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Preface 

Our interest in death, and especially in our own mortality, is probably as old as our species, and one 

of the key tasks of healthcare through the ages has been to help us postpone the inevitable. One of 

the pioneers of nursing and of mortality statistics, Florence Nightingale, is famous for greatly reducing 

the death rate among soldiers in the Crimean War. She brought hygiene and order both to wards and 

to hospitals’ mortality data collection, learning through statistical analysis that poor sanitary practices 

were the main culprit for high death rates. In the early 20th century, Boston surgeon Ernest Codman 

believed not only in the use of outcomes data such as death to improve the quality of care, but also 

in the use of such data for measuring surgeon and hospital performance. The developing science of 

measuring healthcare quality was advanced by Avedis Donabedian in his famous and still influential 

1966 paper, ‘Evaluating the Quality of Medical Care’. The baton was picked up in the United States of 

America, particularly by surgeons, who were keen to know and improve the impact of their work. In 

my country, England, one could unhappily argue that the field was driven at least as much by scandal 

as by a desire to improve the quality of healthcare. I contributed in different ways to three major 

National Health Service (NHS) public inquiries: the Bristol Royal Infirmary Inquiry, concerning two 

paediatric cardiac surgeons whose poor skills led to the deaths of at least 30 infants; the Shipman 

Inquiry, an investigation of Harold Shipman, a general practitioner who murdered more than 200 of 

his patients over a number of years; and the Mid Staffordshire NHS Foundation Trust Public Inquiry, 

in which a large but unknown number of patients died unnecessarily while the hospital leadership was 

fixated on financial performance. Detecting the latter was an early success for the national hospital 

mortality monitoring system that I devised with our commercial partners, Dr Foster Intelligence, just 

the year before the inquiry began. Our system flagged that the hospital had high mortality for a 

number of patient groups, and Dr Foster Intelligence published hospital-wide mortality figures (in the 

form of hospital standardised mortality ratios) for every hospital in England – and Mid Staffordshire 

was a clear outlier. The monitoring system continues to be used to this day, and it has helped 

numerous hospitals understand their death data and improve care. 

Happily, death rates in today’s hospitals are nothing like what Nightingale saw in the 1850s, but the 

early waves of the COVID-19 pandemic challenged many healthcare systems around the world. With 

little in the way of proven therapies, there were large spikes in numbers of deaths. COVID-19’s knock-

on effects of long-term conditions such as cancer and diabetes going undiagnosed and of gaps in the 

monitoring of diagnosed cases will not be fully known for years. The emotional toll on healthcare staff, 

patients, relatives and so many people in general is considerable. The virus’s apparent mutation to 

become more transmissible but less deadly will allow our focus to return to the many other conditions 

that people live with. The measurement and monitoring of the quality of  healthcare and of hospital 

death rates remains an important task. It is also difficult to do well, from defining ‘good’ and ‘bad’ 

quality from limited data to adjusting measures of quality for patient risk through statistical models. 

We should not let perfect be the enemy of good in this regard. However, just as healthcare seeks to 

improve its outcomes for patients by learning from the successes and failures of the past, we health 

service researchers and modellers must also seek to improve our work.  

Codman also believed in transparency, very much against the views of his colleagues, and he self-

published the outcomes of his hospital’s patients in a 1918 book, A Study in Hospital Efficiency: As 

Demonstrated by the Case Report of the First Five Years of a Private Hospital. Many high-income 

countries (including Ireland) agree with him, and the public reporting of healthcare use and patient 

outcomes is common, although it varies significantly by country, as this review shows. Members of 
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the public want performance information to be published and to be acted upon, both of which are 

signs of a healthy democracy. 

Ireland’s National Audit of Hospital Mortality (NAHM) was developed as a web-based tool that was 

first deployed in 2015 in order to help hospitals understand the mortality statistics for their inpatients; 

since 2016, some of this information has been made public in an annual national report. Statistical 

methods have progressed since NAHM’s inception, and we now know more about how the public uses 

healthcare information. The recommendations set out in this review reflect this stock-taking of the 

international scene and accumulated scientific evidence, and they aim to move NAHM forward in the 

spirit of collaboration and continuous improvement. 

Alex Bottle 

Professor of Medical Statistics, Imperial College London 
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Executive summary 
The National Health Intelligence Unit (NHIU), Strategic Planning and Transformation in the Health 

Service Executive (HSE) developed the National Quality Assurance Improvement System (NQAIS) suite 

of tools in partnership with OpenApp, the National Clinical Programmes and other stakeholders. The 

NQAIS National Audit of Hospital Mortality (NAHM) web-based tool is one of those tools and helps 

participating hospitals to focus on their in-hospital mortality patterns. The NQAIS NAHM web-based 

tool analyses and displays mortality patterns across publicly funded acute hospitals. Since 2015, the 

National Office of Clinical Audit (NOCA) has worked to support the implementation and monitoring of 

NAHM in collaboration with the NHIU; since 2016, NOCA has produced a NAHM national report that 

is published annually. The NQAIS NAHM tool was the first tool in Ireland to allow hospitals to view 

hospital mortality data across all patient groups. While some enhancements were made to the tool in 

2019, it is timely to review its progress with a broader remit, including public reporting.  

The NOCA Governance Board commissioned this independent review in order to explore whether the 

current NAHM is effective in terms of healthcare quality assurance and improvement. This review 

included an international consultation to compare approaches; a comprehensive approach to 

reviewing the literature, consisting of scoping and systematic components; and a local stakeholder 

consultation, including a survey of hospital data users, a separate survey of members of the general 

public, and two focus groups. Relevant stakeholders and the NAHM Governance Committee were then 

consulted to discuss the impact, feasibility and acceptability of a set of draft recommendations before 

arriving at the final versions of these recommendations. 

Findings 
This review found that each country is characterised by a unique approach to hospital mortality 

reporting, with the hospital standardised mortality ratio (HSMR) being the most commonly used 

indicator for hospital-wide mortality. Thirty-day total mortality is a gold-standard indicator of quality 

of care regarding death, as a significant proportion of hospital-related deaths occur immediately post-

discharge from hospital. Ireland has the highest alerting threshold of all contemporary healthcare 

systems included in this review; therefore, there is a risk of delays in identifying serious problems in 

patient care.  

A large and growing body of literature suggests that the use of machine learning may have value with 

richer datasets, such as laboratory databases or full electronic health records, but it seems to have 

limited value in risk adjustment with administrative data. Research suggests that the cumulative sum 

(CUSUM) remains the best approach to outlier detection (identifying hospitals with unusually high 

mortality). Systematic reviews suggest that the Elixhauser Comorbidity Index (with 31 conditions) 

performs better than the Charlson Comorbidity Index (with 17 conditions) for comorbidity risk 

adjustment. The inclusion of 30-day mortality and better approaches to condition-specific risk 

adjustment are contingent on data linkage capability and the presence of an Individual Health 

Identifier. 

Consultation with stakeholders highlighted some limited engagement with NAHM at all levels. 

Considerable variability was found among stakeholders in understanding, monitoring and reviewing 

the data. Data user focus group participants expressed enthusiasm for benchmarking in order to drive 

improvement, and they highlighted the value and applicability of the NAHM COVID-19 flagging system 

to other quality and patient safety issues, such as sepsis. 

Evidence suggests that public reporting has a modest positive effect on patient care. This review 

highlights the importance of publicly reporting hospital mortality data. There is an expectation of 
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transparency among members of the public, and the main reason they wish to see hospital mortality 

data being used is to drive improvements in patient care. 

Recommendations 
This review makes 12 recommendations to improve NOCA’s approach to hospital mortality reporting. 

It recommends further exploratory work to lower the alerting threshold,  to test the feasibility of using 

a peer group average as the benchmark in parallel to the national average within the tool, to test the 

Elixhauser Comorbidity Index on Irish data, and to assess the feasibility of adding other datasets to 

NAHM. 

It makes four detailed recommendations to empower hospital data users in understanding, 

monitoring and reviewing their data, including the implementation of an innovative flagging system 

and the addition of survival curves. These will provide meaningful quality and safety data in addition 

to valuable information on where in the patient journey problems may exist. 

It recommends using the HSMR so that for the first time, smaller hospitals can be included in the public 

annual report. The HSMR and standardised mortality ratio over time should be reported at hospital 

level, with interpretation aids (such as explanatory videos for the public) added to the report. The 

NQAIS NAHM web-based tool should be promoted as a tool for improvement, with the addition of 

case studies of how hospitals have used hospital mortality data to improve patient care. Impending 

patient safety legislation, the Patient Safety (Notifiable Patient Safety Incidents) Bill, highlights that 

NAHM does not meet the criteria for audit. In light of this, it should be  renamed. 

These recommendations provide an evidence-based road map for how NAHM should evolve. 

Although the desired outcome will take time to be seen, this review suggests that the result will be a 

more sensitive tool that is applicable to the Irish context and provides actionable data focused on 

improvement in patient care and outcomes. In the spirit of continuous quality improvement, 

evaluation of the implementation of these recommendations and reflection on the results is advisable. 
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Glossary of terms and acronyms 

Term/acronym Explanation 

ACSQHC Australian Commission on Safety and Quality in Health Care

ADST Analysis and Display Scientific Team 

AHRQ Agency for Healthcare Research and Quality

AIDS acquired immune deficiency syndrome 

AMI acute myocardial infarction 

BHI Bureau of Health Informatics (New South Wales) 

CCI Charlson Comorbidity Index 

CCS Clinical Classification Software, developed by AHRQ 

CI confidence interval 

CIHI Canadian Institute for Health Information 

CMS Centers for Medicare & Medicaid Services (USA) 

COPD chronic obstructive pulmonary disease 

CQC Care Quality Commission (England) 

CSO Central Statistics Office 

CUSUM 
cumulative sum: a type of statistical process control method in which all 
observations since the start of monitoring are used and given equal weight 

DHD Dutch Hospital Data 

ECI Elixhauser Comorbidity Index  

EMR Electronic Medical Record 

EU European Union 

EWMA 
exponentially weighted moving average: a type of statistical process 
control method, similar to the CUSUM but that gives more weight 
(importance) to more recent observations 

expected death 
The number of deaths predicted by a statistical model to occur at a given 
hospital in a given time period, based on the patients’ age, sex, etc.  

GDPR General Data Protection Regulation 

GRO General Register Office 

HAC Hospital-Acquired Complications 

HADx hospital-acquired diagnosis 

HCAI healthcare acquired infection 

HIPE Hospital In-Patient Enquiry 

HIV human immunodeficiency virus 

HPO Healthcare Pricing Office 

HSC Health and Social Care 

HSE Health Service Executive 

HSMR hospital standardised mortality ratio 

ICD-10 
International Statistical Classification of Diseases and Related Health 
Problems, better known as the International Statistical Classification of 
Diseases, Tenth Revision 

ICD-10-AM 
International Statistical Classification of Diseases and Related Health 
Problems, Tenth Revision, Australian Modification 
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Term/acronym Explanation 

ICD-10-
AM/ACHI/ACS 

International Statistical Classification of Diseases and Related Health 
Problems, Tenth Revision, Australian Modification/Australian Classification 
of Health Interventions/Australian Coding Standards 

ICD-10-CM 
International Statistical Classification of Diseases, Tenth Revision, Clinical 
Modification 

ICT Information and communications technology 

IHCA in-hospital cardiac arrest 

IHI Individual Health Identifier 

IQR Inpatient Quality Reporting 

machine learning 
A large and growing family of data analysis methods (such as artificial 
neural networks) that can make predictions or detect patterns 

MeSH MeSH – Medical Subject Headings 

multilevel model 
An approach to regression that explicitly handles clustering in the data, 
e.g. due to patients attending the same hospital or having multiple 
admissions 

NAHM National Audit of Hospital Mortality 

NHIU National Health Intelligence Unit 

NHS National Health Service 

NIHR National Institute for Health and Care Research, UK 

NISRA Northern Ireland Statistics and Research Agency 

NOCA National Office of Clinical Audit 

NQAIS National Quality Assurance Information System 

NSW New South Wales 

PCI percutaneous coronary intervention 

PPI Public and Patient Interest  

PS propensity score 

risk adjustment 
A statistical way to make fairer comparisons between hospitals by 
accounting for differences in patient mix (such as age, sex, comorbidity, 
etc.) 

RR Relative Risk 

RSMR risk-standardised mortality ratio (New South Wales, Australia) 

SHMI 
Summary Hospital-level Mortality Indicator: similar in concept to the 
HSMR, but is the official hospital-wide mortality measure for England’s 
NHS 

SIMD Scottish Index of Multiple Deprivation 

SMR 
standardised mortality ratio: the ratio of observed to expected deaths for 
patients with a given diagnosis; usually multiplied by 100 

SPC 
Statistical Process Control: a family of statistical methods, originally 
developed in industry, to detect when a process shows “unusual” 
variation, e.g., when hospital mortality exceeds the benchmark 

STEMI STEMI – ST-elevation myocardial infarction 

UK United Kingdom 

USA United States of America 

VLAD 
variable life adjusted display: similar to the CUSUM but simply plots the 
observed minus the expected deaths 
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Chapter 1 Introduction 
 

Background to the National Quality Assurance Improvement System National Audit of 

Hospital Mortality 
The National Quality Assurance Improvement System (NQAIS) National Audit of Hospital Mortality 

(NAHM) web-based tool is one of a suite of tools developed by the National Health Intelligence Unit 

(NHIU), Strategic Planning and Transformation in the Health Service Executive (HSE) with software 

developer OpenApp, supported by Professor Simon Jones (Professor in Population Health, New York 

University). The purpose of the NQAIS NAHM web-based tool is to display individual hospital mortality 

patterns in a national context and to identify potential learning opportunities to support clinicians and 

hospital managers with an evidence base in their ongoing pursuit of excellence in healthcare delivery. 

Many countries generate hospital mortality patterns from routinely collected administrative data on 

patients discharged from hospital. In Ireland, these data are sourced from the Hospital In-Patient 

Enquiry (HIPE) system via the Healthcare Pricing Office (HPO). 

In 2015, with the support of the HSE Quality Improvement Division (now the National Quality and 

Patient Safety Directorate), NAHM was established in the National Office of Clinical Audit (NOCA). The 

objectives of NAHM are to: 

 understand and improve the quality of hospital-based mortality data 

 promote reflection on the overall quality of patient care 

 identify areas for improvement (National Office of Clinical Audit, 2016). 

A national clinical lead (Dr Barry White) was appointed, and the NAHM Governance Committee was 

established to oversee the implementation of, and outputs from, NAHM. Recruitment of hospitals to 

NAHM occurred throughout 2015 and was completed in 2016. The first national report was published 

in 2016, focusing on six diagnoses which met defined clinical and methodological criteria. This report 

included a national report and a public-focused summary report. This approach has continued 

annually since 2016. 

Commissioning an external review of NAHM 
The National Review of Clinical Audit (HSE, 2019a) was commissioned by Dr Colm Henry, Chief Clinical 
Officer of the HSE, in order to ensure the continued development of the essential role of clinical audit 
to protect patients and promote improved patient outcomes by fostering learning and improvement 
in healthcare. This report noted that NAHM did not meet the definition of clinical audit was therefore 
not identified as a national clinical audit. Throughout 2019, further questions arose for consideration 
regarding the efficacy of the current NAHM model for both healthcare quality assurance and 
improvement and the approach to public reporting. In 2019, the NOCA Governance Board 
commissioned an external review of NAHM. The purpose of this review is to inform NOCA’s strategic 
direction for in-hospital mortality reporting. Project scoping began in 2021 and work on the review 
began once resources became available in October 2021. 

Overview of methods used for this report 
This external review used the following approach: 

 An international consultation process was conducted with experts from eight regions outside 

of Ireland to describe the international landscape of hospital mortality reporting.  
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 A review of the empirical literature was carried out. This included a desktop review of 

technical documents, a scoping review of current approaches to modelling, and a systematic 

approach to reviewing the literature on hospital mortality improvement programmes, 

hospital mortality reporting and its effect on outcomes, and risk adjustment for mortality for 

conditions publicly reported by NAHM (e.g. stroke and acute myocardial infarction (AMI) ). 

 A stakeholder consultation process was conducted, consisting of a survey of hospital data 

users, a shorter survey of the general public, and two focus groups to discuss themes 

identified by the surveys.  

 Finally, preliminary recommendations were discussed with stakeholders to judge their 

feasibility and likely acceptability before finalising them and this report. These final 

discussions also yielded some technical documents, such as legislation, which inevitably has 

an impact on what recommendations can be proposed. 

Structure of this report 
Chapter 2 describes the methods of the independent review. The subsequent chapters of the report 

follow the order of the set of methods that were used: the international landscape  of hospital 

mortality reporting, a literature review of the modelling methods relevant to hospital mortality 

benchmarking, a literature review of the impact that public reporting of hospital mortality has on 

inpatient outcomes, stakeholder consultation (survey and focus groups), a description of the Irish 

context and the recommendations themselves, followed by the references and appendices. 
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Chapter 2 Methods 

Introduction 
This review consisted of three distinct methodological approaches: 

 an international consultation 

 a review of the literature 

 stakeholder consultation. 

 

International consultation 
International subject matter experts in the field of hospital mortality reporting were invited to share 
their perspectives as part of this work (see Appendix 1, Table A1.1). Countries included in the review 
were other high-income health systems with public healthcare systems, specifically those identified 
in the scope of the review and those with experts who were willing to engage as part of the review 
process. Countries that do not report publicly (e.g. Northern Ireland) and regions whose population 
size is closer to Ireland (e.g. Scotland and New South Wales) were also included. A review of the 
technical specification documents in different jurisdictions was included in this part of the review. In 
order to describe the approach in the United States of America (USA), information was collated from 
a desktop review of available documents and resources, the public-facing website, care-compare, 
and through using the Centers for Medicare & Medicaid Services Quality Question and Answer Tool 
(CMS, n.d.-c). 
 

Review of the literature 
The review of the literature consisted of two components: 

 an expert-led scoping review of modelling issues 

 a systematic approach to reviewing the literature on the effect of public reporting on 
improving patient outcomes. 

 

Expert-led scoping review 

PubMed and Google Scholar were used to find studies on provider profiling methods in healthcare, 
risk adjustment modelling methods (including machine learning), Bayesian methods for analysing 
hospital mortality, hospital mortality benchmark methods, and comparisons of cumulative sum 
(CUSUM) versus variable life adjusted display (VLAD). This, combined with the technical specification 
documents, was used to explore contemporary approaches to hospital mortality modelling. 
 

Systematic approach to literature review 
The second part of the review followed a systematic approach in order to identify: 

 variables for inclusion in risk-adjustment models 

 research evaluating the effect of public reporting on quality of care .  
MEDLINE, Embase and the Cochrane Library were searched in order to retrieve studies that met the 
aim of the review (Table 2.1). The search extended to relevant websites, reference lists of included 
articles, citation searches, known author searches, and recommended publications from subject 
matter experts.  
 
A clinical librarian facilitated the development of the search strategy. Search terms included the 
following keywords and subject headings (i.e. Medical Subject Headings (MeSH) and Emtree terms): 
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 mortality OR death rate OR death rates OR Hospital Mortality [MeSH] OR Cause of Death 
[Emtree] OR Mortality Rate [Emtree] OR Death Rate Statistics [Emtree] OR monitoring 
[Emtree] OR ‘surveillance epidemiology and end result’ [Emtree] OR Public reporting [Emtree] 
OR Public Reporting (health care) [Emtree] 

 

 monitoring OR reporting OR surveillance OR public reporting OR Chronic Disease Indicators 
[MeSH] OR Chronic Disease Indicator [Emtree] OR Surveillance System [Emtree]  

 

 hospital OR hospitals OR Hospitals [MeSH] OR Hospital [Emtree] 
 

 “quality of care” OR “quality indicator” OR “quality indicators” OR “quality improvement” OR 
“quality improvements” OR Quality Improvement [MeSH] OR Quality of Health Care [MeSH] 
OR Quality Assurance, Health Care [MeSH] OR Total Quality Management [MeSH] OR Quality 
Indicators, Health Care [MeSH] OR Health Care Quality, Access, and Evaluation [MeSH] OR 
Quality of Care [Emtree] OR Health Care Quality [Emtree] OR Quality Indicators [Emtree]  

 
 registry OR register OR “administrative data” OR records OR audit OR database hospital 

mortality monitoring OR Clinical Audit [MeSH] OR Medical Audit [MeSH] OR Epidemiological 
Monitoring [MeSH] OR Monitoring [Emtree] OR Clinical Audit [Emtree] OR Register [Emtree] 
OR Medical Record [Emtree] OR Register [Emtree] OR Statistical Analysis [Emtree] OR 
Information Processing [Emtree]. 

 
Two reviewers independently screened titles and abstracts. Agreement was reached through 

discussion in order to ensure that articles met the criteria for inclusion. 

 
Table 2.1: Eligibility criteria of included studies for the systematic component of the review 

Inclusion criteria Exclusion criteria 

Assessed a hospital mortality reporting tool 
 

Evaluation of clinical intervention on mortality 
outcomes 

Assessed the impact of national/regional/hospital 
network reporting on quality of 
care/indicators/patient outcomes 

Mortality prediction/correlation studies (other than 
quality of care) 
 

Published in English or Spanish Non-mortality indicators, e.g. readmission rates 
Acute hospital settings Specific settings (e.g. intensive care units) or studies 

that include a single hospital unit only 

Assessed risk-adjustment models for specific 
conditions that are included in NAHM, i.e. AMI, 
heart failure, stroke (ischaemic or haemorrhagic), 
chronic obstructive pulmonary disease (COPD) or 
pneumonia 

Independent, condition-specific registries rather 
than general acute hospital mortality (e.g. hip 
fracture database, in-hospital cardiac arrest registry) 

 
During the review, it was found that no one data source gave a complete picture of hospital 
mortality reporting. Therefore, a narrative evidence synthesis was used to link the themes of the 
review. For each theme (e.g. modelling/outlier detection/visualisation), the approaches in the 
regions that were consulted are described in addition to the findings from the scoping review. For 
risk adjustment, the variables that could be included in the stakeholder consultation were identified 
from all sources. For the effect of public reporting on patient care, case study evidence from our 
international consultations and original studies from the systematic approach were combined. 
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Stakeholder consultation 
A preliminary local consultation was conducted to explore the context of the review, to inform the 
methodological approach of the stakeholder consultation, and to identify any preliminary work that 
had already been conducted (see Appendix 1, Table A1.2).  

Hospital data users 
All trained NAHM data users, senior quality and safety personnel (including chief executive officers 
(CEOs), clinical directors, directors of nursing, and quality and safety leads at Hospital Group and 
individual hospital level), subject matter experts at the NHIU, and the Department of Health were 
invited to participate in the hospital data user survey (see Appendix 3, Table A3.1). It is expected that 
there was overlap between the mailing lists used to recruit participants, giving a maximum number of 
potential respondents of between 279 and 456. 

A consultation phase during the development of the survey identified that there was a wide range of 
hospital data users with different areas of expertise and different hospital roles (i.e. only some use 
the NQAIS NAHM tool, some are more familiar with approaches to risk adjustment, and some would 
review the NAHM annual report). Therefore, a logic structure was applied to the flow of the survey 
whereby only the relevant data users could answer the questions applicable to them . Possible 
variables that could be considered for risk adjustment were identified through international 
consultation and a comprehensive review of the literature (detailed in Chapter 4). 

Members of the public 
Members of the public were invited to participate in a separate survey via the NOCA website (see 
Appendix 3, Table A3.2), the NOCA Twitter account (including one paid promotion lasting 5 days), and 
through the Public and Patient Interest (PPI) representatives’ network. The closed questions in the  
survey were analysed using descriptive statistics. Open questions were categorised and reviewed for 
extensiveness, frequency and context.  

Focus groups 

Survey respondents who shared their contact information, as well as all trained NQAIS NAHM data 
users, were invited to participate in one of two focus groups. The summary of the survey findings 
(including the analysis of free text responses) informed the scope of the focus groups. Participants of 
both focus groups were subsequently invited to confirm the accuracy and interpretation of a narrative 
summary of each focus group.  

Additional consultations 

Relevant local stakeholders, including data users, PPI representatives, subject matter experts, 

clinicians and members of the NAHM Governance Committee, were invited to preview the preliminary 

recommendations of this review and discuss their perceived value , feasibility and impact. These 

consultations shaped the final recommendations in order to ensure that they would be applicable to 

the Irish context. 
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Chapter 3 The international landscape  
 

Introduction 
The aim of this chapter is to describe the international experience of hospital mortality reporting. It 

summarises the approach in eight countries known to have significant experience with monitoring 

and/or publishing hospital mortality data. The purpose of this chapter is to provide the reader with a 

descriptive, high-level summary of these approaches. A more detailed comparative technical analysis 

is covered in Chapter 4. 

Findings 
Experts from Ireland, Canada, the United Kingdom (UK) (specifically England, Northern Ireland, and 

Scotland), the Netherlands, the USA and Australia (including New South Wales) generously 

contributed to the information summarised in this review. 

The following sections provide a narrative description of international approaches to hospital 

mortality reporting, including reporting and governance, for each country. The type of mortality 

indicator, definition of ‘death’, and choice of benchmark used are tabulated to characterise the 

approaches side by side (Table 3.2).  

Ireland 

NQAIS NAHM is a web-based tool that provides 44 participating publicly funded acute hospitals with 

mortality data for diagnostic groups based on the International Statistical Classification of Diseases 

and Related Health Problems, Tenth Revision, Australian Modification/Australian Classification of 

Health Interventions/Australian Coding Standards (ICD-10-AM/ACHI/ACS). Coding is carried out in 

each hospital’s HIPE office. The tool uses this data in order to allow analysis of expected versus actual 

deaths. This dynamic tool allows for continuous monitoring of mortality data and provides 

opportunities for hospitals to identify any areas of concern. Hospitals are able to view their data for 

all diagnoses using the web-based tool (National Office of Clinical Audit, 2022). 

Since 2016, NOCA has published a national report that is the public face of NAHM, with data presented 

in line with inclusion criteria set by the NAHM Governance Committee. The six key diagnose s reported 

on are AMI, heart failure, ischaemic stroke, haemorrhagic stroke, COPD and pneumonia. The main 

report is supported by an appendix and by a summary report that is written in accessible language 

with infographics.  

A standardised mortality ratio (SMR) for each diagnosis is risk adjusted for patient characteristics. 

There are eight factors that are included in the risk modelling (age, sex [technical specifications refer 

to gender], Charlson Comorbidity Index (CCI) score, source of admission, type of  admission, palliative 

care code use, frequency of emergency admissions, and medical card use) and only the variables that 

most contribute to the performance of the model for the principal diagnosis assigned for each case 

are used in the final risk adjustment, sometimes with the addition of interaction terms between the 

predictors. 

NOCA provides data user training monthly, and continuous support is available to hospitals seeking to 

better understand their data. If a statistical outlier is identified, NOCA engages with the hospital. It is 

expected that a review would be carried out by the hospital to investigate the reasons for the  

statistical outlier, although this is not mandatory.  
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Canada 

The Canadian Institute for Health Information (CIHI) provides comparable and actionable data and 
information that are used to accelerate improvements in healthcare, health system performance and 
population health across Canada (Canadian Institute for Health Information, n.d.). CIHI uses a suite of 
health system performance indicators, one of which is in-hospital mortality. Canadian hospitals must 
submit their data to CIHI, but CIHI cannot compel them to use their data for action, and there is no 
national regulator for quality assurance or improvement. However, regional authorities can have an 
oversight role; each province and territory has its own approach to quality indicators and using data 
for improvement. The Your Health System (YHS) website provides interactive tools for hospitals to 
track their own trends, compare with their peers and identify areas for improvement across a number 
of indicators (Canadian Institute for Health Information, n/d (a)). Data users can engage directly with 
CIHI to support their understanding of their data, and there is significant local and national media 
interest in what is publicly reported by CIHI. 

In-hospital mortality is reported using the hospital standardised mortality ratio (HSMR) as originally 

developed by Sir Brian Jarman and Dr Foster Intelligence. The deaths included in the HSMR have a 

primary diagnosis represented by one of the 72 diagnostic codes that make up 80% of in-hospital 

deaths; this set of codes and the risk-adjustment method are reviewed every 3 years (Canadian 

Institute for Health Information, 2021). The HSMR for each hospital is publicly reported annually for 

approximately 100 of about 600 hospitals across Canada, as hospitals need to have a minimum of 

2,500 HSMR cases in each of the 3 most recent years in order for their data to be reported publicly. 

Every hospital or regional, provincial or territorial authority can explore data at a more granular level 

using a private portal on Your Health System called Insight. This includes: 

 SMRs and related estimates of variability at diagnostic level, cross-tabulations and record-

level data for that organisation 

 aggregate high-level information from other hospitals to share learning and strategies for 

improvement. 

Each diagnostic group has its own risk-adjustment model. There is no specific adjustment for COVID-

19, and COVID-19 cases have limited visibility in the YHS hospital mortality tool. Cases are excluded if 

palliative care is the primary diagnosis. Neonatal cases are also excluded.  

Data user feedback is sought periodically through surveys and focus groups, demonstrating the level 

of satisfaction with the tool and informing ongoing development. 

England 

In England, there is widespread use of two hospital mortality indicators: the HSMR, as mentioned 

earlier which is calculated by Telstra Health UK, formerly known as Dr Foster Intelligence and the 

Summary Hospital-level Mortality Indicator (SHMI) which is produced by National Health Service (NHS) 

Digital.  

The Dr Foster Unit at Imperial College London is an independent academic unit that received grants 

from the private company Dr Foster Intelligence from 2000 to September 2021. Dr Foster Intelligence 

published HSMRs by hospital trust in the national press for many years and this eventually led to 

competitors producing similar measures. Following Telstra Health’s acquisition of Dr Foster 

Intelligence in 2015, Dr Foster Intelligence has been renamed and rebranded as Telstra Health UK. 
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Telstra Health UK (formerly Dr Foster Intelligence) and the Imperial College London team 

Dr Foster Intelligence used to publish HSMRs for the public in national newspapers and then on its 

website, but now this information, along with diagnosis- and procedure-specific mortality, is available 

on its Healthcare Intelligence Portal (although it is no longer free of charge). Dr Foster Intelligence also 

provides HSMRs to the national regulator for all health and social care services in England, the Care 

Quality Commission (CQC). 

Before the COVID-19 pandemic struck, the academic unit at Imperial  College London wrote to trusts 

when an alert occurred on CUSUM charts for a variety of individual diagnosis and procedure groups. 

The unit no longer writes to trusts, but Dr Foster continue to run the CUSUM charts for their 

customers. These charts are run each month as hospital admissions data are updated. The principles 

regarding data processing, risk adjustment, CUSUMs, and reporting are set out in several publications 

by the academic unit. CUSUM charts are run for all 259 Clinical Classifications Software (CCS) groups 

(which group International Statistical Classification of Diseases, Tenth Revision ( ICD-10) codes into 

clinically meaningful groups as devised by the Agency for Healthcare Research and Quality (AHRQ)  in 

the USA) and for more than 100 procedure groups, which have been created with the help of surgeons 

and input from the Imperial College London team. The HSMR is calculated from a set of CCS groups 

that cover 80% of all in-hospital deaths nationally. COVID-19 as a primary diagnosis is included as a 

subgroup of pneumonia, and admissions for COVID-19are therefore included in the mortality 

monitoring tool. 

