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Disclaimer 
The information contained in this document is intended for general commentary only. None of the information is, or should 
be regarded as, medical or professional advice. 

While ANZICS has endeavoured to ensure that the information in this document is accurate and current at the time of 
publication, ANZICS and its officers, employees and agents do not accept responsibility for any person who acts or relies in any 
way on the information without first obtaining independent advice specific to their circumstances.  

Any opinions or recommendations contained in this document are those of the respective author(s) and not ANZICS (or its 
officers, employees and agents). 
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Executive Summary 

For more than 20 years ANZICS Centre for Outcome and Resource Evaluation (CORE) has been providing auditing 
and benchmarking of Intensive Care performance bi-nationally across Australia and New Zealand. Comparative 
reports are provided to submitting units, Jurisdictional groups responsible for clinical performance, safety and 
quality of care.  

The success of ANZICS CORE has been achieved through enduring partnerships with all Jurisdictional health 
departments and the strong engagement and commitment from the ICU clinical community.  

 

The ANZICS CORE Registries  

• The Adult Patient Database (APD) is one of the largest clinical ICU datasets in the world with more than 2 
million de-identified patient episodes submitted since 1992. 

• The Australian and New Zealand Paediatric Intensive Care (ANZPIC) Registry holds more than 170,000 
patient episodes since 1997. 

• The Critical Care Resources (CCR) Registry collects annual data on resources (e.g. ICU beds, staffing levels, 
and processes of care) dating from 1997. 

• The Central Line Associated Bloodstream Infections (CLABSI) Registry that commenced in 2012. 
 

The Aims of ANZICS CORE 

• To provide comparative benchmarking reports to submitting ICUs and health department detailing variation 
in risk adjusted clinical outcomes, process measures, and quality of care indicators.  

• Identify and provide additional analysis when submitting ICU appears as an outlier. 
• Provide a data quality and education program to support submission of high quality data to produce the 

most accurate benchmarking reports. 
• Assist researchers to identify potential areas of improvement of Intensive Care practices and outcomes. 

This report provides and overview of ANZICS CORE activities up to June 2017. Where stated, data is drawn from 
the 2015/16 period to enable comparative reporting across the CORE Registries. Detailed activity reports for 
2016/17 will be available in December 2017. 

About Us  

Registry Clinical Leads  

Dr Peter Hicks (CORE Chair) 
Prof David Pilcher         - APD  
Dr Johnny Millar          - ANZPIC  
Dr Ed Litton           - CCR 
 
 
 
 

The CORE Team  

Sue Huckson - Manager CORE  
Shaila Chavan  - Senior Project Lead 
Jostein Saethern  - Project Officer, Programming 
Tatjana Kriveca - Data Analyst 
Kerry McClean - Project Officer, Data Quality & Education 
Tamara Bucci  - Project Support Officer 
Emma Fenney  - Project Support Officer 
Jan Alexander  - Research Manager (ANZPIC) 
Julieta Woosley - Research Assistant (ANZPIC) 
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Who We Work With  

Collaboration is central to how CORE works to achieve a high level of engagement from the ICU clinical community, 
Jurisdictional Health Departments and other agencies. We would like to acknowledge the support of the following:  

Our Funders  

• Australian Capital Territory Health 
• Northern Territory Department of Health 
• Tasmanian Department of Health and 

Human Services   
• New South Wales Ministry of Health 
• South Australian Health 

• Western Australia Department of Health  
• Queensland Health  
• Victorian Department of Health and 

Human Services  
• New Zealand Health Commission on Safety 

and Quality  
 

National and International Agencies  

• College of Intensive Care Medicine  
• Australian Commission on Safety and 

Quality in Health Care  
• The Australian Institute of Health and 

Welfare 

• The Australian Organ and Tissue Authority  
• Agency for Clinical Innovation - New South 

Wales   
• Health Round Table  

 

Research Agencies  

• Australian and New Zealand Intensive Care 
- Research Centre, Monash University, 
Melbourne 

• The George Institute, Sydney 
• University of Adelaide  
• SAX Institute 

Collaborating International Organisations

• Japanese Intensive Care Society 
• Intensive Care National Audit & Research 

Centre (ICNARC), UK 
• Massachusetts Institute of Technology, 

(MIT) US 

• Sultan Qaboos University Hospital, Oman  
• Prince of Wales Hospital, Hong Kong  
• Nemazee Hospital, Iran  

 

All the submitting Intensive care units and their staff. 

