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Section 1: Executive summary 

The Department of Health and HQIP have issued guidance on the detection and management of 
outliers in comparing providers and individuals using batches of data collected over an appropriate 
defined period and in both outcome and process measures of performance.  

These recommendations have been based on advice from an expert group of statisticians and a 
review of existing management protocols used by national clinical audits. 

The definition of an outlier is based on setting a target for an indicator, and then defining what level 
of variation from that target is acceptable, based on theories of statistical probability and/or clinical 
judgement. 

Based on the definition this SOP applies to the following clinical domains of the national cardiac 
audit programme (NCAP): 

 National Congenital Heart Disease Audit 
 

 Myocardial Ischaemia National Audit Project 

 National Audit for Percutaneous Coronary Intervention 

 National Adult Cardiac Surgery Audit 

 National Heart Failure Audit 

 National Audit of Cardiac Rhythm Management 

This SOP applies to both positive and negative outliers. The SOP will however be relevant to all 
appropriate analyses on datasets held by NICOR. 
 
Risk models for the National Audit of Heart Failure and the Myocardial Ischaemia National Audit 
Project (MINAP) are in development and will enable outlier analyses.  
 
This SOP reflects the responsibilities of both NCAP (as a national clinical audit provider) and those 
of the provider organisations.  

The SOP will be applied to mortality outcomes and on agreed individual analyses of metrics that 
have a significant relationship with mortality outcomes. 

For a healthcare provider whose data completeness or quality is insufficient to draw a conclusion 
about its outlier status, this will be made evident to the provider and the necessary regulatory 
bodies. 

 
 
Section 2: Purpose and scope 

The purpose of this SOP is to standardise the process of identifying and managing a potential 
outlier, in accordance with recommended guidance from the original Department of Health (DH) 
and updated Healthcare Quality Improvement Partnership (HQIP) guidance. This SOP will detail 
the detection methods and the processes to follow from the point of detection of a potential outlier 
to an end-point of resolution (no outlier confirmed) or confirmation of outlier status. 
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Any identification of ‘outlier’ status indicates a statistically significant value and does not 
necessarily mean outlying performance by a consultant or organisation. Judgements on 
performance can only be made after a full examination of all the issues involved in the delivery of 
care, and this may be multi-factorial and complex. This is not part of the NCAP remit and not 
covered in this SOP. 

 

Section 3: Background  

An increasing number of national clinical audits publish quantitative data that allow comparisons of 
processes and outcomes. These audits flag up providers that have results which do not seem to 
be in line with expected results compared to other providers or to existing benchmarks. Guidance 
published by the Department of Health (2017)1 and the Healthcare Quality Improvement 
Partnership (revised 2017)2 provides recommendations on how potentially outlying (under or over) 
performance of healthcare providers and individual consultants can be identified and managed.  
 
The recommendations in both documents are based on advice provided by an expert group of 
statisticians and a review of existing management protocols used by national clinical audits. The 
recommendations apply to: 

• Comparisons of providers (general practices, hospitals, trusts, clinical networks) using 
batches of data collected over an appropriate defined period.  

• Comparisons of individual practitioners using batches of data collected over an 
appropriate defined period.  

• Volume, processes and outcomes of performance (referred to as ‘performance 
indicators’).  

 
Appendix I details the statistical principles for identifying poor performance in national clinical 
audits, as defined by the National Clinical Audit Advisory Group (NCAAG). 
 
The denominator used for the outlier process as applied to each metric will be the total case mix 
that NICOR receives for the appropriate period time period. 
 
 
Section 4: Standard operating procedure 

a. NCAP staff involved with the SOP 
This SOP applies to the following NCAP personnel: 
 
- NICOR Director 
- Chief Operating Officer 
- Chair of the NCAP Operational and Methodology (NOM) Group 
- National Clinical Audit Services Manager 
- Senior Project Manager 
- Principal Information Analyst (statistician) 
- Project Managers 
- Information Analysts 

 
b. Key operational relationships  
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i. Audit Clinical Leads and relevant Professional Society Officers (Presidents, Clinical 
Standards leads etc.) 

ii. Inter-department relationships 
Barts Health NHS Trust NCAP Performance Review Group (Managing Director / 
Deputy Managing Director of St Bartholomew’s Hospital) 

iii. Other departments  
None 

iv. External stakeholders 
Trust Lead Clinician for relevant audit 
Trust Medical Director / Responsible Officer 
Trust Chief Executive 
Care Quality Commission  
General Medical Council 
 

c. Responsible personnel 
i. NCA supplier (the team responsible for managing and running the audit nationally – 

i.e. the NCAP) 

The NCAP is responsible for confidential data handling and statistical analysis, determining 
whether any potential outliers exist and the management processes associated with 
outliers. 

Within NICOR: 

 Information Analyst: The information analyst is responsible for the data analysis and 
the following activities: 

o If a potential outlier is detected the information analyst is responsible for 
reporting this to the NCAP Principal Information Analyst (statistician), 
relevant Project Manager and Senior Project Manager.  

o If there is a ‘case to answer’ the information analyst will be responsible for 
re-analysing the revised data submitted by the provider organisation. 

o Updating the relevant sections of the Outlier Log. 

 

 NCAP Principal Information Analyst (statistician): The Principal Information Analyst 
(statistician) is responsible for scrutinising the data and analysis methodology and 
the following activities: 

o Assigning a reference number to the potential outlier and creating a log of 
the process 

o Allocation of an analyst to work on analyses or re-analyses as required and 
to ensure that the work is performed in collaboration with the statistician. 
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o Confirming the finding and informing the relevant Project Manager and 
Senior Project Manager. 

o Overseeing any statistical review of updated data relevant to the process 
and confirming the outlier status if it is concluded there is a ‘case to answer’; 
to confirm this with the relevant Project Manager and Senior Project 
Manager. 

o Updating the relevant sections of the Outlier Log. 
 

 Project Manager (PM): The PM is responsible for : 

o Informing the Senior Project Manager, the Chair of the NOM Group, the 
Audit Clinical Lead and the NCAP COO of the finding.   

o Collating the appropriate information and, when instructed, sending the 
relevant prepared letter (signed by the NICOR Director, Audit Clinical Lead 
and Professional Society President) to the Lead Clinician of the provider 
hospital (copying to the database manager and others as outlined).  

o Ensuring the process and documentation (log) is completed in a timely 
manner.  
 

o Updating the relevant sections of the Outlier Log. 
 

 Senior Project Manager (SPM): The SPM is responsible for:  

o Monitoring progress and ensuring updates are discussed at Senior 
Management Team Meetings and in key governance documentation.  

o Ensuring the SOP is followed and undertaking an annual review. 

o Working with the Chief Operating Officer and Chair of the NOM Group to 
ensure that all sections of the SOP are followed and for liaising with 
regulatory bodies as agreed. 

 

 National Clinical Audit Services Manager (CASM): The CASM will stand in for the 
Principal Information Analyst if absent 
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 NCAP Audit Clinical Lead: The NCAP Audit Clinical Lead will be responsible for: 

o Ensuring due process is followed to determine whether the outlier status 
is confirmed.  

 
o Discussing the process to be followed with the Chair of the NCAP 

Operational and Methodology Group and/or NICOR Director.  
 

o Liaising with the President of the relevant Professional Society and 
ensuring that agreed processes are followed to inform the relevant 
provider or individual clinician.  

 
o Co-signing the outlier letters, unless this responsibility is undertaken by 

the President or Senior Officer of the relevant Professional Society. 
 

 The Chair of the NOM Group:  The Chair of the NOM group will be responsible for: 

o Ensuring that due process is followed to confirm outlier status and will 
discuss possible explanations and ensure that an appropriately worded letter 
to the provider or clinician is prepared in collaboration with the relevant Audit 
Clinical Lead.  

 
o Ensuring that agreed processes will be followed in collaboration with the 

relevant Audit Clinical Lead and Professional Society. 
 

o Ensuring that the NICOR Director is informed. 
 

o Ensuring that the NICOR Director has co-signed all outlier letters together 
with either the Audit Clinical Lead for the relevant domain and/or a senior 
member of the relevant Professional Society and ensuring, where relevant, 
that telephone calls are made to the hospital or individual prior to the letters 
being sent. 

 
o Ensuring that all problems that arise are addressed in collaboration with all 

relevant individuals.  
 

 NCAP Chief Operating Officer (COO). The NICOR COO will be responsible for: 
 

o Ensuring the NCAP staff follows due process in a timely manner and 
completes all relevant documentation. 
 

o Providing anonymized updates at the Barts Health Performance Review 
Group meetings. 
  

o Liaising with HQIP if the Chief Executive/Medical Director or Responsible 
Officer of a provider hospital fails to comply with stages 8 and 9. 
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o Notifying the Care Quality Commission (CQC) if the Chief Executive/Medical 

Director or Responsible Officer of a provider hospital fail to comply with 
stages 6 and 9 (Trust level outlier). 
 

o Notifying the General Medical Council (GMC) if the Chief Executive/Medical 
Director or Responsible Officer of a provider hospital fail to comply with 
stages 6 and 9 (COP only). 
 

o Updating NHS England regional directors about alert and alarm status of 
providers within the NCHDA (Congenital audit). 

 
o Informing CQC of relevant alert and alarm outlier status (Trust level). 

 

 The NICOR Director.  The NICOR Director will be responsible for: 
 

o The appropriate management of the process to identify outlier status and to 
ensure that due governance is followed. When absent, responsibility will fall 
to the COO and the Chair of the NOM Group. 
 

o Co-signing letters to Trusts or individuals informing them of their outlier 
status. 
  

o Ensuring that relevant issues are discussed with the NCAP Stakeholder 
Board and the Barts Health Performance Review Group. 

 
 

ii. NCA provider (Trusts participating in the audits) 

The NCA provider Lead Clinician (i.e. the clinical audit lead for the audit at the hospital) is 
responsible for: 

o Providing written confirmation of the accuracy of data underpinning the 
analysis following initial notification. 

o Amending the live data if the data underpinning the outlier analysis are 
inaccurate. 

o Discussing with the NCAP Audit Clinical Lead/COO if a potential outlier is 
detected and there is a ‘case to answer’. 

o Providing NCAP with the reasons why the original data were inaccurate and 
outlining changes that have been made to prevent a recurrence. 

o Discussing the findings with the local clinical and governance leads  

The Provider Medical Director or Responsible Officer/ Chief Executive are responsible for: 

o Acknowledging the receipt of the letter in all cases. 
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o In the case of an ‘alarm’, informing relevant bodies about the NCAP 
concerns. These include Clinical Commissioning Groups, Monitor (NHS 
Improvement), relevant Professional Society/Association, the GMC 
Employment Liaison Advisor (ELA) and the Care Quality Commission.  

o In the case of an ‘alarm’, initiating a local review of the NCAP information 
and triangulation with other governance information to assess if further 
action is required. 