The SHMI 

NHS Digital introduced the SHMI following the Mid Staffordshire NHS Foundation Trust scandal, 

whereby an investigation by the CQC linked higher mortality rates at the trust with significant 

inadequacies in the provision of care; a public inquiry led to 290 recommendations to improve patient 

care. NHS England wanted to have an official mortality indicator following the well-known scandal and 

subsequent public inquiry, which estimated that between 100 and 1,200 patients died between 2005 

and 2009 as a result of poor-quality care at the trust. The SHMI is produced by NHS Digital, an 

independent body that provides data to the hospital system, hospitals and researchers. Mortality 

indicators are provided to hospitals, the public and the CQC (the independent regulator of healthcare 

services in England). The CQC uses both the HSMR and the SHMI in its monitoring.  

The SHMI is the ratio between the actual number of patients who die following hospitalisation at a 

trust and the number that would be expected to die based on the characteristics of the patients 

treated: age, sex, method and month of admission, current and underlying medical condition(s), and 

birthweight (for babies) (NHS Digital, n.d.). The SHMI is a unique indicator that includes both deaths 

that occurred in hospital and deaths that occurred outside of hospital within 30 days (inclusive) of 

discharge. Similar to other mortality indicator tools, it is intended to act as a signal to trigger deeper 

analysis, which may include consideration of other quality indicators and assessment of the quality of 

the data and the patient care processes. A technical committee was established to advise on the 

formulation of the indicator, but its advice was not always followed. 

Reports that include data for 122 trusts are provided publicly every month as a national statistic by 

NHS Digital. SHMIs are calculated for specific diagnoses where there is activity with sufficient numbers  

to robustly calculate an SHMI. Many of the diagnostic groups reported on are unique to the SHMI, 

although many are CCS groups; they include septicaemia, lung cancer, secondary metastatic disease, 

and fluid and electrolyte imbalance. Previously, CUSUMs were provided to hospitals, but these have 

been replaced by VLAD charts. 
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Data are presented through an interactive data visualisation that is available publicly. A one -page 

summary for trusts and a suite of contextual indicators are also presented alongside the mortality 

data. 

Northern Ireland 

Northern Ireland Statistics and Research Agency in Northern Ireland adopted the SHMI to review 

hospital mortality. SHMI results with a 6-, 9-, and 12-month lag are provided quarterly to each of 

Northern Ireland’s five Health and Social Care (HSC) Trusts, some of which also use the Risk Adjusted 

Mortality Index (a similar indicator produced by the company CHKS, which does not publish its 

methods) which is produced annually. Minor modifications were made to the SHMI in order to 

strengthen the applicability of the model to Northern Ireland, which consists of smaller hospital sites 

and HSC Trusts. Hospital mortality data is not currently made available publicly. VLADs are created for 

all SHMI groups, and HSC Trusts are provided with results for 11 diagnosis groups (detailed in the next 

paragraph) with high levels of activity and SHMI model stability. The reporting period for the VLADs is 

1 year, and they are provided in line with the SHMI results. All cases contributing to each VLAD are 

available through the hospital mortality tool, with the ability to identify and look at those cases around 

any control limit breach. It is thought that using the VLAD may be a user-friendly approach due to the 

interpretable Y axis (Figure 3.1). SHMI results at hospital level are categorised with 95% control limits 

that are adjusted for over-dispersion (greater than purely random variation). At HSC Trust level, due 

to the small number of HSC Trusts, the results are categorised with 99.8% exact Poisson control limits. 

‘Exact’ here means that control limits are taken from the Poisson distribution rather than approximate 

control limits being taken from the normal distribution and assuming a large sample. Control limits for 

VLADs are constructed using the Sherlaw-Johnson method of adding CUSUM control limits to VLAD 

charts. 

The SHMI diagnosis groups of VLADs provided to the HSC Trusts in Northern Ireland are septicaemia; 

cancer of bronchus, lung; secondary malignancies; fluid and electrolyte disorders; myocardial 

infarction; pneumonia; acute bronchitis; gastrointestinal haemorrhage; acute and unspecified renal 

failure; urinary tract infections; and fracture of neck of femur (hip). SHMI diagnosis groups are not the 

same as AHRQ CCS groups. Data are not made available publicly. 

Figure 3.1: Example variable life adjusted display for Northern Ireland  
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Source: Northern Ireland Statistics and Research Agency 2022, personal communication 7th February 
2022 personal communication 

Scotland 
Public Health Scotland provides quarterly HSMRs at national, NHS Board and hospital levels. It includes 

additional information and commentary on patterns of mortality by key demographic factors. Crude 

mortality can be reviewed at hospital level through Statistical Process Control charts.  

Public Health Scotland has produced quarterly HSMRs since December 2009 for all Scottish acute 

hospitals. This publication was originally closely linked with the Scottish Patient Safety Programme 

established in 2007, the original aim of which was to reduce hospital mortality by 15% by December 

2012. In the period October–December 2007 and October–December 2015, hospital mortality fell by 

16.5%, equating to 20,000 fewer deaths than expected (Scottish Government, 2016). 

The unique features of the current Scottish model include using mortality within 30 days of admission 

for the HSMR, adjusting for the number and severity of prior morbidities in the previous 12 months 

and in the previous 5 years, adjusting for the number and severity of comorbidities on admitting 

episode, and adjusting according to the Scottish Index of Multiple Deprivation (SIMD). Hospital 

mortality data is presented in a quarterly report that includes data by age group, sex, admission type 

(elective/non-elective), specialty, deprivation quintile, place of death (in hospital/community), etc. 

The SIMD has seven domains (income, employment, education, housing, health, crime, and 

geographical access) which have been combined into an overall index to measure multiple deprivation 

(NHS National Services Scotland, 2019). 

Scottish data are reviewed by Public Health Scotland, NHS Boards, NHS Healthcare Improvement and 

the Scottish Government. 

Netherlands 
Hospital mortality reporting by Statistics Netherlands commenced in 2010 using the HSMR

(previously prismant). Statistics Netherlands produces the HSMR model and the individual HSMR 
reports. Individual hospital reports contain each hospital’s HSMR and diagnosis-specific SMR figures 

for the most recent reporting year and for the most recent 3-year period (i.e., for HSMR 2020, it is 
HSMR 2018-2020). SMRs are also presented for different patient groups (by age, sex, and urgency of 
admission, i.e. elective versus emergency admission) and diagnostic clusters. Hospitals can compare 

their outcome with the national average, both overall and per diagnosis and patient group. Using a 

tool of Dutch Hospital Data (DHD), hospitals can evaluate their findings by hospital peer group in order 

to account for differences in hospital characteristics, e.g. if a hospital is associated with a university. 

Reports are provided to hospitals by DHD, which supports the hospitals to understand their data. It is 

the responsibility of the hospitals to govern their own data and to publish HSMR reports on their 

websites. DHD has a tool that allows hospitals to select the hospitals that they want to compare 

themselves with. 

The original HSMR risk-adjustment methods have evolved over time to include the severity of the 

main diagnosis (estimated using the crude mortality for the main diagnosis from the previous 6 years) 

and using the CCI comorbidities as binary flags (rather than the CCI as a score with the original weights 

for each comorbidity or other published weights). Reporting commenced on 50 diagnostic groups 
and now includes all diagnoses, with 157 separate models for clusters of CCS groups. Additional 

changes have been explored, including moving to reporting on deaths within 45 days of admission in 
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order to account for differences in hospitals’ discharge policies (Van der Laan et al., 2015). This is not

currently feasible in the Netherlands, partly due to the legislative landscape regarding data linkage.

The methods currently exclude admissions for COVID-19 where this appears as the primary diagnosis. 

In the future, the approach may include building a separate model for COVID-19, but this is yet to be 

confirmed. Sepsis is not adjusted for as a secondary diagnosis or as a hospital-acquired diagnosis. 

There is no adjustment for palliative care, but its coding is reported.  

USA 
In the USA, hospitals work collaboratively with the Centers for Medicare & Medicaid Services (CMS) 

to publicly report on more than 150 hospital quality performance measures. Under the Hospital 

Inpatient Quality Reporting (IQR) Program, Care Compare displays hospital  performance data in a 

consistent, unified manner in order to ensure the availability of information about the care delivered 

in the nation’s hospitals. Care Compare provides information on process and outcome measures and 

patient satisfaction. Fee-for-service payments for participating units is contingent on submitting data 

and on the quality and efficiency of care provided (Centers for Medicare and Medicaid Services, 2022).  

Information from the Hospital IQR Program is combined with quality performance indicators to 
provide an overall hospital quality star rating. Programmes included are: 

 the Hospital IQR Program

 the Hospital Outpatient Quality Reporting Program
 the Hospital Readmissions Reduction Program

 the Hospital-Acquired Condition (HAC) Reduction Program.

The measures come from the Hospital IQR Program and the Hospital Outpatient Quality Reporting 

Program, as well as from other programmes, and encompass measures in five groups: mortality, safety 

of care, readmission, patient experience, and timely and effective care. The hospitals can receive 

between one and five stars, with five stars being the highest rating. This information is available to the 

public (CMS, n.d.-b).   

Hospital-specific reports are available for hospitals in order to drive quality improvement and to 

facilitate understanding of the data that are publicly available. Reports describe the CMS’s approach, 

list patients covered by the analysis, and present the results for individual hospitals  (CMS, n.d.-a). 

The CMS mortality measures assess hospitals’ 30-day all-cause mortality. In-hospital mortality is 

reported using risk-standardised mortality rates for AMI, coronary artery bypass graft surgery, COPD, 

heart failure, pneumonia and stroke. 

For these measures, patient risk factors are identified using either the CMS Condition Category 

classification or based on individual ICD-10 codes. The CCs used in risk adjustment are derived from a 

modified version of the CMS-Hierarchical Condition Category model (specifically the FY 2020 V24 CMS- 

Hierarchical Condition Category crosswalk that is maintained by RTI International for the measures 

that are currently publicly reported on Care Compare), but without the hierarchy (Center for 

Outcomes Research and Evaluation, 2021). 

There is a specified risk adjustment for individual diagnoses. For example, stroke mortality includes 

the National Institutes of Health (NIH) Stroke Scale in the risk adjustment as a measure of stroke 

severity, initially matching patient information from the American Heart Association/American Stroke 

Association’s Get With The Guidelines-Stroke Program to hospital mortality data . The USA has now 

implemented a fifth digit on the relevant International Statistical Classification of Diseases, Tenth 
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Revision, Clinical Modification (ICD-10-CM) stroke code to indicate the NIH Stroke Scale (Schwartz et 

al., 2017). 

The measures do not include an adjustment for social risk factors because the association between 

social risk factors and health outcomes can be due, in part, to differences in the quality of healthcare 

that groups of patients with varying social risk factors receive. The intent is for the measures to adjust 

for patient demographic and clinical characteristics while illuminating important quality of care 

differences. The AMI, COPD, heart failure and pneumonia measures were re-endorsed by the National 

Quality Forum without adjustment for patient-level social risk factors in the last endorsement 

maintenance submission prior to 2021 (Center for Outcomes Research and Evaluation, 2021). 

CMS uses a hierarchical logistic regression model to derive its mortality measures for each hospital. 

CMS mortality measures are derived from such models that take into account not only patient risk 

factors, but also a hospital-specific effect (Center for Outcomes Research and Evaluation, 2021). The 

hospital-specific effect is an estimate of the average impact of being treated in a particular hospital 

on the likelihood of dying. CMS uses predicted mortality in the ratio’s numerator instead of the 

observed number of deaths. This numerator is the number of deaths among a hospital’s patients  

predicted by the hierarchical model, given the patients’ risk factors and the hospital-specific effect. 

The denominator is the expected number of deaths among that hospital’s patients given the patients’ 

risk factors and the average of all hospital-specific effects in the nation. The estimate accounts for the 

number of cases on which the hospital’s rate is based, and for the similarity between the outcomes 

and characteristics of patients treated at the same hospital. CMS takes the ratio of the numerator and 

denominator explained above (predicted/expected) and multiplies the ratio by the crude national rate 

to obtain the risk-standardised mortality rate. This is unusual, as it gives a rate rather than a ratio. 

Therefore, each hospital’s risk-standardised mortality rate is to be compared with the observed 

national rate and not with other individual hospitals’ risk-standardised mortality rates. 

Australia 

In Australia, most reporting of hospital mortality for safety and quality monitoring and improvement 
processes is done at a local level. There is currently no legislation in Australia precluding public 
reporting or making it mandatory, and currently, only New South Wales (NSW) has chosen to report 
its hospital mortality data publicly. The Australian Commission on Safety and Quality in Health Care 
provides a suite of tools and supporting information for health services to use to assist in safety and 
quality monitoring processes (Australian Commission on Quality and Safety in Health Care, n.d.). Some 
state and territory health departments are in the process of developing mortality measures for public 
reporting or are reporting already, such as in NSW (Bureau of Health Information, 2019). 

The mortality index is calculated as the observed deaths divided by the expected number of deaths, 
multiplied by the national hospital mortality rate. Mortality data reviewed by hospitals includes: 

 HSMR
 death in low-mortality diagnosis-related groups

 SMRs for AMI, stroke, fractured neck of femur, and pneumonia.

It is recommended that hospitals monitor their own variance using control charts or VLADs (Australian 

Commission on Safety and Quality in Health Care, 2017). The HSMR and other indicators have been 

refined to be applicable to the Australian context, with the HSMR originally based on the Dr Foster 

Intelligence specification from England. The addition of a low-mortality indicator is thought to be easy 

to interpret and explain to clinicians. The focus of this approach is on improvement rather than on pay 

for performance. Governance is guided by a guide for board members and Chief Executive Officers 
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outlining responsibilities and recommended actions for review of hospital mortality indicators 

(Australian Commission on Safety and Quality in Health Care, 2014).  

Every hospital is governed by national accreditation standards that it must meet. For accreditation 

purposes, having the processes in place to review indicators was considered much more important 

than the values of those indicators. No authority has the mandate to instruct any hospital to look at a 

given indicator or data. Hospitals decide themselves how high is ‘high’ for mortality in terms of their 

internal use of the statistics. The threshold for review of mortality data could depend on the Morbidity 

and Mortality meeting chair, the head of service, or whoever is looking at the data. It is possible that 

no hospital has had its accreditation revoked so far since the Australian Commission on Safety and 

Quality in Health Care (ACSQHC) programme began.  

In NSW, mortality is publicly reported using risk-standardised mortality ratios (RSMRs) for seven 

clinical conditions in the 30 days following admission to hospital, with detailed results available for 73 

public hospitals. National model coefficients are adapted for NSW. Accounting for about 11% of acute 

emergency hospitalisations for persons aged 15 years and over in NSW and about 28% of in-hospital 

deaths following acute emergency hospitalisation, the seven conditions are: AMI, ischaemic stroke, 

haemorrhagic stroke, congestive heart failure, pneumonia, COPD, and hip fracture surgery (Bureau of 

Health Information, 2019). Reporting periods cover 3-year cycles. The main indicator used in the 

reports is the RSMR. RSMRs are presented in funnel plots for each condition, and outlier hospitals are 

named. The findings for each hospital are presented in separate  reports. Hospitals are told their 

figures in advance of publication. 

The RSMR takes into account the volume and types of patients treated in each hospital. Funnel plots 
with 95.0% and 99.8% control limits around the NSW ratio of 1.0 are used to identify outlier hospitals. 
Hospitals can compare themselves only with other hospitals in the same state or territory – there is 
no national benchmarking. Some states or territories have their own dashboards for producing this 
information and exporting it as PDF files, but there is currently no national dashboard. 

Each of the seven diagnoses has its own risk-adjustment variables for conditions reported in NSW 
(Table 3.1). 

Table 3.1: Risk-adjustment variables for conditions reported in New South Wales 

Condition Variables in risk-adjustment model 
AMI Age, ST-elevation myocardial infarction (STEMI)/non-STEMI status, 

dementia, hypotension, shock, renal failure, heart failure, dysrhythmia, 
malignancy, hypertension, cerebrovascular disease  

Ischaemic 
stroke 

Age, sex, renal failure, heart failure, malignancy 

Haemorrhagic 
stroke 

Age, sex, heart failure, malignancy, history of previous haemorrhagic 
stroke 

Congestive 
heart failure 

Age, valvular disease, pulmonary circulation disorders, hypertension, other 
neurological disorders, chronic pulmonary disease, diabetes – 
complicated, diabetes – uncomplicated, renal failure, liver disease, peptic 
ulcer disease excluding bleeding, metastatic cancer, coagulopathy, weight 
loss, fluid and electrolyte disorders, deficiency anaemia, dementia, 
number of previous acute admissions for congestive heart failure. 
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Condition Variables in risk-adjustment model 
Pneumonia Age, dementia, hypotension, shock, renal failure, other COPD, heart 

failure, dysrhythmia, malignancy, liver disease, cerebrovascular disease, 
Parkinson’s disease 

COPD  Age, sex, congestive heart failure, cardiac arrhythmia, pulmonary 
circulation disorders, other neurological disorders, diabetes – complicated, 
metastatic cancer, solid tumour without metastasis, coagulopathy, weight 
loss, fluid and electrolyte disorders, dementia, number of previous acute 
admissions for COPD 

Hip fracture 
surgery 

Age, sex, ischaemic heart disease, dysrhythmia, respiratory infection, renal 
failure, heart failure, malignancy, dementia 

RSMRs for selected clinical conditions have been publicly reported in NSW, Australia for since 2013. 

While public reports are released every 3 years due to the low mortality rates for some conditions, 

more frequent internal reporting is provided to health districts. The Bureau of Health Information also 

works with NSW’s Agency for Clinical Innovation (ACI) to inform and support clinical networks in 

reviewing and interpreting results. ACI and the Clinical Excellence Commission are both responsible 

for supporting hospitals and clinicians locally to maintain and recover performance. The majority of 

hospitals are not outliers. In the last report regarding the 7 clinical conditions outlined, 10 of 77 

hospitals were identified as outliers for RSMRs for one condition, 8 hospitals for two conditions, and 

1 hospital for three conditions. In that report, outlier hospitals were more likely to be smaller, regional 

centres. BHI do not publicly report on the smallest of hospitals.  

As the NSW state covers a vast geographic area, there has been more regionalisation of some 

interventions (e.g. endovascular clot retrieval for ischaemic stroke) and more active clinical 

collaborations (e.g. telestroke) between metropolitan and regional or rural facilities in order to ensure 

that patients are optimally served wherever they live. Routine reporting and additional bespoke 

analytics have helped assess the impact of these initiatives on mortality outcomes.  

Historically, there have been instances where:  

 A large hospital was identified as an outlier for one clinical condition – a finding not in
accordance with the reputation it had set for itself. As a response, the health district hired one
or more clinical researchers to expand clinical analytics and insights locally with successful
outcomes.

 A large hospital was identified as an outlier for multiple clinical conditions. As a response, new
approaches to clinical oversight, including personnel, were put in pl ace with successful
outcomes.

Type of mortality indicator 
Table 3.2 summarises the different approaches to using hospital mortality indicators. The HSMR is the 

most commonly used approach; this review found that Canada, England, Scotland, Australia, the 

Netherlands, Japan (Amin et al., 2020) and France (Ngantcha et al., 2017) use the HSMR. In England, 

the HSMR is used in conjunction with the SHMI. Risk-standardised mortality rates are used in the USA, 

whereas NSW uses RSMRs. Mortality indicators are usually used in conjunction with indices for 

individual diagnoses for diagnostic groupings, as using a HSMR in isolation does not identify areas for 

improvement. 

It is widely acknowledged that HSMRs are very broad in scope, which means that attribution to specific 

clinical processes is difficult. A common first step is to break the HSMR down into its component 
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diagnosis group SMRs. These provide more actionable information for managers and clinicians. HSMRs 

are generally based on the number of admissions, meaning that an individual patient may be counted 

multiple times, although the impact of this has been found to be minor in England (Bottle et al., 2011). 

In contrast, SMRs are based on the number of deaths and the number of patients where data linkage 

is possible. Another criticism is that HSMRs rely on the proportionality assumption. This means that 

they are assumed to be an accurate summary of all their component stratum-specific rate ratios, i.e. 

that the observed to expected ratio for the hospital compared with the benchmark is assumed to be 

the same for each age group, sex, comorbidity, etc. in the risk-adjustment model. SMRs also rely on 

this proportionality assumption, though they have fewer strata than HSMRs. Even if this  assumption 

is met – and in our experience it often is, at least approximately – large differences in the population 

structure between a particular hospital’s patients and the benchmark set of patients (e.g. the nation 

as a whole) can bias both the HSMR and the SMR, an effect called Simpson’s paradox (Marang-van de 

Mheen and Shojania, 2014). 

Definition of death 

The definition of death varies: it can be defined as in-hospital mortality, 30-day mortality (from 

admission) and 30-day mortality (from discharge). Thirty-, 60- and 90-day mortality post-admission 

was assessed in France (Ngantcha et al., 2017). The UK uses the SHMI, which is based on 30-day 

mortality from discharge, as the decision-makers wanted to ensure that the measure included all in-

hospital deaths. The purpose of using out-of-hospital death is to account for the different discharge 

policies of different hospitals (Borzecki et al., 2010). It is widely acknowledged that 30-day total 

mortality is the gold-standard measure of hospital mortality, but data linkage capabilities often 

preclude calculation of this. Including a 30-day mortality indicator has been shown to lead to a 

significant change in outlier status (Baker et al., 2002). In NSW, between 2015 and 2018, the 

percentage of deaths that occurred after discharge from hospital ranged from 33% for haemorrhagic 

stroke to 60% for hip fracture surgery, demonstrating the importance of including post-discharge 

deaths when assessing hospital performance. Whenever measures of quality of care are made public 

or used in pay-for-performance initiatives, there is a risk of hospitals ‘gaming the system’ by changing 

coding practices and/or behaviour. Baker et al. (2002) demonstrated that deaths shift from being 

reported as occurring in-hospital to being reported as occurring during the post-discharge period with 

the introduction of public report cards. These findings reveal the importance of including post-

discharge deaths when assessing hospital performance. Mortality measures based on in-hospital 

deaths alone, or measures excluding admissions for transferred patients, may be misleading as 

indicators of hospital performance.  

All these measures use all-cause mortality, partly because the cause of death is not available (or is 

unreliable, especially for complex elderly patients) and partly because the measure that is most 

desirable – preventable death – cannot be determined from administrative or even clinical databases. 

The proportion of in-hospital deaths that are said to be preventable is low, often estimated at around 

5–10%, but has been found to be as high as 27% (Kobewka et al., 2017). However, the definition of 

‘preventable’ is crucial and generally strict, and the degree of preventability often depends on who is 

assessing it (Hayward and Hofer, 2001). 

High hospital mortality does not necessarily mean a high proportion of preventable deaths but can 

indicate other quality-of-care problems. A mixed-methods evaluation of England’s hospital mortality 

monitoring scheme run by Dr Foster Intelligence analysed a set of the Imperial College London Dr 

Foster Unit’s CUSUM alerts and conducted interviews at 11 hospital case study sites to investigate 
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how hospitals responded to sepsis and AMI alerts (Aylin et al., 2018). By cross-matching the alerts 

with the CQC’s investigations and findings from the hospitals’ own investigations, the Imperial College 

London team identified three principal causes of the mortality alerts: these were related to coding, 

case mix and quality of care. Quality of care was cited as a factor in 70% (108/154 alerts) of all 

investigations but was particularly an issue in sepsis alerts (89%; 17/19 alerts) and was judged 

internally to have contributed to elevated mortality in 27% (42/154) of all alerts. Coding was a problem 

in approximately one-quarter of alerts. Where quality of care was identified as an issue, 85% of cases 

resulted in an action plan by the hospital. 

Choice of benchmark 
Almost all countries included in this review use the national average as their choice of benchmark 
when comparing hospitals. However, additional approaches include per diagnosis and patient group; 
provincial-, regional- or organisational-level HSMRs; and peer group average, whereby hospital 
characteristics such as volume and teaching status are taken into consideration.  

In Canada, for most (if not all) CIHI indicators reported by hospitals, the hospital peer group average 
is used as the benchmark for hospital-level comparison. The HSMR is so far reported only for 
teaching hospitals, and for large and medium-sized hospitals with sufficient size. However, CIHI is in 
the process of expanding reporting to other hospitals by relaxing the size limit. This may be a trigger 
to switch from the national average to the peer group average as the comparator. CIHI wanted to 
adopt the same comparison methods in determining the hospital performance (above, the same as, 
or below average) for all hospital-level indicators as other hospital-level indicators that use peer 
group averages for comparison. 

Hospitals tend to compare their results with peers rather than with the national average, as there is 
some variation between hospital peer groups. The size of the hospital is a major factor in 
determining the peer group. In Canada, large hospitals (rather than small hospitals) usually treat 
patients with more complex conditions. Patients treated in large hospitals may also be more diverse 
in terms of their cultural background, level of education, and socioeconomic status. It would be 
fairer for a large hospital to compare with other large hospitals, as large hospitals may have a 
different rate of adverse outcomes than small hospitals have overall. It is possible that a hospital’s 
performance (above, below, or the same as average) may be different if the peer group average 
rather than the national average is used as the benchmark. Before the public releases  of data, CIHI 
hosts webinars/produces a “What’s new” document to help users understand the implications of 
any changes and to address any concerns (CIHI, 21 April 2022, personal communication). 

In NSW, the Bureau of Health Information (BHI) reporting compares each hospital’s 30-day risk 

standardised mortality ratio (RSMR) with the NSW average. To compare with similar hospitals in the 

main public report, RSMRs are stratified by peer group, showing the distribution of higher- and lower-

than-expected results across similar peer group hospitals. To compare with similar hospitals in the 

individual hospital profiles, RSMRs are represented by circles in the funnel plots, and the same-sized 

circles are used to represent similar peer group hospitals (BHI, 26 April 2021, personal 

communication).  

Other empirical approaches to choosing a benchmark for hospital mortality reporting, such as 
template matching, are discussed in 4. 
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Table 3.2: Summary of included countries’ approaches to measuring hospital mortality 

Ireland Canada Netherlands 
England 
(SHMI) 

Northern 

Ireland 
(SHMI) 

England 
(HSMR) 

Scotland 
(HSMR) USA Australia Australia (NSW) 

Proportion 
of deaths 
included 100% 80% Almost 100% 100% 100% 

~80% of in-
hospital 
deaths for 

the HSMR; 
100% for 
the SMR 100% 

100% 
Medicare 

patients 
aged >65 
years 80% 

100% who meet age 
criteria 

Definition of 
death 

In-hospital 
deaths 

In-hospital 
deaths 

In-hospital 
deaths 

In-

hospital 
deaths 
and 
deaths 

within 30 
days of 
discharge 

In-hospital 
deaths and 
deaths 

within 30 
days of 
discharge 

In-hospital 
deaths 

Deaths within 
30 days of 
admission 

Deaths 

within 30 
days of 
admission 

In-
hospital 
deaths 

Deaths within 30 days 
of admission 

Benchmark 

National 
average 
baseline 

of 100 

Provincial-, 
regional- or 
organisation-

level HSMRs 

National 
average: 
overall, and per 
diagnosis and 

patient group 

National 
baseline 

(England) 

National 
average 
(Northern 

Ireland) 

National 

average 

National 

average 

National 

average 

National 
or peer 
group 

average 

BHI’s mortality 
reporting compares 

each hospital ’s RSMR to 
1 (NSW average). There 
is no Local Health 
District stratification or 

metropolitan versus 
rural districts analyses; 
however, results are 

presented by Local 
Health 
District/metropolitan 
district/rural district in 

the public report. 

HSMR (all) √ √ √ - - √ √ - √ -
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Ireland Canada Netherlands 
England 
(SHMI) 

Northern 
Ireland 
(SHMI) 

England 
(HSMR) Scotland (HSMR) USA Australia 

Australia 
(NSW) 

Other SMRs SMRs 

SMRs with 
same clustering 
used by SHMI, 
with minor 

adaptations SHMI SHMI 

SMRs for 
all  CCS 

groups 

SMRs for all  CCS 

groups 

Risk-

standardised 
mortality 
rates for 
specified 

diagnoses 

Death in low-
mortality 
diagnosis-

related groups 

RSMRs for 
specified 

diagnoses 

Crude 
mortality 

Publicly 
reported but 
not in the 

private hospital-
level tool - - - - √ 

√ (within 30 days of 
admission, in-
hospital  and out-of-
hospital mortality 

within 30 days of 
admission) - - √ 

√ = category included
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Inclusion/exclusion criteria of hospital mortality indicators 

Table 3.3 details each evaluated country’s unique approach to its inclusion and exclusion criteria. 
Generally, careful consideration needs to be given to women’s and children’s hospitals, as deaths in 
these settings are rare. Most countries exclude hospitals whose mortality rates are below a minimum 
threshold. Specialist hospitals are also sometimes excluded, as the risk-adjustment tools for the 
general population may not be valid or appropriate for the types of patients these hospitals treat. 
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Table 3.3: Inclusion/exclusion criteria of hospital mortality indicators, by country 

√ = category included

Ireland Canada Netherlands 

England 

(SHMI) 

Northern 
Ireland 

(SHMI) England (HSMR) 

Scotland 

(HSMR) USA Australia Australia (NSW) 

In
cl

u
si

o
n

 c
ri

te
ri

a 

Age of 
admission All ages 

Aged 29 
days to 120 
years All ages All ages All ages Aged 0–120 years  All ages 

Aged ≥65 
years 

Aged 29 
days to 120 
years 

CHF and COPD aged ≥45 and Pneumonia 
aged ≥18 but other conditions aged ≥ 15 

Palliative 
care cases √ 

Excluded if 
primary 
diagnosis √ √ √ √ √ √ √ Excluded if primary diagnosis 

Patient 
types (all 
included) - - - √ - - - 

Medicare 
fee-for-
service 
(FFS) 
beneficiarie
s - - 

Diagnosis 
(all 
included) 

All diagnoses 
in private 
NQAIS 

NAHM tool; 
six clinical 
conditions in 
public report - √ √ 

Twelve 
diagnosis 
groups √ √ 

Five 
diagnoses 
and CABG 
surgery 

Four 
diagnosis 
groups Seven clinical conditions 
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Ireland Canada Netherlands 
England 
(SHMI) 

Northern 
Ireland (SHMI) 

England 
(HSMR) 

Scotland 
(HSMR) USA  Australia 

Australia (NSW) 

Ex
cl

u
si

o
n

 c
ri

te
ri

a 

Patient 
types 
excluded 

Maternity 
care 
discharges 

Medical 
assistance in 
dying cases 

Day cases and non-
residents - 

Discharges 
defined as 
stillbirths, 
activity in 
‘virtual wards’, 
and private 
treatment 

Day cases, 
regular 
attenders, 
duplicate 
records, 
unfinished 
episodes, 
missing/inv
alid 
admission 
date 

Obstetric
, 
psychiatri
c and day 
case 
activity 

‘Discharge 
at own risk’ 
patients 

‘Discharge at 
own risk’ 
patients 

Hospitalisations with an episode care 

type of palliative care, but including 

acute hospitalisations with palliative 

care as a secondary diagnosis. From 

July 2018, acute hospitalisations with 

palliative care as a secondary diagnosis 

have been excluded from internal 

reporting. 