We thank and appreciate the efforts of all the clinicians, data collectors and researchers with whom we have day-
to-day contact and our colleagues within ANZICS.  

 
Our Committees and Working Groups  

• The Jurisdictional Advisory Group,  with representatives from all Jurisdictional Funders  
• The CORE Committee with representatives from: 

- ANZICS Executive, ANZICS Clinical Trials Group, ANZICS Safety and Quality Committee, and ANZICS 
Paediatric Group  

- CORE Working Groups (Research Publication and Outlier Working Groups) 
- College of Intensive Care Medicine (CICM) trainees 
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Why Monitor Intensive Care in Australia and New Zealand? 

Intensive Care Units (ICUs) manage the most critically ill patients in the health system. In the 2016/17 period over 
150,000 patients were admitted to ICUs across Australia and New Zealand (143,967 in Australia and 13,707 in New 
Zealand).  

The benchmarking of Intensive Care Services has been an important area of work undertaken by ANZICS since 1993. 
The registries have grown in number and to date the coverage sees almost 90% of patients admitted to Intensive 
Care Units across Australia and New Zealand included in the ANZICS CORE Registries. The data collected is 
de-identified and units receive comparative reports of their performance against peer hospitals.   

The ICU is often considered as the ‘canary in the coal mine’, meaning the registry data can provide early signs of 
problems elsewhere in the healthcare system. Internationally and nationally high profile adverse events and 
pandemics have been identified through the process of monitoring ICU outcomes. Examples of this include excess 
deaths reported after paediatric cardiac surgery in Bristol, Severe acute respiratory syndrome (SARS) and H1N1 
Influenza.   

Provision of Intensive Care Services is a high cost to a healthcare system, in 2017 it is estimated to be $2.7 billion in 
Australia and $276 million in New Zealand based on average cost per ICU bed of $4657 and ICU bed days as reported 
through the annual CCR survey. The auditing and benchmarking activity of ANZICS CORE provides information 
required to monitor variation in practice and report against National Quality Standards.  

 
Benchmarking Clinical Outcomes and Monitoring Outliers  

In 2015/16, data from over 150,000 patient records was submitted, with comparative reports provided to individual 
units and regional reports provided to the Jurisdictional funders. In this period 6 sites were identified as Outliers, 
where they appeared to have excess ICU deaths compared to their peer hospitals, 2 of the 6 sites were recurrent 
outliers after 12 months.  All sites underwent in depth analysis to review data quality, case mix and other potential 
areas of difference with regard to staffing and resources.  

The ANZICS CORE Outlier Working Group review all outlier reports to ensure there is relevant clinical judgement 
applied.  Final reports are provided to the ICU Directors, the hospital CEOs and Jurisdiction data review committees 
within 4 weeks of notification. It is the responsibility of the hospital and Jurisdiction data review committees to 
follow up and address the issues identified by ANZICS CORE.1  

Figure 1 Example of an ANZROD SMR Funnel Plot used to Identify a Potential Outlier 

 
ANZROD= Australian New Zealand Risk of Death model.   SMR = Standard Mortality Ratio. The funnel plot is based on the 
overall mean of the SMR of the peer group. 

1 Identification and assessment of potentially high-mortality intensive care units using the ANZICS Centre for Outcome and Resource Evaluation 
clinical registry. McClean K, Mullany D, Huckson S, van Lint A, Chavan S, Hicks P, et al. Crit Care Resusc. 2017 Sep;19(3):230–8. 
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Why is the Work of the ICU Registries Important? 

The ANZICS CORE Registries are cost effective 

In 2016 the Australian Commission on Safety and Quality in Health Care (ASQHC) engaged Monash University and 
Health Outcomes Australia to evaluate the economic impact of five Australian Clinical Quality Registries including 
the ANZICS Adult Patient Database.   

This study reviewed the APD outlier management process and reported a 4:1 cost benefit (i.e. $4 saved in healthcare 
costs for every $1 spent on the registry = net benefit $26 million over eight years!). Economic benefit was measured 
through the reduction in ICU mortality and average length of stay, directly attributable to the identification and 
review of outlying units.  

Overall the study showed that Australian Clinical Quality Registries have delivered significant value. Each of the five 
registries had an influence on clinical practice and improved the value of healthcare delivery at relatively low cost. 