 

d. Equipment requirements 

 

Equipment Quantity 

Published risk model 1 

Data extract  1  

 

 
e. Procedures  

The following SOP is based on guidance published by the Department of Health and HQIP 
on the detection and management of outliers. The SOP indicates nine stages that need to 
be followed. This SOP translates the guidance into NCAP operational guidance and sets 
out the roles and responsibilities for staff and external stakeholders. The SOP should be 
read in conjunction with the original guidance1, 2. Table 1 sets out the stages, actions and 
timelines for the process.  The process is summarised in Figure 1.  
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Table 1: DH and HQIP Guidance and NCAP actions in managing outliers for both Trusts and 

individuals. 

Please note the guidance applies to both unless otherwise stated at the relevant stage. 

 
STAGE 

 

 
NICOR  

Stage  What action?  Who?  Within 
how 

many 
working 
days?  

What additional action? Who? Within how 
many 

working 
days? 

1  Careful scrutiny of the data 
handling and analyses 
performed is required if 
hospitals and individuals 
are flagged up with one or 
more of their performance 
indicators as a positive or 
negative outlier at an ‘alert’ 
or ‘alarm’ level, to 
determine  whether there 
is:  
 
 
 
 
 
 
 
‘No case to answer’ 
  
• potential outlier status not 
confirmed  
 
• data and results revised 
in NCA records  
 
• details formally recorded.  
 
 
‘Case to answer’  

• potential outlier status 
persists  

 
• proceed to stage 2  
 

NCAP  10   If a potential outlier is detected 
the Information Analyst refers to 
the Principal Information 
Analyst (Statistician) in writing 
(email: Template 1).  
 

 The Principal Information 
Analyst (Statistician) must 
acknowledge receipt of the 
email. If no response is 
received within 1 working day, 
the Information Analyst must 
inform the PM in writing (email: 
Template 1). The Principal 
Information Analyst 
(Statistician) must assign a 
reference number to the 
potential outlier and commence 
a log of the process (Log 1). 
 

 The Principal Information 
Analyst (Statistician) (or other 
analyst as assigned by the 
Principal Information Analyst 
(Statistician) must check the 
data/methodology. 
 

 If ‘no case to answer’, log this. 
No further action is needed. 
 

 If ‘case to answer’, prior to 
proceeding to stage 2, the 
Principal Information Analyst 
(Statistician) (or analyst 
assigned by the Principal 
Information Analyst 
(Statistician)) informs the PM. 
 

 The PM informs the following via 
email (Template 2) 

o Senior Project 
Manager 

o Audit Clinical Lead 
o COO 
o Chair, NOM Group 

 

 The Audit Clinical Lead, where 
relevant, will inform the 
President of the relevant 
Professional Society, the data 

Information Analyst 
 
 
 
 
 
Statistician/information 
Analyst 
 
 
 
 
 
Principal Information 
Analyst (Statistician) 
 
 
 
 
 
Principal Information 
Analyst (Statistician) / 
Project Manager 
 
 
 
 
 
 
 
Principal Information 
Analyst (Statistician)/ 
Information Analyst 
 
 
 
 
 
Project Manager 
 
 
 
 
 
 
 
Audit Clinical Lead 
Professional Society 
representative 
 

1  
 
 
 
 
 
1 
 
 
 
 
 
 
3 
 
 
 
 
 
 
1 
 
 
 
 
 
 
1 
 
 
1 
 
 
 
 
 
 
 
1 
 
 
 
 
 
 
 
1 
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will be reviewed for any obvious 
data discrepancies, but 
thereafter plans will be made to 
inform the hospital or individual 
by a telephone call prior to 
notification by letter (stage 2); 
the call will be made by a senior 
member of the Professional 
Society; this call should be 
confirmed to the COO and Chair 
of the NOM Group. 
 

 The NICOR Director, together 
with the Audit Clinical Lead or 
the President of the relevant 
Professional Society, will co-
sign the notification letters 
(Template 3). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
NICOR Director, 
Audit Clinical Lead 
and/or President of 
the relevant 
Professional Society. 

2  The Medical Director / 
Responsible Officer and 
Hospital Lead Clinician in 
all relevant provider 
organisations and the 
individual (if applicable, 
COP) involved should be 
informed by phone and 
follow up letter about the 
potential outlier status and 
requested to confirm, 
again, that the data 
submitted were complete, 
accurate and validated. 
They are asked to identify 
any data errors or 
justifiable explanation for a 
negative outlier status and 
reasons why the result 
might be better than 
average for a positive 
outlier. All relevant data 
and analyses should be 
made available to the 
Responsible Officer(s), 
Hospital Lead Clinician(s) 
and individual clinician. 
 
Trust level: The follow up 
letter should be sent to the 
Medical Director / 
Responsible Officer of the 
provider organisation and 
copied to the Hospital Lead 
Clinician. 
  
Individual letter: The follow 
up letter should be sent to 
the Medical Director / 
Responsible Officer(s) and 
CEO(s), and copied to the 
Hospital Lead Clinician as 
well as the individual 
clinician. 
 

NCAP 
Clinical 
Lead or 

Officer of 
the relevant 
Professional 

Society  

5   The Project Manager (PM) will 
ensure that the ‘notification of 
potential outlier status’ letters 
are sent to the Medical Director / 
Responsible Officer(s), Hospital 
Lead Clinician(s) and the 
individual clinician (if 
applicable). With respect to 
outlier status of an individual 
clinician, these letters will be 
sent to all hospitals where the 
individual is known to practice. 
  

 The PM to send a copy of the 
letter to the Hospital Medical 
Director / Responsible 
Officer(s), clinical governance 
lead(s) and/or CEO(s) of the 
provider organisation(s), as 
outlined. 
 

 The PM to update the NCAP 
Outliers Log. 
 

 The PM to update the NCAP 
contact database. 

 
 

Project Manager  5 
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3  The Medical Director / 
Responsible Officer(s) or 
Hospital Lead Clinician(s), 
in conjunction with the 
individual clinician (if 
applicable) should provide 
a written response to the 
NICOR Director, the Audit 
Clinical Lead and/or Senior 
Officer of the relevant 
Professional Society 
(depending on the co-
signatures of the original 
notification letter). 

Provider 
Medical 

Director / 
Responsible 
Officer(s) or 

Clinical 
Lead(s)  

25  If no response is received, NICOR 
will uphold the original data 
submission and follow the course of 
action in step 4 for a ‘case to answer’ 

 25 

4  Review of Medical Director 
/ Responsible 
Officer’s/Hospital Lead 
Clinician’s response to 
determine:  
 
‘No case to answer’ 
 

 It is confirmed that the 
data originally 
supplied by the 
provider contained 
inaccuracies. 
Reanalysis of 
accurate data no 
longer indicates outlier 
status. 
  

 Data and results 
should be revised in 
NCA records. Details 
of the provider’s 
response and the 
review result 
recorded.  
 

 Medical Director / 
Responsible Officer(s) 
and Hospital Lead 
Clinician(s) and 
individual clinician (if 
appropriate) notified in 
writing. 
 

 Request made to the 
Hospital Lead 
Clinician at the NCA 
provider as to why the 
original data were 
inaccurate and what 
has been put in place 
to prevent a 
recurrence. 

 
 
‘Case to answer’  
 
• It is confirmed that 
although the data originally 
supplied by the provider 
were inaccurate, analysis 

NCAP 20  Where necessary, the 
information analyst will re-run 
the analysis on the data and 
provide results to the PM. 
 

 The PM emails the following 
(Template 2) and attaching draft 
letters for sign off within 2 
working days to: 

o Senior Project 
Manager 

o Audit Clinical Lead 
o COO 
o Chair, NOM Group 
o Director, NICOR 

 

 Director, NICOR, Audit Clinical 
Lead and/or Officer of the 
relevant Professional Society to 
sign off letters 

 
 
 

If ‘no case to answer’ the Project 
Manager to send the prepared and 
signed letter to Medical Director / 
Responsible Officer(s), Hospital 
Lead Clinician(s) and Individual 
clinician (Template 4a). 
 
If a ‘case to answer’ the project 
manager ensures the necessary 
letters are prepared but awaits 
confirmation that the notification 
telephone call has been made prior 
to sending the prepared and signed 
letter to either the Hospital Medical 
Director / Responsible Officer and 
Hospital Lead Clinician (Hospital 
outlier) or Medical Director / 
Responsible Officer(s) and individual 
clinician  (Templates 4b-d). See 
stage 5. 
 

 

Information Analyst 
 
 
 
 
Project Manager 
 
 
 
 
 
 
 
 
 
 
Director, NICOR, 
Audit Clinical Lead 
and/or Officer of the 
relevant Professional 
Society 
 
 
Project Manager  

10 
 
 
 
 
5 
 
 
 
 
 
 
 
 
 
 
2 
 
 
 
 
 
 
3 
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still indicates outlier status;  
 
or  
 
• It is confirmed that the 
originally supplied data 
were accurate, thus 
confirming the initial 
designation of outlier 
status.  
 
• proceed to stage 5  
 
 
 
 

5  Hospital outlier: Contact 
Medical Director / 
Responsible Officer and 
Hospital Lead Clinician by 
telephone, prior to written 
confirmation of potential 
outlier status (alert or 
alarm); letter addressed to 
the Hospital Medical 
Director / Responsible 
Officer and copied to the 
Hospital Chief Executive 
and Hospital Lead 
Clinician. 
 
Individual outlier: Contact 
individual clinician and 
Hospital Medical Director / 
Responsible Officer of all 
relevant provider 
organisations.  
 
In the case of a negative 
outlier, include all relevant 
data and statistical 
analysis, including previous 
response to Medical 
Director / Responsible 
Officer(s) and Hospital 
Lead Clinician(s), and 
copied to the Chief 
Executive(s). 
 
In the case of a positive 
outlier, discussion should 
follow as to possible 
explanations and whether 
the Hospital Lead Clinician 
and individual clinician 
would be available to 
mentor others at the less 
good end. 
 
In the case of a Trust level 
‘alert’ or ‘alarm’ NCAP to 
notify CQC. In the case of 
a Trust level ‘alarm’, the 
Provider CEO will be 
advised to inform 

NCAP 
Clinical 
Lead or 

Officer of 
the relevant 
Professional 

Society 

5   The Chair of the NOM Group 
will liaise with the Audit Clinical 
Lead and/or President of the 
relevant Professional Society to 
ensure that the Medical Director 
/ Responsible Officer and Lead 
Clinician(s) at the provider 
organisation(s) are contacted by 
telephone. 
 