Hospital 
types 
excluded 

Private 
hospitals 
and 
maternity 
hospitals (to 
be included 
in the 
future) 

Specialty 
facilities 
(such as 
children’s 
hospitals, 
cancer 
centres and 
heart 
centres) 

All general and university 
hospitals are included in 
the HSMR model. In the 
HSMR model, one eye 
hospital and two cancer 
clinics are also included 
(because they are included 
in the data source), but no 
HSMR or SMR outcome 
reports are generated for 
these specialised hospitals. 
No HSMR or SMR outcomes 
are reported for general 
and university hospitals 
that do not meet the data
quality criteria (all inpatient 
admissions registered, 
minimum percentage of 
acute admissions, and 
minimum number of 
comorbidities registered) or 
that have <60 in-hospital 
deaths per annum. 

Specialist 
trusts, mental 
health trusts, 
women’s 
hospitals and 
private 
hospitals 

Private 
hospitals and 
virtual wards 
are excluded. 
Results are not 
produced for 
sites with <10 
deaths  in the 
12-month time-
frame that the 
SHMI score is 
being calculated 
for None 

Mental 
health 
hospitals, 
maternit
y wards 
and 
private 
hospitals 

Non-
Medicare 
hospitals Unclear 

Hospitals with <50 index 
hospitalisations 
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Implications for the review 

This review highlights that each country has a unique approach to hospital mortality indicators 
depending on the possibility of data linkage to death registries and national legislation on public 
reporting. Most leading healthcare models included in this review report their hospital mortality data 
publicly, and many more are seeking to do so. 

There is currently no data linkage to death registries in Ireland, which precludes the use of out-of-
hospital mortality data and linkage with other national audits. Excluding post-discharge deaths can 
affect the estimated mortality figures and outlier status for some hospitals, as shown empirically in 
England (Bottle et al., 2011).  

Most countries use the national average as their choice of benchmark; however, there are alternative 
approaches. The empirical evidence for these approaches will be discussed in more detail in 4. Of note 
here is that if another benchmark (such as the peer group) is used, the risk-adjustment models should 
be derived only from hospitals within that peer group. In Canada and NSW, SMRs are calculated using 
national benchmarks – where the benchmark SMR is 100 by definition – but are then compared by 
region (province, territory or state), where the benchmark SMR is not necessarily 100, which is not 
recommended statistically. 

The focus on hospital mortality tools is aimed at providing hospitals with relevant information in order 

to improve patient care. In most of the examined countries, there is no regulatory authority that 

governs how the data are used and how signals are responded to, and hospitals are generally left to 

decide on the appropriate courses of action for themselves.  
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Chapter 4 Modelling methods 

Introduction 
The aims of this chapter are to: 

 identify modelling issues (e.g. multilevel/random effects models)
 identify risk-adjustment approaches suitable for national mortality reporting using 

administrative data

 raise awareness of areas for ongoing development (e.g. machine learning).

Findings  
The first part of the literature review yielded thousands of results in total . This part of the review 
sought to describe the breadth rather than the depth of the current technical landscape, therefore, a 
systematic approach was not taken.  

The following sections scope the evidence base in relation to: 

 modelling method

 outlier definition and detection method

 visualisation of results for hospitals

 risk-adjustment models

 variations on, or alternatives to risk adjustment

 COVID-19.

Modelling method 
Risk adjustment in the context of this review may be defined as a statistical process that accounts for 
the patients’ underlying health status when comparing hospital patients’ healthcare outcomes, such 
as mortality. It is similar to, but not the same as, risk prediction, in which the goal is to predict the 
patient’s future health outcome in order to assist decision-making for that particular patient; for 
example, to enrol ‘high-risk’ patients (those above some pre-set risk threshold) in a case management 
programme. With risk adjustment, it can be argued that calibration is more important and that 
parsimony (having few variables in the model) is less important than with risk prediction. For example, 
consider a patient with a 6% risk of a certain outcome and a risk threshold for enrolment in the case 
management programme of 5%. It does not matter if the risk-prediction algorithm estimated the 
patient’s risk as 6% or 66%, as the patient would still correctly be enrolled in the case management 
programme. However, such poor calibration would render a risk-adjustment model unusable. In 
general, parsimonious models are preferable, as they are simpler and more likely to generalise to 
other populations than that for which they were developed. Risk-prediction models with only three 
or four predictors can be used at the bedside without calculators or apps. Risk-adjustment models, 
however, are not designed to be converted into risk scores at the bedside and can therefore contain 
any number of predictors, interaction terms, splines and other complicated features, provided that 
the model converges and fits the data.  

The commonest approach to risk-adjustment modelling in the literature was to use logistic regression 

in the classical (i.e. not Bayesian) framework, ignoring the clustering of patients within hospitals (see 

next paragraph), with predicted risks of death per patient summed to give the hospital’s expected 

number of deaths. The observed number of deaths is then divided by this total expected number (and  

often multiplied by 100) to give the SMR. A typical example of this set-up is shown by Abdel-Latif et 
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al. in an Australian neonatal intensive care unit network (Abdel-Latif et al., 2018). It is also possible to 

include a ‘dummy’ variable for each hospital and obtain the SMRs directly, but this is slightly less 

flexible and does not appear to be done in the countries we considered. The factors that go into the 

risk-adjustment models are discussed later in this chapter. 

Data points are said to be clustered if they are correlated with each other. This can happen when there 

are multiple admissions for the same patient or when patients attend the same hospital and therefore 

have more similar outcomes than if they had attended different hospitals. There are several ways to 

handle clustering. Fixed effects models, in which hospitals are assumed to have their own distribution 

from which their mortality rate is estimated, simply ignore it. This leads to inappropriately narrow 

confidence intervals, although the correlation between patient outcomes at the same hospital can be 

weak in practice. Marginal models, or generalised estimating equations (GEEs), do not make 

distributional assumptions or use maximum likelihood in order to obtain parameter estimates. They 

are well suited to estimating effects of patient factors but are less useful for estimating effects of 

hospital factors. They can only handle two levels, such as patients clustered within hospitals. They 

appear to rarely be used for risk adjustment; one example is Guru et al. (2008), in which clustering 

was handled using GEEs as a sensitivity analysis in a research study, and not in the context of routine 

performance monitoring. Multilevel models, also often known as random effects models , also handle 

clustering and can do so at three (or more, in theory) levels, such as patients clustered within doctors 

and doctors clustered within hospitals (and hospitals within regions, etc.), if necessary and desirable. 

They are useful for quantifying the variation in death rates between hospitals and for including 

hospital-level predictors. Hospitals are assumed to be drawn from some (usually normal) distribution 

so that each hospital has its own random effect, whereas fixed effects models assume that each 

hospital has its own distribution. There are four ways to derive an SMR from multilevel models 

(Mohammed et al., 2016). As usually formulated, multilevel models yield ‘shrunken’ or empirical 

Bayesian SMRs. Each hospital’s SMR is shrunken (moved) towards the overall mean, with small 

hospitals shrinking more and large hospitals shrinking less. This makes small hospitals less likely to 

signal as being high or low outliers than with fixed effects models.  

Models can be constructed by fully using the Bayesian framework. Bayesian models have the 

attractive feature of being able to make probabilistic statements about a hospital’s performance, e.g. 

that a given hospital has an 85% chance of being ranked among the top 10 hospitals in the country. 

Such statements cannot be made when using the classical framework. However, the extra complexity 

of Bayesian models can lead to problems in practice, and there appears to be no consensus on the 

best approach to modelling. 

Alternatives to logistic regression include time-to-death (survival analysis) approaches. Modelling the 

time to death, i.e. the interval from admission to death, utilises more information than simply 

modelling the fact of death does. Hospitals can be compared using risk-adjusted hazard ratios, for 

instance in the popular Cox proportional hazards regression model or in fully parametric survival 

analysis models in which the shape of the hazard must be specified. Statistical Process Control charts 

such as CUSUMs can also be applied to time to death (Gandy et al., 2010, Sego et al., 2009). Clustering 

of patients within hospitals or due to multiple admissions can be handled via ‘frailty’ models. However, 

SMRs would need to be obtained directly from the model with hospitals as fixed effects, limiting the 

flexibility in an interactive tool such as NQAIS NAHM. 

There is growing interest in the use of supervised machine learning for risk predi ction, particularly 

from electronic health records, which have richer data than administrative sources and therefore can 

use the greater power of machine learning methods for handling non-linear and complex relations 
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between predictors. Khera et al. (2021) compared extreme gradient descent boosting, a neural 

network, and a meta-classifier model against logistic regression for AMI mortality. Shin et al. (2021) 

reviewed comparisons of other machine learning models, such as random forests and support vector 

machines, with statistical approaches for heart failure mortality and readmission. For aortic valve 

replacement surgery, in which death is rare, Adhikari et al. (2021) compared a wide range of 

algorithms, such as lasso, logistic regression with Firth’s bias reduction,  group lasso, sparse group 

lasso, random forest, gradient boosted trees, Bayesian additive regression trees, neural networks, and 

support vector machines, as well as logistic regression. Their results showed high levels of 

discrimination (as measured by the c statistic) and low false positive rates, but, unfortunately, also 

very low true positive rates. Desai et al. (2020) compared logistic regression with least absolute 

shrinkage, selection operation regression, classification and regression trees, random forests, and 

gradient-boosted modelling on claims data with and without augmentation with electronic medical 

record (EMR)-derived information for nearly 10,000 patients with heart failure. Gradient-boosted 

modelling performed best out of the machine learning approaches but equally as well as logistic 

regression. EMR augmentation allowed better prediction of mortality and home days lost , but not of 

the other outcomes. 

This section cannot summarise the already large and growing body of literature on supervised machine 

learning for risk prediction (which could also be used for risk adjustment in general). The picture 

appears to be mixed, with studies such as that by Khera et al. (2021) and the review of heart failure 

studies by Shin et al. (2021) showing superior performance for their sets of algorithms, but with the 

analysis by Desai et al. and a large meta-analysis of 71 studies (Christodoulou et al., 2019) showing no 

advantage over logistic regression. It is generally true that a method designed for one purpose will 

work better for that purpose than for another. Many studies comparing machine learning and logistic 

regression use both simulated and real data, but no simulation study can cover the full range of 

possible scenarios, and no empirical study can cover the  full range of real databases or clinical 

scenarios. 

In summary, the literature on supervised machine learning for clinical risk prediction should be 

monitored for future improvements, but logistic regression is still the preferred tool for risk 

adjustment for mortality, especially when using administrative data. Table 4.1 briefly summarises 

these approaches. 

Table 4.1: Summary of modelling methods 

Method Key features Comments 
Logistic regression, 
fixed effects 

Commonest approach. Hospitals are 
assumed to have their own mortality 
distribution. 

The most flexible approach when 
slicing data by diagnosis group, 
age, day of the week etc. May 
yield more false alarms compared 
with multilevel models. 

Logistic regression, 
random effects 

Four ways to obtain an SMR. 
Accounts for clustering of patients 
within hospitals. Hospitals are 
assumed to belong to a single 
mortality distribution. Can use 
empirical or fully Bayesian approach. 
Hospitals are shrunk towards the 
mean. 

Good for quantifying variation 
between hospital death rates and 
incorporating hospital-level 
predictors. Bayesian framework 
has attractive probabilistic 
interpretation, but opinions differ 
over specification. 
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Method Key features Comments 
Logistic regression, 
GEE 

Accounts for clustering of patients 
within hospitals. Also known as 
marginal models. Requires no 
distributional assumptions. No 
shrinkage. 

Preferred when patient factors 
are of most interest, as it is easier 
to interpret than hospital-level 
factors. Used only rarely in risk 
adjustment. 

Time to event 
(survival analysis) 

Hospitals are compared on their time 
to death via hazard ratios, which can 
be more insightful than just the fact 
of death. 

Shape of hazard must be specified 
unless Cox model is chosen. 
CUSUMs can be run on survival 
times, although this is rarely done 
in practice. 

Supervised machine 
learning 

Large and growing family of methods 
using algorithms other than 
maximum likelihood to predict death 
and therefore allow risk adjustment, 
e.g. artificial neural networks, tree-
based methods, ensemble learners. 

Rapidly expanding body of 
literature. Main use is with 
detailed clinical databases. Less 
useful with typical administrative 
data, which are less rich. 

Outlier definition and detection method 

The calculation of an SMR, however derived, is usually followed by the calculation of its 95% 
confidence interval in order to see if it is statistically significantly different from the benchmark. It may 
be displayed on funnel plots, which typically have 95.0% and 99.8% control limits that are used to 
define outlier status. 

Table 4.2 describes the international approaches to outlier detection and choices of models.  

Funnel plots are recommended by audit advisory groups in the UK (National Clinical Audit Advisory 
Group, 2011). In practice, control limits of 95.0% and 99.8% are typically used. However, if the total 
number of deaths is very small, the approach is unlikely to pick up outliers. This question of statistical 
power had been raised in the literature in the context of surgical performance and is, of course, not 
unique to mortality. However, care must be taken if the expected number of deaths is large, as a 
provider may be flagged as an outlier even when its divergence is of little or no clinical importance 
(Seaton et al., 2013). Again, this is a consequence of the well-known fact that larger samples can detect 
smaller differences than smaller samples and raises the issue of clinical versus statistical significance. 
This review also identified studies that highlighted the value of control charts, which may be more 
useful than cross-sectional funnel plots (Coory et al., 2008, Mohammed et al., 2013) 

The choice of model used to derive the SMR has implications for outlier detection. Of particular 
interest are comparisons between fixed effects and random effects regression for risk adjustment and 
SMR calculation. If hospitals are treated as fixed effects, as categorical variables such as age group or 
sex always are, it is assumed that they each have their own distribution regarding association with 
mortality. With random effects, the hospitals’ associations are assumed to come from the same single 
underlying distribution. The literature on this question published up to 2016 is summarised in chapters 
7 and 9 of Bottle and Aylin (2016), particularly on pages 171 and 172. Perhaps the most important 
study described there was the set of simulations run by Austin et al. (2003), part of which included the 
more realistic ‘trimodal’ scenario that has a mix of low-, average- and high-mortality hospitals. The 
theoretical advantage of the empirical Bayes models was not borne out, and the fixed effects models 
had higher positive predictive values and specificity, both desirable properties. A positive predictive 
value of 100%, for example, means that every hospital flagged as having high mortality does, in fact, 
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have high mortality. Hierarchical models have the assumption of ‘exchangeability’, where all hospitals 
have the same true a priori mean death rate – this is implicit in the random effects definition above, 
in which hospitals are assumed to be drawn from some (usually normal) distribution so that each 
hospital has its own random effect. This assumption is violated in Austin’s trimodal scenario and also 
in the case where there is a volume-outcome relation such that larger hospitals have lower mortality 
than smaller ones. Since 2016, there appear to have been few comparisons made in the literature 
between fixed and random effects models. An exception is Chen et al. (2019), who compared fixed 
effects models with the CMS implementation of random effects models in the USA. The latter were 
less able to correctly flag high-readmission outliers for different levels of provider volume and 
readmission rates. Brakenhoff et al. (2018) compared a wider set of methods: logistic regression (fixed 
and random effects), propensity score (PS) adjustment, and three PS weighting methods. Fixed effects 
models consistently had the highest sensitivity and negative predictive value but low specificity and 
positive predictive value. This fits with Austin et al.’s (2003) conclusion regarding their ‘unimodal’ 
scenario of a set of medium-mortality hospitals only, which is to recommend fixed effects models in 
order to give the best chance of spotting high-mortality outliers but to use random effects models in 
order to limit the number of signals to investigate. 

There have been few comparisons between different Bayesian approaches taken since Austin (2002), 
who concluded that there was no consensus on which approach to use for provider profiling. One 
study on lung transplantation survival in 63 centres in the USA compared empirical Bayes estimates 
with fully Bayesian hierarchical model estimates of treatment centre mortality at 1 and 5 years post-
transplant (Wakeam et al., 2022). In the Organ Procurement and Transplantation Network, which uses 
a fully Bayesian model, a poor performer was defined as having a hazard ratio for mortality reach a 
predicted probability of 75% for a hazard ratio of 1.2 or a predicted probability of 25% for a hazard 
ratio of 2.5. This is an example of the type of intuitive probabilistic statements available in the Bayesian 
framework. For the sake of fair comparison, however, Wakeam et al’s study simply used 95% 
confidence intervals to define outliers. The empirical Bayes estimates identified fewer outliers than 
either the full Bayesian or the non-hierarchical model. 
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Table 4.2: Approach to outlier definition and detection method, by country 

Country 
Outlier detection 

Model  fitting  (logistic  regression,  direct/indirect 
standardisation, or machine learning) 

Ireland 

Where an SMR appears outside the 99.8% confidence 
intervals, combined with high breach of 99.8% control 
limits in the CUSUM. If this outlier occurs in two 
consecutive quarterly releases of data in NQAIS 
NAHM, it is said to be significant and should be 
reviewed.  Logistic regression 

Canada  A 95% HSMR confidence interval  
Logistic regression. A 95% HSMR confidence interval is 
calculated using Byar’s approximation. 

Netherlands 

For the HSMR a confidence interval of 95% is used to 
define outliers and in the HSMR funnel plot also the 
99.8% limit is shown. For the SMRs of the 157 
diagnosis groups a confidence interval of 98% is used. 
For the other SMRs a confidence interval of 95% is 
used." 

In the calculation of these confidence intervals, a Poisson 
distribution is assumed for the numerator of the HSMR and 
SMR, while the denominator is assumed to have no 
variation. 

England 
(SHMI)  95% control limits 

Logistic regression. The 95% control limits are calculated 
using an additive random effects model with a 10% trim for 
over‐dispersion.  

Northern 
Ireland 
(SHMI)  99.8% control limits  Logistic regression 

England 
(HSMR) 

Telstra Health UK only publishes data using a 99.8% 
control limit. In the private portal tool, mortality data 
are presented using both funnel plots and bar charts. 
For bar charts, Telstra Health UK uses the ‘more 
liberal’ 95% confidence interval banding.   Logistic regression 

Scotland 
(HSMR) 

Control limits are used because they offer hypothesis 
tests, whereas (strictly speaking) confidence intervals 
do not.  

Logistic regression. Control limits come from the Poisson 
distribution and are calculated via an exact method using 
Microsoft Visual Basic routines. 
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Country Outlier detection 
Model fitting (logistic regression, direct/indirect 
standardisation, or machine learning) 

USA 

The hospital’s interval estimate is compared with the 
national death rate. To be worse than the national 
average, the entire 95% interval estimate surrounding 
the hospital’s rate is higher than the national rate. 

Multiple random effects logistic regression. Special 
consideration is given to over-dispersion, small jurisdiction, 
suppressing large numbers, and small numbers.  

Australia Unclear Logistic regression 

Australia 
(NSW) 

Hospitals with an RSMR that falls beyond the 95.0% 
and 99.8% control limits are flagged. 

Control limits are calculated based on a Poisson distribution. 
A random intercept logistic regression model adjusts for 
patient risk factors and accounts for clustering of patients in 
hospitals. 
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Visualisation of results for hospitals 

Table 4.3: Approach to visualisation of data at hospital level, by country 

Country Description 

Ireland 
Funnel plot, CUSUM, colour coding. Can identify records using record 
selector. 

Canada 
Same as public report, variable life adjusted display (VLAD). Can identify 
patient records for review. 

Netherlands 

HSMR, SMRs of diagnostic clusters: for 157 subgroups and for 17 main 
clusters. Hospital peer groups are presented in the HSMR reports of the 
university hospitals only, by marking the university hospitals in the 
funnel plot. Further peer group comparisons are provided for hospitals 
only (not publicly available) using the real-time monitoring tool of Dutch 
Hospital Data (DHD). SMRs are available for different patient groups by 
age, sex and urgency of admission. 

England (SHMI) 
Downloadable data files, and interactive web tool with funnel plots, bar 
charts and other features. 

Northern Ireland 
(SHMI) 

SHMI results for 12 diagnoses; VLADs. 

England (Telstra Health 

UK) 

In the private portal tool, mortality data are presented using both funnel 
plots and bar charts. CUSUMs are used in the subscription version of the 
tool, which also allows record selection by hospitals. 

Scotland (HSMR) HSMR; funnel plots. 

USA 
CMS Care Compare has a searchable website with maps and star ratings. 
It includes an overall star rating and patient experience rating.  

Australia 
HSMR, SMRs for four diagnoses, VLAD, CUSUM, death in low-mortality 
diagnosis-related groups. 

Australia (NSW) 

RSMRs and control limits. Hospitals can visualise the range of acceptable 

mortality variation and where they rank within it. The internal release 

only covers publicly reported conditions, and there is no tool for 

examining individual records. 

Funnel plots are commonly used and were discussed in the section on outlier definition and detection. 

Shewhart charts are similar in that they aim to detect large differences between a sample and the 

benchmark (especially three standard deviations) but were designed to monitor one process or one 

organisation (e.g. a hospital) at a time. Run charts are simple and had a long history in quality 

improvement in industry before being adopted by healthcare systems. Run charts commonly use the 

Western Electric rules, rather than formal statistics such as confidence intervals, in order to spot 

unusual patterns, trends and shifts.  

However, Statistical Process Control (SPC) charts other than Shewhart charts are better suited to the 

monitoring of multiple patient groups and/or hospitals, given their ability to formally test hypotheses 

about performance and be explicit about false alarm rates and other issues. They provide an 

understandable and, if the data allow, an up-to-date overview that allows early detection of runs of 

good or bad outcomes that can help hospitals identify areas for more in-depth self-monitoring and 

learning. The most used SPC methods in healthcare are CUSUMs, particularly the log-likelihood version 

that allows risk adjustment that was developed by Steiner et al. (e.g. Steiner et al., 2000); the VLAD; 
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and the exponentially weighted moving average (EWMA). These methods each compare the observed 

number of deaths with some function of the expected numbers. CUSUMs do not have an easily 

interpretable Y axis, whereas VLADs do (it is simply the observed minus the expected). EWMAs have 

the appealing feature that observations further back in time are given less weight than more recent 

ones; the parameter lambda determines the change in weight. EWMAs have undergone some recent 

methodological development that could be promising for the future (Liu et al., 2020) but will not be 

considered further here. All three SPC methods require a threshold or control limits to be set that 

triggers an alert of high (or low) mortality. Steiner and Woodall (2016)  used a simulation and showed 

that CUSUMs have better properties, also noting that the “VLAD does not easily lend itself to setting 

useful control limits” (p.1), although this limitation has since been overcome. Neuburger et al. (2017) 

compared four control charts for binary data: the Shewhart p-chart, the EWMA, the CUSUM chart, 

and the g-chart (this is typically used for very rare events). Charts were set up to have the same long-

term false alarm rate. CUSUMs were found to be superior for both common and rare events.  

Simulations can also be used as a guide for where to set the CUSUM threshold in order to achieve a 

desired false alarm rate. Bottle and Aylin (2011c) derived an equation based on the number of patients 

at a hospital (hospital volume) and the average death rate for patients with the diagnosis being 

monitored in a given year. This equation is used to set the threshold for the desired false alarm rate 

over that year and is used in the national hospital monitoring system run by Dr Foster Intelligence.  

Most studies comparing SPC properties such as the false alarm rate or successful detection rate are 

based on simulations, although they sometimes include a case study of a known true outlier (e.g. a 

doctor or hospital with known quality-of-care problems). However, the England-wide hospital 

mortality monitoring scheme run by Dr Foster Intelligence and the Dr Foster Unit at Imperial College 

London was evaluated by the latter using a mixed-methods approach involving analysis of CUSUM 

alerts and site visits to alerting hospitals. The report to the National Institute for Health and Care 

Research (NIHR) was published in 2018 (Aylin et al., 2018). These alerts are not made public but can 

be used internally by hospitals, similar to how hospitals in Ireland can use NAHM data. The Care 

Quality Commission (CQC) follows up on many of the Imperial College London Unit’s CUSUM alerts 

with the relevant hospital trust, and the hospitals must respond to the CQC by law and explain the 

reasons for the alert. For example, quality of care was cited as a factor in 70% of investigations into 

such alerts between 2007 and 2014, while coding issues were implicated in around one-quarter of 

alerts. The hospitals felt that quality of care directly contributed to the alerts  in 27% of alerting 

hospitals. The Imperial College London team also analysed the mortality at the hospitals following an 

alert, which was significant overall. The fall in mortality following an alert appeared to precede any 

reasonable time lag for action. One possible explanation proposed for this is that the findings could 

be reflecting the fact that hospitals are monitoring their own mortality statistics, taking action before 

an official alert (Cecil et al., 2018). Some regression to the mean was also thought likely. Ideally, in a 

well-functioning tool, adjustments to patient care may be subtle and responsive to changing mortality 

patterns rather than escalating to the point of a formal alert, investigation or serious breach of patient 

safety that is occasionally demonstrated through media scandals. 

A simple descriptive summary can also be presented by hospital, e.g. number of admissions, numbers 

of observed and expected deaths, and the difference between the two. This is also essential contextual 

information when presenting graphical displays. Other contextual information could include further 

patient data, or hospital or local catchment population data, such as depth of secondary diagnosis 

coding, use of palliative care coding, inter-hospital transfer rates, and hospital type/size, as given 

alongside the SHMI in England’s NHS. 
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Survival curves as a supplement to 30-day mortality rates or ratios may be used as a diagnostic tool to 

identify potentially suboptimal care at different points in the care pathway, and may therefore be 

useful for designing quality improvement projects and informing ongoing projects (Kristoffersen et al., 

2015). These curves could be unadjusted as Kaplan-Meier plots, perhaps stratified by patient 

characteristics. If a hospital’s higher-than-average mortality occurs in the first day following admission 

or operation, the implications for care are different from the case in which the higher mortality occurs 

1 week later or after hospital discharge. 

The right information presented to the right person in the wrong way is unlikely to be used. As an 

example, Agostinelli et al. (2013) showed that the majority of 105 doctors and other hospital 

professionals did not understand that data regarding a hospital ward, presented in four different 

formats, were in fact the same. Chapter 11 of Bottle and Aylin (2016) summarises the literature 

published up to 2016 on presenting information to managers and clinicians, and to the public. The 

literature on the effects of visualisation method on decision-making both by doctors and hospital 

leaders and by the public is relevant but limited. In a German study by Geraedts et al. (2012), when 

doctors were asked to advise patients on which hospital to choose and were given a choice of formats 

for displaying the data to make this decision, the most popular choice was to combine the indicator 

values (e.g. SMR) with some interpretative aid (e.g. a traffic light system or ranking). Neither the simple 

star rating nor comparative table of numbers was enough.  

Other SPC developments 

It should be noted that the expanding SPC literature includes methodological developments for time-
to-event monitoring and EWMAs (see section ‘Visualisation of results for hospitals’) and, relevant to 
all risk-adjusted charts where the data for risk adjustment are imprecise, is the concept of fuzzy 
regression models. Rezaeifar et al. (2020) demonstrate risk-adjusted control charts based on fuzzy 
data. Fuzzy regression can be useful when the patient’s risk of death is imprecise, the relationships 
between model parameters are vague, or the sample size is small.  

Other authors add an economic dimension to SPC. For example, afiei and Asadzadeh (2020) describe 
a multi-objective economic-statistical model. Their scheme aimed to “minimize the average expected 
cost as well as the out-of-control average run length, while the in-control average run length is 
maximized” (p.1), thereby being multi-objective. They note that monitoring has economic as well as 
statistical aspects. While their example has manufacturing in mind – it accounted for “expenses for 
sampling, out-of-control alarms, detection and repair of assignable causes and receiving defective 
products” (p.2) – one could convert this to the healthcare setting, as there are both economic and 
time implications of collecting data, following up on alarms (including false alarms) to find the causes, 
and taking any necessary remedial action. 

Risk-adjustment models  

Table 4.4 presents the risk-adjustment variables used in national models of hospital mortality 
reporting. All national approaches risk-adjust for patient demographics including age, sex and 
comorbidity using the Charlson Comorbidity Index (CCI) or a modification of the CCI, or the Elixhauser 
Comorbidity Index (ECI), in addition to a unique profile of other patient or hospital factors. Other 
comorbidity adjustment tools exist, but they were not used at a national level for the countries 
examined in this review.  
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Comorbidity risk adjustment 
The CCI (or a modification of it) is used in Canada, England, the Netherlands, Ireland and Australia. The 
CCI is usually adjusted by weighted models. However, in the Netherlands, the CCI comorbidities are 
included as binary flags so that no score is used. If there are sufficient data, this has long been 
recognised as better than using a set of weights that were developed on another dataset, perhaps in 
another country, unless those weights have been validated for the particular situation in which they 
are being used. The EI is used in NSW and Belgium (see Appendix 2, Table A2.1 for a full list of variables 
included). A systematic review and meta-analysis of multiple comparison studies found that the EI 
performed better in predicting both short-term mortality (inpatient + 30-day mortality) and long-term 
mortality (outpatient + >30-day mortality). The EI seems to be the best predictor for mortality 
(Sharabiani et al., 2012), although for adult populations, the CCI category of dementia should be 
added, as it is a strong predictor of hospital mortality in both the original CCI analysis and subsequent 
work (Bottle and Aylin, 2011a). 

Paediatric patients 

All national approaches in this review include paediatric patients, with the exception of the USA and 
NSW. The SHMI includes birthweight in its model for neonatal deaths. However, existing comorbidity 
scores were not developed for paediatric populations, and most approaches do not make any specific 
adjustments for paediatric populations. Sun et al. (2020) developed a paediatric comorbidity score 
based on 27 predefined conditions in order to predict paediatric hospitalisations. This may be a more 
appropriate measure of the severity and nature of disease, as paediatric deaths are rare. This score 
outperformed existing adult comorbidity scores (i.e. the CCI and ECI) for paediatric populations. The 
paediatric comorbidity index included age groupings (<2 years, 2–5 years, 6–11 years, and 12–18 
years) to reflect children’s growth and development, as well as 24 weighted conditions, achieving a c 
statistic of 0.72. Some of the unique conditions included in the score are chromosomal anomalies, 
congenital malformations, epilepsy or convulsions, developmental delays, smoking, and menstrual 
disorders. This may be a promising risk-adjustment tool for hospital mortality reporting in a paediatric 
population. However, validation of the full index with Irish in-hospital mortality is unlikely to be 
feasible, given the small number of deaths among this population. 

Condition-specific risk adjustment 

Condition-specific risk-adjustment models exist for AMI, stroke, COPD, pneumonia and congestive 
heart failure. These include specific comorbidities (such as vertebral fracture for pneumonia), clinical 
history (such as previous myocardial infarction, previous percutaneous coronary intervention (PCI), 
previous Coronary Artery Bipass Graft (CABG) for AMI, or trauma in the last year for pneumonia), 
severity metrics (such as the National Institutes of Health (NIH) Stroke Scale score for stroke or the A-
DROP score for pneumonia), the completion of a do not attempt resuscitation order early in the 
hospital stay, and processes of care (such as PCI within 90 minutes of arrival)  (Baker et al., 2002, 
Bratzler et al., 2011). Condition-specific risk adjustment is largely contingent on linkage with other 
data sources, although the use of Clinical Classifications Software (CCS) subgroups or further 
delineation of International Statistical Classification of Diseases, Tenth Revision (ICD-10) codes is easily 
possible (e.g. there are codes that show which coronary artery was affected by the AMI). 

Other patient factors 

Some national models account for other patient factors, such as length of stay (Amin et al., 2020), 
severity of main diagnosis(Ryan et al., 2012, Renzi et al., 2014), in-hospital palliative care treatment, 
and even marital status (Bøjer Rasmussen et al., 2018). Scotland includes specialty (surgical/non-
surgical) and subtype of admission (day case versus inpatient) in its national model. However, risk 
adjusting for variables such as socioeconomic status or ethnicity may hold hospitals treating many 
patients with low socioeconomic status to a different standard of care than hospitals treating a smaller 
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proportion of such patients. The National Quality Forum (2014) recommends adjusting for 
socioeconomic status, but this has not been universally adopted. Length of stay is a proxy not just for 
patient complexity and case mix, but also for complications and delays in care processes, i.e. for quality 
of care. A study of 56,000 patients with heart failure at 209 hospitals in the USA noted the impact of 
variation between hospitals in early do not attempt resuscitation orders on their SMRs (Bruckel et al., 
2019). The authors also noted that having this information improved the risk-adjustment model. 

