years) 32.58 18 – 49 Integer

PrevPreg Number of previous 1.33 0 – 5 Integer, truncated
pregnancies

Apgar1 Apgar 1 score 6.01 0 – 10 Integer

Apgar5 Apgar 5 score 7.67 0 – 10 Integer

CordArtpH Cord, arterial pH 7.09 6.32 – 7.93

CordVenpH Cord, venous pH 7.11 6.40 – 7.88

Bweight Birth weight 1.10 0.60 – 1.60
√
-transformed

• matched rate

• estimated treatment effect (matched rate – sample rate)

• standard error of the estimated treatment effect

• the confidence limits for the treatment effect

• the caseload of the network (N).

The networks will be sorted by their sample (crude) rates. By way of an example,

suppose a network has the following counts: 400 babies with significant BPD, 100

babies died prior to the time point at which BPD status would be established, 1000

babies free of BPD, and 300 babies with mild BPD. Then the rate of BPD for this

network is estimated by 100× (400+100)/(1000+300+400+100) = 27.8%. Suppose

the matched rate is estimated by 31.8%, and the associated standard error is 1.2%.

Then the treatment effect is estimated by the difference of these two rates, 4.0%, with

the same standard error, 1.2%. Since the t-ratio, 4.0/1.2 = 3.33 is greater than 2.0 in

absolute value, the treatment effect is significant. Being positive, it provides evidence

that the network treats its babies better (as regards BPD) than the country would

treat its caseload, with the same case-mix.

The confidence limits are defined by subtracting and adding two standard errors

to the matched rate. Significance of the treatment effects is equivalent to the sample

rate being outside the confidence interval for the matched rate. For the network in our
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example, the sample rate, 27.8%, is outside the confidence limits for the matched rate,

(29.4, 34.2)%.

The information displayed in Table A will be presented in a diagram (Figure A).

In this diagram, each network is represented by a vertical grey strip which covers the

confidence interval for its matched rate of BPD. The sample rate is marked by a black

dot and the matched rate by the tip of the vertical arrow that aims from the sample

rate to the matched rate. The arrow is not drawn when the estimated treatment

effect is smaller than 1%. In such a case, there is only a segment that connects the

two rates. The networks are presented in the diagram in the same order as in the

table. The overall rate is marked in the diagram by horizontal dashes within a grey

strip that delineates the confidence interval for the overall rate. The caseloads for the

networks are printed at the top margin, and the basic summaries for the country at

the right-hand margin.

Figure B will present the results in a more conventional layout of caterpillar plots.

Two plots will be drawn: one for the sample rates of BPD and another for the estimated

network-level effects.

19.3 Units

The units participating in NNAP will be assessed by applying the same principle.

Matches will be found for the babies from the focal unit among the babies in the coun-

try, and the rate of BPD among the unit’s babies (the sample rate) will be compared

with the rate of BPD among the matches (the matched rate). The matches are found

by a probabilistic process based on the distance defined for the backgrounds of two

babies. In the matching process, shorter distance is preferred, and there is an upper

limit for the distance beyond which a candidate for a match is disqualified. Each baby

from the focal unit is matched with 10 babies from the country, if every focal baby has

at least 10 candidates for a match. Otherwise the multiplicity of the match will be

set to the smallest number of candidates available for the unit’s babies. The matching

process will be replicated 100 times, and the replicates used to estimate the standard

error of the matched rate. The results of the analysis will not be reported for level 1

units. Also, units with one or no baby in the analysis will be discarded.

The unit-level estimated treatment effects and their confidence intervals will be

presented in a scatterplot (Figure C). Another panel may be added in this diagram

in which the axes are suitably restricted to improve the resolution of the plot, at

the expense of dropping a few units with the largest standard errors and the largest

estimated treatment effects. The level of the unit may be indicated by a distinct symbol,
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colour or size of the symbol. The sample rates of BPD and the estimated treatment

effects will also be displayed in caterpillar plots (Figure D). Unit-level outliers will not

be reported.

Appendices

Appendix A

This appendix derives an expression for the standard error of the difference of the

annual rates of compliance.

Let s2016 and s2017 be the standard errors for the respective annual rates of compli-

ance, p̂2016 and p̂2017 . The standard errors are

sYR =

√

p̂YR (1− p̂YR)

nYR

,

where nYR is the caseload of the unit (or network) and YR is the year, 2016 or 2017.

Then, owing to independence of p̂2016 and p̂2017 , the standard error for the difference

∆p̂ is

s∆ =
√

s22016 + s22017 .

Appendix B

This appendix derives the shrinkage estimator of the difference of the rates of com-

pliance in two (consecutive) years. The derivation is in two stages. In the first, the

between-unit variance σ2
B is estimated and in the second this estimate, σ̂2

B , is used in

shrinkage.