 The PM will send the prepared 
notification letter on behalf of the 
NICOR Director, informing them 
that NCAP will proceed to 
publish information of 
comparative performance that 
will identify the provider and 
individual (if relevant). All 
relevant data and statistical 
analyses, including previous 
response from the Hospital Lead 
Clinician(s) should be 
referenced and attached in the 
letter. The letter will be copied to 
the Hospital Lead Clinician(s) 
and Chief Executive(s) of the 
provider(s). 
(Template 4a-c: Negative 
Outlier; Template 4d: Positive 
Outlier).  
 

 A copy of the BCS/SCTS 
Working Group document 
around the recommended 
responses to outlier status will 
be enclosed with such letters. 
 

 The COO to notify: 
o CQC 

(clinicalaudits@cqc.o
rg.uk) 

 

 NICOR Director or COO to 
provide summary ‘outlier’ update 
at Barts Health Performance 
Review Group.    

 
 
 

Chair, NOM Group, 
Audit Clinical Lead or 
Officer of the relevant 
Professional Society 
 
 
 
 
 
 
Project Manager 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Project Manager 
 
 
 
 
 
COO 
 
 
 
 
NCAP Director or 
COO 
 

3 
 
 
 
 
 
 
 
 
 
2 

mailto:clinicalaudits@cqc.org.uk
mailto:clinicalaudits@cqc.org.uk
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commissioners, NHS 
Improvement and the 
relevant Royal Colleges. 
 
In the case of an 
individual level alarm, the 
hospital Medical Director / 
Responsible Officer(s) / 
Chief Executive(s) to be 
advised to inform the GMC 
Employment Liaison 
Adviser (ELA). 
 
In the case of an ‘alert’ the 
Medical Director / 
Responsible Officer and 
Hospital Lead Clinician 
would be expected to 
initiate a local review and 
triangulate this information 
with other governance 
information to see if further 
information is required.  
 
The Trust should be 
informed NCAP will publish 
information of comparative 
performance that will 
identify individuals and 
providers.  
 
Additional requirements: 
In the case of NCHDA 
outliers NHSE has 
requested the following 
roles are also copied in to 
the letter: 
- Programme Director 

(Congenital Heart 
Disease Programme) 

- NHS England 
Regional Director  

  

 
 

6  The Hospital(s) is(are) 
required to: 
 
- Acknowledge receipt 

of the letter  
- Confirm that local 

investigation will be 
undertaken (Alarm 
only) 

- In the case of a 
requirement to inform 
the GMC ELA 
(individual clinician 
only), confirmation 
that this has taken 
place. 

 

Provider 
Medical 

Director / 
Responsible 
Officer(s) or 

Chief 
Executive(s)  

10  PM updates the Outlier log and files 
letter. 
PM notifies COO of non-compliance 
with stage 6. 

Project Manager  

7 If no acknowledgment 
received, a reminder letter 
should be sent to the 
Medical Director / 
Responsible Officer(s).  

COO/ 
Project 

Manager 

5  PM to send a reminder letter and 
update the outlier log. 
 
COO notifies CQC and NHS 
Improvement of non-compliance. 

Project Manager 
 
 
COO 

5 of 
deadline 
expiry 
5 
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Trust level only: letter to be 
copied to CQC. If no 
response is received within 
5 working days, CQC and 
NHS Improvement notified 
of non-compliance. 

 

8  Public disclosure of 
comparative information 
that identifies providers and 
individuals (if relevant) in 
applicable publications. To 
date these are limited to: 

 Annual Report 

 NHS Choices 
website 

 Professional 
Society websites. 

 

NCAP 
team  

As per 
Standard 
Reporting 
Procedure 

This is part of the reporting cycle. 
PM to update log on publication.  
 

Project Manager and 
others 

 

9 Failure of the Chief 
Executive(s) / Medical 
Director / Responsible 
Officer(s) to comply with 
point 6 (for negative 
outliers only), would lead 
NCAP to notify the 
following organisations:  
- CQC 
- NHS Improvement  
- GMC (individual 

operator only), 
following discussion 
with the HQIP Medical 
Director. 

 

Trust level – 
NCAP team 
 
Individual 
only - NCAP 
in 
conjunction 
with HQIP 
Medical 
Director. 

5 COO to notify HQIP. 
 
COO to write to the GMC  
(Template 5). 
 
COO to update log and file 
correspondence.  
 

COO  

 

 
f. Contingencies 
The NCAP is required to undertake the outlier policy if outliers are identified.  
In the absence of personnel listed in the SOP, responsibility would be allocated to alternative 
NCAP staff by the COO/SPM. 

 

 

  



 

 

 

 

 
 

 
 

Page 17 of 48 
NCAP Outlier Policy V0.6 (September 2019) 

  

 
 

g. Work flow diagram 

 

 

 
h. Level of evidence and references 
1. Department of Health. Detection and management of outliers’ guidance prepared by the national 

Clinical Audit Advisory Group. 2011.  
https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-
prepared-by-national-clinical-audit-advisory-group 

2. Detection and management of outliers for National Clinical Audits. Guidance prepared by National 
Clinical Audit Group/HQIP (2011). Updated by HQIP in consultation with CQC, NHS England, 
NAGCAE, NHS Improvement (May 2017).  
https://www.hqip.org.uk/resource/detection-and-management-of-outliers-for-national-clinical-audits-
implementation-guide-for-ncapop-providers/#.XEmSkVX7Rpg 

3. Bridgeman B, Keenan D, Mullan K. [online]; 2015. Healthcare Quality Improvement Partnership. 
Technical Manual for the Consultant Outcomes Publication 2015 
http://www.hqip.org.uk/resources/clinical-outcomes-publication-technical-manual/  
 

 

Section 5: Local approval 
 
The SOP has been reviewed by NICOR staff including the NICOR Director, COO, Senior Project 
Manager, National Clinical Audit Services Manager, Chair of the NOM Group and Audit Clinical 
Leads and discussed at the Professional Liaison Group and NOM Group. 
 
 

https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group
https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group
https://www.hqip.org.uk/resource/detection-and-management-of-outliers-for-national-clinical-audits-implementation-guide-for-ncapop-providers/#.XEmSkVX7Rpg
https://www.hqip.org.uk/resource/detection-and-management-of-outliers-for-national-clinical-audits-implementation-guide-for-ncapop-providers/#.XEmSkVX7Rpg
http://www.hqip.org.uk/resources/clinical-outcomes-publication-technical-manual/
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Section 6: SOP review and monitoring compliance/audit requirements 
 

a) The NCAP Delivery Group is responsible for Policies, SOPs and Guidance and will 
review the SOP on an annual basis or before if required (e.g. due to change in national 
guidance or the result of known risks or issues).  

b) The NCAP Delivery Group will monitor progress as part of weekly meetings.  
c) The Outlier log and Outlier documentation will be reviewed throughout this period to 

ensure the SOP is followed. 
d) NCAP will audit compliance with the policy on an annual basis. 
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Section 7: Templates and logs 

 

1. TEMPLATES AND LOGS ASSOCIATED WITH THE SOP 

a. Template 1: Email from Information Analyst to Principal Information Analyst (Statistician) or 

Project Manager informing of potential outlier 

Subject: POTENTIAL OUTLIER DETECTED; ‘INSERT NAME OF CLINICAL AUDIT’ 

Text:  

Dear ‘INSERT NAME’ 

A potential outlier has been detected in the ‘INSERT NAME OF AUDIT’. Please can the methodology 

and analysis be checked to determine if there is a possible ‘case to answer’? 

Please can you confirm your findings by [date +3 working days]? 

Please note that this information is confidential and must not be circulated outside of the recipients of 

this email. 

 

Kind regards 

‘INSERT NAME’ 

b. Template 2: Email from NCAP Project Manager to NCAP Senior Project Manager, Audit Clinical 

Lead, Chief Operating Officer and Chair of the NOM group (and NICOR Director where 

necessary) 

Subject: POTENTIAL OUTLIER DETECTED: POSSIBLE CASE TO ANSWER 

Text:  

Dear All, 

This is to inform you that the following outlier(s) has/ve been detected in the ‘INSERT NAME OF 

CLINICAL AUDIT’, fulfilling the conditions for progression to stage 2/4 [delete as necessary] of the 

managing outliers SOP.  Please find attached a draft letter to the Medical Director / Responsible 

Officer and Hospital Lead Clinician in the relevant provider organisation(s) and the individual 

clinician(s) (if relevant). Please could you review and authorise sign off by [date + 1 working day]. 

Details of the outlier are attached. 

Please note that this information is confidential and must not be circulated outside of the recipients of 

this email. Failure to comply will be deemed to be a breach of NCAP security policy. 

 



 

 

 

 

 
 

 
 

Page 20 of 48 
NCAP Outlier Policy V0.6 (September 2019) 

  

 
 

Kind regards 

‘INSERT NAME’ 

c. Template 3: Letter to Medical Director / Responsible Officer and/or Hospital Lead Clinician of 

provider and/or individual clinician relating to outlier 

*This letter must be on appropriate NCAP headed notepaper*.  

Do not include Barts Health logo on external documents. The template may be modified so that the 

letter can be tailored to the specifics of the issue. 

‘INSERT DATE’ 

Dear ‘INSERT NAME OF HOSPITAL LEAD CLINICIAN AND INDIVIDUAL CLINICIAN (COP) AT 

PROVIDER ORGANISATION’ 

Re: Notification of potential outlier status reference ’INSERT REF’ 

Analysis of the data submission for the ‘INSERT NAME OF AUDIT’ for the period ‘INSERT TIME 

PERIOD’ has identified your hospital/you [delete as necessary] as a potential outlier in the following 

areas:  

‘INSERT DETAILS OF DATA AND ANALYSES’ 

At this first stage of the outlier process we need confirmation that the data on which these analyses 

are based are correct. Please could you review your data and either confirm that the data submitted 

are complete and accurate, or that there are discrepancies.  If there are discrepancies the data must 

be amended within the timeline below. 

The deadline for responding is [insert date +25 working days]. If we do not receive a response, NCAP 

will uphold the original data submission. 

Following receipt of your written response, NCAP will undertake a review of the response/new data 
submission within the subsequent 20 working days. You will be notified after this period whether the 
potential outlier status persists. 

If you identify data inaccuracies, please provide the reasons for the poor data quality and outline any 
changes that have been made to prevent a recurrence.  

This process is in accordance with the following documents: 

1. Department of Health Guidance ‘The detection and management of outliers (2011).   
https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-
prepared-by-national-clinical-audit-advisory-group 

2. Healthcare Quality Improvement Partnership Technical Manual for the Consultant Outcomes 
Publications (2016). http://www.hqip.org.uk/resources/clinical-outcomes-publication-technical-manual  

 

Yours sincerely, 

https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group
https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group
http://www.hqip.org.uk/resources/clinical-outcomes-publication-technical-manual
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John Deanfield, Director, NICOR on behalf of the NCAP 

[Name] Audit Clinical Lead 

[Name] Officer, Professional Society 

 

Cc: Medical Director / Responsible Officer [Trust] 

Cc: Clinical Governance Lead 

Cc: Chief Executive Officer 

d. Template 4: Letter from NCAP to Hospital Medical Director / Responsible Officer, Hospital Lead 

Clinician and Chief Executive to inform of outlier status. 