The following were other patient factors noted in the literature on risk-adjustment models for hospital 
mortality or highlighted by experts as having a strong relationship with mortality: 

 season of admission (Ryan et al., 2012)

 month of admission (Ngantcha et al., 2017)

 day of admission (weekend versus weekday)(Amin et al., 2020)

 year of discharge (Ireland, the Netherlands, Northern Ireland, England) (SHMI)

 urban or rural status (expert opinion)

 deprivation indicator (Ireland, the Netherlands, England, Scotland)

 COVID-19 (expert opinion)

 sepsis (expert opinion)

 ethnicity (expert opinion)

 birthweight (for perinatal diagnosis) (SHMI).

Hospital factors 

Hospital factors are also included in some mortality models, demonstrated by evidence using 

Medicare data in the USA (McCrum et al., 2013, Waldo et al., 2017) . In the USA, fixed effects (including 

hospital factors) are included, such as hospital size and teaching status. Although these are not 

included in the SHMI, some contextual factors are presented alongside hospital mortality data rather 

than adjusting for them in the model. There is evidence of higher HSMRs in academi c hospitals in the 

Netherlands (Heijink et al., 2008). In England, HSMRs for teaching hospitals are usually lower than the 

national average. This may be because of (high-quality) high-risk care, poor-quality care, or inadequate 

case mix adjustment. Adjusting for hospital type, excluding specialist trusts (e.g. SHMI) , or presenting 

hospital factors as contextual indicators are three ways to account for this type of variation. Findings 

can also be stratified by hospital type (e.g. as in NSW). In Canada and NSW, SMRs are calculated using 

the national average as the benchmark, but each hospital’s peer group is given as a further comparator 

by simply showing the peer group SMR, which is also calculated using the national average as the 

benchmark. This means that the user is encouraged to compare their hospital’s SMR against the peer 

group SMR. This comparison of two SMRs can be inappropriate if the population structures of the two 

hospitals differ, although the bias may be modest in practice (Goldman and Brender, 2000). 

Additional hospital factors for consideration may include: 

 staffing (nurse-to-patient ratio) (Cecil et al., 2020)

 bed occupancy  (Cecil et al., 2020)

 financial pressure  (Cecil et al., 2020)

 risk-assessment practices  (Cecil et al., 2020)

 trainee satisfaction  (Cecil et al., 2020)

 patient volume per month (Amin et al., 2020)
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 enrolment in a specified quality improvement programme (Yamana et al., 2018) .

However, arguably, processes of care within the control of the hospital and measures of quality of 

care should not be included within the final risk-adjustment model. 

The performance of a given risk-adjustment approach depends on the patient group and outcome. 

Ultimately, modelling methods are driven by data availability and the technical skills of the team to 

compare different methods. 
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Table 4.4: Variables included in risk-adjustment methodologies, by country 

Variable Ireland Canada Netherlands 
England 
(SHMI) 

Northern 

Ireland 
(SHMI) 

Englan

d 
(HSMR) 

 
Scotland (HSMR) USA  Australia 

Australia (NSW) 

Age, 

categorised √ - √ √ √ √ √ 

Risk-
standardised 
mortality 

rates  - - 
Age, 

continuous - √ - - - - - √ √ √ 

Sex  √ √ √ √ √ √ √ - √ √ 

Admission 
type √ √ √ √  - √ √ - √ - 

Admission 
source √ - √ - √ - √ - √ - 

Month of 
admission - - 

Yes, in six 2-
month 

categories 
(January to 
February; 

March to 
April; etc.)  √ - √ - √ - - 

Year of 
discharge √ - √ - √ √ - - - - 

Number of 
emergency 
admissions 

in the last 12 
months 

√ (to the 

same 
hospital) - - 

3 years of 
previous 
admissions 

used in the 
model 

3 years of 
previous 
admissions 

used in the 
model √ √ - - - 

√ = included in the model   
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Variable Ireland Canada Netherlands 
England 
(SHMI) 

Northern 
Ireland 
(SHMI) 

England 
(HSMR) Scotland (HSMR) USA Australia 

Australia (NSW) 

Primary 

diagnosis 
(mortality 
risk) - √ √ √ √ √ √ - √ - 

Severity of 
main 
diagnosis - - √ - - - √ - - 

Comorbidity 

(e.g. CCI) 

CCI – Dr 
Foster 
Intelligenc
e 

weightings 
(Bottle and 
Aylin, 

2011b) 

CCI –(Quan 
et al., 
2011) 

weightings 

CCI – 

separate 
covariates 
(17) per CCI

group

CCI – Dr 
Foster 
Intelligence 

weightings 

CCI – Dr 
Foster 
Intelligence 

weightings 

CCI – Dr 
Foster 
Intelligence 

weightings 

Modified CCI score 
– severity of prior
morbidities in the 

previous 12
months and in the 
previous 5 years, 
adjusting for the 

number and
severity of
comorbidities on

admitting episode

The 
condition 
categories 
used in risk 
adjustment 
are derived 
from a 
modified 
version of 
the CMS-HCC 
model 

CCI – Quan 
et al. (2011) 

weightings 

Australian 

Commission on 
Safety and 
Quality in 

Health Care 
(ACSQHC) 
recommended 
comorbidities or 

EI comorbidities 
with a 1-year 
lookback 
period. 

Comorbidities 
are made binary 
(either the 

patient has had 
the comorbidity 
within 1 year of 
admission or 

not) before they 
enter the risk-
adjustment 

model.  
√ = included in the model
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Variable Ireland Canada 

Netherlan

ds 

England 

(SHMI) 

Northern 
Ireland 

(SHMI) 

England 

(HSMR) 

 

Scotland (HSMR) USA  Australia 

Australia (NSW) 

Deprivation 
indicator 

√ (medical 
card use) 

- 

√ - - 
Carstairs 
index 

Scottish Index of 
Multiple Deprivation 
(SIMD) - - - 

In-hospital 
palliative 

care 
treatment √ 

- 
- - - √ - - - - 

Length of 
stay 
(continuous) - - - - - √ - √ - - 

Length of 

stay 
(categorical) - √ - - - - - - √ - 

Birthweight 
(for 
perinatal  

diagnoses) - - - √ √ - - - - - 

Other 

factors  

Each 

diagnostic 
group has its 
own risk-
adjustment 

model - - - - 

Specialty 
(surgical/non-
surgical); 

inpatient/day case  

Past medical 

history 

Admission 
mode 

missing 

Volume of 
patients is 
accounted for 

when the 
predicted 
probabilities are 
summed to get 

a hospital ’s 
expected deaths 
but it does not 
go into the 

model directly.  

√ = included in the model   
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Variations on, or alternatives to, risk adjustment 

 
An underappreciated point in risk adjustment is that hospitals should be compared with each other or 
the benchmark only for case mix that they have in common. To take an extreme scenario, consid  er a 
risk score from 0 to 100 and a specialist hospital that is the only one in the country that takes patients 
with scores of 90 or above but that also takes those with lower scores. If the scores are derived from 
a model based on all patients and all hospitals combined, then that specialist hospital will have an 
SMR of 100 (a relative risk of exactly 1) for its patients with scores of 90 or above , as it is essentially 
being compared with itself for these patients. This tells us nothing about how well it is doing in caring 
for these patients, and the inclusion of these cases will distort the hospital’s SMR based on all its other 
patients. This idea of comparing like only with like led to the concept of ‘template matching’ hospitals 
(Silber et al., 2014), which has recently been piloted at Veterans Affairs hospitals in the USA. With this 
method, “the 30-day mortality of a representative subset of hospitalizations was compared with the 
pooled mortality from matched hospitalizations at a set of comparison [Veterans Affairs] hospitals 
treating sufficiently similar patients” (Vincent et al., 2021) 
 . The template refers to a set of randomly selected hospitalisations that reflect the case mix of the 
hospital under evaluation (the case hospital). Similar hospitalisations are then identified at each of the 
other hospitals in the region or country and matched one-to-one to the case hospital’s template. 
Outcomes such as mortality can then be compared between the case hospital and the template. 
Ranking of hospitals is impossible because each hospital has a different benchmark. This approach is 
interesting and ensures fair comparisons, but, to our knowledge, it has not yet been applied outside 
of research settings. It is likely to be most relevant to the more specialist hospitals, teaching hospitals, 
or others with a more unusual case mix than that found at general hospitals. 
 
Such comparison against only case-mix-matched patients has also been applied using machine 
learning for risk adjustment (Bertsimas et al., 2022), specifically optimal classification trees. The 
setting here was congenital heart surgery, and the authors noted that centres with the most complex 
case mix or those performing high-risk and/or rare procedures could be penalised unfairly in 
traditional risk-adjusted models.  
 
In another variation on this theme, Danish work on data for 26 hospitals used a non-parametric logistic 
regression model to compute propensity scores (PSs) and outcomes from PS-matched patients at 
other hospitals in order to derive benchmarks (Ridgeway et al., 2019). Doubly robust regression tested 
whether the outcomes of patients at the index hospital differed from the outcomes of the patients 
used to form the benchmarks. This approach led to slightly fewer outliers than the conventional 
method, but with only 26 hospitals in total, the team was restricted in its possible scope. 
 
Lastly in this section, we wish to mention international benchmarks. These are increasing in number 
given the growing number of good, well -established registries and the improving quality of 
administrative databases in developed countries. In surgery, one example from Sweden and the 
Netherlands used registers for resection for oesophageal or gastric cancer (Busweiler et al., 2019). A 
larger project was Global Comparators, which combined administrative data from participating 
hospitals in up to 10 countries, facilitated by the company Dr Foster Intelligence from 2010 to 2016 
and continuing thereafter at a smaller scale (Bottle et al., 2013). After establishing common definitions 
of key concepts (such as what constitutes an admission) and translating between countries’ own 
coding systems, each hospital was benchmarked against the combination of all participating hospitals, 
with each being able to see its position on funnel plots and run analysis through an interactive web 
interface. The project included annual conferences for all participants and clinician-led research 
groups for particular conditions or specialties. 
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COVID-19 

 
Table 4.5 summarises how different national/regional hospital mortality indicators responded to the 
COVID-19 pandemic. For many countries, there was an initial reactionary response to the pandemic 
either by excluding COVID-19 admissions from reporting (e.g. those using the SHMI; the USA) or by 
not making any specific risk adjustment (e.g. Canada, Australia). This may reflect the varied impact of 
the pandemic in these countries. Some countries now include COVID-19 admissions in the set of 
diagnoses of interest, whether or not it was the main reason for admission (e.g. the HSMR in Scotland; 
Telstra Health UK in England), and both the Netherlands and the USA are actively exploring this 
approach for the future.  
 
Table 4.5: Response to COVID-19, by country 

Country Description 

Ireland 

COVID-19 codes are recorded as secondary or additional diagnoses, either where there 
was a laboratory-confirmed positive test or where COVID-19 was clinically diagnosed. 
There is assignment of a COVID-19 flag indicating where COVID-19 had been laboratory 
confirmed or clinically diagnosed at any time during the past or present admission. 
Review of outliers paused in March 2020 due to possible underestimation of risk of death 
in cases with COVID-19. 

Canada 

There is no specific risk adjustment for COVID-19 to date, and COVID-19 cases have 
limited visibility in Canada’s hospital tool. 

Netherlands 

In 2020, admissions with a primary diagnosis of COVID-19 were omitted from the HSMR. 
For 2021, COVID-19 admissions may be reported as a separate SMR (discussion is 
ongoing). It is likely that in future, COVID-19 admissions will be included in the HSMR. 

England 
(SHMI) 

Currently, any cases with a cause of death of U071 or U072 (COVID-19) are removed. 

Northern 
Ireland 
(SHMI) 

Currently, any cases with a cause of death of U071 or U072 (COVID-19) are removed. 

England 

(HSMR) 

A filter was added to the benchmarking tool so that users could include/exclude COVID-
19 cases. Alerts from Imperial College London to the Care Quality Commission ceased in 
recognition of the pressures on hospitals. A bespoke COVID-19 mortality model was built 
for customers. COVID-19 is not included in the HSMR as a primary diagnosis. However, 
cases with COVID-19 in a secondary diagnosis position will be included within the HSMR. 
A separate group based on all inpatient cases that have COVID-19 (coded as U071 or 
U072) anywhere in the admission period (all positions of all episodes) was developed. A 
separate risk-adjustment model was adapted from the HSMR risk adjustment. This 
included the following factors: age, sex, ethnicity, deprivation, admission source, 
admission method, month of admission, frailty flag (based on the Dr Foster Global Frailty 
Score), confirmed COVID-19 flag (U071 versus U072), CCI, and 11 conditions (including 
chronic respiratory diseases, diabetes, obesity, cancer, chronic kidney disease, chronic 
heart disease, stroke, vitamin D deficiency, chronic neurological conditions, chronic liver 
disease, and palliative care on admission). The features included in the model were 
evaluated based on model performance on a validation set. 

  



 
 

50 
 

Country Description 

Scotland 
(HSMR) 

The HSMR methods have been updated to include the ICD-10 diagnosis codes for COVID-
19 (U07.1–U07.7). The Scottish HSMR was calculated using 140 primary diagnosis groups. 
From August 2020, this was expanded to 141 groups, with the additional group including 
ICD-10 codes U07.1 and U07.2. From August 2021, ICD-10 codes U07.3 to U07.7 were 
included in this additional group. While consideration was given to including these codes 
within an existing group, testing showed that model performance was marginally 
improved by having them in a separate group. This will facilitate isolating them for further 
analysis in the future. 

USA  

Pneumonia mortality measure: suppression from the Hospital Value-Based Purchasing 
Program calculations. For AMI, COPD, heart failure, and CABG surgery mortality measures 
patients with either a principal diagnosis or a secondary diagnosis of COVID-19 present 
on admission (using the COVID-19-specific International Statistical Classification of 
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) code U07.1) are excluded 
from the measure denominators. Potential future development may include a 30-day, all-
cause mortality measure for patients admitted with COVID-19 infection based on a 
principal (or, in some cases, secondary) diagnosis. 

Australia No specific risk adjustment to date. 

Australia 
(NSW) 

The most recent publicly available report is for the 2015–2018 reporting period, which 

predates COVID-19. Some preliminary analyses have looked at the number of patients 

with COVID-19 in each of the seven diagnoses that are reported on. The numbers found 

were very low. The impact of COVID-19 for the next reporting period (2018–2021) is 

currently being investigated. 

 

Implications for the review 
 
Logistic regression remains the commonest modelling approach to risk adjustment and performs well 

despite the growing popularity of supervised machine learning, some types of which are more 

promising than others as methods of deriving expected death counts. The literature on supervised 

machine learning should be monitored for future improvements. For now, logistic regression remains 

the preferred tool for implementing risk adjustment for mortality, especially when using 

administrative data. 

Given the low number of alerts generated within NAHM, the current approach of using fixed effects 

models to produce the observed and expected number of deaths for a given patient group and 

hospital should continue due to its flexibility in the tool and the  greater sensitivity to genuine mortality 

outliers compared with random effects models. 

An alternative to the traditional calculation of a set of hospital -specific SMRs from a single benchmark 

is to use template matching, meaning that each hospital has a different but more appropriate 

benchmark. This method does not seem mature yet, but it is worth keeping track of. Another option 

that is more in line with the current approach is to use the peer group as a second benchmark  (in 

addition to Ireland as a whole) within the NAHM tool. This would require the risk-adjustment 

modelling to be done for each peer group (i.e. hospital model) so that all the effects of age, sex, 

comorbidity, etc. are estimated for each peer group. The feasibility of this should be tested for Ireland, 

as it depends on having sufficient numbers of admissions and deaths for each predictor , and of 

hospitals within the group, so that the risk models converge and hospitals are not substantially 

compared with themselves. 
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This review highlights that Ireland has the highest threshold for reviewing hospital mortality among 

the reviewed countries. There is a risk of missing or delayed detection of important problems in 

hospital care by having a high threshold that is designed to have a low false alarm rate. The risk-

adjusted CUSUM continues to outperform other charts in empirical tests and should be continued.  

There are several options to consider for risk adjustment, including comorbidity adjustment and 

consideration of other patient factors, hospital factors and how to manage reporting for specialist 

hospitals/specialist groups (e.g. obstetric/paediatric populations). However, the EI demonstrates the 

strongest performance over other approaches using administrative data and should be considered in 

combination with the CCI dementia category, subject to feasibility testing with Irish data. 

Many of the alternative approaches to risk adjustment are contingent on data linkage (including at 

aggregate or small area level, such as deprivation) and access to cl inical data. The use of a unique 

health identifier may change the landscape of what is possible in the future; for example, linkage with 

Eircodes as an additional measure of deprivation or linkage with clinical data within national audits or 

electronic health records. Although the paediatric risk-adjustment tool identified in this review was 

assessed for hospital readmissions, it has good face validity and performance properties, and testing 

of this approach in an Irish population could be considered in the  future. However, as paediatric 

deaths are rare, data collected over many years may need to be used.  
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Chapter 5 The impact of public reporting  
 

Introduction 
The aim of this chapter is to describe the medical conditions covered by public reports, the format of 

public reporting, consumer views of public reports and the effect of public reporting on improving 

patient care and hospital market share.  

 

Findings 

Conditions reported 

The most commonly publicly reported conditions that have been evaluated in the empirical evidence 
base are AMI, congestive heart failure, pneumonia, hip fracture and stroke (Baker et al., 2003, Bøjer 
Rasmussen et al., 2018, Chen et al., 2013, Joynt et al., 2016, Kristoffersen et al., 2015, McCrum et al., 
2013, Ryan et al., 2012) which are all high-volume, high-mortality conditions. Also evaluated are 
gastrointestinal haemorrhage (GIH) and COPD (Baker et al., 2003; Baker et al., 2002). In Germany, 
hospital mortality reporting is mandatory for the procedures of pacemaker implantation and PCI 
(Pross et al., 2017). Some evidence suggests that public reporting of hospital performance on AMI, 
heart failure and pneumonia can potentially be used as a signal of overall composite risk-standardised 
hospital mortality rates. McCrum et al. (2013) compared hospital performance at 2,322 acute care 
hospitals in the USA on 30-day risk-adjusted mortality – aggregated across 3 publicly reported 
conditions (AMI, congestive heart failure and pneumonia) – with performance on a composite risk-
adjusted mortality rate across 9 other common medical  conditions, a composite mortality rate across 
10 surgical conditions, and both composites combined. They found that the mortality rates for the 
index conditions were predictive of those for the composite groups. This is relevant to the public 
because it shows that, if a patient knows that their local hospital has low mortality for AMI, for 
example, then it is likely to have low mortality for other conditions and the patient’s chances of 
surviving a stroke if admitted to their local hospital are good compared with those if admitted 
elsewhere. Such correlations have not been found to be as strong in other studies, however (Smith 
and Shannon, 2013). For instance, an Italian study of 844 hospitals found that the correlation 
coefficient between risk-adjusted 30-day mortality for AMI and ischaemic stroke was 0.55; out of 153 
pairs of different conditions, 44 were statistically significant in terms of concordance for risk -adjusted 
mortality (Guida et al., 2016). 
 

Format of public reporting 
Table 5.1 summarises the content of publicly available reports and the public reporting period for the 

countries we considered. The frequency ranges from monthly to every 3 years, and some countries 

do not publicly report hospital mortality. 

Table 5.1: Format of public reporting of hospital mortality, by country 

Country Description 
Public reporting 
period 

Ireland 

Summary report, quality statement, indicator methods 
specification, crude mortality over time, SMR for six diagnoses, 
funnel plot (National Office of Clinical Audit, 2022). Yearly 
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Country Description 
Public reporting 
period 

Canada 

Colour and symbol coding representing above-average, average 
and below-average performance. HSMR trend over time – peer 
group comparison, national comparison, results for all hospitals 
within the region, interactive map with contextual information, 
link to other indicators for the hospital (Canadian Institute for 
Health Information, n/d (a)). Every 3 years 

Netherlands 

Outcome reports are published by the hospitals for a variety of 

quality measures. HSMR is only one of these. 
N/A 

England 
(SHMI) 

Interactive data visualisation, one-page summary of the 
publication, SHMI data at trust level, SHMI data at site of 
treatment level, SHMI data broken down by trust and diagnosis 
group, SHMI contextual indicators, SHMI model parameter 
statistics, SHMI model fit statistics, indicator methods 
specifications, background quality report, contextual factors 
(NHS Digital, n.d.). Monthly 

Northern 
Ireland 
(SHMI) N/A N/A 

England 
(HSMR) N/A Was monthly 

Scotland 
(HSMR) 

PDF publication report and summary, interactive data 
visualisation, technical and methods documents, open data, Excel 
data files and code repository. Includes HSMR, crude hospital 
mortality, and population mortality by health board and hospital. 
Subdivides hospital mortality data by specialty, age, sex, 
deprivation, place of death, admission type.  Quarterly 

USA  

Hospital-level information on death rates for included patient 
groups (AMI, CABG surgery, COPD, heart failure, pneumonia and 
stroke), national result, number of patients included, overall 
quality star rating. Presented alongside patient experience data, 
which include state and national benchmarks. 

3-year 
measurement 
period; published 
annually 

Australia N/A N/A 

Australia 
(NSW) 

NSW report: crude mortality, cumulative mortality, condition-
specific mortality, peer group analysis. Hospital-level report: local 
hospital district level findings. Every 3 years 

 

Consumer views of the format of public reports 
Public awareness and use of hospital performance information has often been found to be low, and 
yet members of the public still seem to want the information to be published openly. An Australian 
study by Prang et al. (2018) of 243 private hospital patients is typical of this, finding that the choice of 
hospital was not influenced by the publicly available data (92% of patients were unaware that the data 
were publicly available). While 71% of the patients considered publication of these data important, 
the majority preferred their general practitioner to tell them about the data rather than read the 
reports for themselves. 
 
Bhandari et al. (2019) offer a framework for understanding why consumer use of performance 
information (such as hospital report cards in the USA) remains low. They argue that effective use by 
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consumers requires the assessment of which consumers will be interested in using such information 
and for what purpose, the design of report cards that are easy to use, and the employment of 
dissemination strategies that have clear targets. They note the challenge of getting reliable 
information out to consumers whose attention may be occupied by the plethora of healthcare 
information websites. Patients are still often guided by informal sources of information and can 
struggle to find and interpret credible sources. The review stresses the need to acknowledge that only 
a minority of consumers will want to use report cards and other provider quality information, and also 
the need to better target this subgroup. Posting this information on a website is not enough. The 
review notes that “the media remains underused in the dissemination” [Bhandari et al. (2019) p.1]. 
 
When results are shown directly to the public, people can find bar charts difficult  to interpret. Gerteis 
et al. (2007) found that a format called a numeric table with stars was the most popular among 90 
consumers. In this format, percentages for each hospital were shown alongside a number of stars  in 
order to indicate performance relative to the benchmark (state average). The key message seems to 
be to reduce the cognitive load and take out anything that is unnecessary for a general audience.  
 
More recently, Irons et al. (2018) surveyed nearly 1,300 (mostly white) parents whose children had 
undergone congenital heart surgery in Philadelphia. Experts proposing the ‘less is more’ approach to 
the presentation of hospital performance had advocated for a star rating system, with each centre 
being given one, two or three stars. This was thought to be easier for people with lower levels of 
education to understand and interpret. Stars were given based on the overall risk-adjusted observed-
to-expected operative mortality ratio for all patients, with no stratification by procedure. Parents had 
not been consulted on the presentation format. However, presented with three display formats for 
mortality rates, 89% of the parents in this study declared that a numeric procedure -specific approach 
was the best format, and more than one-half thought the hospital star rating system was the worst 
format. Perhaps because of the patient group and because all the patients had surgery, the parents 
rated survival rates as the most important measure, with surgeon experience (rather than hospital-
specific outcomes) as the second most important metric to include. The preferences for formats were 
the same across all levels of parental educational background in this sample.  
 
Some studies have used discrete-choice experiments to look at the impact of presentation format on 
public decision-making, for instance in order to choose between doctors or hospitals. Some websites 
offer comments (patient narratives about their experience) alongside numeric data. Patients find such 
mixes more engaging than the numbers alone, but find it harder to make decisions, and this is harder 
still for people with limited skills in understanding detailed quantitative data such as hospital mortality 
data (Kanouse et al., 2016). Martino et al. (2017) extended this to include people trained to help 
patients choose between healthcare plans or treatments (variously called ‘decision navigators’ or 
‘community health workers’). They showed that such navigators helped people make consistent 
decisions better than if they only had access to the numerical data on a website, to numerical data 
plus comments, or to numerical data, comments and labels (referred to as ‘decision aids’). 
 

The effect of public reporting of hospital mortality on improving patient care 

The systematic search conducted for this review identified 4,051 studies, 10 of which were identified 

as describing the effect of public reporting of hospital mortality on quality of care. This was 

supplemented by some case study evidence and context from our international consultations. Joynt 

et al. 2016 neatly describe the goal of public reporting as “to increase transparency for consumers 

and, in doing so, to encourage hospitals to improve their performance and, ultimately, achieve better 

clinical outcomes for their patients” (Joynt et al.2016, p2.). Several types of studies were identified. 

The first set covers those that look at hospital mortality trends during periods when there was public 

reporting. When summarising these, claims that the falls in the death rate were due to public reporting 
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cannot be made, although it may have contributed. The second set covers those that explicitly aimed 

to assess whether public reporting affected hospital mortality. These quasi-experimental studies that 

account for pre-existing or non-publicly-reported trends offer better evidence of any impact, although 

the authors usually acknowledge that public reporting – if it was important at all – was just one part 

of the explanation. 

Falls in hospital mortality over time while there was public reporting 

There is some empirical evidence from observational studies that improvements in hospital mortality 

have occurred over time alongside the availability of such data in the public domain. In Canada, a 22% 

decrease in the HSMR was observed between 2006–2007 and 2012–2013. In the same period, crude 

mortality declined from 8.7% to 7.3%, and surgical mortality also fell (Fekri et al., 2020). Fekri et al.’s 

study was not designed to assess the role of public reporting itself in outcome improvement. However,  

in Scotland, the Scottish Patient Safety Programme was initially introduced in acute adult healthcare 

settings with the aim of reducing hospital mortality by 15% by December 2012, which was 

subsequently extended to achieving a 20% reduction by December 2015. A 16.5% reduction was 

achieved by December 2016 (Scottish Government, 2016). Hospitals using and regularly publishing 

HSMRs constituted important parts of the Scottish Patient Safety Programme and the practice 

continues today. Similar findings were replicated across several studies in the context of public 

reporting (Pross et al., 2017; Chen et al., 2013; Joynt et al., 2013; Baker et al., 2003; Baker et al., 2002). 

There is some well-publicised case study evidence of mortality improvement at a national level using 

the HSMR in England as well as in Scotland. Improvements in the quality of care and patient outcomes 

were identified by a 2014 Care Quality Commission (CQC) report following the 2013 Keogh Review 

into 14 hospital trusts with high mortality (on the basis of being outliers on either HSMR or SHMI). 

Almost all were experiencing problems in four of the five areas on which the CQC assesses hospitals – 

being safe, effective, responsive and well led. When the CQC assessed 11 of those 14 high-mortality 

hospital trusts that had been placed under ‘special measures’ due to the gravity of their issues, it found 

many improvements (Care Quality Commission, 2014). For example, one of those hospitals, Sherwood 

Forest, put in place regular audits and sufficient handover time between shift changes. Other 

improvements at the affected hospitals included more emphasis on clinically deteriorating patients, 

such as the implementation of pathways and care bundles for sepsis; hospital-wide efforts to improve 

patient flow from the emergency department to final discharge; and better board-level governance 

processes. 

The Mid Staffordshire NHS Foundation Trust Public Inquiry was launched in response to the Trust 

having outlier HSMRs (and multiple Dr Foster Unit CUSUM alerts) , in addition to many complaints by 

families and other indicators monitored by the CQC (Frances, 2013). At that time, HSMRs were 

published in national newspapers by Dr Foster Intelligence. An investigation by the CQC linked higher 

mortality rates at the Trust with significant inadequacies in the provision of care. The 2013 report that 

followed the public inquiry praised the publication of HSMRs by Dr Foster Intelligence and the work 

of the Dr Foster Unit at Imperial College London in mortality monitoring and contained 290 wide-

ranging recommendations for improving patient care. 

One of these recommendations, based on the Health Act 2009, was that hospitals publish annual 

reports (called Quality Accounts) on their performance and their action plans to tackle areas for 

improvement. The purpose of these Quality Accounts is to enhance public accountability by listening 

to and involving partner agencies and the public, and to act on feedback in order to raise standards of 

patient care. They employ a lot of quantitative data, including HSMRs, the SHMI, SMRs and other 

mortality data. An example of one of these Quality Accounts, documenting improvements to care 
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quality and outcomes, is given for sepsis at Oxford University Hospitals (Oxford University Hospitals 

NHS Foundation Trust, 2017-2018). 

In the USA, Shahian et al. (2019) concluded that “During 12 years of mandatory public reporting, 

Massachusetts risk-standardized coronary artery bypass graft mortality was consistently and 

significantly lower than national rates, expected rates were comparable or higher, and evidence for 

risk aversion was conflicting and inconclusive. (p.124)” This is one of a number of studies on this 

experiment in Massachusetts. Although Ireland does not currently report mortality following surgery, 

that evidence would be relevant if Ireland’s position were to change in the future. 

Quasi-experimental designs  

In a recently published systematic review of public reporting for 2000–2020, most of the included 

studies reported positive effects of public reporting on the selection of providers by patients, 

purchasers and providers; quality improvement activities in primary care clinics and hospitals; clinical 

outcomes; and patient experiences (Prang et al., 2021). These findings provide a moderate level of 

evidence in favour of public reporting stimulating quality improvement activities. While this review is 

useful, it is very broad. Prang et al. examined the public reporting of a wide range of processes or 

outcomes across many effects, not just patient care. In this independent review of NAHM, the focus 

was specifically on the effect of hospital mortality reporting on patient care. 

In the USA, Hospital Compare, Medicare’s public reporting initiative that is now called Care Compare, 

began reporting measures of hospital quality for almost all acute  care hospitals in the USA in 2005. A 

2012 analysis of hospitals’ 30-day mortality for heart attack, heart failure and pneumonia found a 

modest reduction for heart failure but no reduction beyond pre -existing trends for the other two 

conditions (Ryan et al., 2012). 

Waldo et al. (2017) demonstrated that the likelihood of in-hospital mortality decreased at the 31 

outlier institutions that were identified in two states in the USA (Relative Risk [RR]: 0.83; 95% 

confidence interval [CI]: 0.81–0.85) after public reporting, and to a lesser degree at non-outlier 

institutions (RR: 0.90; 95% CI: 0.87–0.92; interaction: p<0.001). An outlier hospital was defined as an 

institution performing worse than the 95th percentile for expected PCI mortality. Among patients who 

underwent PCI, in-hospital mortality decreased at outlier institutions after public recognition of outlier 

status in comparison with the prior period (RR: 0.72; 95% CI: 0.66–0.79). A decline was seen that 

exceeded the reduction in in-hospital mortality at non-outlier institutions (RR: 0.87; 95% CI: 0.80–0.96; 

interaction: p<0.001) (Waldo et al., 2017). Mortality reductions were observed without a 

corresponding fall in the number of procedures performed. The authors mitigated some vali dity 

threats, such as regression to the mean, through their analysis. 