Let pk1 and pk2 be the rates of compliance in two consecutive years, p̂k1 and p̂k2 their

respective unbiased estimators, and s2k1 and s2k2 the corresponding sampling variances.

Denote the differences ∆pk = pk2 − pk1 and ∆p̂k = p̂k2 − p̂k1 . Owing to independence,

var(∆p̂k) = s2k1 + s2k2 .

The moment-matching estimator of σ2
B is derived from the identity

E

{

∑

k

(∆p̂k −∆p̂)2
}

=
∑

k

(∆pk −∆)2 +
∑

k

var (∆p̂k −∆p̂) ,

in which all the summations are over the units k = 1, . . . , K; ∆p is the difference of

the overall (national) rates in the two years, ∆p = p(2) − p(1), and ∆p̂ is its estimate.

The estimator of σ2
B is obtained by solving this equation, with the expectation E

on the left-hand side removed. The first summation on the right-hand side is equal to
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Kσ2
B .

σ̂2
B =

1

K

∑

k

(∆p̂k −∆p̂)2 −
∑

k

var (∆p̂k −∆p̂) . (1)

Further, owing to independence across both units and years,

cov (∆p̂k ,∆p̂) = cov
(

p̂k1 , p̂
(1)

)

+ cov
(

p̂k2 , p̂
(2)

)

,

and as the annual rates p̂(h), h = 1, 2, are linear combinations of p̂kh ,

cov
(

p̂kh , p̂
(h)

)

=
nkh

Nh

pkh (1− pkh)

nkh

=
pkh (1− pkh)

Nh

,

h = 1, 2. Substitution to equation (1) yields the expression

σ̂2
B =

1

K

∑

k

(∆p̂k −∆p̂)2 − 1

K

2
∑

h=1

∑

k

s2kh

(

1− 2nkh

Nh

)

+
1

K2

2
∑

h=1

1

N2
h

∑

k

n2
kh s

2
kh ,

in which the estimate ŝ2kh = p̂kh (1− p̂kh)/nkh has to be substituted for each s2kh . The

concluding term (summation) is very small and can be ignored unless the caseload of

a unit is a large fraction, such as 20% or more, of the overall caseload in either year.

There are no such units in NNAP for any audit measure.

The shrinkage estimator of ∆pk is a composition of the unbiased estimator ∆p̂k and

the overall estimator, ∆p̂, with weights that reflect their relative precisions for ∆pk :

∆p̃k =
∆p̂k σ̂

2
B +∆p̂ ŝ2∆,k

σ̂2
B + ŝ2∆,k

.

Appendix C

This Appendix presents funnel plots for the differences in the rates of compliance with

the audit measure Temperature for 2014 and 2016. A single unit is identified as a

positive outlier both provisionally, in stage 1, and in stage 2. The two funnel plots are

presented in Figures 18 and 19 for the respective stages 1 and 2. The sole outlying

(excellent) unit is Royal Victoria Infirmary. Its rate of compliance in 2014 was 36.0%,

(32Y + 57N) and in 2016 it increased to 58.1% (72Y + 52N). The caseload increased

from 89 to 124. Further research would be required to establish whether the increase

in the caseload and the apparent improvement have a common cause. We note that

the rate of compliance in 2015 was 35.6% (32Y + 58N); both the rate and the caseload

changed only slightly from 2014 to 2015.
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Figure 18: Funnel plot for stage 1 of the analysis for the changes of rates of compliance
from 2014 to 2016.
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Figure 19: Funnel plot for stage 2 of the analysis for the changes of rates of compliance
from 2014 to 2016.
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Royal Victoria Infirmary was not identified as an outlier for the change from 2015 to

2016. This is not a contradiction. First the unit is an outlier for 2014 – 16 by a narrow

margin, and for 2015 – 16 it is close to the funnel limit from the other (non-outlier)

side. We can identify here a weakness of the method of identifying outliers, namely,

that it is internal; its results depend on the dispersion of the changes recorded for the

other units. An external (absolute) criterion for the outlier status would be preferred,

but it would require an a priori setting of a threshold. This would be based on the

judgement of experts (the NNAP Methodology and Dataset Group).

Abbreviations

BPD Bronchopulmonary dysplasia

LNU Local Neonatal Unit (level 2)

NHS National Health Service

NICU Neonatal Intensive Care Unit (level 3)

NNAP The National Neonatal Audit Programme

NNRD The National Neonatal Research Database

ODN Operational Delivery Network

ROP Retinopathy of prematurity

Y, N, M The respective counts of cases of compliance, noncompliance
and missing entries (for a unit or a network)
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