*This letter must be on appropriate NCAP headed notepaper*  

Do not include Barts Health Logo on external documents. This template may be modified so that the 

letter can be tailored to the specifics of the issue.  

a): ‘no case to answer’ 

‘INSERT DATE’ 

Dear ‘INSERT NAME OF HOSPITAL LEAD CLINICIAN AT PROVIDER ORGANISATION’ 

Re: Notification of potential outlier status reference ’INSERT REF’ 

Thank you for your letter dated ‘INSERT DATE’ in response to the potential outlier notification you 

received from NCAP. It has been confirmed that the data originally submitted by ‘INSERT 

HOSPITAL NAME’ contained inaccuracies and reanalysis of the accurate data no longer indicates 

outlier status. The data and results will be revised in NCAP records. Please find enclosed the 

revised analysis. 

Please submit a summary of the reasons for the inaccurate data submission and what measures 

have been put in place to prevent a reoccurrence. The deadline for submitting the response is [date 

within 10 working days] 

 

Yours sincerely 

John Deanfield, Director, NICOR on behalf of the NCAP 

[Name] Audit Clinical Lead 

[Name] Officer, Professional Society 

 

Cc: Medical Director / Responsible Officer [Trust] 

Cc: Clinical Governance Lead 

Cc: Chief Executive Officer 

 

 

b) ‘Case to answer’ – Negative outlier original data incorrect 

‘INSERT DATE’ 
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Dear ‘INSERT NAME OF CEO AT PROVIDER ORGANISATION’ 

Re: Notification of potential outlier status reference ’INSERT REF’ 

 

Thank you for your letter dated ‘INSERT DATE’ in response to the potential outlier notification you 

received from NICOR. It has been confirmed that although the originally supplied data were 

inaccurate, analysis still indicates outlier status. Please find enclosed related correspondence and 

statistical analyses. NCAP will proceed to publishing information of comparative performance that 

will identify providers [provide date if available].  As per the HQIP guidance, you are now required to 

undertake the following steps: 

i. Provide acknowledgement of receipt of this letter within the next 10 working days. The letter 

also needs to include the following information: 

ii. In the case of an Alarm status, please confirm that a local investigation will be undertaken with 

independent assurance of the validity of this exercise.  

iii. A summary of the reasons for the inaccurate data submission and what measures have been 
put in place to prevent a recurrence. The deadline for submitting the response is [date within 
10 working days].  

iv. In the case of an ‘Individual operator ‘alarm’ status it is advisable to inform the GMC 
Employment Liaison Adviser (ELA). Please confirm that this has taken place in your 
acknowledgment letter if applicable. 

 
Please send a copy of this letter to the Care Quality Commission (clinicalaudits@cqc.org.uk). In the 
case of a Trust level ‘alarm’ status it is also advisable to notify commissioners, NHS Improvement 
(nhsi.medicaldirectorate@cqc.org.uk) and the relevant Royal Colleges.   
 
 

This process is in accordance with the Department of Health Guidance ‘The detection and 
management of outliers’ (https://www.gov.uk/government/publications/detection-and-management-of-
outliers-guidance-prepared-by-national-clinical-audit-advisory-group) and Healthcare Quality 
Improvement Partnership Technical Manual for the Consultant Outcomes Publications 
http://www.hqip.org.uk/resources/clinical-outcomes-publication-technical-manual/ 
 
In line with this policy, the NCAP is also required to report all Alarm level outliers to the Care Quality 
Commission. In relation to all NCHDA outliers, NCAP is also required to notify the Congenital Heart 
Disease Programme Director and NHS England Regional Director [delete if not NCHDA outlier]. 

 

You may find the attached document from a BCS/SCTS Working Group helpful in determining your 
response to this finding. 
 

Yours sincerely 

John Deanfield, Director, NICOR on behalf of the NCAP 

[Name] Audit Clinical Lead 

[Name] Officer, Professional Society 

 

Cc: Trust Lead Clinician 

mailto:clinicalaudits@cqc.org.uk
mailto:nhsi.medicaldirectorate@cqc.org.uk
https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group
https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group
http://www.hqip.org.uk/resources/clinical-outcomes-publication-technical-manual/
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Cc: Clinical Governance Lead 

Cc: Medical Director / Responsible Officer  

 

c) Case to answer’ – Negative outlier original data correct: 

Thank you for your letter dated ‘INSERT DATE’ in response to the potential outlier notification you 

received from NCAP. It has been confirmed that the originally supplied data were accurate, thus 

confirming the initial designation of outlier status.  Please find enclosed related correspondence 

and statistical analyses. NCAP will proceed to publishing information of comparative performance 

that will identify providers [provide date if available].  As per the HQIP guidance, you are now 

required to undertake the following steps: 

 

i. Provide acknowledgement of receipt of this letter within the next 10 working days. The letter 

also needs to include the following information: 

ii. In the case of an Alarm status, please confirm that a local investigation will be undertaken with 

independent assurance of the validity of this exercise.  

iii. A summary of the reasons for the inaccurate data submission and what measures have been 

put in place to prevent a recurrence. The deadline for submitting the response is [date within 

10 working days].  

iv. In the case of an ‘Individual operator ‘alarm’ status it is advisable to inform the GMC 
Employment Liaison Adviser (ELA). Please confirm that this has taken place in your 
acknowledgment letter if applicable. 

 

Please send a copy of this letter to the Care Quality Commission (clinicalaudits@cqc.org.uk).In the 
case of a Trust level ‘alarm’ status it is also advisable to notify commissioners, NHS Improvement 
(nhsi.medicaldirectorate@cqc.org.uk) and relevant royal colleges. This process is in accordance with 
the Department of Health Guidance ‘The detection and management of outliers’ 
(https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-
prepared-by-national-clinical-audit-advisory-group) and Healthcare Quality Improvement Partnership 
Technical Manual for the Consultant Outcomes Publications 
http://www.hqip.org.uk/resources/clinical-outcomes-publication-technical-manual 
 
In line with this policy, the NCAP is also required to report all Alarm level outliers to the Care Quality 
Commission. In relation to all NCHDA outliers, NCAP is also required to notify the Congenital Heart 
Disease Programme Director and NHS England Regional Director [delete if not NCHDA outlier]. 
 

You may find the attached document from a BCS/SCTS Working Group helpful in determining your 
response to this finding. 
 
Yours sincerely 
John Deanfield, Director, NICOR, on behalf of the NCAP 
[Name] Audit Clinical Lead 
[Name] Officer, Professional Society 
 
Cc: Trust Lead Clinician 
Cc: Individual Clinician 

mailto:clinicalaudits@cqc.org.uk
mailto:nhsi.medicaldirectorate@cqc.org.uk
https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group
https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group
http://www.hqip.org.uk/resources/clinical-outcomes-publication-technical-manual
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d) Positive outlier:  

Thank you for your letter dated ‘INSERT DATE’ in response to the potential outlier notification you 

received from NCAP. It has been confirmed that the originally supplied data were accurate, thus 

confirming the initial designation of outlier status. Please find enclosed related correspondence 

and statistical analyses. NCAP will proceed to publishing information of comparative performance 

that will identify providers on [provide date if available].  Please provide acknowledgement of 

receipt of this letter within the next 10 working days. 

As this is a positive outlier, please could you also provide a summary as to the possible 

explanations? In the spirit of sharing good practice, we would like to use this as a basis of a case 

study that can be shared with the wider cardiac community as part of the NCAP publications.  

This process is in accordance with the Department of Health Guidance ‘The detection and 
management of outliers’ (https://www.gov.uk/government/publications/detection-and-
management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group) and 
Healthcare Quality Improvement Partnership Technical Manual for the Consultant Outcomes 
Publications http://www.hqip.org.uk/resources/clinical-outcomes-publication-technical-manual. 
 
Yours sincerely 
John Deanfield, Director, NICOR, on behalf of the NCAP  
[Name] Audit Clinical Lead 
[Name] Officer, Professional Society 
 
Cc: Trust Lead Clinician 
Cc: Individual Clinician 
 

e. Template 5: Letter from NCAP COO to GMC to inform of failure of a provider organisation to 

comply with process. 

*This letter must be on appropriate NCAP headed notepaper*  

Do not include Barts Health Logo on external documents. This template may be modified so that the 

letter can be tailored to the specifics of the issue.  

 

Subject: FAILURE TO COMPLY WITH NATIONAL CARDIAC AUDIT PROGRAMME PROCESS FOR 

THE MANAGEMENT OF A CLINICAL DATA OUTLIER STATUS; ‘INSERT NAME OF CLINICAL 

AUDIT’ 

Text:  

Dear ‘INSERT NAME’ 

The ‘INSERT NAME OF PROVIDER UNIT’ has failed to conform to the nationally agreed process for 

the management of an outlier as regards a key clinical audit metric. The hospital was first informed of 

their potential outlier status on [ENTER DATE] and the outlier status was confirmed on [ENTER 

DATE]. The Medical Director / Responsible Officer and Chief Executive Officer were requested to 

[DELETE AS NECESSARY]: 

- Acknowledge receipt of the letter  

https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group
https://www.gov.uk/government/publications/detection-and-management-of-outliers-guidance-prepared-by-national-clinical-audit-advisory-group
http://www.hqip.org.uk/resources/clinical-outcomes-publication-technical-manual
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- Confirm that local investigation will be undertaken (Alarm only) 
- In the case of a requirement to inform the ELA (individual clinician only); confirmation that this has 

taken place. 
 

We requested a response within 10 working days. The hospital has failed to conform to this timetable 

and we are unable to determine the response the hospital has made to this notification. 

Please can you confirm your findings by [date +3 working days]? 