Public hospital mortality reporting may have contributed to increasing the proportion of ST-elevation 

myocardial infarction (STEMI) patients treated with timely PCI in the Lazio region in Italy. The 

proportion of STEMI patients treated with PCI within 48 hours in Lazio changed from 31.3% before 

public reporting to 48.7% after public reporting (relative increase: 56%; p<0.001). However, 

improvements in hospital mortality were not seen concurrently (Renzi et al., 2014). 

In the US, Joynt et al. (2013) sought to determine whether public reporting of 30-day risk-adjusted 

mortality rates was associated with lower mortality rates for AMI, heart failure and pneumonia by 

comparing changes in mortality patterns for publicly reported conditions versus non-publicly reported 

conditions. They concluded that “changes in mortality trends suggest that reporting in Hospital 

Compare was associated with a slowing, rather than an improvement, in the ongoing decline in 

mortality among Medicare patients” (Joynt et al. 2013, p8). Hospitals identified as outliers for any of 
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the three conditions in the Joynt et al.’s first mortality report tended to improve their mortality rates 

for that specific condition during the outcomes reporting period compared with the process reporting 

period. These changes were mirrored for non-reporting hospitals. 

The effect of public reporting on market share 

This review also identified a small amount of evidence that patients select hospitals with the lowest 

mortality rates following the publication of mortality data (Emmert et al., 2014, Baker et al., 2003). 

While market share may be another important outcome to study for some countries, it may not be as 

applicable in the Irish context as in other jurisdictions. A systematic review by Metcalfe et al.(2018) of 

12 studies and more than 7,500 providers concluded that the “existing evidence base is inadequate to 

directly inform policy and practice” (p.18) as it comprised only low-certainty evidence, with some 

suggesting little difference to long‐term healthcare utilisation by healthcare consumers or providers, 

and other evidence finding that public release of performance data may slightly improve some patient 

outcomes. 

 

Implications for the review 
There is some evidence of improvement in patient care because of public reporting, but the quantity 
and quality of the evidence in this area is somewhat limited despite the growth of public reporting in 
developed countries, particularly in Europe. There is some debate over the best format for public 
reporting, although the advice seems to be simply to know the audience and their needs – e.g. why 
they would want to use the data – and to augment numeric or graphical data with decision aids such 
as labels or star ratings. 
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Chapter 6 Stakeholder consultation 
 

Introduction 
The objectives of the stakeholder engagement in this review were to answer the following review 
questions: 

 Are the current NQAIS NAHM model and tool effective in terms of healthcare assurance and 
improvement? 

 Are there improvements to the current model and tool that would broaden their applicability 
and usefulness in the Irish healthcare system?  

 Should the current approach to national reporting of six key diagnoses at hospital level 
continue, or continue but with modifications, or should NQAIS NAHM be used solely as an in-
hospital quality improvement tool? 
 

Findings 
There were 76 respondents to the hospital data user survey (see Appendix 3, Table A3.1). Of these, 
80% met the survey eligibility criteria and were able to proceed with the survey. As not all questions 
were relevant to every type of data user, the denominator used is the number of respondents per 
question. Figure 6.1 represents the flow of respondents through the hospital data user survey, 
showing the number of participants that responded to each of the three main objectives of the 
questionnaire. The majority of respondents did not identify their role. Of those who did, 38% (13/61) 
were quality managers and 16% (10/61) were clinical personnel; all other data user categories had 
fewer than five respondents each, meaning that they cannot be reported in order to minimise the risk 
of disclosing respondents’ identities.  

 
There were 111 respondents to the public survey (see Appendix 3, Table A3.2. One paid promoted 
tweet about the survey earned 55,000 Twitter impressions, reflecting the number of Twitter users 
who saw the tweet appear in their main feed. Of those, 2,365 people clicked the tweet itself to read 
further and to like and/or retweet it. Of those, 5% actually followed the link and completed the survey.  

Two focus groups were also conducted with a total of 11 NAHM data users.  
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Number of respondents who 
identified themselves as being 

familiar with risk-adjusment 
methodology or having a clinical 

background:
50% (38/76)

Number of participants who 
provided feedback on the annual 

report: 
49% (37/76)

Number of respondents who 
answered questions on the NQAIS 

NAHM tool
74% (25/34)

Number of respondents who 
answered questions on the 
applicability of the model

82% (31/38)

The effectiveness of NQAIS NAHM The applicability of the tool

Invited to participate:
Trained NQAIS NAHM users (N=279)

Other hospital personnel* (CEOs, 
clinical directors, directors of 

nursing, quality and safety Leads at 
hospital and group level) (N=175)

subject matter expert groups (N=2)

Estimated response rate

Minimum possible response rate: 
17% (76/456) 

Number of participants who 
identified themselves as using the 
NQAIS NAHM tool as part of their 

role:
45% (34/76)

The value of public reporting

 

Figure 6.1: The flow of respondents representing hospital data users 

*‘Trained NQAIS NAHM users’ were those confirmed as having attended trained on the NOCA training 

list. ‘Other hospital personnel’ were personnel who were identified as having a role in quality and 

safety and a responsibility for reviewing hospital mortality data. They may not use the NQAIS NAHM 

tool itself but review the hospital reports at a higher level or the NOCA NAHM report. It was expected 

that there would be an overlap between the two mailing lists, precluding calculation of a precise 

response rate. Estimates are given for a minimum possible response rate (i.e., if there was no overlap 

between the two groups).  

 

The effectiveness of the NQAIS NAHM tool 
Only those trained or otherwise experienced with using the NQAIS NAHM tool were asked about its 
effectiveness. This tool is not available to the public due to the appropriate data protection 
infrastructure, as it contains identifiable patient information. Of the 58 respondents who proceeded 
with the survey, 59% (34/58) reported that they use the NQAIS NAHM tool in their roles. Between 
68% (23/34) and 74% (25/34) of these respondents answered each of the separate questions relevant 
to the tool. 

The domains regarding ease of access, submitting queries to NOCA, the timeliness of responses, and 
the appropriateness of the frequency of the update of the data reached the greatest level of 
agreement among respondents regarding their effectiveness Figure 6.2. There was a notable divide in 
the level of agreement for the comprehensibility of the output from NQAIS NAHM (e.g. SMRs/funnel 
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plots/CUSUMs), with only 38% of respondents agreeing that the output is easy to understand and 38% 
indicating that they disagree.  

 

 
Figure 6.2   Questions to explore the effectiveness of the National Quality Assurance Improvement 
System National Audit of Hospital Mortality tool 

*Note: Bar charts may total 99% or 101% due to rounding. 

Barriers to using the NQAIS NAHM tool 

Table 6.1 demonstrates the most frequently cited barriers to using the NQAIS NAHM tool.  
 
  

PERCENTAGE
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Table 6.1 Barriers to using the national quality assurance improvement system national audit of 
hospital mortality tool (n=25) 

Barriers to using the NQAIS NAHM tool n % 

I do not experience any barriers. 9 36 

I do not have sufficient protected time for audit and 
improvement. 

8 32 

I have a knowledge gap in how to interpret the data. 6 24 

I perceive limited value of the tool. 4 16 

I have a specific training need. 2 8 

I have difficulty accessing/navigating the tool. 2 8 

Other  5 20 

Note: Percentages do not sum to 100%, as participants could select more than one option. 
 
When asked about the best features of the NQAIS NAHM tool, numerous respondents commented on 
its ease of access and ease of use, and highlighted its user-friendliness, particularly with regard to the 
summary reports. However, the response to the survey indicates that there is considerable variability 
among data users, particularly around the comprehensibility of the output, and that there may be 
room for improvement. 
 
When exploring the open questions in relation to barriers to using the NQAIS NAHM tool and 
identifying areas for improvement, some survey participants alluded to the infrequency of the 
occurrence of signals warranting further investigation:  
 

“Because this is not a frequent occurrence confidence with the tool wanes. However, support 
is and always has been available.” 
 
“Maintaining confidence in the data analysis is difficult when CUSUM signals are not 
frequently high.” 

 
Other respondents wrote: 
 

“It is very cumbersome and time-consuming to identify individual patients within a particular 
diagnostic group for a specific time period in order to undertake a review with senior 
clinicians.”  
 
“The role of the lay manager in overseeing and being responsible for the quality of care 
provided in a hospital is becoming more important. The tool should reflect this and provide 
appropriate summaries aimed at the non-clinical reader who carries this responsibility.” 
 

These insights may provide an explanation for some of the mixed findings in Figure 6.2 and 
demonstrate varying levels of comprehension of the output. 
 
Three key constructs emerged from the two focus groups concerning the efficacy of the NQAIS NAHM 
tool: 

 understanding and interpreting the terminology of hospital mortality data 

 the frequency of alerts 

 the process for hospitals in managing the findings. 
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Participants in both focus groups agreed that information around what the findings indicate (including 
the CUSUM and the benchmark) should be provided, and the process around managing these findings 
should be clarified: “Lay managers might feel like this presentation of information is very clinical and 
mathematical”. It was felt that “the benchmark, targets and monthly trending in other collections of 
data such as process-based audits are much clearer”. A number of participants expressed concern 
about “missing something buried behind the colours [data visualisation]” and “not using it to its full 
potential”, and anxiety about their role and responsibilities in response to the data. The following 
quotations reflect the discussion and emphasise the need for guidance for hospitals in interacting with 
the data: 

“As this information is difficult to access for lay managers, it can get deprioritised. An 
introductory step would be welcome on how to safely interpret the data and engage with it 
in a way which helps me to delivery [sic] my overall responsibility for the delivery of services 
within the hospital.” 

“Governance and accountability promote familiarity with the Hospital Patient Safety  Indicator 
Report and Maternity Safety Statement. They are collated every month and signed off within 
the hospital every month so as a result, there is more oversight of this monthly data – that 
doesn’t instil the same confidence in me when I’m using NAHM.”  

Other challenges were: 

 making the data useable for the consultants through the use of the record selector 
 understanding the term ‘statistical outlier’ 

 the relevance of the signals for the Clinical Classifications Software (CCS) groups that are not 
audited as part of the monitoring and escalation process 

 interpreting signals for fewer than five cases. 

It was acknowledged that there are explanations in the user guide and in the NQAIS NAHM training 
that are helpful, but that it “may be useful to have a definition and explanation in the dashboard in a 
textbox to the left of the grid for CUSUM signal and SMR”. 

The possibility of lowering the thresholds for alerts, which would facilitate the process of detecting 
problems earlier (and also smaller problems), was explored. There was some concern about the 
number of false alarms, but more importantly about the lack of a guidance procedure on how to 
review statistical outliers. The rare nature of CUSUM alerts means that the survey participants were 
less practised in acting on them. One participant reported googling ‘CUSUM’ to learn about it, and 
other members of the group felt more confident in their understanding of indicators from other audits  
that use targets. SMRs were said to be easier to understand than CUSUMs. 

In response to being asked when NQAIS NAHM data users review hospital mortality data, there were 
a variety of replies, including: 

 Monthly: Using an extract from the system to monitor on an ongoing basis for the quality 
management report. One participant reported that some quality managers in one Hospital 
Group expressed their interest in receiving this information monthly from their Hospital Group 
lead in order to identify any CUSUMs or SMRs that are trending high.  

 Monthly: The Hospital Patient Safety Indicator Report serves as a structured trigger to review 
hospital mortality data. 

 Periodically: When the new data are made available to the system, they include a review at 
site level under all diagnoses.  

 At first signal: This was seen as a trigger for Hospital Group Quality and Patient Safety 
personnel to reach out to the hospital in question in preparation for a second signal, but a 
second signal often does not appear.  
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 Quarterly: NOCA reports prompt a review of the data, but data users do not necessarily wait 
on these reports. 

Examples of other approaches included: 

 use of the record selector to get clinical buy-in in order to ensure that a flag does not become 
a statistical outlier  

 assisting other audits in tying data together 

 a link with mortality and morbidity reviews for diagnoses with fewer than five cases 

 the use of Microsoft Power BI to review mortality data alongside other key performance 
indicators -extracting data from NAHM (SMR and CUSUM figures) and multiple sources 
relevant to Quality and Patient Safety including incidents, key performance indicators and 
other NOCA reports. 

It was thought that not all approaches may apply to all  Hospital Groups. 

In the survey, almost one-half of respondents (47%, 9/19) said that they never or rarely used a 
structured approach to quality improvement. The remainder (53%, 10/19) said that they sometimes, 
often, or almost always used a structured approach to quality improvement. Data users identified 
three tools that they use for structured review: (1) ‘Plan Do Study Act’ methods, (2) the NOCA NAHM 
Individual Record Review Form, and (3) the NOCA NAHM Record Review Report. 

  



 
 

64 
 

The applicability of the model 

 

Risk adjustment 

Of the 76 survey respondents, 50% (n=38) identified themselves as being familiar with risk adjustment 
for hospital mortality reporting or as having some clinical background. Only some of these 
respondents proceeded to answer the subsequent questions.  
 
Most of the data users that responded to these questions indicated that most components of the 
current model should remain, with the exception of the current deprivation index, which yielded a 
mixed pattern of responses (Figure 6.3). When asked if the current risk adjustment is adequate for the 
Irish context, there was again a high degree of uncertainty. Only 21% (6/29) of respondents agreed 
that it is adequate; the majority neither disagreed nor agreed, or did not know (62%, 18/29); and a 
small proportion disagreed that it is adequate (17%, 5/29). 

 
 
Figure 6.3: Data users identified the variables should be continued to be included in the NAHM risk 
adjustment model 

Participants in the focus groups acknowledged that although the presence or absence of a medical 
card is easily defined and relatively easy to acquire, they were unclear as to how good a proxy for 
deprivation it is, stating that “The presence or absence of a medical card doesn’t really tell you about 
deprivation. There may be a multitude of reasons as to why someone has a medical card” and that “ 
[the presence or absence of a medical card] can be extracted from the record view for qualitative 
review”. Proposed alternatives included that “It could be included in the data without weighting it in 
the model”, and it was agreed that using a patient’s address would be a more suitable alternative, or 
that combining presence/ absence of a medical card with other proxy variable(s) could potentially 
strengthen the approach.  

PERCENTAGE
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Comorbidity adjustment 

The majority of respondents felt that every variable of the Charlson Comorbidity Index (CCI) was 
applicable to the Irish context (Figure 6.4). 
 
 

 
Figure 6.4: The applicability of the Charlson Comorbidity Index to the Irish context 

*AIDS: acquired immune deficiency syndrome, HIV: human immunodeficiency virus 

Respondents were presented with a comprehensive list of other secondary diagnoses that were 
identified in the Elixhauser Comorbidity Index (ECI) adjustment tool and that are not already captured 
in the CCI. The most frequently chosen variables of the EI adjustment tool that were identified as 
adding a clinically meaningful benefit to the Irish context were alcohol abuse (74%, 23/31), obesity 
(68%, 21/31), drug abuse (65%, 20/31), hypertension - complicated (58%, 18/31), and pulmonary 
circulatory disorders (52%, 16/31). Less than 50% (15/29) of respondents identified any of the other 
comorbidity variables as adding a clinically meaningful value to the NAHM approach.  
 
Some feedback to the survey pointed out that: 

“As some of these variables would already be acknowledged through the CCI, for example, 
hypertension through stroke, alcohol abuse through liver disease and pulmonary circulatory 
disorders through pulmonary disorders, the risk exists of ‘double counting’.”  

 
Therefore, in the focus groups, the focus was on obesity and drug abuse. Obesity was seen as 
“countable and a sensible addition to the model”, with participants noting that: 

“From a medical perspective, an obese patient is more difficult to treat, for example getting 

line access, [and] their vulnerability to respiratory infections.” 

“As a clinician, I would feel obesity should affect patient outcomes, but you would need a 

statistical basis to do that. Sometimes what we perceive isn’t actually true .”  

It was emphasised that, across the patient variables identified, adding obesity and drug abuse to the 

model is a “quantitative decision not a qualitative decision” and “that the hospital can only be held to 
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account for that which it can control within its own gate”.  It was highlighted that what the lay manager 

needs is “a very clear signal that is uncomplicated”.  

When asked about the value of including obesity and drug abuse in the  model, all participants in both 

focus groups broadly agreed that these variables have a considerable impact on a number of clinical 

outcomes and felt that they should be included in the model. The inclusion of obesity was thought to 

inform reviews of statistical outliers and the subsequent allocation of resources and training in order 

to adequately support these patients. 

Additional factors 

Data users were presented with a comprehensive list of other patient and hospital factors that were 
identified in other models of hospital mortality reporting.  

Patient factors 

Table 6.2 presents the most frequently cited additional patient factors that hospital data users wished 
to see in the NAHM model.  
 
Table 6.2: The most frequently chosen additional patient factors that hospital data users wished to 
see in the National Audit of Hospital Mortality model (n=31) 

Patient factor that should be included in the NAHM model n % 

Sepsis present on admission 23 74 

Hospital-acquired diagnosis (HADx) of sepsis 22 71 

Length of stay 21 68 

Intensive care unit stay  21 68 

COVID-19 present on admission 19 61 

Specific risk-adjustment models for specific conditions, e.g. pneumonia, AMI, 
stroke, etc. 

19 61 

HADx of COVID-19 18 58 

Note: Percentages do not sum to 100%, as participants could select more than one patient factor that 
they thought should be included. 

In the second focus group, it was highlighted that length of stay/intensive care unit stay and HADx 
relate to processes in the hospital and should not be adjusted for. It was agreed within this group that 
“these are things that need to be sorted out within the hospital” and therefore not included in the 
model. 

Participants were specifically asked about the most meaningful way(s) of reporting hospital mortality 
for COVID-19. More than one option could be selected. Most survey respondents chose “to build a 
specific model for COVID-19 admissions (whether or not it was the main reason for admission)” (55%, 
17/31) or “include COVID-19 admissions in our set of diagnoses of interest (whether or not it was the 
main reason for admission) and adjust for the presence of COVID-19” (42%, 13/31). Four participants 
said that they did not know. Two participants offered alternative views: 

“It would be useful to capture/measure hospital acquired COVID-19 and patients admitted 
with COVID-19.” 

“COVID-19 should be analysed as a separate model from NQAIS NAHM. Important factors to 
feed into this model would include timelines (pandemic wave), COVID-19 variant prevalence 
and vaccine status or vaccine uptake in the population. This would require significant research 
over possibly a prolonged period of time, but as it becomes endemic nationally and 
internationally, it will be ubiquitous throughout the country so therefore it would not be 
useful to include in the model. We cannot currently adjust readily for the presence of COVID-
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19. Its presence alone has less clinical significance as vaccine uptake continues to rise and the 
condition becomes endemic.” 

When probed further about COVID-19, focus group participants agreed that “You would like to be able 
to see the outcomes for the subset of patients with a diagnosis of COVID-19.” 

Participants in the first focus group felt that it is a limitation of the system that COVID-19 is not 
included as a principal diagnosis and that the key piece about hospital-acquired COVID-19 is missing 
from the model. They identified that it may be a useful “balancing measure” for the outcome of 
mortality rather than a separate factor within the model: 

“We need to be able to understand if the patient died with the diagnosis or from the diagnosis  
[for COVID-19 and sepsis].”  

“The problem is if we exclude it completely, you will get outlier signals for particular 
diagnoses, for example pneumonia.”  

“Without the COVID-19 diagnosis included as part of the secondary diagnosis, you wouldn’t 
be able to identify the number of patients with COVID-19.”  

Participants felt that “It is important to devise a process to future-proof the monitoring and escalation 
process in the context of future pandemics.” 

Data users strongly recommended seeking further clinical input on COVID-19. Follow-up individual 

consultation identified that, as COVID-19 is no longer associated with a significant hospitalisation or 

mortality rate in Ireland, it would not be useful to include in the risk-adjustment model for any 

condition. It was felt that it is not informative to stratify by past infection (as this fact does not by itself 

infer anything useful about the patient’s health as a result of that infection) and that a HADx of COVID-

19 is complex and therefore should not be included in the risk-adjustment model. 

Hospital factors 

Table 6.3 presents the hospital factors that hospital data users would like to see either in the NAHM 
model or presented as a contextual factor alongside mortality data. 

Table 6.3: Hospital factors that hospital data users wish to see either in the National Audit of 
Hospital Mortality model or presented as a contextual factor (n=31) 

Variable 
n % 

Bed occupancy 25 81 

Patient volume per month 23 74 

Hospital type (specialist/general) 23 74 

Hospital size (>400 beds) 22 71 

Staffing (nurse-to-patient ratio) 22 71 

Risk-assessment practices 20 65 

Enrolment in a quality reporting project 17 55 

Patient satisfaction survey 16 52 

Staff satisfaction survey 16 52 

Teaching status of the hospital 17 55 

Financial pressure on the hospital 14 45 

Trainee satisfaction 13 42 

None of the above 3 10 
 



 
 

68 
 

One participant correctly added that “model variables should be limited to those factors over which 
hospitals have no control. If a model overcorrects, by including, for example, factors impacting on 
quality of care over which a hospital has direct managerial control, it would lessen the ability of the 
model to detect signals of relevance.” 

Although the public respondents were not asked about risk-adjustment methodologies, they were 
invited to identify any factors that they would like to see alongside information about hospital 
mortality (Table 6.4). 

Table 6.4: Hospital factors that members of the public wished to see alongside mortality data 
(n=110) 

Variable 
n % 

Staffing (nurse-to-patient ratio) 95 86 

Hospital size (i.e. number of beds) 91 83 

Hospital type (specialist/general) 82 75 

Patient satisfaction survey 74 67 

Bed occupancy 64 58 

Staff satisfaction survey 64 58 

Patient volume per month 58 53 

Teaching status of the hospital 56 51 

Risk-assessment practices 55 50 

Financial pressure on the hospital 48 44 

Trainee satisfaction 38 35 

Enrolment in a quality reporting project 37 34 

Other (please specify) 3 3 

None of the above 0 0 

 

In the open response survey questions identifying areas for improvement, both hospital data users 
and members of the public identified the need to account for smaller hospitals: 

“How to account for performance in low volume centres – hospitals have considerable leeway 
in their interpretation of potentially critical data.” (Hospital data user) 

“There may be some very positive or negative learning being lost or not put to best use in 
most constructive ways because of exclusion…. behind every statistic in such reports is a real 
person whose life mattered greatly to they themselves and to their next of kin, not forgetting 
the impact such losses can have on staff either…[this sentiment] must not be lost on inclusion 
criteria, but used to inform, educate, enhance and influence changes where necessary….  and 
if something good is happening in a smaller hospital, well let’s make sure we recognise and 
acknowledge this learning and put it to good use on a national perspective by identifying and 
analysing and sharing all such positives.” (Public respondent) 

These findings were explored further in the focus groups. 

It was agreed in both focus groups that hospital type (hospital model) was seen as a useful addition to 
the model and is less disputed than other hospital variables, such as number of beds: 

“If I’m in Mayo, I should be comparing myself [with] Portiuncula, Sligo and Letterkenny, and if 
I’m in Galway [I] should be comparing myself [with] St James [sic] and St Vincent’s and so on.” 
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Participants felt it would be useful to present two comparisons: one against similar hospital models 
and one against the national pool of data. It was thought that benchmarking woul d be an enormous 
benefit, with one respondent commenting: “For me, I love that benchmarking.” 

There was a strong sentiment that small hospitals should be included in the public reporting, as they 
are performing a public function just as larger hospitals are. 

In relation to presenting a HSMR publicly, it was agreed that this was “a reasonable approach and 
potentially a way of bringing in the smaller hospitals where you might not have the numbers for the 
individual diagnoses – but only if the risk adjustment model is robust enough” and that “with all of the 
reporting and data that it cannot be just interpreted in isolation”. 

The focus group felt that the additional patient and hospital factors provide “very rich essential 
information” that could be included in a review of statistical outliers rather than presented as 
contextual information. Providing such information was deemed important, but caution was advised 
within the group against using terms that may be confused with terms relating to the approach to 
incident management, such as ‘latent factors’ and ‘situational factors’. 

Public reporting of hospital mortality 

Table 6.5 describes the characteristics of the members of the public who responded to the public 
survey. Of the seven respondents in the ‘other’ category, five were healthcare professionals. 

Table 6.5: Characteristics of respondents to the public survey 

Description n % 

Member of the public with some experience of staying overnight in hospital (for 
myself or someone important to me) 

76 71 

Member of the public with no experience of staying overnight in hospital (for 
myself or someone important to me) 

11 10 

Other 7 7 

NOCA Public and Patient Interest (PPI) representative 6 6 

Prefer not to say 4 4 

Policy-maker  2 2 

Prospective inpatient (awaiting an inpatient admission for a planned procedure in 
the foreseeable future) 

1 1 

Total 107 100 

 

Seventy-one percent (79/111) of respondents to the public survey said that hospital mortality 
reporting was important or very important to them. When asked why hospital mortality is important, 
the reasons most frequently identified were: 

 improvement in patient care (79%, 88/111) 

 their local hospital’s performance (60%, 67/111)  

 hospital performance for specific diagnoses (medical conditions such as heart attack or stroke) 
(47%, 52/111). 

Eighty-seven percent (96/111) of respondents said that hospital mortality reporting should be publicly 
available. When asked to give reasons for their answer, two key constructs that emerged were around 
transparency and using measures of performance to drive improvement: “Transparency is important 
and these stats [sic] provide the impetus for improvement.” 

Twenty percent (22/110) of public survey respondents have ever read the NOCA NAHM annual report. 
Of the respondents who have ever read a NOCA NAHM annual report, 86% (19/22) answered the 
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relevant questions in that section. Figure 6.5 demonstrates the accessibility and the value of the 
annual report’s current approach to the public. However, a filter exploration of those who have ever 
read a NOCA NAHM annual report indicated that 42% (8/19) were either a NOCA PPI representative 
or a healthcare professional. Therefore, these findings may not be representative of a truly diverse 
public across the socioeconomic gradient. The real proportion of members of the general public who 
have ever read a NOCA NAHM annual report is likely to be very low. 

 

Figure 6.5: The accessibility and value of the National Office of Clinical Audit National Audit of 
Hospital Mortality annual report according to the public (n=19) 

 

Figure 6.6 demonstrates the accessibility and value of the current approach to the NOCA NAHM 
annual report to hospital data users. Between one-half and two-thirds of respondents agreed with the 
positive statements. 

PERCENTAGE
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Figure 6.6: The accessibility and value of the National Office of Clinical Audit National Audit of 
Hospital Mortality annual report according to the hospital data users 

 

The future of the public report 
Both hospital data users and members of the public were asked if the NOCA NAHM annual report 
should continue unchanged, only be available as an in-hospital tool, or continue with modifications. 
Figure 6.7 suggests a stronger public opinion against only being available as an in-hospital tool and 
towards continuing but with modifications. There is more uncertainty on these points among hospital 
data users. 

PERCENTAGE
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Figure 6.7: The future of the public National Office of Clinical Audit National Audit of Hospital 
Mortality annual report 

The most popular approaches to hospital mortality reporting identified by the public respondents 
included the following: 

 publicly reporting mortality for all diagnoses (57%, 63/110) 

 publishing an annual report on a website (48%, 53/110) 
 creating an interactive web-based public tool to allow individuals to run their own analyses 

(with appropriate data safeguards) (45%, 49/110) 

 including a hospital-wide mortality measure in reports (i.e. not just for a few diagnoses or 
procedure groups, but for all admissions combined) (44%, 48/110). 
 

Interestingly, 72% (26/36) of the hospital data users agreed that mortality should be reported publicly 
for more than just the current six diagnoses that are reported on, and 51% (19/37) agreed that it 
should be reported for all diagnoses. Sixty-seven percent (24/36) of hospital data users agreed that 
reports should include a hospital-wide mortality indicator (e.g. a HSMR). 

The best features of the NAHM annual report highlighted by the hospital data users and the public 
respondents were around accessibility, being easy to read, the summary report, and 
infographics/visuals. 

Three potential areas for improvement of the public report emerged from the open questions:  

 Some participants spoke about oncology diagnoses to inform care pathways, and about 
diagnoses with smaller numbers of cases that are costly in other ways to our health service 
(such as litigation). 

37%

26%

11%

25%

58%

40%

16%

51%

11%

31%

21%
51%
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 The report should include examples from hospitals showing how they interacted with the data 
to make improvements and used learning opportunities for ‘the greater good’. 

 The report should demonstrate change over time by hospital and provide additional 
contextual information.  

Participants also provided the following feedback: 

“There may be value in exploring alternative visual presentations of the performance of hospitals 
than the ‘funnel plots’ currently used. There may be another chart format that may have greater 
value, including incorporating some element of change over time at the individual hospital level, 
e.g., presenting the hospital’s SMR for that diagnosis for a number of years in the chart. As the 
national SMR is presented as a trend, there may be value in illustrating a time trend at hospital 
level also.” 

“It would be nice to see it updated on a rolling basis and to see mortality alongs ide other 
information such as patient satisfaction and improvement case studies.” 

In the second focus group, it was felt that the current approach to providing information to the public 
was comprehensive and thorough. It was felt that the public report or information on further 
diagnoses should be available for those who seek it rather than necessarily promoting it further (i.e. 
it could be made available upon request to patient advocacy groups or members of the public). It was 
felt that it would be interesting to know about the SMR over time. This information is currently 
available at hospital level, but there was uncertainty as to whether this should be reported publicly. 
There was enthusiasm for sharing recent stories of improvement with the public to align with “the 
focus on quality, in particular after [the] COVID-19 [pandemic], and with the patient safety strategy 
and all of the documentation focusing on patient engagement and partnership with patients”; it was 
also noted that “in a recent engagement with NOCA PPI representatives, this was something they put 
forward themselves”. As a final comment, one participant added: 

“I also think we get negative press so easily and we are doing phenomenal work in hospitals. 
We need to balance that up with quality improvement for patient reassurance if nothing else.” 
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Implications for the review 
 

There was a small pool of data users identified for the purpose of this study. The estimated response 
rate of hospital data users is at least 17%. This is low, although a larger survey of Health Service 
Executive (HSE) staff who work in the acute care sector obtained a response rate of just 7% (HSE, 
2021). However, not all the respondents answered all the questions. This suggests that results should 
be interpreted with due caution, and that there may be scope to broaden the interest and engagement 
in hospital mortality reporting across the healthcare system. 
 
Considerable variability was identified among hospital data users in the understanding of the output 
from NQAIS NAHM and the processes for hospitals in managing the findings from the current NQAIS 
NAHM model.  
 
There is some uncertainty among data users about the adequacy of the risk-adjustment model. While 
most of the factors currently included in the model were deemed applicable to the Irish context, 
scepticism exists in relation to the face validity of deprivation when measured based on whether or 
not the patient has a medical card. Furthermore, additional patient factors were identified as 
potentially adding clinically meaningful information to the model. Drug abuse and obesity are both 
coded when the criteria for principal or additional diagnoses are met, and neither is currently 
acknowledged within the CCI (both are included in the EI).  
 
Some countries now include COVID-19 admissions in the set of diagnoses of interest (whether or not 
it was the main reason for admission) (e.g. the HSMR in Scotland, Telstra Health UK in England). Both 
the Netherlands and the USA are actively exploring this approach for the future. Most hospital data 
users identified that either building a specific model for COVID-19 admissions (whether or not it was 
the main reason for admission) or including COVID-19 admissions in the set of diagnoses of interest 
was the most useful approach, in addition to retaining the COVID-19 flag and having a flag for a HADx 
of COVID-19. Data users felt that this approach could also be used for sepsis and could protect the 
monitoring and escalation process for the future. Clinical personnel highlighted the diminishing value 
and meaning of including COVID-19 in the NAHM model, as COVID-19 is not currently associated with 
high levels of mortality even among hospitalised patients. 
 
This review identified that hospital mortality reporting is very important to the public and should be 
publicly available. The number one reason why public reporting is important to members of the public 
is that they are interested in improvement in patient care (79%). Hospital data users expressed 
enthusiasm about sharing case studies of improvement, and this has also been highlighted as 
important to NOCA PPI representatives. Data users also identified the need to demonstrate change 
over time using the risk-adjusted approach. In order to meet some of the needs of the public and of 
data users, consideration should be given to including more than the six diagnoses currently reported 
publicly, if not all diagnoses.  

Both the hospital data users and the public respondents are interested in hospital type and other 
hospital characteristics when considering hospital mortality data. Hospital data users feel that it is 
important to include hospitals with small numbers of cases in the model or reporting system. 

 
These findings suggest that the NQAIS NAHM tool and the NOCA NAHM annual report provide data 
users with some reassurance in terms of the administration of NAHM, and that they provide assurance 
to both hospital data users and the public. These findings also highlight the importance of public 
reporting of hospital mortality. However, there may be room for improvement in the NAHM model 
and scope by: 
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 improving engagement with data users 
 improving the comprehensibility of the data to hospital data users 

 improving the presentation of data 

 providing specific guidance to hospitals on how to use and respond to the data  

 considering additional factors that would make the model more applicable to the Irish 
context 

 increasing the number of diagnoses included in the report. 
 
  



 
 

76 
 

Chapter 7 Response to preliminary recommendations 
 

Introduction 
Following the development of preliminary recommendations, an additional round of consultations 

took place. This chapter describes the response to these recommendations. Fourteen individual 

stakeholders and NAHM Governance Committee members participated in this process. Individuals 

included: 

 Hospital In-Patient Enquiry (HIPE) personnel  

 key representatives from two National Clinical Programmes (the Sepsis National Clinical 

Programme and the National Deteriorating Patient Improvement Programme) 

 hospital data users  

 clinical personnel  

 those with a PPI perspective  

 subject matter experts on legislation and on information and communications technology 

(ICT) infrastructure in Ireland.  

The NAHM Governance Committee members were consulted as a group over a 2-hour workshop and 

a number of separate individual consultations were held in order to appropriately shape the final 

recommendations and assign responsibility for implementation. 

 

Findings  
This chapter describes a number of factors influencing the impact, feasibility and acceptability of the 

proposed recommendations that were identified, including: the unique features of HIPE; the culture 

for improvement in quality and safety in the Irish healthcare system; the changing nature of the Irish 

population and the ever-evolving story of COVID-19; information governance legislation; and ICT 

infrastructure. These factors were incorporated into and shaped the final set of recommendations. 

 

HIPE  

HIPE is a health information system designed to collect demographic, clinical and administrative 
information on discharges from, and deaths within, acute hospitals nationally. HIPE information is 
used by the Department of Health and the HSE in the planning, provision and measurement of acute 
hospital services. While HIPE data are used extensively for research and planning, their main 
purpose is to quantify activity in all acute hospitals in Ireland and they are not collected specifically 
for the purposes of monitoring in-hospital mortality.  

The source document for coding in Ireland for HIPE is the patient’s medical record or chart. The clinical 
coder (the person who translates medical terminology into alphanumeric code) performs an essential 
function in providing high-quality, accurate and uniform medical information and greatly contributes 
to the continuous growth of medical knowledge. In addition to the discharge summary or letter, 
additional documentation referenced for coding a case may include nursing notes, consultation 
reports, progress notes, operative reports, pre- and postoperative reports and pathology reports.  

Coding is governed by the Australian and Irish Coding Standards (Healthcare Pricing Office, 2022a, 
Healthcare Pricing Office, 2022b). The clinical coder follows the five steps to quality coding for the 
entire chart in order to extract the conditions and procedures and create a picture of the patient and 
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their healthcare encounter through the coding of a principal diagnosis and any additional diagnoses. 
A principal diagnosis is defined as “the diagnosis established after study to be chiefly responsible for 
occasioning an episode of admitted patient care, an episode of residential care or an attendance at 
the healthcare establishment, as represented by a code” (Healthcare Pricing Office, 2020 p.53). An 
additional diagnosis is defined as “a condition or complaint either coexisting with the principal 
diagnosis or arising during the episode of admitted patient care, episode of residential care or 
attendance at a health care establishment, as represented by a code” (Healthcare Pricing Office, 2020 
p.53) and may be used as an indication of the level of comorbidity.  Additional diagnoses are
interpreted as conditions that affect patient management in terms of requiring commencement,
alteration or adjustment of therapeutic treatment, diagnostic procedures, increased clinical care,
and/or monitoring There are some unique features of the Australian and Irish Coding Standards, such
as that COVID-19 is not coded as a primary diagnosis and that stroke severity is not available in the
International Statistical Classification of Diseases and Related Health Problems, Tenth Revision,
Australian Modification (ICD-10-AM) as it is in other jurisdictions (e.g. in the USA using the
International Statistical Classification of Diseases, Tenth Revision, Clinical Modification ( ICD-10-CM))
(Healthcare Pricing Office, 2022b). Information on stroke severity may be captured by NOCA’s Irish
National Audit of Stroke. It is important for data users to have a detailed and appropriate
understanding of HIPE data in order to adequately interpret data from NQAIS NAHM.

The culture of improving quality and safety in the healthcare system 

The culture of quality and safety has evolved since the Commission on Patient Safety and Quality 

Assurance published a report outlining a range of policy measures to drive the safety and quality 

agenda in the Irish healthcare system (Department of Health and Children, 2008). This seminal 

document underlined the need for an increased focus on patient safety and quality within the  

healthcare system and made a number of recommendations across eight domains to achieve this 

agenda. In the years that followed, a number of structures and policy documents have been 

implemented by the HSE at national and local level.  

At national level, teams led by the National Quality and Patient Safety Directorate work with HSE Acute 
Operations, patient representatives, and other internal and external partners to improve patient 
safety and the quality of care. At Hospital Group and local level, specific quality and patient safety 
roles have been developed, such as quality and patient safety managers, clinical directors of quality 
and patient safety, and quality improvement leads at executive and board level in hospitals. 

The HSE has published a number of relevant policy documents at national level , including the 
following: 

 Framework for Improving Quality in our Health Service (HSE Quality Improvement Division,
2016).

 Patient Safety Strategy 2019-2024  (HSE, 2019b).

 People’s Needs Defining Change: Health Services Change Guide (HSE, 2018).

Hospital Groups and individual hospitals have developed their own quality and patient safety policies 

at local level. While there is no legislative structure around hospital  governance, the consultations 

carried out for the purposes of this review highlighted a strong appetite for improvement 

demonstrated by participation in a suite of national data collections across many domains, including 

the Irish National ICU Audit, the Irish National Audit of Stroke, and others. Stakeholders highlighted 

the value of peer group benchmarking from their experience in using other national data collections 

(such as NQAIS Clinical, which offers a choice of comparators) and felt that this would be a valuable 

addition to the NAHM approach. Consultations highlighted that Irish healthcare holds the ethical 
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principle that every hospital should provide the same basic level of care to patients. This was seen as 

an important consideration for peer group benchmarking, and therefore recommendations were 

shaped to include peer group average as an additional benchmark, not in lieu of the national average 

benchmark. Finally, the consultations identified that other national clinical audits foster a strong 

quality improvement community, such as within the Irish Hip Fracture Database and the Major Trauma 

Audit, both of which have shown significant improvements in patient care since their implementation 

(National Office of Clinical Audit, 2020a, National Office of Clinical Audit, 2020b) . These audits have 

strong improvement communities driving these changes. 

 

The Irish population 

Members of the public are also the intended users of NAHM data. Further PPI consultations identified 

the importance of providing information to an audience with a diverse demographic profile and 

ensuring that the information is accessible. For example, people with different levels of 

education/literacy, the ageing population, the immigrant population (for example, nationals from 

Poland and Ukraine) and other minority groups have different needs when accessing important 

healthcare information. Exposure to COVID-19 data has empowered members of the public to 

improve their understanding and interpretation of complex healthcare data, and mortality data in 

particular have come to the fore during the pandemic in 2020 and 2021. Suggestions were made 

regarding how to support the public in the appropriate interpretation of publicly available data 

through the use of a suite of tools, including a short explanatory video on key findings and 

recommendations, frequently asked questions, and colour grades within the report, and how to 

promote awareness of the national report through non-traditional additional avenues, including local 

radio and Facebook. The final recommendations incorporate the PPI perspective into how to translate 

complex information for consumption by the general public.  

 

COVID-19 

Learning from COVID-19 

Additional consultations highlighted the value of, and learning from, NAHM’s response to COVID-19 

and how that could be applied to other quality and patient safety issues. For example, in -hospital 

cardiac arrest is an internationally recognised indicator of patient safety and is associated with high 

mortality (National Office of Clinical Audit, 2021), and there is currently no national clinical audit for 

this indicator. Using the innovative flagging system tested for COVID-19 and applying it to other 

secondary diagnoses (such as sepsis and any future communicable disease diagnoses) and diagnoses 

which develop during a hospital stay (hospital-acquired complications) such as sepsis, in-hospital 

cardiac arrest (IHCA), venous thromboembolism, healthcare-associated infections (HCAIs), pressure 

ulcers, or falls would provide meaningful data to data users in order to drive improvement. 

The current situation 

Clinical consultation explored the value of the existing flag in NQAIS NAHM for previous COVID-19 

infection. It was felt that this flag by itself is not sufficient evidence of post-COVID-19 sequelae that 

may affect mortality. It may be difficult to prove past infection, as: (1) patients can be asymptomatic, 

(2) testing protocols vary with different waves of the pandemic, and (3) antibody testing is not 

routinely conducted. Thus, the flag for previous infection was not seen to be of any value. 
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Moving on from the COVID-19 pandemic 

In a larger context, the consultations highlighted the stress on the healthcare system as a result of the 

COVID-19 pandemic, and that the recommendations proposed should be cognisant of that and not 

place any burden on the system that would unduly stress the system further. Therefore, the final 

recommendations have included an assessment of what level of investigation of alerts is acceptable 

for hospitals. 

Legislation and information governance infrastructure 
This section details the impact of the legislative and information governance infrastructure on this 

NAHM review. A number of relevant legislative documents were identified, and the value and context 

of the Individual Health Identifier is described. The identified relevant legislation is as follows: 

 Patient Safety (Notifiable Patient Safety Incidents) Bill 2019   

 Statistics Act (1993), (Department of Health, 2019b) 

 Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 2016 on 

the protection of natural persons with regard to the processing of personal data and on the 

free movement of such data, and repealing Directive 95/46/EC (General Data Protection 

Regulation) 

 New Health Information Bill (expected to be proposed in Q3 2023). 

Patient Safety (Notifiable Patient Safety Incidents) Bill 2019 

This Bill will make provisions for the mandatory open disclosure by health service providers of 

incidents occurring during the course of their work, and for apologies made in the course of such 

disclosures. It also defines and makes provisions for clinical audit.  

‘Clinical audit’ is defined as a clinically led quality improvement process in healthcare: (1) for the 

purpose of improving patient care and outcomes through the systematic review of care against explicit 

specific clinical standards or clinical guidelines and taking action to improve care when clinical 

standards or clinical guidelines are not met; (2) which selects aspects of the structure, processes and 

outcomes of care for systematic evaluation against explicit specific clinical standards or clinical 

guidelines (Department of Health, 2019a). 

The Bill contains an exemption from the provisions of freedom of information legislation for a record 

that is a clinical audit. The purpose of these legislative protections is to encourage the conduct of 

clinical audit in the healthcare service in order to drive improvements in patient care and outcomes 

by reviewing healthcare against explicit clinical standards (Department of Health, 2019). 

In light of this definition and in concordance with the National Review of Clinical Audit (HSE, 2019a), 

NAHM cannot be considered a clinical audit once the Patient Safety (Notifiable Patient Safety 

Incidents) Bill 2019 is enacted. Thus, renaming NAHM is warranted. 

Statistics Act, 1993 

The Statistics Act (1993) provides a modern legislative basis for the compilation and dissemination of 

official statistics. It incorporates provisions for the Central Statistics Office (CSO). Statistics on deaths 

registered in Ireland have been collected and published since 1864. This was initially done by the 

General Register Office (GRO), but since 1953, the reports have been compiled by the CSO based on 

administrative data supplied by the GRO. These reports provide a comprehensive picture of the 

number of deaths, age at death, and underlying causes of death of the population.  
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As of 2022, the physician attending a death completes a paper-based Death Notification form, which 

includes the medical certificate of the cause of death. This information, together with demographic 

information provided by the next of kin or other qualified informant, is entered electronically at 

registry offices around the country and forwarded to the GRO. The registrations of the previous week 

from all registry offices are sent in a weekly encrypted XML file from the GRO to the CSO. For 

unexpected deaths or deaths due to external causes, the cause of death is de termined by the coroner 

following a post-mortem and, possibly, an inquest. These deaths are included in the weekly file sent 

by the GRO to the CSO.  

All deaths occurring in Ireland are legally required to be registered within 3 months of the date of 

death (Civil Registration Act, 2014), and there are approximately 30,000 deaths annually in Ireland. 

Non-registration is rare because of the necessity of a death certificate for many legal purposes. 

However, there can sometimes be considerable delay in the registration of deaths, particularly in the 

case of deaths requiring an inquest. The current practice is that only deaths registered in the calendar 

year in which they occurred, or registered in the next calendar year, are included in the official annual 

statistics on deaths. Deaths registered after this period are included in the Late Deaths data file 

instead.  

The Department of Social Protection has proposed a new process, underpinned by the appropriate 

legislative changes, that will significantly expedite the death registration process. It is proposed that 

the medical practitioner who pronounces death will be responsible for e lectronically notifying the HSE 

of the person’s death within 24 hours and completing the medical certificate of the cause of death 

within 5 calendar days of the date of death. There would be requirements to transmit information to 

the HSE and from the HSE to the GRO, and the time period that relatives will have to register a death 

would be reduced from 3 months to 5 working days from receipt of the medical certificate of the cause 

of death. This may have important implications for NAHM, as timely data could become available on 

30-day total mortality. Once data linkage is permitted, data users would also be able to explore cause 

of death, which is not currently possible. 

GDPR 

The GDPR came into effect throughout the European Union (EU) on 25 May 2018. The EU’s data 

privacy and security law includes hundreds of pages of new requirements for organisations that target 

or collect data related to people in the EU (Regulation (EU) 2016/679 of the European Parliament and 

of the Council of 27 April, 2016).  

Although the GDPR does not apply to the personal data of deceased persons (Recital 27 of the 

regulation), the NQAIS NAHM tool includes both patients who are discharged alive and those who are 

discharged dead. The GDPR allows for the sharing of personal data with third parties only when 

appropriate safeguards are in place. There must be a legitimate purpose for sharing the data, 

individuals whose personal data is involved must be informed by privacy notices, and data 

minimisation and retention policies should be in place. Data should be shared, stored and accessed in 

a secure manner. 

Individual Health Identifier 

The Individual Health Identifier (IHI) is an identifying number attached to healthcare records that 

allows these records to be accessed across different systems. The IHI is the lawful enabler to link 

healthcare records together from different systems. Many countries have one; Scandinavian countries 

extend this to a national person identifier, which is unique to a person across not just health but also 

education, tax and other functions. Availability of the IHI would permit the linkage of existing HSE data 
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sources, such as HIPE, and other national clinical audit data. Despite much discussion and demand, 

the proliferation of the IHI has only made progress due to the COVID-19 tracker and testing system 

and is pending implementation on other ICT systems, including most hospital  patient administration 

systems. This would greatly enhance the value of audit data by enabling identification of transfers  and 

readmissions, as well as linkage with the death register and other information (such as process data) 

or clinical metrics (such as severity of disease) from other national clinical audits or from electronic 

health records in the future.  

New Health Information Bill 

The Department of Health has received cabinet approval to deve lop new health information 

legislation. The proposed bill will help ensure that Ireland has a fit-for-purpose national health 

information system that enhances patient care and treatment and supports better planning and 

delivery of healthcare services. The proposed bill will support the introduction of a National Health 

Information Centre with clearly specified functions and governance rules in relation to the collection 

and processing of health information for population health purposes and for research and innovation 

that will lead to better outcomes for patients (Department of Health, 2022).  

Stakeholder engagement indicated the importance of matching patient data across data sources. 

However, Ireland’s current legislative and ICT infrastructure renders this extremely challenging or 

even impossible in some contexts. 

 

Implications for the review 
Consultation with local stakeholders and subject matter experts was important throughout the review 

process up to and including the development of the recommendations. This consultation following 

the preliminary development of recommendations yielded meaningful information including the 

culture of improvement in the Irish health service, the needs of the Irish population, the evolving 

COVID-19 situation, data protection and death registration legislation, and ICT infrastructure. Learning 

from these consultations provided a foundation upon which the final recommendations were built. 

Each of the final recommendations was shared with the relevant stakeholders and parties responsible 

for implementing each of the recommendations. 
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Chapter 8 Recommendations 
 

The aim of this independent review was to make recommendations to maximise the effectiveness, 

applicability and value of the NQAIS NAHM tool. Following international and local consultations and 

consideration of the empirical evidence base, this review has produced three sets of 

recommendations, which relate to modelling, the use of the tool, and the public report.  

Modelling  

Recommendations 1–3 require quantitative analysis to inform whether the performance of the model 

and of the CUSUM monitoring is enhanced using the approaches specified in the recommendations. 

The possibility of further enhancing the model in the context of future technological advances is also 

highlighted, which would need an IHI and data linkage capabilities. The recommendations related to 

modelling are as follows: 

1. Reconsider the standardised mortality ratio and cumulative sum alerting criteria, and revise if 

deemed acceptable to data users.  

2. Test the feasibility of using a peer group average as an additional benchmark in the National 

Quality Assurance Improvement System National Audit of Hospital Mortality tool.  

3. Quantitatively assess if the Elixhauser Comorbidity Index (with dementia) performs better 

than the Charlson Comorbidity Index using Irish data.  

4. Assess the feasibility of using additional datasets to enhance the National Quality Assurance 

Improvement System National Audit of Hospital Mortality tool. 

The use of the tool 
These recommendations were designed to make the tool more effective in its day-to-day use in 

monitoring hospital mortality. Recommendations 5–7 were seen as ‘quick wins’ and should be 

implemented within 6 months. It is recognised that recommendation 9 may take longer to complete.  

The recommendations related to the use of the NQAIS NAHM tool are as follows: 

5. Implement definitions and explanations of statistical terms within the National Quality 
Assurance Improvement System National Audit of Hospital Mortality user interface in order 
to support data users in real time. 

6. Retain the flag for a current diagnosis of COVID-19, remove the flag for a past infection, and 
add a flag for a hospital-acquired diagnosis of COVID-19 (COVID-19 could be included in the 
set of diagnoses of interest should it be coded as a principal diagnosis in the future).  

7. Extend the use of the flexible flagging system that was used for COVID-19 to other secondary 
diagnoses (such as sepsis and future communicable diagnoses) and diagnoses which develop 
during a hospital stay (hospital-acquired complications) such as sepsis, in-hospital cardiac 
arrest, venous thromboembolism, healthcare-associated infections, pressure ulcers or falls. 

8. Implement Kaplan-Meier survival curves in the National Quality Assurance Improvement 
System National Audit of Hospital Mortality tool. 

9. Develop specific guidance for hospital data users on how to use and respond to hospital 
mortality data and signals. 

Public report 
The third set of recommendations arising from this review of NAHM relate to the public report, 

allowing more hospitals to be included, and to the fundamental  purpose of the Audit:  

10. Implement the hospital standardised mortality ratio as a national indicator for hospital 

mortality in the public report. 
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11. Enhance public reporting by displaying hospital standardised mortality ratio/standardised 

mortality ratio data over time at hospital level. 

12. Rename and promote the National Audit of Hospital Mortality as a national quality 

improvement tool to provide hospitals with relevant information in order to drive 

improvements in patient care and outcomes. 

 

Table 8.1 to Table 8.12 detail who benefits from each recommendation; who will lead the action; what 

action should be taken; and the prioritisation, rationale, and evidence base for each recommendation. 

There is evidence that these recommendations will provide greater levels of assurance that hospital 

mortality is being monitored and reviewed appropriately and will maximise the opportunity to 

improve patient care. The recommendations are further interpreted to provide a road map to 

implementation in Appendix 4, Table A4.1. The impact of each of these recommendations should be 

evaluated by the NOCA NAHM Governance Committee at the appropriate intervals.  

Table 8.1: Recommendation 1: Reconsider the standardised mortality ratio and cumulative sum 
alerting criteria, and revise if deemed acceptable to data users 

Recommendation  Details 

Who benefits from 
the 
recommendation? 

All stakeholders, including patients and their families and policy-makers, 
and members of the public who will be provided with assurance that 
problems with hospital mortality can be detected at the earliest 
opportunity 

What action should 
be taken? 

NOCA to seek funding to commission an analysis in order to: 

 Quantitatively assess how many signals would be obtained by 
lowering the alerting threshold and changing the review criteria, 
i.e. (1) removing the ‘two successive quarter’ rule whereby both 
the standardised mortality ratio (SMR) and the cumulative sum 
(CUSUM) must be high for two successive quarters, and then (2) 
lowering the CUSUM threshold. 

 Assess if the resulting number of alerts is acceptable for hospitals 
to investigate.  

 Review the way that CUSUM thresholds are tailored to hospital 
size.  

Compile a final report with recommendations. 
Who leads this 
action? 

 NOCA 

 National Health Intelligence Unit (NHIU)/independent statistical 
researcher 

Prioritisation Should be implemented as soon as funding and resource become 
available. 

Rationale for this 
recommendation 

 There is a risk of missing serious problems in hospital care by 
having a high threshold that is designed to have a low false alarm 
rate. 

 Problems can be detected earlier than at present, therefore 
ultimately saving lives.  

 There is a risk of reputational damage if a serious problem were 
detected, and it could be seen that it was not investigated until it 
was an outlier for two successive quarters. 
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Recommendation  Details 

 Current evidence suggests that there are too few signals from the 
current approach (NOCA NAHM National Reports, stakeholder 
consultation, Chapter 6). 

 Data users expressed some confusion over the ‘two successive 
quarter’ rule and when they should investigate further 
Stakeholder consultation (Chapter 6). 

Evidence base for 
implementation 

 In a review of regions with broadly similar healthcare systems, 

Ireland had one of the highest thresholds for reviewing hospital 

mortality (see Chapter 4). 

 There is no evidence of improvement in care as a result of action 

following analysis using the current threshold for review. 

 Lowering the threshold for review may prompt more frequent 
reviews of mortality in hospitals, providing more opportunities for 

improvement. 

 There is evidence of the identification of serious problems with 

care and evidence of improvement using lower review thresholds 

in other jurisdictions (e.g. the Mid Staffordshire NHS Foundation 

Trust scandal and subsequent report; the Keogh Review; Public 

Health Scotland reports). 

 Simulations have shown how many extra deaths would be 
detected by lowering the threshold and review criteria, e.g., Bottle 
and Aylin (2011c), which also gives an equation on how to tailor 
the CUSUM threshold to hospital volume and death rate. 

 

Table 8.2: Recommendation 2: Test the feasibility of using a peer group average as an additional 
benchmark in the National Quality Assurance Improvement System National Audit of Hospital 
Mortality tool 

Recommendation  Details 

Who benefits from 
the 
recommendation? 

All hospitals that would like to compare their data with the average of 
other similar hospitals 

What action should 
be taken? 

NOCA to seek funding to commission an analysis in order to: 

 Decide on the definition of similarity between hospitals, perhaps 
based on hospital model. In New South Wales (NSW), Australia, 
hospitals are compared with other NSW hospitals with the same 
case mix (Bureau of Health Information, 2019). 

 Test the convergence and performance of risk-adjustment models 
built from data for each type of hospital. 

 Compare the results (SMRs, outlier status, number of outliers) 
with the current approach. 

 Compile a final report with recommendations. 
Provide guidance to hospitals on how to manage discrepancies in signals 
should they occur. 

Who leads this 
action? 

 NOCA 
 NHIU/independent statistical researcher 
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Recommendation  Details 

Prioritisation Should be implemented in the medium term (within 2 years) with the 
availability of funding and resources 

Rationale for this 
recommendation 

 Data users and members of the public felt that hospital 
characteristics (such as size and type) should be considered in the 
model, either in the risk-adjustment model or as a contextual 
factor (Chapter 6). 

 Data users were enthusiastic about benchmarking (Chapter 6). 

 Data users felt that peer group benchmarking is easy to interpret 
and drives improvement from other national collections of data, 
such as process audits (Chapter 6). 

Evidence base for 
implementation 

 International experience promotes peer group benchmarking for 
data user engagement and has been demonstrated as an 
appropriate method to account for different hospital 
characteristics (e.g. in Canada, Australia (NSW) and the 
Netherlands) (Chapter 3). 

 

Table 8.3 Recommendation 3: Quantitatively assess if the Elixhauser Comorbidity Index (with 
dementia) performs better than the Charlson Comorbidity Index in the context of Irish data 

Recommendation  Details 

Who benefits from 
the 
recommendation? 

Data users who seek assurance of a robust risk-adjustment model 

What action should 
be taken? 

NOCA to seek funding to commission an analysis in order to: 

 Identify the appropriate ICD-10-AM codes for the comorbidities 
included in the Elixhauser Comorbidity Index (with dementia).  

 Carry out the relevant statistical analysis in order to compare the 
performance of risk-adjustment models and hospital outlier status 
with that of the current approach. This involves logistic regression; 
considering model fit; the c statistic; calibration; and proportion of 
hospitals above or below, for example, 95% control limits on a 
funnel plot. 

Compile a final report with recommendations. 
Who leads this 
action? 

 NOCA 

 NHIU/independent statistical researcher  

Prioritisation Should be implemented as soon as funding and resource allocation allow 
Rationale for this 
recommendation 

 Hospital data users indicate uncertainty that the current risk 
adjustment is adequate (Chapter 6) 

 Inclusion of obesity and drug abuse and other variables usually 
gives better risk adjustment than the Charlson Comorbidity Index 
(CCI) (Chapter 6) 

 The ECI was developed specifically for administrative databases 
that lack present-on-admission information for comorbidities; 
dementia was not included, perhaps due to the nature of the study 
population (California), but is clearly an important predictor of 
mortality (Bottle and Aylin, 2011b). 
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Recommendation  Details 

Evidence base for 
implementation 

 Variables in the ECI, including obesity and drug abuse, were 
identified by data users as potentially adding clinically meaningful 
value to the risk adjustment (Chapter 6) 

 The ECI outperforms the CCI (Sharabiani et al., 2012, Bottle and 
Aylin, 2011b)  

 

Table 8.4: Recommendation 4: Assess the feasibility of using additional datasets to enhance the 
National Quality Assurance Improvement System National Audit of Hospital Mortality tool 

Recommendation Details  

Who benefits from the 
recommendation? 

Data users who seek assurance of a more robust risk-adjustment 
model. 
The HSE and the hospitals, which can view internationally 
recognised hospital outcomes. 
Members of the public, who will be provided with assurance  of 
care provided in hospitals in the public interest and for patient 
safety. 

What action should be 
taken? 

Data, data sharing and legal basis permitting, future developments 
of the NAHM model may include: 

 linkage with out-of-hospital deaths data 

 an alternative measure of deprivation  
 patient factors from existing national clinical audits of 

future data sources (e.g. severity of disease for stroke)  

 clinical data from electronic health records. 
Complete a full data review, as well as a technical and legal 
assessment with key stakeholders including the CSO, HSE Access 
to Information & Health Identifiers Programme, the Healthcare 
Pricing Office, the NHIU, other collections of data, and the 
Department of Health. This should include identifying the barriers 
to, and enablers of, data linkage and describing a prioritised, 
stepwise journey to enable data linkage. 

Who leads this action? NOCA 

Prioritisation This recommendation is complex and is important for the future 
of NAHM. NOCA should prioritise this audit for data linkage. 
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Recommendation Details  

 

Rationale for this 
recommendation 

 CSO death information can identify people who died. The 
IHI can assist in generating a pool of people from the CSO 
file who could be recorded on the NAHM register; then it 
could be proposed that the combined CSO/IHI data be 
linked to in-hospital data and patients included/excluded 
based on discharge date and date of death with their 
associated HIPE record for those who died within 30 days 
of discharge, supplementing the 30-day mortality for the 
register. 

 Data users feel that the medical card is not an ideal 
indicator for deprivation in NAHM. Alternative approaches 
are contingent on the availability of Eircodes and data 
linkage capabilities. 

 Internationally, countries with data linkage capabilities 
adjust for severity of disease and other clinical variables 
(e.g. stroke severity score; see Chapter 4). 

 Currently, HIPE data are used for NAHM. This is a valuable 
data source, providing information across the healthcare 
service. However, the performance of NAHM could be 
greatly enhanced through the linkage of relevant data 
from other rich sources of information. 

 Linkage of relevant data sources with the NQAIS NAHM 
tool may enable the opportunity to identify precursors of 
harm as part of a national patient safety surveillance 
system within the National Patient Safety Office. 

Evidence base for 
implementation 

 Thirty-day total mortality (in and out of hospital) is an 
internationally recognised indicator of healthcare quality. 

 There is good performance among models that include a 
measure of deprivation (see Chapter 4). 

 International consultations demonstrated that there are 
additional possibilities for robust risk-adjustment models 
using data linkage see Chapter 4). 

 Adding stroke severity (as measured by the National 
Institutes of Health Stroke Scale) to a hospital’s 30-day risk 
model based on claims data for Medicare beneficiaries 
with acute ischaemic stroke was associated with 
considerably improved model discrimination and change 
in mortality performance rankings for a substantial 
portion of hospitals (Kumar et al., 2021).  

It is widely acknowledged by experts and empirical evidence that 
these approaches improve the performance of hospital mortality 
models (McNamara et al., 2015, Fonarow et al., 2012, Schwartz et 
al., 2017). Theoretically, a more robust model would reduce the 
false alarm rate with the resulting improvement in data user 
engagement, but there are several challenges with 
methodological approaches to establishing this type of evidence.  
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Table 8.5: Recommendation 5: Implement definitions and explanations of statistical terms within 
the National Quality Assurance Improvement System National Audit of Hospital Mortality user 
interface in order to support data users in real time 

Recommendation Details 

Who benefits from 
the 
recommendation? 

Data users who need more help in understanding the data 

What action should 
be taken? 

 NOCA to seek funding for the NAHM ADST to include definitions 
and explanations in the mouse-over on the NQAIS NAHM tool. 

Collate the appropriate list of definitions and explanations from the 
technical user guide. 

Who leads this 
action? 

 NOCA 

 NAHM Analysis and Display Scientific Team (ADST) 

Prioritisation This recommendation is important for the usability of the NQAIS NAHM 
tool and should be implemented as soon as possible. It would take up to 
six months to complete.  

Rationale for this 
recommendation 

 There was evidence of variability in the comprehension of the 
output from the hospital data user survey (see Chapter 6).  