Yours sincerely 

James Chal, Chief Operating Officer, NICOR 
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a. Log 1: Management of outliers log and signatures form 

OUTLIER LOG: OUTLIER REF 

Insert date on completion  

 

   Stage 1 Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 5 Stage 6 Stage 7  Stage 8 Stage 9 

Ref Reporting 

period 

Clinical 

Audit 

Information analyst 
detects potential 
outlier and informs 
NCAP statistician 

 

Statistician 
confirms status 

 

Telephone call 

made to provider 

or clinician and 

potential outlier 

letter sent 

Trust response 

received 

NCAP review Confirmation 

call/letter sent 

 

CC in CQC Acknowledgment of 

receipt 

Reminder letter Outlier 

published 

CQC informed of 

failure to comply 

Case study 

(positive outlier 

only) 

[NAPCI-

18-001] 

2018 NAPCI [date] [date] [date] 

 

[date]  [date] [date] [date] [date] [date] [date] 

[NAPCI-

18-002] 

             

etc              

etc              
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SOP DISSEMINATION AND TRAINING 

 

Section 8: SOP dissemination, training and competency assessment 

 

a) This SOP should be disseminated via email to all NCAP staff and the NCAP Audit Clinical 
Leads.  
 
a) The dissemination process for all staff will include the following: 

1. Physical copy of the SOP contained within the departmental SOP folder. 
2. Electronic copy available to all staff on the departmental shared folder. 
3. New staff joining the department will be informed on induction. 

 
In addition, elements of this SOP should be included in the Data Quality Guidance with the 
hospitals/Trusts so that the responsibilities of the provider organisation are highlighted. 
Training in this SOP within NICOR is required by the: 

 Information analysts 

 Principal Information Analyst (Statistician) 

 Chief Operating Officer 

 Project Managers 

 Senior Project Manager 

 Audit Clinical Leads 

 Chair of the NCAP NOM Group 

 Director, NICOR. 
 

b) Training will consist of reading the SOP and sign-off at an individual level before any 
involvement in the implementation of the SOP and during the induction process for new staff. 
 
c)  Competency assessments will be conducted initially (for new staff) and periodically. Any 
problems / issues identified which need to be corrected will include additional task – specific 
training and awareness.  
 
Competency assessments methods will include the following: 

 Indirect observations – periodic checks / reviews by the NCAP Senior Project 
Manager to ensure processes outlined in this SOP are being adhered to. 

 Direct observations – this will include observing techniques by staff members which 
will allow the observer to see if the staff member is following the SOP. 

 Use of a checklist where observable items, actions and attributes outlined in section 
7 are observed. 

 Monitoring the recording and quality of the Outlier log. This will be reviewed on a 
weekly basis during the outlier period. 
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Section 9: Acronyms, glossary and definitions. 

 

Outlier Identification of ‘outlier’ status indicates a 
statistically significant value in the relevant 
analyses. The definition is based on setting 
a target for an indicator, and then defining 
what level of variation from that target is 
acceptable, based on theories of statistical 
probability and /or clinical judgement. 

Alert and Alarm 

 

HQIP recommends the definition of outlier 
is based on a 2 sided statistical approach 
and threshold p values of 0.05 for ‘alert’ and 
0.002 for ‘alarm’. 

Provider organisation 

 

 

  

The hospital or Trust submitting the data 
being analysed. 

 

Case to answer 

 

A ‘case to answer’ refers to the 
identification of a potential outlier status. 

 

No case to answer 

 

‘No case to answer’ refers to a situation 
where a ‘case to answer’ was not identified 
and potential outlier status has not been 
confirmed following data scrutiny and 
analysis. 
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Appendix 1 
 
Statistical principles for identifying poor performance in national clinical audits  

Advice of an expert group prepared for the National Clinical Audit Advisory Group  

27 June 2010  

I INTRODUCTION  

1. The Department of Health has requested the National Clinical Audit Advisory Group 
(NCAAG) to produce statistical guidance on how potentially outlying performance of 
healthcare providers can be identified. A growing number of national clinical audits publish 
quantitative data that allow comparisons of processes and outcomes. These audits will flag up 
providers that have results which do not seem to be in line with what can be expected 
compared to other providers or to existing benchmarks.  

2. An expert group has produced guidance on the statistical principles that build on a range of 
statistical approaches that have been used for this purpose over the years.  

3. This document complements one on the procedures that should be followed once a 
provider with potential outlying performance has been identified (i.e. what action should be 
taken, who should take it, and when). Although the identification of outlying performance and 
the subsequent handling of it are separate activities, there is a mutual interaction. For 
example, the threshold levels distinguishing acceptable from outlying performance that are 
being used in the statistical analysis depend on what is going to happen when a provider has 
been identified as a potential outlier (see paragraph 17). Furthermore, data quality as well as 
differences in case mix that are not fully adjusted need to be taken into account when 
potential outlying performance is being investigated. This requires an understanding of the 
underlying statistical analyses.  

4. The document is targeted at stakeholders of national clinical audits (clinicians, providers, 
commissioners, policy makers, patients and the public) who have a basic understanding of 
statistical principles. Rather than addressing detailed statistical issues, it sets out fundamental 
principles that need to be followed and provides advice on how that could be implemented. 
Methodological information related to more advanced topics is made available through 
references of key papers.  

5. This document is not comprehensive and sets out only one of many possible options. 
However, it was our intention to be relevant to as many as possible of the scenarios that are 
encountered within national clinical audits.  

6. The identification of outlying performance touches on many fundamental statistical 
principles. There is an increasing body of research that aims to further develop the available 
methodology in this area. It is therefore crucial in our view that the analyses are carried out by 
individuals with appropriate statistical expertise and experience.  
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II CHOICE OF THE PERFORMANCE INDICATOR  

7. In this document, we consider performance indicators that are quantitative measures of 
either processes or outcomes of care. This indicator should be carefully chosen. First, the 
statistical power should be considered (i.e. the probability that a provider with truly outlying 
performance will be detected) which depends on the number of patients (or any other “unit of 
interest”) per provider as well as on the frequency of events if the performance indicator is 
derived from a discrete outcome or on a measure of variability if it is derived from a 
continuous outcome. Second, the validity of the outcome should be assessed. Important 
considerations are the extent to which the outcome is attributable to care provided by the unit 
and the clarity about the relationship between indicator and good and poor quality of care. A 
further issue is the objectivity of the indicator or the extent to which there is the potential that 
the indicator can be manipulated by the provider (e.g. “gaming”). Third, the anticipated 
adequacy of adjustment for potential differences in important risk factors needs to be 
considered as this will determine the fairness of the comparison.  

8. Performance indicators can be derived from different types of data. Roughly speaking, one 
can distinguish indicators based on discrete outcomes expressed as proportions or counts or 
based on summary measures of continuous measures expressed as means or medians as 
well as on various derived measures. The statistical approach to determine the limits of the 
acceptable range will need to take the type of data into account, especially when numbers of 
cases or events are low. In that case, appropriate methods for small samples should be used.  

III DESIGN  

9. Two different types of design can be distinguished. The first is a comparison of providers 
based on data collected over a given period of time or including a given number of patients. 
The second is based on sequential monitoring techniques (e.g. CUSUM methods) that allow 
an update of the assessment of performance of a provider after each case accrued. In this 
document, we only consider the analysis of data collected over a given period of time or a 
given number of patients as those are most commonly used in ongoing national clinical 
audits.  

10. There is an obvious trade-off between the statistical power of the analysis and the 
timeliness of detecting outlying performance. If the reporting time period is short, the number 
of included patients may be small and truly outlying providers may not be detected because of 
a lack of statistical power. On the other hand, if the reporting time period is relatively long 
outlying providers may remain undetected for a considerable amount of time.  

IV DEFINITION OF AN OUTLIER  

11. A provider will be identified as an outlier if the value of the performance indicator is 
outside the range of acceptable performance. This range will be determined by a target and a 
range of values around that target that are defined on the basis of statistical principles.  

IVa Choosing the target  

12. The target can be set on the basis of external criteria (e.g. historical data, data collected 
elsewhere, a clinical practice guideline, or clinical judgement) or on the basis of internal 
criteria derived from the audit data under consideration. An example of the latter is the use of 
the average over all cases among all providers included in an audit.  
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13. If an internal target is used, one could consider using a cross-validation approach and 
compare each provider against a target derived from all other providers. An advantage of 
using cross-validation is that it removes the influence of a provider on the target against which 
it is being compared. If the number of providers is relatively large, cross-validation has only a 
marginal impact on the target that is used for each provider. Conversely, if cross-validation is 
used when only a small number of providers are being compared, the influence on the target 
could be substantial.  

14. Alternatively, one may want to avoid the influence of outlying providers on an internal 
target by resetting the top and bottom values of a performance indicator to a specified 
percentile (e.g. 5%), a process sometimes referred to as “winsorising”. A further option for 
defining an internal target is to take the average observed in providers that were recognised 
centres of excellence on the basis of pre-defined criteria.  

IVb Limits of acceptable performance  

15. The definition of the limits of acceptable performance should be based on statistical 
criteria. Statistical process control processes developed in an industrial context typically 
define a range of values that are within three standard deviations from the target value as “in 
control” (i.e. acceptable). This would correspond to statistically testing whether a performance 
indicator is different from the target at a two-sided significance level of 0.002. In practice, this 
would imply that 99.8% of all providers are expected to be within the acceptable range, if all 
providers are in control (i.e. performing according to the target). Alternative significance levels 
can be used. For example, a two-sided significance level of 0.05 would define all values 
within two standard deviations from the target as acceptable. If all providers are in control, 
95% would be within these limits.  

16. We recommend that as a starting point the two-sided significance levels of 0.05 and 0.002 
should be used to define limits of acceptable performance. These limits could be considered 
as the thresholds for an “alert” or an “alarm”, respectively. As a consequence, the use of other 
significance levels will require an explicit justification (see paragraph 17).  

17. The final choice of the actual significance levels needs to take into account the relative 
weight of the two potential errors: erroneously identifying a provider as an outlier (a false-
positive result or Type I error); and erroneously considering a provider’s performance as 
acceptable (a false-negative result or Type II error). Further relevant determinants of the limits 
are data quality, the adequacy of the risk adjustment, and the issue of multiple testing (see 
paragraph 31).  

18. It is important to note that the limits of acceptable performance defined in this way depend 
on the number of cases per provider. Especially when the number of cases is large, 
differences that are statistically significant may not always be clinically significant. For this 
reason, it has been suggested to use separate thresholds: one to demonstrate evidence for 
safety and one to demonstrate evidence for danger.

1
  

 

 V ASSESSMENT OF DATA QUALITY 

 19 A report comparing performance indicators among providers should explicitly describe 
data quality. A number of measures of data quality should be made available. First, case 
ascertainment should be given as a proportion of included cases out of all eligible cases. The 
number of eligible cases should be derived from external sources. Second, completeness of 
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critical data fields should be presented as a proportion of non-missing values of fields 
containing information on process or outcome measure under consideration as well as on 
case mix factors that are likely to be included in the risk adjustment models. Third, accuracy 
of critical data fields should be investigated. This can be done “internally” through consistency 
and plausible range checks within the available data sets and – if feasible – “externally” 
through comparison with another data source.  

 20 The generalisability (i.e. representativeness) should be assessed by comparing 
characteristics of the included cases against those that are not included or against all eligible 
cases. The potential of using existing data – if possible linked at patient level – should be 
explored for this purpose. 