 There was consensus in data user focus groups that this approach 
would be helpful (see Chapter 6). 

Evidence base for 
implementation 

 An explanation of terms is covered in the technical user guide and 
data user training. Follow-up support is available for all NQAIS 
NAHM queries. 

 Data users indicate that it would be useful to explain statistical 
terms within the NQAIS NAHM tool in order to facilitate their 
understanding of the data during the course of their work. Thus, 
this is a logical recommendation. 

 

Table 8.6: Recommendation 6: Retain the flag for a current diagnosis of COVID-19, remove the flag 
for a past infection, and add a flag for a hospital-acquired diagnosis of COVID-19 (COVID-19 could 
be included in the set of diagnoses of interest should it be coded as a principal diagnosis in the 
future) 

Recommendation Details 

Who benefits from 
the 
recommendation? 

 Data users, who can monitor the impact of the COVID-19 
pandemic on hospital mortality for a COVID-19 diagnosis and for 
other diagnoses. 

 Data users, who can easily ascertain when reviewing their data if 
patients died with a diagnosis of COVID-19 or a hospital-acquired 
diagnosis (HADx) of COVID-19.  

What action should 
be taken? 

NOCA to seek funding for the NAHM ADST to remove the flag for a past 
COVID-19 infection and add a flag for a HADx of COVID-19. No further 
action is currently required beyond ensuring that NQAIS NAHM tool 
users can stratify their analyses by the flag for current COVID-19 
infection. 

Who leads this 
action? 

 NOCA 

 NAHM ADST  
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Recommendation Details 

Prioritisation This recommendation is important for the usability of the NQAIS NAHM 
tool and should be implemented as soon as possible. It would take up to 
six months to complete. 

Rationale for this 
recommendation 

a) Retain the COVID-19 flag for a current infection: 

 Data users, including clinicians, identified that this may be 
the most useful way to review their own hospital mortality 
data  

b) Remove the COVID-19 flag for a past infection: 

 This flag by itself is not sufficient evidence of post-COVID-19 
sequelae that may affect mortality. 

 It may be difficult to prove past infection, as: (1) patients can 
be asymptomatic, (2) testing protocols vary with different 
waves of the pandemic, and (3) antibody testing is not 
routinely conducted. 

c) Add a flag for a HADx of COVID-19: 

 The hospital data users survey identified that this is a key 
piece of information that is currently missing. 

d) COVID-19 could be included in the set of diagnoses of interest 
should it be coded as a principal diagnosis in the future: 
 Building a separate model does not warrant further 

consideration at this time, but learning from this review may 
provide valuable information for the future. 

 Building a separate model for COVID-19 was fully considered 
based on the experience of a number of countries. However, 
clinically, the meaning of this is diminishing as COVID-19 
mortality rates decline significantly. It is thought that this 
may be due to vaccination uptake and wave of the pandemic 
or which circulating variant is predominant. Furthermore, 
with COVID-19 only recorded in the secondary diagnosis 
field, identifying which admissions were primarily driven by 
the COVID-19 infection rather than another condition was 
not considered sufficiently reliable. 

 In the future, the development of a new model for infectious 
diseases (either as a primary or secondary diagnosis) that 
affect hospital mortality could be considered with the 
addition of a flag for the infectious disease and a HADx flag 
for the infectious disease. 

 This approach may future-proof the monitoring and 
escalation process for future pandemics. 

Evidence base for 
implementation 

The evidence for this recommendation comes from expert opinion in the 
context of the COVID-19 experience in other countries. 
Evidence for retaining the flag and adding a flag for a HADx of COVID-19: 

 The management of COVID-19 in hospital varies significantly 
from usual care (such as proning) and, in the first months of the 
pandemic, varied by hospital.  

 COVID-19 can also affect patient care in terms of patient flow, 
cancellation of surgeries, delayed diagnoses, and staff shortages. 
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Recommendation Details 

 The hospital data users survey, including clinicians, identified 
that this may be the most useful way for data users to review 
their own hospital mortality data (see Chapter 6). 

Evidence for not building a separate model (but considering it for future 
pandemics of infectious diseases with high mortality rates): 

 While building a separate model for COVID-19 or other infectious 
diseases with a high mortality rate could be considered for future 
pandemics, the number of daily deaths in Ireland has declined 
from a peak of 270 in April 2020 to 11 on 8 March 2022. 

 Several countries now include COVID-19 admissions in the set of 
diagnoses of interest (e.g. the hospital standardised mortality 
ratio (HSMR) in Scotland, Telstra Health UK in England, and the 
USA). Both the Netherlands and the USA are actively exploring 
this approach for the future (see Chapter 3). When asked about 
the most meaningful way(s) to report hospital mortality for 
COVID-19, most hospital data users chose “to build a specific 
model for COVID-19 admissions (whether or not it was the main 
reason for admission)” (55%, 17/31) or “include COVID-19 
admissions in our set of diagnoses of interest (whether or not it 
was the main reason for admission) and adjust for the presence 
of COVID-19” (42%, 13/31) (see discussion of the hospital data 
user survey in Chapter 6). 

 Data users acknowledged that it was a limitation that COVID-19 
was not included as a primary diagnosis within the coding system 
(6). 

 As COVID-19 is no longer associated with a significant 
hospitalisation or mortality rate in Ireland, it would not be useful 
to include it in the risk-adjustment model for any condition. 
Furthermore, it is not informative to stratify by past infection, as 
this fact does not by itself infer anything useful about the 
patient’s health due to that infection. 

 

Table 8.7: Recommendation 7: Extend the use of the flexible flagging system that was used for 
COVID-19 to other secondary diagnoses (such as sepsis and future communicable diagnoses) and 
diagnoses which develop during a hospital stay (hospital-acquired complications) such as sepsis, in-
hospital cardiac arrest, venous thromboembolism, healthcare-associated infections, pressure ulcers 
or falls 

Recommendation  Details 

Who benefits from 
the 
recommendation? 

All stakeholders may benefit from this recommendation, as it prioritises 
quality and patient safety. 

What action should 
be taken? 

 NOCA to seek funding to commission the NAHM ADST to develop 
a flexible flagging system that should be implemented for sepsis, 
septic shock, severe sepsis and in-hospital cardiac arrest (IHCA).  

 Further implementation extending to other diagnoses that 
develop during a hospital stay (hospital-acquired complications 
such as venous thromboembolism, healthcare-associated 
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Recommendation  Details 

infections (HCAIs), pressure ulcers or falls) that affect the quality 
of patient care should be considered. These should be prioritised 
by the NAHM Governance Committee. Consideration should be 
given to patient safety themes in consultation with the HSE 
National Quality and Patient Safety Directorate and National 
Clinical Programmes. The value of this should be evaluated on a 
continuous basis. 

 This approach can be applied to other communicable diseases in 
the future. 

Who leads this 
action? 

 NOCA 

 NAHM ADST 
 NOCA NAHM Governance Committee 

Prioritisation This recommendation is important for the usability of the NQAIS NAHM 
tool and should be implemented as soon as possible. It would take up to 
six months to complete. 

Rationale for this 
recommendation 

 One of the questions of the scope of this review asked if the risk 
methods should extend to secondary diagnoses that allow for 
the risks associated with, for example, sepsis and COVID-19. This 
review found that no other international approaches adjust for 
the presence of sepsis as a secondary diagnosis in their hospital 
mortality data (see Chapter 4). 

 Data users identified that a flagging system similar to that used 
for COVID-19 may be the most useful way to review their own 
hospital mortality data (see Chapter 6).  

 Sepsis coded in the HIPE system as a HADx is a process that the 
hospital can control. Data users stated that this should not be 
included in the risk-adjustment model. It would be useful to be 
able to identify this sepsis flag in their review of hospital 
mortality data in the NQAIS NAHM tool (see Chapter 6). 

 Information and measurement are central to improving the 
quality of care (Provost et al., 2011 in HSE Quality Improvement 
Division (2016)). 

 The HSE Patient Safety Strategy 2019-2024 identified patient 
safety improvement priorities such as sepsis, pressure ulcers and 
falls (HSE, 2019b). The inclusion of this flag will help staff to 
improve patient safety by identifying admissions during which 
these important conditions developed. 

Evidence base for 
implementation 

 This recommendation supports important HSE strategies, 
including the Framework for Improving Quality in our Health 
Service and the Patient Safety Strategy 2019-2024 (HSE, 2019b, 
HSE Quality Improvement Division, 2016).  

 Sepsis can affect any patient and can have high mortality 
(National Sepsis Report, 2019). Sepsis can be viewed as a primary 
diagnosis in the NQAIS NAHM tool. 

 IHCA is an internationally recognised indicator of patient safety 
and is associated with high mortality (NOCA, 2020). In the 
absence of a national clinical audit for IHCA, this is a way for 
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Recommendation  Details 

hospitals to continuously review their data using readily 
accessible information as an interim measure. 

 This innovative approach to presenting data was shown to be of 
value during the COVID-19 pandemic in providing an 
understanding for higher-than-expected mortality rates 
(National Office of Clinical Audit, 2022). 

 

Table 8.8: Recommendation 8: Implement Kaplan-Meier survival curves in the National Quality 
Assurance Improvement System National Audit of Hospital Mortality tool 

Recommendation Details 

Who benefits from 
the 
recommendation? 

Data users who wish to understand where in the care pathway mortality 
differences occur 

What action should 
be taken? 

NOCA to seek funding to commission the NAHM ADST to include survival 
curves in the NQAIS NAHM tool. This should be restricted to analyses of 
patients admitted from home in order to account for hospital transfers, 
which result in censoring and difficulties in interpretation. 
 

 
Figure 8.1 Kaplan-Meier curves for patients with acute myocardial 
infarction admitted to Telemark Hospital Trust Skien, percutaneous 
coronary intervention (PCI hospitals and other hospitals during 2008-
2009 and 2012-2013 
Source: Kristoffersen et al. (2015) 

Who leads this 
action? 

 NOCA 
 NAHM ADST 

Prioritisation This recommendation is important to add value to the NQAIS NAHM tool 
for hospital data users and should be implemented as soon as possible. It 
would take six months to complete. 

Rationale for this 
recommendation 

This will help data users understand where in the care pathway to focus 
their investigation, e.g. higher-than-expected mortality in the first 2 days 
following admission would have different implications than higher-than-
expected mortality after 1 week. 

Evidence base for 
implementation 

Kristoffersen et al. (2015) describe how Kaplan-Meier survival curves are 
used to tailor improvement programmes for hospitals with significantly 
higher risk-adjusted 30-day mortality, following public reporting of 
national quality indicators for selected medical conditions (e.g. acute 
myocardial infarction (AMI), stroke, hip fracture). Unadjusted survival 
curves for outlier hospitals were compared with unadjusted curves based 
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Recommendation Details 

on pooled data from the other hospitals. The outlier hospitals’ curve 
profiles were believed to reflect suboptimal care in various phases of the 
clinical pathway. This informed improvement efforts, following which the 
outlier hospitals’ survival curves were found to be similar to those of other 
hospitals. Graphical presentation was thought to provide hospital staff 
with more actionable data by visualising the point in time when the 
hospitals survival profile apparently began to deviate from those of other 
hospitals, an approach that Norway has adopted on a national level. 
Several hospitals in Norway have used these curves to plan and implement 
quality improvement initiatives. 

 

Table 8.9: Recommendation 9: Develop specific guidance for hospital data users on how to use and 
respond to hospital mortality data and signals 

Recommendation  Details 

Who benefits from 
the 
recommendation? 

Data users, hospital and Hospital Group quality committees, HSE Acute 
Operations, policy-makers and members of the public, who are assured 
that hospitals take appropriate steps to monitor and use their data and 
signals for improvement. 

What action should 
be taken? 

This action involves two distinct phases: (1) developing guidance for 
hospitals on how they review their data, whether or not they have 
mortality outlier signals; and (2) developing guidance for hospitals on 
responding to outlier signals. The specific actions that should be taken are 
as follows: 

 Develop both parts of this recommendation (i.e. (1) monitoring 
data and (2) responding to monitoring signals), which should 
involve consultation with hospital data users and subject matter 
experts. 

 Develop guidance on how hospital data users should engage with 
NAHM data for monitoring of hospital mortality, for example, to 
support monthly performance meetings by the Hospital Group 
and hospital boards (with high-level mortality figures) and service-
level morbidity and mortality meetings. Development of guidance 
for hospitals, as well as NAHM-specific training from HIPE. 

 Following a recommendation in NOCA’s 2019 NAHM report (Audit, 
2020), NOCA is currently developing a generic guide on reviewing 
statistical outliers emerging from audit findings. This will 
incorporate, first, an initial review of data, and second, a review of 
where statistical outliers/signals are confirmed. This should be a 
stepped approach involving desktop review of other hospital 
quality indicators and peer/subject matter expert review with a 
quality improvement focus. Establishing the appropriateness, 
threshold and timeliness of review activities should be considered.  

Based on this work, a specific checklist should be developed to support the 
revew of NAHM signals. The checklist should be piloted and re-evaluated 
over time. 

Who leads this 
action? 

NOCA  
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Recommendation  Details 

Prioritisation Should be implemented as soon as funding and resource become available 
in the short to medium term (1-2 years). 

Rationale for this 
recommendation 

 There is wide variation among data users in understanding 
hospital mortality data (see Chapter 6). 

 Data user focus groups identified the need for guidance and 
support in understanding the data. 

 Hospitals vary in their response to hospital mortality alerts (see 
Chapter 3 and 6). 

 A standardised approach to reviewing hospital mortality data and 
signals is required in order to assure governance committees and 
other stakeholders that monitoring of hospital mortality i s 
thorough and consistent, that signals are investigated 
appropriately, and that potential problems are avoided. 

 

Evidence base for 
implementation 

 There are examples from other jurisdictions of providing guidance 
for data users. 

 A mixed-methods review of England’s hospital mortality 
monitoring system identified various responses by hospitals to 
mortality alerts (Aylin et al., 2018). 

 A public expectation of transparency in investigating potential 
quality of care problems was highlighted in the public survey (see 
Chapter 6). 

 

Table 8.10: Recommendation 10: Implement the hospital standardised mortality ratio as a national 
indicator for hospital mortality in the public report 

Recommendation  Details 

Who benefits from 
the 
recommendation? 

Members of the public who avail of data for all hospital types and 
diagnoses regardless of hospital size 

What action should 
be taken? 

 Present the HSMR in the national report.  
 HSMRs should only be reported using data from January 2022 

onwards in order to avoid the mortality peaks of 2020 and 2021 
influencing the results. 

 Support the public in appropriately interpreting publicly available 
data through the use of a suite of tools, including a short 
explanatory video, a short video explaining key findings and 
recommendations, frequently asked questions, and colour grades 
within the report. It must be made clear to the public that a 
significantly high or rising HSMR does not necessarily mean that 
the hospital is ‘dangerous’ or ‘getting worse’ but that further 
investigation by the hospital is required in order to understand its 
high HSMR. 

 Promote awareness of the national report through non-traditional 
additional avenues, including local radio and Facebook. 

Provide guidance to hospitals on how to manage a HSMR signal when 
there is no evidence of a specific diagnostic signal (i.e. an SMR outside the 
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Recommendation  Details 

control limits in one or more diagnoses). This may include exploration of 
data by other categories (such as department, specialty, age categories 
etc). 

Who leads this 
action? 

NOCA NAHM Governance Committee 

Prioritisation This should be implemented in a phased approach after the modelling 
work and threshold reduction have been completed (Recommendations 
1-3) 

Rationale for this 
recommendation 

 The HSMR is the most commonly adopted hospital mortality 
indicator of choice internationally (it is used in Australia, Scotland, 
Canada, the Netherlands, Japan and England) (see Chapter 3). 
Public reports are available where the legislative infrastructure is 
in place (as is the case in Scotland and Canada and was previously 
the case in England; Australia is currently seeking to move towards 
public reporting of HSMRs). 

 International experts feel that the HSMR offers some assurance to 
governance authorities when interpreted appropriately and in the 
context of other indicators of quality of care (see Chapter 3). 

 When publicly reported, the HSMR can identify issues with quality 
of care across hospitals of all sizes by combining all diagnoses. 
Hospitals with small numbers of cases are currently excluded from 
public reporting and monitoring, and from escalation (see Chapter 
3). 

 Hospital data users and members of the public felt that more than 
the current six diagnoses should be reported publicly (see Chapter 
6). 

 Hospital data users and members of the public felt that it is 
important to include smaller hospitals in public reporting (see 
Chapter 6).  

Evidence base for 
implementation 

 There is evidence that serious breaches of quality of care have 
been identified using the HSMR, e.g., the 2013 Keogh Review (Care 
Quality Commission, 2014) and the 2013 Mid Staffordshire NHS 
Foundation Trust Public Inquiry report (Frances, 2013). 

 There is evidence of improvement in quality of care when using 
the HSMR as a mortality measure (Care Quality Commission, 2014, 
Scottish Government, 2016, Fekri  et al., 2020) 

 The HSMR is a potentially useful hospital mortality indicator for 
countries with a number of smaller hospitals, e.g., Scotland, 
Australia and the Netherlands. Small hospitals can be included 
using the HSMR by combining all diagnoses. 

 

Table 8.11: Recommendation 11: Enhance public reporting by displaying hospital standardised 
mortality ratio/standardised mortality ratio data over time at hospital level 

Recommendation  Details 

Who benefits from 
the 
recommendation? 

Data users, members of the public and policy-makers, who can view trends 
over time 
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Recommendation  Details 

What action should 
be taken? 

The NOCA NAHM Governance Committee should commission the NOCA 
Data Analytics and Research Team to include risk-adjusted trends over 
time, i.e. HSMR/SMR, in the publicly available data. Consideration needs 
to be given to the most appropriate and efficient display of data. The 
implementation of public dashboards by NOCA audits provides an 
opportunity for this development. 

Who leads this 
action? 

 NOCA NAHM Governance Committee  
 NOCA Data Analytics and Research Team 

Prioritisation In the publication of the next national report following completion of the 
modelling work (Recommendations 1-3) 

Rationale for this 
recommendation 

 The trends provide useful context for cross-sectional results. 

 Data users identified a need to demonstrate change over time 
using risk-adjusted figures. 

Evidence base for 
implementation 

Examples of national reports from other countries include trends over 
time (e.g. those from the Canadian Institute for Health Information and 
from the Bureau of Health Information in New South Wales).  

 

Table 8.12: Recommendation 12: Rename and promote the National Audit of Hospital Mortality as 
a national quality improvement tool to provide hospitals with relevant information in order to drive 
improvements in patient care and outcomes 

Recommendation  Details 

Who benefits 
from the 
recommendation? 

Data users, members of the public and policy-makers who care about 
improvement in patient outcomes 

What action 
should be taken? 

The NOCA NAHM Governance Committee should: 

 Consider renaming NAHM in light of this recommendation, e.g. 
‘Irish Hospital Mortality Indicator – a tool for improvement’. 

 The NAHM Governance Committee should consider stronger links 
with the National Clinical Programmes; this could include but is not 
limited to promoting the value of NAHM, creating special reports, 
and assessing the impact of national initiatives on hospital mortality 
patterns. 

The NOCA NAHM Clinical and Executive Lead should: 
 Include improvement case studies in the national report of how 

users interacted with the tool.  

 Recruit hospitals with ‘yellow’ signals in order to learn about the 
causes of these signals and what action was, or could be, taken. 

Build a community of quality improvement through a monthly virtual 
platform engaging Hospital Group quality and safety personnel and hospital 
data users in order to provide expert and peer support in reviewing the data 
and improving processes. 

Who leads this 
action? 

NOCA NAHM Governance Committee 
NOCA NAHM Clinical and Executive Leads 

Prioritisation Should be implemented immediately and remain ongoing. 
Rationale for this 
recommendation 

 This review highlighted a need to improve the awareness and 
understanding of the value of NAHM across all stakeholders. 
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Recommendation  Details 

 Improvement in patient care is the most important reason why 
hospital mortality reporting is important to the public (see Chapter 
6. 

 The main reason why members of the public think that hospital 
mortality reporting should be available publicly is to “provide the 
impetus for improvement” (Chapter 6). 

 Data users want to see examples from hospitals showing how they 
interacted with the data and the improvements that were made as 
a result, and evidence of using learning opportunities for “the 
greater good” (see Chapter 6). 

 The Patient Safety (Notifiable Patient Safety Incidents) Bill 2019 
includes a clear definition of clinical audit. NAHM does not align 
with this definition. This was recognised in the National Review of 
Clinical Audit (HSE, 2019a). However, the tool provides a valuable 
first step in identifying unusual mortality patterns with a focus on 
improvement. Therefore, this review has recommended renaming 
NAHM. 

Evidence base for 
implementation 

 Hospital Quality Account documents linking hospital improvement 
initiatives to mortality data are published in the UK. 

 The USA-based Institute for Healthcare Improvement Move Your 
DotTM campaign focuses on the use of risk-adjusted mortality 
measures to help hospitals understand and improve their quality of 
care. 
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Chapter 9 Conclusion 
 

These recommendations provide an evidence-based road map for how NAHM should evolve. The 

desired result will take time to be seen. This review suggests that the result will be a more sensitive 

tool that is applicable to the Irish context and that provides actionable data focused on improvement 

in patient care and outcomes. Evaluation of the implementation of  these recommendations is 

advisable in order to ensure continuous improvement. 
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Chapter 11 Appendices 

Appendix 1: List of consultations 

Table A1.1: International consultations 

Name Role Organisation 

Prof Simon Jones Professor of Population Health 
(Research), Hospital Mortality 
Subject Expert for NAHM 

Center for Healthcare Innovation and 
Delivery Science Department of 
Population Health, New York 
University School of Medicine, US 

David Keighley  Senior Information Analyst, 
Analytical Services Team 

NHS Digital, England 

Philip Carson Statistician, Project Support 
Analysis Branch 

Department of Health, Northern 
Ireland 

Agnes de Bruin Project leader health care 
utilisation statistics and HSMR 

Statistics Netherlands 

Dr Jan van der Laan Methodologist 

Viachaslau 

Herasimovich 

Project Lead, Health Indicators & 
Client Support 

Canadian Institute for Health 
Information (CIHI) 

Yiliang Yang Senior Analyst 

Mingyang Li Methodologist 

Thomas Binstead Director of Strategy and Analytics Telstra Health UK 

Jaime Villacampa 
Ortega  

Principal Information Analyst Public Health Scotland 

Suraj 
Rasakulasingam 

Manager, Data Analytics & Patient 
Safety Measurement 

Australian Commission on Safety and 
Quality in Health Care 

Ariana Dobrovic Lead, Performance Reports Bureau of Health Information, New 
South Wales Alison Witchard 

Director, Performance Reports  

Diane Watson Chief Executive 

Daniel Taylor Senior Data Analyst 
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Table A1.2: Local consultations 

Name 
Role  
(relevant to NAHM Review) Organisation 

Dr Jeanne Moriarty Current chair 
NOCA NAHM Governance 
Committee  

Dr Jennifer Martin Previous chair 
NOCA NAHM Governance 
Committee  

Ruth Buckley 
Previous NAHM User 
representative 

NOCA NAHM Governance 
Committee 

Edel Hennessy and Pawel Stawarz  NAHM Software Developer Open App 

Dr Bridget Egan NAHM Clinical Lead 
NOCA NAHM Governance 
Committee 

Deirdre Burke NAHM Manager 
NOCA NAHM Governance 
Committee 

Dr Howard Johnson 

Clinical Lead, HSE National 
Health Intelligence Unit 
(NHIU) 

NOCA NAHM Governance 
Committee 

Marian Keane 
Senior Health Modeller/Data 
Scientist  

HSE National Health 
Intelligence Unit (NHIU) Dr Declan McKeown 

Consultant Public Health 

Physician and Medical 

Epidemiologist 

Dr Fionnola Kelly PhD 
Head of Data Analytics and 
Research NOCA 

Rosarie Lynch, Mary 
McGeown, Pauline White, 
Deirdre Hyland, Deirdre Holland, 
Orla Ebbs 

National Healthcare Quality 
Reporting System Report 
Committee  

National Patient Safety 
Office, Department of 
Health 

Deirdre Murphy  
HIPE Manager, Healthcare 
Pricing Office 

NOCA NAHM Governance 
Committee 

Jacqui Curley HIPE Coding Manager Healthcare Pricing Office 

Dr Brian McCullough 
Respiratory Subject Matter 
Expert 

NOCA NAHM Governance 
Committee 

Avilene Casey 
HSE Office of Nursing and 
Midwifery 

NOCA NAHM Governance 
Committee 

Dr Michael O' Dwyer Clinical Lead 
HSE National Sepsis 
Programme 

Celine Conroy 

Group Assistant Director of 
Nursing – Ireland East 
Hospital Group 

Claire Murtagh 
Patient and Public Interest 
Representative 

NOCA NAHM Governance 
Committee 

Brid Moran Information Manager NOCA 

Gareth Clifford HSE Acute Operations  
NOCA NAHM Governance 
Committee   
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Appendix 2: ICD-9-CM and ICD-10 Coding Algorithms for Elixhauser Comorbidities 
Table A2.1: ICD-9-CM and ICD-10 Coding Algorithms for Elixhauser Comorbidities 

Comorbidities Elixhauser’s original 
ICD-9-CM 

Elixhauser AHRQ- 
Web 

ICD-9-CM 

ICD-10 Enhanced ICD-9-CM 

Congestive heart failure 
398.91,   402.11, 

404.11,   404.13, 

404.93, 428.x 

402.91, 

404.91, 

398.91,   402.01, 

402.91,   404.01, 

404.11,   404.13, 

404.93, 428.x 

402.11, 

404.03, 

404.91, 

I09.9, I11.0, I13.0, I13.2, 

I25.5, I42.0, 142.5-I42.9, 

I43.x, I50.x, P29.0 

398.91,    402.01,    402.11. 

402.91,    404.01,    404.03, 
404.11,    404.13,    404.91, 
404.93, 425.4-425.9, 428.x 

Cardiac arrhythmias 426.10, 426.11, 426.13, I44.1-I44.3, I45.6, I45.9, 426.0, 426.13, 426.7, 

426.2-426.53, 426.6-426.8, I47.x-I49.x, ROO.O, 426.9,  426.10,  426.12, 

427.0, 427.2, 427.31, ROO.1, ROO.8,   T82.1, 427.0-427.4, 427.6-427.9, 

427.60, 427.9, 785.0, Z45.0, Z95.0 785.0,  996.01,  996.04, 

V45.0, V53.3 V45.0, V53.3 

Valvular disease 093.2, 394.0-397.1, 424.0- 093.2, 394.x-397.1, 397.9, A52.0, I05.x-I08.x, I09.1, 093.2, 394.x-397.x, 424.x, 

424.91, 746.3-746.6, 424.x, 746.3-746.6, V42.2, I09.8, I34.x-I39.x, Q23.O- 746.3-746.6, V42.2, V43.3 

V42.2, V43.3 V43.3 Q23.3, Z95.2, Z95.4 

Pulmonary circulation 416.x, 417.9 416.x, 417.9 I26.x, I27.x, I28.0, I28.8, 415.0, 415.1, 416.x, 417.0, 

Disorders I28.9 417.8, 417.9 

Peripheral vascular disorders 440.x, 441.2, 441.4, 441.7, 

441.9, 443.1- 443.9, 447.1, 

557.1, 557.9, V43.4 

440.x, 441.x, 442.x, 443.1- 

443.9, 447.1, 557.1, 557.9, 

V43.4 

I70.x, I71.x, I73.1, I73.8, 

I73.9, I77.1, I79.0, I79.2, 

K55.1, K55.8, K55.9, 

093.0, 437.3, 440.x, 441.x, 
443.1-443.9, 447.1, 557.1 
557.9, V43.4 

Z95.8, Z95.9 

Hypertension, uncomplicated 401.1, 401.9 401.1, 401.9, 642.0 I10.x 401.x 

Hypertension, complicated 402.10, 402.90, 404.10, 401.0, 402.x-405.x, 642.1, I11.x-I13.x, I15.x 402.x-405.x 

404.90, 405.1, 405.9 642.2, 642.7, 642.9 

Paralysis 342.0. 342.1, 342.9-344.x 342.x-344.x, 438.2-438.5 G04.1,  G11.4, G80.1, 334.1, 342.x, 343.x, 344.0- 

G80.2,  G81.x,  G82.x, 344.6, 344.9 
G83.0-G83.4, G83.9 

Other neurological disorders 331.9, 332.0, 333.4, 333.5, 330.x-331.x. 332.0, 333.4, G10.x-G  13.x,  G20.x- 331.9, 332.0, 332.1, 333.4, 

334.x, 335.x, 340.x, 341.1- 333.5, 334.x, 335.x, 340, G22.x,  G25.4,  G25.5, 333.5, 333.92, 334.x- 

341.9, 345.0, 345.1, 345.4, 341.1-341.9, 345.x, 347.x, G31.2,   G31.8, G31.9, 335.x, 336.2, 340.x, 341.x, 

345.5, 345.8, 345.9, 348.1, 780.3, 784.3 G32.x, G35.x-G37.x, 345.x, 348.1, 348.3, 780.3, 

348.3, 780.3, 784.3 G40.x,  G41.x,  G93.1, 784.3 

G93.4, R47.0, R56.x 

Chronic pulmonary disease 490-492.8, 493.00-493.91, 490x-492.x, 493.x, 494x- I27.8, 127.9, J40.x-J47.x, 416.8, 416.9, 490.x-505.x, 

494.x-505.x, 506.4 505.x, 506.4 J60.x-J67.x, J68.4, J70.1, 506.4, 508.1, 508.8 

J70.3 

Diabetes, uncomplicated 250.0-250.3 250.0-250.3, 648.0 E10.0, E10.1, E10.9, 250.0-250.3 

E11.0, E11.1, E11.9, 

E12.0, E12.1, E12.9, 

E13.0, E13.1, E13.9, 

E14.0, E14.1, E14.9 

Diabetes, complicated 250.4-250.7, 250.9 250.4-250.9, 775.1 E10.2-E10.8, 250.4-250.9 

E11.2-E11.8, E12.2- 

E12.8, E13.2-E13.8, 

E14.2-E14.8 

Hypothyroidism 243-244.2, 244.8, 244.9 243-244.2, 244.8, 244.9 E00.x-E03.x, E89.0 240.9, 243.x, 244.x, 246.1, 

246.8 

Renal failure 403.11, 403.91, 404.12, 403.01,   403.11, 403.91, I12.0, I13.1, N18.x, NI9.x, 403.01,   403.11,    403.91, 

404.92, 585.x, 586.x, 404.02,   404.03, 404.12, N25.0, Z49.0-Z49.2, 404.02,   404.03,    404.12, 

V42.0, V45.1, V56.0, 404.13,   404.92, 404.93, Z94.0, Z199.2 404.13,   404.92,    404.93, 

V56.8 585.x, 586.x, V42.0, 585.x, 586.x, 588.0, V42.0, 

V45.1, V56.x V45.1, V56.x 

Liver disease 070.32, 070.33, 070.54, 070.22, 070.23, 070.32, B18.x, I85.x, I86.4, I98.2, 070.22,   070.23,   070.32, 

456.0, 456.1, 456.2, 571.0, 070.33, 070.44, 070.54, K70.x, K71.1, K71.3- 070.33,   070.44,    070.54, 

571.2-571.9, 572.3, 572.8, 456.0, 456.1, 456.20, K71.5, K71.7, K72.x- 070.6, 070.9, 456.0-456.2, 

V42.7 571.0, 571.2-571.9, 572.3, K74.x, K76.0, K76.2- 570.x, 571.x, 572.2-572.8, 

572.8, V42.7 K76.9. Z94.4 573.3, 573.4, 573.8,573.9, 

V42.7 
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Table A2.1 ICD-9-CM and ICD-10 Coding Algorithms for Elixhauser Comorbidities (continued) 

Comorbidities Elixhauser's original 
ICD-9-CM 

Elixhauser AHRQ-Web 
ICD-9-CM 

ICD-10 Enhanced ICD-9-CM 

Peptic ulcer disease 

excluding bleeding 

531.70, 531.90, 532.70, 

532.90, 533.70, 533.90, 
534.70, 534.90, V12.71 

531.41, 531.51, 531.61, 

531.7, 531.91, 532.41, 
532.51, 532.61, 532.7, 
532.91, 533.41, 533.51, 

533.61, 533.7, 533.91, 
534.41, 534.51, 534.61, 
534.7, 534.91 

K25.7, K25.9, K26.7, K26.9, 

K27.7, K27.9, K28.7, 
K28.9 

531.7, 531.9, 532.7, 532.9, 

533.7, 533.9, 534.7, 534.9 

AIDS/H1V 042.x-044.x 042.x-044.x B20.x-B22.x, B24.x 042.x-044.x 

Lymphoma 200.x-202.3x, 202.5-203.0, 
203.8, 238.6, 273.3, 
V10.71, V10.72, V10.79 

200.x-202.3, 202.5-203.0, 
203.8, 238.6, 273.3 

C81.x-C85.x, C88.x, C96.x, 
C90.0, C90.2 

200.x-202.x, 203.0, 238.6 

Metastatic cancer 196.x-199.x 196.x-199.x C77.x-C80.x 196.x-199.x 

Solid tumor without  
metastasis 

140.x-172.x, 174.x, 175.x, 
179.x-195.x, V10.x 

140.x-172.x, 174.x, 175.x, 
179.x-195.x 

C00.x-C26.x, C30.x-C34.x, 
C37.x-C41.x, C43.x, 
C45.x-C58.x, 
C60.x-C76.x, C97.x 

140.x-172.x, 
174.x-195.x 

Rheumatoid arthritis / 
collagen vascular diseases 

701.0, 710.x, 714.x, 720.x, 
725.x 

701.0, 710.x, 714.x, 720.x, 
725.x 

L94.0, L94.1, L94.3, M05.x, 
M06.x, M08.x, M12.0, 
M12.3, M30.x, 

M31.0-M31.3, 
M32.x-M35.x, 

M45.x, M46.1, M46.8, 
M46.9 

446.x, 701.0, 710.0-710.4, 
710.8, 710.9, 711.2, 714.x, 
719.3, 720.x, 725.x, 728.5, 

728.89, 729.30 

Coagulopathy 286.x, 287.1, 287.3-287.5 286.x, 287.1, 287.3-287.5 D65-D68.x, D69.1, 
D69.3-D69.6 

286.x, 287.1, 287.3-287.5 

Obesity 278.0 278.0 E66.x 278.0 

Weight loss 260.x-263.x 260.x-263.x, 783.2 E40.x-E46.x, R63.4, R64 260.x-263.x, 783.2, 799.4 

Fluid and electrolyte 
disorders 

276.x 276.x E22.2, E86.x, E87.x 253.6, 276.x 

Blood loss anemia 280.0 280.0, 648.2 D50.0 280.0 

Deficiency anemia 280.1-281.9, 285.9 280.1-281.9, 285.2, 285.9 D50.8, D50.9, D51.x-D53.x 280.1-280.9, 281.x 

Alcohol abuse 291.1, 291.2, 291.5-291.9, 
303.9, 305.0, V113 

291.0-291.3, 291.5, 291.8, 
291.9, 303.x, 305.0 

F10, E52, G62.1, I42.6, 

K29.2, K70.0, K70.3, 
K70.9, T51.x, Z50.2, 
Z71.4, Z72.1 

265.2, 291.1-291.3, 
291.5-291.9, 303.0, 

303.9, 305.0, 357.5, 
425.5, 535.3, 

571.0-571.3, 980.x, 
V11.3 

Drug abuse 292.0, 292.82-292.89, 292.9, 

304.0, 305.2, 305.9 

292.0, 292.82-292.89, 

292.9, 304.x, 
305.2-305.9, 648.3 

F11.x-F16.x, F18.x, F19.x, 

Z71.5. Z72.2 

292.x, 304.x, 305.2-305.9, 

V65.42 

Psychoses 295.x-298.x, 299.1 295.x-298.x, 299.1 F20.x, F22.x-F25.x, F28.x, 

F29.x, F30.2, F31.2, F31.5 

293.8, 295.x, 296.04, 296.14, 

296.44, 296.54, 297.x, 
298.x 

Depression 300.4, 301.12, 309.0, 309.1, 
311 

300.4, 301.12, 309.0, 309.1, 
311 

F20.4, F31.3-F31.5, F32.x, 
F33.x, F34.1, F41.2, F43.2 

296.2, 296.3, 296.5, 300.4, 
309.x, 311 

Source: Quan et al. (2005) 



Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Introduction

* 1.	Is	reviewing	hospital	mortality	data	part	of	your	role?	This	may	be	at	national,	group	or
hospital	level	or	specific	to	a	specialty	e.g.	cardiology

Yes

No

Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Introduction	

* 2.	Are	you	trained	or	otherwise	experienced	in	using	the	National	Audit	in	Hospital
Mortality	(NAHM)	Tool?

Yes

No

Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Effectiveness	of	the	NQAIS	NAHM	Tool

* 3.	Do	you	use	the	NAHM	tool	as	part	of	your	role?

Yes

No

Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Effectiveness	of	the	NQAIS	NAHM	Tool

agree
neither	agree	nor	disagree	/

don't	know disagree

The	NQAIS	NAHM
tool	is	easy	to	access

4. Please	indicate	the	degree	to	which	you	agree	with	the	following	statements.

Appendix 3: Survey tools 

A3.1: Hospital data user survey 
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The	NQAIS	NAHM
tool	has	a	logical
navigation	flow

The	NQAIS	NAHM
tool	is	user	friendly
(to	explore	and
navigate)

The	output	from
NQAIS	NAHM	is
user	friendly
(summary	page	/
graphs)

The	output	from
NQAIS	NAHM	is
easy	understand
(e.g.,	SMR	/	Funnel
plots	/	CUSUMs)

It	is	easy	to	identify
the	patient	data	that
requires	deeper
understanding	(e.g.
the	use	of	the	record
selector)

The	NQAIS	NAHM
tool	prompts	an
exploration	of	the
quality	of	data
contributing	to	the
in-hospital	mortality
model

The	NAHM	tool
improves	the	quality
of	hospital-based
coding	and	mortality
data	(mortality	data
includes	diagnostic
codes,	patient
demographics,	date
of	death)

The	NQAIS	NAHM
tool	promotes
reflection	on	the
quality	of	overall
patient	care

In	my	experience,	I
have	some	evidence
of	the	NQAIS	NAHM
tool	identifying	areas
for	improvement	in
quality	of	care

It	is	easy	to	submit
queries	to	NOCA

Responses	from
NOCA	regarding
queries	on	the
NQAIS	NAHM	tool
are	timely	enough
for	my	purposes
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Responses	from
NOCA	regarding
queries	on	the
NQAIS	NAHM	tool
are	sufficient	for	my
purposes

The	frequency	of	the
update	of	data	to	the
hospital	system
(quarterly)	is
appropriate	for
providing	assurance

The	frequency	of	the
update	of	data	to	the
hospital	system
(quarterly)	is
appropriate	for
driving	improvement
in	quality	of	care

* 5.	Do	you	experience	any	barriers	to	using	the	NQAIS	NAHM	tool?	Please	tick	all	that	apply.

I	do	not	experience	any	barriers

I	have	a	specific	training	need

I	have	little	awareness	of	the	tool

I	have	difficulty	accessing	/	navigating	the	tool

I	have	a	knowledge	gap	in	how	to	interpret	the
data

I	do	not	have	sufficient	protected	time	for	audit
and	improvement

I	perceive	limited	value	of	the	tool

Other	(please	specify)

Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Effectiveness	of	the	NQAIS	NAHM	Tool	

* 6.	Does	your	role	involve	Quality	Improvement	at	hospital	level?

Yes

No

Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Effectiveness	of	the	NQAIS	NAHM	Tool
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*	7.	Do	you	use	a	structured	approach	to	Quality	Improvement	(in	response	to	hospital
mortality	findings	only),	such	as	a	checklist,	the	pyramid	approach,	IHI	Global	Trigger	Tool,
RCP	Structured	Judgement	Review,	Australia’s	Admitted	Patient	Death	Screening	Tool?	

Never

Rarely

Sometimes

Often

Almost	always

8.	If	you	use	a	structured	approach	to	Quality	Improvement	(in	response	to	hospital	mortality
findings	only),	please	describe	the	approach	/tool	to	QI	

Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Applicability	of	the	NAHM	Model
This	section	explores	the	applicability	of	variables	used	in	risk	adjustment	and	the
NAHM	models.

*	9.	Are	you	familiar	with	approaches	to	risk	adjustment	for	mortality	reporting	and	/	or	have
some	clinical	background?	

Yes

No

Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Applicability	of	the	NAHM	Tool	
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	 yes no don't	know

Age

Gender

Admission	type

Admission	source

Previous	emergency
admissions

	Deprivation
(medical	card)

Palliative	care	code
(included	in	the
model	since
November	2015)

Charlson
Comorbidity	Index
(recent	UK
weighting
modification)	

10.	For	each	diagnosis/group,	the	NAHM	model	adjusts	for	potential	confounders.	Please
identify	if	each	of	these	variables	should	be	continued	to	be	included	in	the	NAHM	risk
adjustment	model	

11.	The	current	NAHM	risk	adjustment	for	mortality	is	adequate	for	the	Irish	context?	

disagree

Neither	agree	nor	disagree	/	don't	know

agree
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not	applicable applicable don't	know

Acute	myocardial
infarction

AIDS

Cancer

Cancer	metastatic

Cerebral	vascular
accident

Congestive	heart
failure

Connective	tissue
disease

Dementia

Diabetes

Diabetes
complications

HIV

Liver	disease

Liver	disease	-
severe

Paraplegia

Peptic	ulcer

Pulmonary	disease

Peripheral	vascular
disease

Renal	disease

12. The	following	secondary	diagnoses	are	included	in	the	weighted	Charlson	Comorbidity
Index	as	an	assessment	of	comorbidity.	Please	indicate	how	applicable	these	are	to	the	Irish
system.
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*	13.	In	addition	to	the	Charlson	Comorbidity	Index	variables	identified	in	the	previous
question,	the	following	variables	are	included	in	another	hospital	comorbidity	risk	adjustment
model	as	an	assessment	of	comorbidity	(Elixhauser).	Which,	if	any	of	these	variables	add	any
clinically	meaningful	value	to	the	NAHM	approach?	

Alcohol	abuse

Blood	loss	anaemia

Cardiac	arrhythmias

Coagulopathy

Deficiency	anaemia

Depression

Drug	abuse

Fluid	and	electrolyte	disorders

Hypertension,	complicated	(e.g.	retinopathy)

Hypertension,	uncomplicated	(NAHM	just	has
hypertension)

Hypothyroidism

Lymphoma

Obesity

Other	neurological	disorders

Psychoses

Pulmonary	circulation	disorders

Valvular	disease

Weight	loss

Don't	know

None	of	the	above

Other	(please	specify)

*	14.	The	following	factors	have	been	identified	in	the	literature	in	other	models	of	hospital
mortality	or	by	international	experts	as	having	an	impact	on	hospital	mortality.	Which,	if	any,
additional	patient	factors	that	you	would	like	to	see	included	in	the	NAHM	model.	Please	tick
all	that	apply.	

Don't	know	/	unable	to	comment	on	this	section

Season	of	admission

Month	of	admission

Day	of	admission	(weekend	v	weekday)

Year	of	discharge

Severity	of	main	diagnosis

Length	of	stay

Urban	or	rural	status

Deprivation	indicator	-	eircode

Deprivation	indicators	-	aggregate	medical	card
and	eircode

Deprivation	indicator	-	other

Covid-19	present	on	admission

Hospital	acquired	Covid-19

Sepsis	present	on	admission

Hospital	acquired	sepsis

Ethnicity

Marital	status

Birthweight	(for	perinatal	diagnosis)

Intensive	care	stay

Specific	risk	adjustment	models	for	specific
conditions	e.g.	pneumonia,	AMI,	stroke	etc

None	of	the	above

Other	(please	specify)
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	 Included	in	the	risk
adjustment	model

Presented	alongside
mortality	data	as
contextual	factors

Don't	think	it	should
be	included Don't	know

Hospital	size	(>400
beds)

Teaching	status	of
hospital

Hospital	type
(specialist/general)

Staffing	(nurse	to
patient	ratio)

Bed	occupancy

Financial	pressure
on	the	hospital

Risk	assessment
practices

Trainee	satisfaction

Patient	satisfaction
survey

Staff	satisfaction
survey

Patient	volume	per
month

Enrolment	in	a
quality	reporting
project

None	of	the	above

Other	(please	specify)

15.	The	following	factors	have	been	identified	in	the	literature	in	other	models	of	hospital
mortality	or	by	international	experts	as	having	a	relationship	with	hospital	mortality.	Some	of
this	data	may	not	be	readily	available	for	some	of	the	items	mentioned	but	we	wish	to	know
what	is	important	to	you.	Please	identify	if	any	additional	hospital	factors	should	be	included
in	the	NAHM	risk	adjustment	model	or	presented	alongside	mortality	data	as
contextual	factors.	Please	tick	only	where	it	applies	
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* 16.	Please	identify	the	most	meaningful	way	(s)	to	report	hospital	mortality	for	covid-19	in
your	opinion.	Please	tick	all	that	apply.

Don't	know

Exclude	covid-19	admissions	from	reporting

Include	covid-19	admissions	in	our	set	of	diagnoses	of	interest	(whether	or	not	it	was	the	main	reason	for
admission)	and	adjust	for	the	presence	of	covid-19

Build	a	specific	model	for	covid-19	admissions	(whether	or	not	it	was	the	main	reason	for	admission)

None	of	the	above

Other	(please	specify)

Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Value	of	Public	Reporting
The	National	Audit	of	Hospital	Mortality	(NAHM)	Annual	Report	is	available	on	the
website	of	the	National	Office	of	Clinical	Audit.	Reports	available	here	This	section
explores	the	value	of	public	reporting.

agree
neither	agree	nor	disagree	/

don't	know disagree

The	NAHM	annual
report	from	NOCA
(on	six	conditions)	is
valuable	to	provide
assurance	for	the
public	and
policymakers

The	NAHM	annual
report	from	NOCA
(on	six	conditions)	is
valuable	in	driving
improvement	in
patient	care

The	NAHM	annual
report	is	easy	to
access

The	NAHM	annual
report	has	a	logical
flow

The	NAHM	annual
report	is	user
friendly	(to	explore

17. NAHM	currently	reports	the	standardised	mortality	ratio	for	ischaemic	and	haemorrhagic
stroke,	myocardial	infarction,	pneumonia,	COPD	and	heart	failure.	Please	think	carefully
about	the	degree	to	which	you	agree	with	the	following	statements:
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and	navigate)

The	content	of	the
NAHM	annual	report
is	user	friendly

The	content	of	the
NAHM	annual	report
is	easy	understand

The	NAHM	annual
report	should
continue	in	its
current	format	as	an
annual	publication
on	six	medical
diagnoses	at	hospital
level

The	NQAIS	NAHM
tool	should	only	be
available	as	an	in-
hospital	quality
improvement	tool
(this	means	no
publicly	available
reports)

The	NAHM	annual
report	should
continue	but	with
modifications:	please
specify	in	open
questions	below

There	should	be	a
more	interactive
public	tool	to	allow
the	public	to	run
their	own	analyses
(with	appropriate
data	safeguards)

Mortality	should	be
reported	publicly	for
more	than	the
current	six
diagnoses	that	are
reported	upon

Mortality	should	be
reported	publicly	for
all	diagnoses

Mortality	should	be
reported	publicly
reported	by
procedure

Reports	should
include	a	hospital
wide	mortality
indicator	(e.g.
Hospital	SMR)
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Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Open	Questions

18.	Please	describe	the	best	features	of	the	NQAIS	NAHM	tool.	

19.	Please	describe	the	best	features	of	the	NAHM	annual	report.	

20.	Please	describe	any	areas	for	improvement	to	the	NQAIS	NAHM	tool	that	would	make	it
more	effective	and	applicable	in	driving	improvement	in	quality	of	care.	

21.	Please	describe	any	areas	for	improvement	to	the	NAHM	annual	report	that	would	make
it	more	effective	and	applicable	in	driving	improvement	in	quality	of	care.	

Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Profile	of	the	Respondent

Other	(please	specify)

22.	Please	tick	the	one	option	that	best	describes	your	role.	

Quality	Manager

Data	Analyst

Epidemiologist	/	Statistician

CEO

Business	Manager

Clinical	Director	(acute	care)

Nurse/Nurse	Manager

Lead	Clinical	Director

Consultant	/	Non	Consultant	Hospital	Doctor

Department	of	Health	Personnel
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23. Please	tick	the	organisational	level	of	your	role.

Hospital

Hospital	Group

National

24. Please	indicate	the	approximate	length	of	time	that	you	have	been	in	this	role.

0-2	years

3-5	years

>5	years

25. How	familiar	are	you	with	the	NQAIS	NAHM	tool?

not	at	all	familiar

familiar

very	familiar

Other	(please	specify)

26. I	use	the	NQAIS	NAHM	tool	for...	please	tick	all	that	apply

Exploring	areas	for	improvement

For	research	purposes

For	assurance	purposes

For	service	evaluation

I	do	not	use	the	NAHM	Annual	Report	as	part	of
my	role

27. Have	you	reviewed	data	using	the	NQAIS	NAHM	tool	in	the	last	six	months?

Yes

No

Not	applicable	to	my	role

28. How	familiar	are	you	with	the	NAHM	annual	report?

Not	at	all	familiar

Familiar

Very	familiar

29. Which	NAHM	annual	reports	have	you	read?	Please	tick	all	that	apply.

2016

2017

2018

2019

I	have	never	read	a	NAHM	report
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30.	I	use	the	NAHM	annual	report	for:	please	tick	all	that	apply.	

Exploring	areas	for	improvement

For	research	purposes

For	assurance	purposes

For	service	evaluation

I	do	not	use	the	NAHM	Annual	Report	as	part	of
my	role

Other	(please	specify)

31.	Have	you	ever	attended	Hospital	Inpatient	Enquiry	(HIPE)	education	/	training?	

Yes

No

32.	How	familiar	are	you	with	HIPE?	

Not	at	all	familiar

Familiar

Very	familiar

Exploring	the	effectiveness,	applicability	and	value	of	the	National	Audit	in
Hospital	Mortality	model	in	providing	assurance	and	driving	improvement.

Follow-up	/	contact	details

33.	We	would	like	to	interview	a	selection	of	respondents	to	discuss	the	findings	of	this
survey.	If	you	would	be	willing	to	be	contacted	for	a	confidential,	follow-up	interview,	please
provide	your	email	address.
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Exploring	the	value	of	hospital	mortality	reporting	to	the	public

Information	leaflet
The	National	Office	of	Clinical	Audit	is	conducting	an	external	review	of	the	National
Audit	of	Hospital	Mortality	(NAHM).	As	part	of	this	work,	we	are	consulting	with	the
public	through	a	brief	(5-10	minute)	survey.

This	survey	aims	to	explore	the	value	of	reporting	of	hospital	mortality	rates	to	the
public.	We	are	seeking	adults	aged	18	or	over	who	live	in	the	Republic	of	Ireland	to
participate	in	this	survey.	

The	main	objectives	of	this	survey	are:
· To	understand	the	importance	of	public	hospital	mortality	reporting	to	the
public
· To	explore	the	public’s	awareness	of	the	National	Audit	of	Hospital	Mortality
annual	report
· To	explore	the	value	of	the	National	Audit	of	Hospital	Mortality	annual	report	to
the	public
· To	describe	the	demographics	of	the	respondents	to	inform	the	future	approach
to	public	reporting

This	information	will	be	used	to	inform	recommendations	to	improve	public
reporting	from	the	National	Audit	of	Hospital	Mortality.	No	individual	who
completes	the	survey	will	be	identified	in	the	presentation	of	the	findings.	The
summary	findings	will	be	included	in	our	final	report	on	the	NOCA	website	in	2022.
The	survey	will	be	available	for	two	weeks	until	Friday	18th	February	at	12pm.

If	you	would	like	any	further	information,	please	do	not	hesitate	to	contact
mariakehoe@noca.ie

*	1.	I	understand	the	purpose	of	the	survey	and	I	am	willing	to	participate	

Yes

No

Exploring	the	value	of	hospital	mortality	reporting	to	the	public

Introduction
This	survey	aims	to	explore	the	importance	and	value	of	reporting	of	hospital
mortality	rates	to	the	public.	We	are	seeking	adults	aged	18	or	over	who	live	in	the
Republic	of	Ireland	to	participate	in	this	survey.

*	2.	Please	confirm	that	you	are	over	18	years	of	age.	

Yes

No

A3.2: Public survey 
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Exploring	the	value	of	hospital	mortality	reporting	to	the	public

Introduction

*	3.	Please	confirm	that	you	live	in	the	Republic	of	Ireland	

Yes

No

Exploring	the	value	of	hospital	mortality	reporting	to	the	public

Importance	of	hospital	mortality	reporting	
Some	countries	throughout	the	world	report	public	scores	and	further	information
about	how	well	a	hospital	is	performing	relative	to	the	number	of	deaths	expected
given	the	types	of	patients	that	attend	the	different	hospitals.

*	4.	Please	indicate	how	important	public	reporting	of	hospital	mortality	is	to	you?	

Absolutely	essential

Very	important

Of	average	importance

Of	little	importance

Not	important	at	all

5. Why	is	hospital	mortality	reporting	important	to	you?	Please	tick	all	that	apply

I	am	interested	in	my	local	hospital’s	performance

I	am	interested	in	the	performance	of	other
hospitals

I	am	interested	in	hospital	performance	for
specific	diagnoses	(medical	conditions	like	heart
attack	or	stroke)

I	am	interested	in	hospital	performance	for
specific	procedures	or	operations	like	hip
replacement

I	am	interested	in	improvement	in	patient	care

I	am	interested	in	research

I	am	interested	in	quality	assurance	purposes

I	am	interested	in	service	evaluation

None	of	the	above

Other	(please	specify)

*	6.	Do	you	think	hospital	mortality	reporting	should	be	available	publicly	

Yes

No

Unsure
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7.	Please	give	reason/s	for	your	answer	

8.	Which	(if	any)	of	the	following	approaches	to	hospital	mortality	reporting	would	be	most
useful	to	you?	Please	tick	all	that	apply	

An	annual	report	published	on	a	website

An	interactive	web-based	public	tool	to	allow	you	to	run	your	own	analyses	(with	appropriate	data
safeguards)

Mortality	should	be	reported	publicly	for	a	select	number	of	diagnoses	(such	as	heart	attack,	stroke,
pneumonia	etc.)

Mortality	should	be	reported	publicly	for	all	diagnoses

Mortality	should	be	reported	publicly	reported	by	procedure	like	hip	replacement

Reports	should	include	a	hospital	wide	mortality	measure	(i.e.,	not	just	for	a	few	diagnoses	or	procedure
groups	but	for	all	admissions)

Hospital	mortality	findings	should	be	displayed	in	hospitals	(for	example	on	posters)

Hospital	mortality	findings	should	be	displayed	on	hospitals	own	websites

Hospital	mortality	findings	should	be	published	in	the	media

Hospital	mortality	findings	should	be	made	available	in	pharmacies

None	of	the	above

All	of	the	above

Other	(please	specify)
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9.	Which	(if	any)	of	the	following	you	would	like	to	see	presented	alongside	information	about
hospital	mortality?	

Hospital	size	(i.e.	how	many	beds)

Teaching	status	of	hospital

Hospital	type	(specialist/general)

Staffing	(nurse	to	patient	ratio)

Bed	occupancy

Financial	pressure	of	the	hospital

Risk	assessment	practices

Trainee	satisfaction

Patient	satisfaction	survey

Staff	satisfaction	survey

Patient	volume	per	month

Enrolment	in	a	quality	reporting	project

None	of	the	above

Other	(please	specify)

Exploring	the	value	of	hospital	mortality	reporting	to	the	public

Awareness	of	the	NAHM	Annual	Report
The	National	Audit	of	Hospital	Mortality	(NAHM)	Annual	report	is	available	on	the
website	of	the	National	Office	of	Clinical	Audit.	Reports	available	here

*	10.	Have	you	ever	read,	either	in	part	or	in	full,	a	NAHM	Annual	report	from	the	website	of
the	National	Office	of	Clinical	Audit?	

Yes

No

Exploring	the	value	of	hospital	mortality	reporting	to	the	public

The	value	of	the	NAHM	Annual	Report

*	11.	How	familiar	are	you	with	the	NAHM	Annual	report?	

Very	familiar

Familiar

Not	at	all	familiar
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12.	I	use	the	NAHM	annual	report	for:	please	tick	all	that	apply	

I	am	interested	in	my	local	hospital’s
performance	

I	am	interested	in	the	performance	of	other
hospitals

I	am	interested	in	hospital	performance	for
specific	diagnoses	(medical	conditions	like	heart
attack	or	stroke)

I	am	interested	in	improvement	in	patient	care

I	use	the	report	for	research	purposes

I	use	the	report	for	quality	assurance	purposes

I	use	the	report	for	service	evaluation

I	do	not	use	the	NAHM	annual	report

Other	(please	specify)

	 agree
Neither	agree	nor	disagree	/

don't	know disagree

The	NAHM	annual
report	from	NOCA
(on	six	conditions)	is
valuable	to	provide
assurance	for	the
public	and
policymakers

The	NAHM	annual
report	from	NOCA
(on	six	conditions)	is
valuable	in	driving
improvement	in
patient	care

The	NAHM	annual
report	is	easy	to
access

The	NAHM	annual
report	has	a	logical
flow

The	NAHM	annual
report	is	user
friendly	(to	explore
and	navigate)

The	content	of	the
NAHM	annual	report
is	user	friendly

The	content	of	the
NAHM	annual	report
is	easy	understand

The	NAHM	annual
report	should
continue	in	its
current	format	as	an

13.	The	NAHM	annual	report	currently	reports	a	measure	of	mortality	for	six	medical
conditions.	These	are	two	different	types	of	stroke,	heart	attack,	pneumonia,	Chronic
Obstructive	Pulmonary	Disease	(a	common	lung	condition)	and	heart	failure.	Please	think
carefully	about	the	degree	to	which	you	agree	with	the	following	statements:	
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annual	publication
on	six	medical
diagnoses	at	hospital
level

A	hospital	mortality
reporting	tool	should
only	be	available	as
an	in-hospital	quality
improvement	tool
(this	means	no
publicly	available
reports)

The	NAHM	annual
report	should
continue	but	with
some	changes:
please	specify	in
comment	box	below

14. Please	describe	the	best	features	of	the	National	Audit	of	Hospital	Mortality	annual
report.

15. Please	describe	any	areas	for	improvement	to	the	NAHM	annual	report	that	would	make
it	more	relevant	or	valuable	to	you	as	a	previous,	current	or	potential	hospital	user.

Exploring	the	value	of	hospital	mortality	reporting	to	the	public

About	You
The	following	questions	helps	us	to	understand	to	whom	hospital	mortality	reporting
is	important.
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16. Please	tick	the	one	option	that	best	describes	you	now

Member	of	the	public	with	no	experience	of
staying	overnight	in	hospital	(for	myself	or
someone	important	to	me)

Member	of	the	public	with	some	experience	of
staying	overnight	in	hospital	(for	myself	or
someone	important	to	me)

Current	inpatient

Prospective	inpatient	(awaiting	an	inpatient
admission	for	a	planned	procedure	in	the
foreseeable	future)

NOCA	Patient	and	Public	Interest	Representative

Policymaker

Prefer	not	to	say

Other	(please	specify)

17. Please	choose	your	age	category.

Age	>94	years

Age	77-94	years

Age	58-76	years

Age	42-57	years

Age	26-41	years

Age	18-25	years

Prefer	not	to	say
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Appendix 4: Implementation road map
Recommendations from this review are presented in Table 8.1 to Table 8.12 in Chapter 8. The 
recommendations were considered through the prism of effort, resourcing and funding required to 
provide a road map for implementation (Table A4.1). 

Table A4.1: Implementation road map 
Stage Recommendation Estimated time 

taken to complete 
Summary of main task 
and enabler 

Responsibility once 
recommendation 
endorsed and funded (if 
appropriate) 

1.  Promotion of the 
National Audit of 
Hospital Mortality 
(NAHM) as a national 
quality improvement 
tool (Recommendation 
12) 

Ongoing Leadership and 
governance of NAHM 

NOCA NAHM 

Governance Committee 

NOCA NAHM Clinical 
and Executive Leads 

2.  Implement definitions 
and explanations of 
statistical terms within 
the National Quality 
Assurance Improvement 
System (NQAIS) NAHM 
user interface 
(Recommendation 5) 

6 months Information 
technology 
development as soon 
as funding is available 

NAHM Analysis and 
Display Scientific Team 
(ADST) 

Implement a flexible 
flagging system and 
amend COVID-19 flags 
(Recommendations 6 
and 7) 

3.  Implement Kaplan-
Meier survival curves in 
the NQAIS NAHM tool 
(Recommendation 8) 

6 months IT development as 
soon as funding is 
available 

NAHM ADST 

4.  Develop guidance for 
data users 
(Recommendation 9) 

1 year Research and 
development support 
as resources allow 

NOCA 

5.  Commission statistical 
analysis to assess the 
Elixhauser Comorbidity 
Index compared with 
the Charlson 
Comorbidity Index 
(Recommendation 3) 

3 months Research and 
development as soon 
as funding allows for 
National Health 
Intelligence Unit 
(NHIU)/statistical 
research post 

NHIU/independent 
statistical researcher 
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Stage Recommendation Estimated time 
taken to complete 

Summary of main task 
and enabler 

Responsibility once 
recommendation 
endorsed and funded (if 
appropriate) 

6.  Commission statistical 
analysis to assess 
lowering the alerting 
threshold and assess the 
feasibility of peer group 
benchmarking 
(Recommendations 1 
and 2) 

6 months Research and 
development as soon 
as funding allows for 
NHIU/statistical 
research post 

NHIU/independent 
statistical researcher 

7.  Implement the hospital 
standardised mortality 
ratio (HSMR) in the 
public report 
(Recommendation 10) 

This should be 
implemented in a 
phased approach 
after the modelling 
work and threshold 
reduction 
(Recommendations 
1–3) have been 
completed. 

Data presentation as 
resources allow 

NOCA Data Analytics 
and Research Team 

8.  Display 
HSMR/standardised 
mortality ratio (SMR) 
data over time publicly 
(Recommendation 11) 

There may be 
opportunity when 
dashboards are 
being implemented 

Data presentation as 
resources allow 

NOCA Data Analytics 
and Research Team 

9.  Assess the feasibility of 
using additional 
datasets to enhance the 
NQAIS NAHM tool 
(Recommendation 4) 

1 year Data linkage – 
depending on funding 
and resource 
allocation 

NOCA 
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