   VI RISK ADJUSTMENT  

 21. The process of identifying outliers should always include adjustments for potential 
variations in risk due to case mix. The development of the risk adjustment approach depends 
on what outcome (or process) is being considered, the time frame, and the population. As a 
result, the risk adjustment approach should always be “tailor-made” and match the specific 
requirements of the comparison that is being carried out.  

 22. Most risk adjustment methods rely on stratification or statistical modelling. Stratification 
implies that the comparison is being carried out within strata that are homogeneous according 
to pre-specified risk factors. A risk adjusted result is then produced by pooling the estimate 
from the two or more strata into a single pooled estimate. The advantage of stratification is 
that it is relatively straightforward to implement and comprehend, but it has two important 
drawbacks. First, there is a potential of information loss as continuous variables have to be 
categorised. Second, there is the problem of low numbers within strata especially when 
multiple risk factors are being considered. For these two reasons, we recommend statistical 
modelling.  

 23. A statistical risk adjustment model should aim to include all patient and disease 
characteristics that are available before the start of the care process and that are accepted as 
potential risk factors for the outcome under consideration. Important factors that should be 
considered for inclusion are age, sex, disease severity, and co-morbidity. Depending on the 
specific clinical context other candidate risk factors are socio-economic deprivation and 
ethnicity, but it is important to realise that adjustment for these risk factors may mask 
established inequalities.  

 24. The risk adjustment model can be either based on existing statistical models that are 
generally accepted as appropriate for the purpose of risk adjustment or newly developed 
within the data under consideration. Irrespective of whether an existing or newly developed 
risk adjustment model is being used, its performance should be examined. Parameters of the 
model’s goodness-of-fit and discrimination or explanatory power should be presented and its 
appropriateness should be discussed. It is not possible to set minimum criteria for the risk 
model’s performance as these will depend on the type of indicator that is being used as well 
as the specific clinical context.  

 25. We recommend that as a first step the risk adjusted performance estimates are based on 
“indirect standardisation”. This implies in its simplest form that for discrete outcomes the 
observed number of events for a provider is divided by the number expected on the basis of 
the statistical model. A ratio of one would indicate that the outcomes are as expected. A risk 
adjusted performance estimate on the same scale as the original indicator can be calculated 
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by multiplying this ratio by the average over all providers. For continuous outcomes the 
differences between the observed result and that expected (i.e. “residual”) is calculated for a 
provider. In this case, a difference of zero would indicate that the outcomes are as expected. 
A risk adjusted estimate that can be directly compared with the unadjusted results is 
calculated by adding this difference to the average over all included providers.  

 26. An important argument to use indirect standardisation is that it allows an explicit 
comparison of the unadjusted and the adjusted results provided that the risk adjustment 
model is well calibrated (i.e. the observed and expected results are equal when averaged 
over all cases). A direct comparison of unadjusted and adjusted results is helpful as it 
provides an opportunity to evaluate the direction and size of the impact of risk adjustment. In 
addition, the unadjusted and adjusted results, if derived from a well calibrated model, can be 
compared against the same limits of acceptable performance (see paragraph 16).  

 27. Risk adjustment will always be incomplete as it will never be possible to fully measure all 
relevant case mix factors or represent them adequately in a risk adjustment model. It is 
therefore important to accept that there will always be “residual confounding”. In other words, 
it should always be highlighted that even risk adjustment differences in case mix can never be 
excluded as possible explanations for outlying performance.  

 VII PRESENTATION OF PROVIDER COMPARISONS  

 28. A “funnel plot”, a form of control chart, provides an attractive graphical format for the 
presentation of the performance indicators. In a funnel plot, the result for each provider is 
presented as a function of its precision. The target as well as the limits of acceptable 
performance can be pre-specified as they do not depend on the actual results. The precision 
parameter corresponds to the number of cases (or an equivalent measure of volume) for each 
provider.

2
 

 29. Potential outlying providers can be detected as those with results outside the funnel limits 
(see paragraph 11). An important advantage of funnel plots is that they clearly demonstrate 
how the limits of acceptable performance depend on the number of cases. It is therefore easy 
to appreciate the difference between a provider’s performance and the target and its position 
with respect to the acceptable range.  

 30 We recommend that for each provider measures of case ascertainment, data 
completeness (separate for performance indicator and for case mix variables), and data 
accuracy are also available to inform the interpretation of these plots.  

 VIII Further issues  

  Multiple comparisons 

 31. It has been argued that the limits of acceptable performance should be adjusted to take 
into account that many providers are being compared simultaneously. If we use limits of 
acceptable performance based two-sided significance levels of 0.05 and 0.002 as explained 
earlier (see paragraph 16), we may identify providers with results outside these limits simply 
by chance alone (i.e. a “false-positive result”).  

 32. One can adjust the limits of acceptable performance for multiple comparisons by using 
lower significance levels. One classic approach would be to divide the proposed significance 
levels of 0.05 and 0.002 by the number of providers (i.e. the Bonferroni correction). This 
ensures that the probability of one or more false-positive results among all included providers 
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is not greater than 0.05 or 0.002, respectively. However, this criterion is too strict as it will 
strongly reduce the statistical power to detect true outliers (see paragraph 13). Alternatively, 
an approach based on the “false discovery rate” can be used. The false discovery rate can be 
considered as the probability that a provider is not an outlier if its p-value is found to be lower 
than the defined significance level. The false discovery rate will produce more false-positive 
results than the Bonferroni correction but less than if no adjustment of multiple comparisons is 
being applied.

3
 
 

 33. A fundamental issue in this context is whether an adjustment for multiple comparisons is 
justified in the first place. One could consider that each provider is to be compared to the 
target on an individual basis and that the consequences of this comparison only relate to this 
provider itself. If that is accepted, no adjustments for multiple comparisons should be made.  

 Overdispersion  

 34. Many comparisons of healthcare providers have demonstrated a greater level of variability 
among providers than can be explained by chance and the existence of a few outlying units. 
This phenomenon is often referred to as overdispersion. Important explanations for 
overdispersion are the limitations of the available risk adjustment methods and the variable 
data quality.

4
  

 35. A number of options for dealing with overdispersion have been proposed that could be 
incorporated when the limits for acceptable performance are set: for example by improving 
the risk adjustment through the analysis within groups of providers that are expected to be 
more homogeneous, or the use of an interval as a target. It is also possible to estimate the 
level of overdispersion and to adjust the limits by estimating an overdispersion factor and 
inflating the limits of acceptable performance around the target by this factor (i.e. multiplicative 
adjustment). Alternatively, one can estimate the between-provider variance (the “random 
effects”) and add this to the variance expected if there were no differences between the 
providers. It should be emphasised that these adjustments for overdispersion reflect the 
limitations of the risk adjustment and data quality. Attempts should continue to explain the 
excess variability, to improve the risk adjustment, and to improve data quality.  

 Multilevel or random-effects models  

 36. An important advantage of multilevel models is that they explicitly incorporate the 
overdispersion (i.e. between-provider variance). Furthermore, these models provide a flexible 
framework for incorporating determinants of outcome at different levels of the hierarchal 
structure. This implies that provider characteristics as well as characteristics of groups of 
providers can be simultaneously included in the model and their impact on outcome 
investigated.

5
 

A further extension of these models is their use from a Bayesian viewpoint.
6

 

 

37.
 

Multilevel models also allow the estimation of risk adjusted estimates which are 
“shrunken” towards the overall mean. The level of shrinkage is stronger for the providers with 
fewer cases. These shrunken estimates compensate for the regression-to-the-mean effect 
which is especially relevant if the number of cases per provider varies substantially. It has 
been recognised that multilevel models are more conservative than conventional approaches 
based on fixed-effects models. As a result the chance of a false positive result is lower but 
chance of false-negative higher.

7
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 Imputation of missing values  

 38. Data sets from national clinical audits will inevitably contain a number of cases for whom 
not all data are available. Imputation techniques could be used to deal with missing values for 
the case mix factors that are candidates to be included the risk adjustment model. Multiple 
imputation of missing data has the potential to increase the statistical power (cases with 
missing values can be retained in the analysis) and to reduce bias (mechanism of 
missingness may depend on case mix).

8
 

 

Members of Expert Group  

Dr Jan van der Meulen, Professor of Clinical Epidemiology, Department of Health Services  

Research & Policy, London School of Hygiene and Tropical Medicine (Chair) 

Dr David Cromwell, Senior Lecturer in Health Services Research, Department of Health Services 
Research & Policy, London School of Hygiene and Tropical Medicine  

Dr David Harrison, Senior Statistician, Intensive Care National Audit & Research Centre  

Dr Chris Rogers, Senior Research Fellow, Clinical Trials and Evaluation Unit, Bristol Heart  

Institute, University of Bristol. 

 

Footnotes 

1 

Demonstrating safety through in-hospital mortality analysis following elective abdominal aortic 
aneurysm repair in England. Br J Surg 2008;95:64-71.   

2 

Funnel plots for comparing institutional performance. Stat Med 2005;24:1185-202.   

3 

Use of the false discovery rate when comparing multiple health care providers. J Clin Epidemiol 
2008;61:232-40.  
4 

Handling over-dispersion of performance indicators. Qual Saf Health Care 2005;14:347-51.   

5 

Statistical and clinical aspects of hospital outcomes profiling. Statist Science 2007;2:206-226.  

6 

Identifying outliers in Bayesian hierarchical models: a simulation-based approach. Bayesian Analysis 
2007;2:409-44.  

7 

The use of fixed- and random-effects models for classifying hospitals as mortality outliers: a Monte 
Carlo assessment. Med Decis Making 2003;23:526-39.  

8 

Multiple imputation for missing data in epidemiological and clinical research: potential and pitfalls 
BMJ 2009;338:b2393.   



 

 

 

 

 
 

 
 

Page 36 of 48 
NCAP Outlier Policy V0.6 (September 2019) 

  

 
 

Methodology for detecting outlying institutions and review of NICOR methodology 

with application to the PCI and ACS domains  

Menelaos Pavlou, UCL Department of Statistical Science 

1. Introduction  

As part of performance profiling and monitoring, health institutions are often compared with respect to 

a measure of performance, for example the rate of health event, such mortality. It is important to have 

a screening process in place to identify potentially outlying institutions, which may need to undergo 

further investigation. For example, it might be of interest to identify hospitals with unusually high in-

hospital mortality following Adult Cardiac Surgery (ACS) or following Percutaneous Coronary 

Intervention (PCI). The term ‘institution’ may be replaced by the term ‘surgeon’ when the target is to 

compare the performance of surgeons.  

Differences in the performance measure between hospitals may be partly due to differences in the 

characteristics of patients (case-mix) in each institution. Risk-adjustment via a suitable risk model, can 

account for some of these differences. However, even after risk-adjustment, there may be some 

variability in the outcome higher than expected, due to unmeasured or unaccounted institution-level 

and patient-level factors. When considering aggregate data at the institution level this excess 

variability is called overdispersion. Failing to account for overdispersion, may result in screening too 

many institutions as potentially unusual. Various ways have been proposed to deal with 

overdispersion. One category of methods is based on applying a correction to the levels of acceptable 

variation for institution-level data (multiplicative or additive correction to overdispersion).[1]   More 

recently,  hierarchical  models (also called random effects or mixed effects models)  which respect the 

clustered nature of the data and thus inherently account for overdispersion have been used for the 

identification of outlying institutions[2] using either institution- or patient-level data.   

 

An external review of the NICOR methodology for detecting outliers was performed in 2015. The 

reviewers suggested that NICOR uses the random effects approach for its outlier detection 

processes.  Hence, this technical report focuses on random effect models for detecting outliers, with 

either patient-level or institution-level data.  

2. Random effects model for patient-level data 

Let      denote the binary 30-mortality (    if a patient is alive at 30 days, otherwise (   ), for the 

j
th
 patient in the     hospital,                    Also, let     denote the vector of explanatory 

variables in the random effects model. Also, let    (              
)
 
and 

    (   
     

        

 )
 
, denote the vector of responses and matrix of predictors for the      institution.    

 A logistic random intercepts model is written as:  

      ( (     |      ))                                                                       

where   and   are the fixed effects,     is the random intercept for the     hospital. Customarily, it is 

assumed that           
  , where   

  is the variance of the random intercepts.  
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Often in the context of institution profiling,               , where     denotes the patient-specific risk 

of death according to an approved risk model used for risk-adjustment.[3] So, the model above 
simplifies to: 

      ( (     |      ))                                                                           

Estimates of the fixed effects,  ̂ here, are obtained using Maximum Likelihood Estimation (MLE) while 

the standard errors are obtained using Restricted MLE (RMLE).  

2.1 Empirical Bayes prediction for the random effects 
The posterior distribution,  (  |       ̂  ̂) of    is obtained by combing two sources for information: 

the prior distribution of     , updated with information from the data for the     cluster, with the 
estimates of the fixed effects treated as fixed. 

Empirical Bayes prediction is then widely used to assign values,  ̂ , to the random effects,    : 

 ̂ 
    (  |        ̂  ̂ )  ∫    (  |       ̂  ̂)                                                   

Two different types of covariance matrices exist for Empirical Bayes predictions of the random effects 

are useful: the posterior covariance matrices and marginal sampling covariance matrices. The  

Empirical Bayes standard deviations, called Empirical Bayes standard errors in this context, have two 

main uses: 1) for inferences regarding the ‘true’ realised values of the random effects for specific 

institutions (posterior standard deviation) or for model diagnostics (marginal sampling standard 

deviation).   

Comparative standard errors 
Posterior standard deviations and prediction error standard deviations are appropriate for making 

inferences about the realised value   . They can be used for comparing institutions and hence have 

been given then term comparative standard errors.  

 

The empirical Bayesian posterior variance of the random effects is: 

          (  |       ̂  ̂)        ̂ 
        ̂ 

     (  |       ̂  ̂)                         

The prediction error variance is:  

    (  
     |     ̂  ̂)        ̂ 

        ̂ 
     (  |     ̂  ̂)      

It has been shown that 

      |       ̂       (  
     |     ̂  ̂)  

Diagnostic standard errors 
The marginal sampling variance is defined as:  

 

    (  
  |     ̂  ̂)       ( (  |        ̂  ̂ ))          ̂ 

     ̂ 
     (  |     ̂  ̂)                
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This can be seen as the variance of the empirical Bayes predictions after repeated sampling of the 
responses from their marginal distribution, keeping the covariates fixed and using the parameter 

estimates,  ̂ and  ̂. 

There is no closed-form expression for     (  
  |      ̂  ̂) and Skrondal et al. (2009) show (in the 

Appendix) that 

    (  
  |      ̂  ̂)    

    (   (  |       ̂  ̂))                                     

which can be approximated by: 

    (  
  |     ̂  ̂)      

      (  |       ̂  ̂)                                           

Skrondal et al. (2009) show via simulation that their proposed approximation works well when the 
cluster sizes are 20 or more and the intra-cluster correlation coefficient (ICC) is 0.1 or less, or when 
cluster size are more than 100 and the ICC is less than 0.5. For cases where the approximation is 
unlikely to work well, the marginal sampling variance can be obtained using bootstrapping.  

For model diagnostics, such as detecting outlying institutions or checking for violations of the 
assumption of normality for the random effects, the marginal sampling standard errors can be used 
and hence they have been termed diagnostic standard errors. 

2.2 Identification of outliers  
Model (3) above can be fitted using a frequentist or Bayesian approach. Following a frequentist 

approach, the calculation above can be performed using the R software[4]  and specifically using the  

function glmer within the R package lme4. The fixed effects are estimated using Maximum Likelihood 

estimation (MLE) while restricted MLE is used to estimate the standard errors of the fixed effects.   

Testing for potential outliers can then proceed by performing a test on the estimated random effects 

(deviation from the overall average after adjusting for patient characteristics) using an appropriate Z-

statistic. As interest lies identifying potentially outlying institutions for further investigation, the 

diagnostic standard error is the appropriate type of error to be used. 

In a hypothesis test to assess whether the     institution is outlying, the null hypothesis is  

     the empirical Bayes prediction of the random intercept for the     is consistent with the random 

effects distribution.  

Rejecting the null hypothesis suggests that the    institution is an outlying institution and therefore 

interesting for further investigation. 

The test statistic used for testing    is 

   
  ̂

  

     (  
  |     ̂  ̂)

                                    

where the denominator above is the diagnostic standard error. The approximation in (7) may be used 

to obtain the diagnostic standard error, subject to conditions on the number of clusters and the ICC.  
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This can leads to a one-sided p-value for         , where     is the     percentile of the Standard 

Normal distribution.  

Caveat 
Standard software usually provides the comparative standard errors by default. Importantly, the 

default output from the glmer function in lme4 package provides comparative standard errors and 

therefore great care should be taken in obtaining the appropriate test-statistic in (8).  Skrondal et al. 

(2009) show that the diagnostic and comparative standard errors can be very different.  

3. Review of the NICOR methodology for PCI and ACS domains  

A review of the methodology and code showed that NICOR currently follows a random effects 

approach with patient-level data. In particular, Model (3) has been used and fitted in a frequentist 

framework. The R software[4] and the function glmer  in the lme4 package has been used to fit the 

model. The fixed effect    (slope term) was not estimated, but it was instead restricted to 1 and the 

model was fitted by including            as an offset term.  

Neither for the PCI nor the ACS domain the methodology has been implemented according to the 

cited references of Skrondal et al. (2009) and Jones et al. (2011) described in Section 2 above and 

Section 4 below. Details for the approach followed by NICOR in each of the domains are given below.  

Exploration of the PCI and ACS data suggests that the ICC is less than 0.1. Given these 

considerations the approximation in (7) should work well for most scenarios in the PCI and ACS 

domains, for hospitals of size 20 or more.   Hospitals with less than 20 patients will have to be 

excluded from the analysis and the funnel plots. 

 

3.1 PCI domain 
The comparative standard error was used in the NICOR code instead of the diagnostic standard error 

for the hypothesis tests. Hence, the inference obtained does not correspond to a suitable inference for 

identifying outlying institutions.  Informal discussions with Owen Nicholas suggested that the code 

currently in use does not agree with the methods that were suggested in 2015 following the external 

review, and the reasons for this disagreement are unclear. 

3.2 ACS domain  
For the ACS domain the NICOR code implements an approach that uses neither the diagnostic nor 
the comparative standard error. In the current state of code the quantity 

   
    (

 

      |       ̂ 
 

 

  
 
)

  

                                                    
     

is calculated and its square route is used as the denominator of the test statistic in (8) above.  Term 

    
  is a pre-specified variance term. In the implementation of the method     

      . This is 

described in the NICOR Strobe Statement as ‘an acceptable degree of variation in unit performance’. 

This approach has neither been derived from the cited literature, nor documented appropriately. The 

addition of the      
  serves the purpose of increasing the variance term for each hospital, therefore 

decreasing the chance for the hospital being flagged as an outlier.  
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4. Random effects model for institution-level data.  

4.1 General formulation  
The outlier process has also been executed using Method 2 of Jones and Spiegelhalter (2011) which 
uses aggregated data at the hospital level. In particular the following formulation is used. 

For subject             , in institution             , a general form of model can be written 

      (    |         ) 

where    represents the effect for institution i, and the provider effect for provider i and     is a vector 

of covariates for patient j with coefficients  . 
 

In the random effects approach it is assumed that the institution effects    are drawn from a common 
distribution:  

           
 
where   is a set of hyperparameters representing assumptions regarding the distribution of the 
random effects.  

4.2 A simple normal Random effects model   
A simple normal random-effects distribution is employed, which may be loosely justified by a central 
limit theorem argument: if we assume that the majority of variation between providers has been 
accounted for by casemix adjustment, the remaining variation is based on the sum of small random 
components (Marshall et al., 2004). Hence many small unmeasured risk factors induce unavoidable 
between-centre variability. This assumption would be most suitable when there is good quality 
casemix adjustment. The random effects model takes the distribution of the random effects as the null 
and identifies deviations to this.  
 
 
A simple normal random-effects distribution, which 
 

  |                
                  

 

where    
    denotes the variance of the performance measure for the     institution and is assumed 

known.  
 

The predictive distribution of    is:  
 

  
    

                 
                                                                  

A Der Simonian Laird estimate of    is given by: 

 ̂      {  
         ̅         

       
     

}   

where 
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The population mean is estimated by: 

 ̂                

where  

   
  

     
    

 

The posterior predictive distribution of    is (using the Bayes Rule) 

  |       ̂      
   

 [Because, omitting the indicator   for the unit,  
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Then, for the exponent: 
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From the functional form of the Normal distribution, it follows that   

 |   (  ̂    )   

Where   ̂           . ] 

 

The ‘shrinkage estimator’ of     is given by: 
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 ̂                 

Considering the shrinkage estimate,  ̂   of   . If      comes from the same distribution as the other 

institutions, then  ̂   an unbiased estimator of the population mean,  . Otherwise, the unconditional 

expectation of  ̂ , takes some other value, say  ( ̂  )     . We treat  ̂ , as an estimate of    (not of    

).  
 
The null hypothesis being tested is  

                                    
             

 
in each institution.  
 
If    is rejected in favour of    for the     institution, then it is concluded that     appears to be too 
large to have come from the null random effects distribution. 
 
 
From a classical perspective the distribution of   , assuming that    comes from the same distribution 

as the other institutions, is given by  

                  
  ̂    

where  

                
  ̂       

  

     
                                                                                  

 

[Βecause: 

      
  ̂                                                  ⏞      

        

       
            

                           

    
       

    
  

      
   

       
   

  

      
  

                                    

The classical test-statistic is given by:  

                 
 ̂   

      
  ̂  

  
    

     
                                                                          

leading to the p-value          . 
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5. Adjustment for multiple comparisons 
The procedure described above to detect outlying institutions is based on multiple hypothesis tests. A 
p-value   below a critical threshold, say the classical       , indicates a potentially outlying 
institution. Whenever a null hypothesis is falsely rejected, this is leads to ‘False Positive’ test result, 
whereas when a null hypothesis is correctly rejected this leads to a ‘True Positive’ test result. For a 
given hypothesis test, setting the threshold at      ensures that that the expected error rate (the 

probability of a false positive result) is less than α.   

5.1 Bonferroni Correction 
However, because the hypothesis testing is performed for multiple institutions, the classical 
significance level of 0.05, may not be strict enough and may lead to too many ‘false positives’, i.e. too 
many institutions that are mistakenly flagged as potentially outlying. A popular correction to the issue 
of multiple testing, the Bonferroni correction, ensures that the probability of having at least one false 
positive test result, among the multiple tests performed (family wise error rate) is less than a critical 
threshold  . This condition requires adjusting the effective critical threshold according to the number 
of tests performed. So, when   tests are performed, the effective threshold is     meaning that a 

hypothesis test will be rejected at the significance level  , if the corresponding p-value   is less 

than        (or equivalently the hypothesis test will be rejected if the adjusted p-value       is 
less than  . For example, if 100 health institutions are tested to detect unusual behaviour at the usual 

significance level of       , based on the Bonferroni correction, then    
    

   
       , and the null 

hypothesis for a given institution will be rejected if         .  

5.2 False Discovery Rate (FDR) adjustment 
Jones et al. (2008)[5] argued that the Bonferroni correction is too strict for the purpose of identifying 
outlying institutions because the very low probability of having a false positive test result, is at the 
expense of power of identifying an outlying institution. They propose an alternative strategy, where 
the stringent conditions for the family wise error rate of the Bonferroni correction are relaxed.  The 
investigator is less alarmed by the presence of some false positive results, as far as the majority of 
the rejected null hypotheses are correctly rejected.  

Suppose that out of   rejected null hypotheses,    are true positives and   false positive, then the 
quantity of interest is the proportion of true positives divided by the total number of significant results, 
     and the False Discovery Rate (FDR) is defined as             Benjamini and Hochberg 
(1995) [6]suggested that controlling the FDR increases the power of detecting a positive result, in 
comparison to the Bonferroni correction To control the FDR at       , the algorithm described by 
Benjamini and Hochberg (1995) sets a different critical threshold depending on the order of each p-
value:  

1) The derived p-values are ordered from smallest to largest,                   

2)      is compared with      , for for       , where   is the order of the corresponding p-value 

3) Identify the highest   such that             and denote this with    

4) The adjusted threshold that controls the FDR at the level   is          . 

Note that when    , controlling the FDR at the level   is the same as the Bonferroni correction, 

while when    , no adjustment to the critical threshold is required to control the FDR at level  . 
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Worked example 

 

Suppose that the following p-values are obtained following testing      institutions: 
0.0003, 0.0017, 0.04, 0.05, 0.35, 0.45,0.65, 0.89, 0.96, 0.98, 

and that the investigator wishes to control the FDR at the level       . 

            is compared with  
    

  
                 5.  Move to the second p-value. 

            is compared with 
      

  
     .          . Move to the third p-value. 

          is compared with 
      

  
      .            .  Stop and set    . But check. 

          is compared with 
      

  
     .           .   

Reject      and     . 

So,     
              while    

            . 

The adjusted p-values are    
    , while     

  
 

 
 . 

Note: the adjusted p-values can be obtained using the R command p.adjust of the Stats package.  

6. Graphical representation of the outlier process  

A graphical representation of information on hospital-level data complements the screening for 

unusual observations. Mainly two visual aids have been used: either a prediction interval around a 

target measure or a confidence interval around an observed measure.  

Let   and   denote the observed and expected number of events (deaths in the case of PCI and ACS 

domains) in each institution, respectively. The performance measure of interest is the mortality 

ratio       , with   being a measure of its precision. Let also   denote the overall proportion of 

events. Then the observed Risk-Adjusted Mortality Ratio (RAMR) is defined as           .   

 

6.1 Prediction intervals around some target 

The outlier processes discussed in in Sections 2 and 4, lead to a hypothesis test about how unusual 

the performance measure is for each of the institutions, in comparison to a given target performance. 

The target value could be the overall average measure or an externally set target value. The null 

hypothesis is that all institutions do not differ with respect to their performance measure from the 

target value. This approach leads to a p-value which is the probability of an institution with as extreme 

or even more extreme measure than the one observed under the null hypothesis.  

A prediction interval that correspond to the hypothesis test above can be constructed around the 

target value, for a given precision. The length of the prediction interval decreases as the precision 

increases. Any institutions whose performance measure lies outside the prediction interval is an 

outlying institution.  

This can be presented graphically using a ‘Funnel’ plot. For each institution, the performance 

measure (O/E) on the vertical axis is plotted against a measure of its precision (E) on the horizontal 
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axis. A horizontal line corresponds to the target measure. Prediction intervals around the target are 

plotted as points around the target at selected percentiles from the distribution of the target under the 

null hypothesis, for a given precision. The decreasing length of the precision intervals as the precision 

increases leads to a funnel shape. Any institutions outside the funnel are flagged as potentially 

unusual.  

6.2 Confidence intervals around an observed performance measure.  

A confidence interval for an observed performance measure (e.g. RAMR) for a given institution can 

be computed using either exact binomial limits or limits based on the Normal (or Poisson 

approximation). A confidence interval that does not include the observed overall risk-adjusted ratio, 

would indicate an outlying institution.  

This approach leads to a ‘caterpillar’ plot, where institutions are on the vertical axis and the 

performance measure on the horizontal axis. The observed performance measure for each institution 

is presented with a dot and the corresponding confidence intervals with a horizontal line segments. 

6.3 Which type of graph is appropriate? 

A Funnel plot represents the degree of acceptable variation around a target performance measure 

under the hypothesis that all institutions have the same true measure. From the Funnel plot we can 

see whether the observed performance measure for an institution, lies beyond the limits of acceptable 

variation, after adjustment for the chance of having false positive results due to multiple testing 

(Section 5 above). No inference is made about the true measure of the institution nor are 

comparisons made between institutions.   

On the other hand, the Caterpillar plot presents a confidence interval around an observed measure 

and makes inference about its true value. This may lead to inaccurate conclusions, because an 

institution identified as extreme may be identified so just by chance (i.e. be a false positive) if no 

adjustments are made for the chance of a false positive result due to multiple comparisons.   

Furthermore, the Caterpillar plot can easily lead to ranking the institutions by the magnitude of their 

observed measure and making direct comparisons between institutions which is not the target of the 

reporting. 

7. Application in the ACS and PCI domains 
The outlier processes described in Sections 2 and 4 are used for the analysis in the PCI and ACS 
domains. Institutions lying outside the 95% and 99.8% upper prediction limits, are called ‘Alerts’ and 
‘Alarms’, respectively. Institutions lying outside the 95% and 99.8% lower prediction limits, have 
‘Lower mortality than expected’ and ‘Significantly lower mortality than expected’, respectively. We also 
perform the FDR and Bonferroni adjustments to the prediction limits, at the 5% significance level.   
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7.1 Patient-level data 

The patient-level data consist of four columns: an identifier for the patient, an identifier for the 
institution, the observed outcome (death) denoted by     and the predicted risk of death according to a 

risk model denoted by    , for     patient in the      institution.  

The random effects model for patient-level data presented in Section 2 is applied to this dataset and 
the outlier process is performed using a test-statistic which uses the diagnostic diagnostic standard 
error, as in Equation (8). Hypothesis tests using the comparative standard error are also performed 
for comparison.  
 

7.2 Institution level data 
Institution-level data, are obtained from the patient data above as follows. Let    denote observed 

number of deaths in the     institution. The expected number of deaths is given by         . The 

Mortality Ratio      is taken to be the ratio of observed divided by the expected number of 

deaths:         . The performance indicator of interest is                 and   
      .  

The random effects model for institution-level data described in Section 4 was used. Again, the test-
statistic used uses the diagnostic standard error, as in Equation (9), whereas results from a test that 
uses the comparative standard error are also presented. 

7.3 Results 
The conclusions regarding outliers were the same as using the approaches in Sections 2 and 4 are 
presented in Table 1 below. There are some differences between the patient-level and the institution-
level analysis. 

 

Domain  Flag Method 

     Patient-level analysis Institution-level analysis 

ACS 

Alerts Hosp1   

Alarms 
 

 Lower than expected Hosp2 
 Sig. lower than expected   Hosp2 

PCI 

Alerts Hosp3 
 Alarms 

 
 

Lower than expected Hosp4,Hosp5,Hosp6,Hosp7 
Hosp 8,Hosp9 Hosp8,Hosp9 

Sig. lower than expected 

          
 

Table 1: Results from the outlier process in the PCI and ACS domains using analysis based on i) 
patient-level data and ii) institution-level data. 

Note that for both domains the outlier process that uses the incorrect for the purpose standard error, 
the comparative one, flags many more institutions as alarms/alerts. The definitions of alerts/alarms 
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above are without adjustments to multiple testing. If the FDR is controlled at the 5% level, then there 
will be only one institution with mortality ‘Lower than expected’, based on an institution-level analysis.  
Thus, the definitions following an adjustment based on the Bonferroni or the FDR approach may have 
to be revised since, given the number of institutions, since the level of 0.2% may be too low.  

 

Figure 1: Funnel plots for Observed/Expected number of deaths against the Expected number of 
deaths for the ACS domain (m=88 institutions) when using diagnostic (left) or comparative (right) 
standard errors.  Red and blue lines correspond to prediction limits based on the 0.2% and 5% 
significance levels, respectively. Black line corresponds to the Bonferroni and FDR adjustments for 
multiple comparisons, both at the 5% significance level.  

Hosp1 

Hosp2 Hosp2 
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Figure 2: Funnel plots for Observed/Expected number of deaths against the Expected number of 
deaths for the ACS domain (m=42 institutions) when using diagnostic (left) or comparative (right) 
standard errors.  Red and blue lines correspond to prediction limits based on the 0.2% and 5% 
significance levels, respectively. Black line corresponds to the Bonferroni and FDR adjustments for 
multiple comparisons, both at the 5% significance level.  
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