Figure 2  ANZICS APD Outlier Management Program Benefits 
 

 

Source: The Australian Commission on Safety and Quality in Health Care.  
Economic evaluation of clinical quality registries:  

Final report. Sydney: ACSQHC; 2016 
 

ANZICS CORE is one of the highest priority clinical registries 

In November 2016 the Australian Commission for Safety and Quality in Healthcare (ACSQHC) published the 
prioritised list for a national strategy on development of Clinical Registries.  The approach combined the available 
data with collective judgement of experts and commentary from 32 organisations including Jurisdictional Health 
Departments, professional medical and nursing organisations, academic institutions, private hospital groups and 
consumers.  

The ANZICS ‘Adult Critical Care Registry’ was ranked the second highest tier for prioritisation for development, 
quoting ‘the serious consequences of poor quality care, very high strong clinical support and leadership and is a 
National registry with close to complete coverage’. 

Source: The Australian Commission on Safety and Quality in Health Care. Prioritised list of  
clinical domains for clinical quality registry development:  

Final report. Sydney: ACSQHC; 2016 
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Profile of Intensive Care Services across Australia and New 
Zealand  

Figure 3 Profile of Total Public and Private ICUs across Australia and New Zealand 
 

 

 
Source: CCR Registry and follow-up of sites by phone to obtain remaining bed numbers not reported.  
Population was 24,127,200 for Australia and 4,693,000 for New Zealand.  
http://www.stats.govt.nz/browse_for_stats/population/estimates_and_projections/NationalPopulationEstimates_HOTPAt30Ju
n16.aspx  
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0 
 
ANZICS CORE is unique providing benchmarking of ICU performance and resources across regional, state, federal 
and international jurisdictions. ANZICS CORE also provides ICU registry services to Oman, Hong Kong and Iran.  

Queensland  
410 ICU Beds 
(36 Adult ICUs, 1PICU) 

Northern Territory 
22 ICU Beds 
(2 Adult ICUs) 

Western Australia 
171 ICU Beds 
(13 Adult ICUs, 1 PICU) 

South Australia 
160 ICU Beds 
(11 Adult ICUs, 
 1 PICU) 

New South Wales 
867 ICU Beds 
(67 Adult ICUs, 2 PICUs) 

Tasmania  
46 ICU Beds 
(4 Adult ICUs, I NICU/PICU) 

Victoria 
460 ICU Beds 
(40 Adult ICUs, 1 PICU) 

Australian Capital Territory 
46 ICU Beds 
(4 Adult ICUs) 
 
 

New Zealand  
249 ICU Beds 
(29 Adult ICUs, 1 PICU) 

Australia 
9.04 beds per 100,000 population 
 
 
 

New Zealand 
5.31 beds per 100,000 population 
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Participation in the CORE Registries  

Over 80% of ICUs contribute data to the ANZICS CORE Registries with over 90% of all admissions captured in both 
adult and paediatric registries. Sites that do not contribute data are predominantly smaller private ICU’s and rural 
units where resources for data collection may be constrained.  

Adult Patient Database (APD) 
 

 
Figure 4 Contributions to the APD 

 

 

Source: APD  

 

Critical Care Resources (CCR) Registry 
 

 
Figure 6 Contributions to the CCR Registry 

 
Note: in 2009 to capture information related to the 
H1N1 pandemic resulted in a reduction of sites 
contributing to CCR. 

Source: CCR Registry  

Australian and New Zealand Paediatric 
Intensive Care (ANZPIC) Registry 
 

Figure 5 Contributions to the ANZPIC Registry 
 
 

 

Source: ANZPICR  

 

Central Line Associated Bloodstream 
Infection (CLABSI) Registry  
 

Figure 7 Contributions to the CLABSI Registry 

 
 
Source: CLABSI Registry  

F in a n c ia l Y e a r

N
u

m
b

e
r 

o
f 

C
o

n
tr

ib
u

ti
n

g
 S

it
e

s

0

2 5

5 0

7 5

1 0 0

1 2 5

1 5 0

1 7 5

2 0 0
S ite s

N
u

m
b

e
r 

o
f 

A
d

m
is

s
io

n
s

2 0 0 7
2 0 0 8

2 0 0 9
2 0 1 0

2 0 1 1
2 0 1 2

2 0 1 3
2 0 1 4

2 0 1 5
2 0 1 6

0

2 5 ,0 0 0

5 0 ,0 0 0

7 5 ,0 0 0

1 0 0 ,0 0 0

1 2 5 ,0 0 0

1 5 0 ,0 0 0

1 7 5 ,0 0 0

A d m is s io n s

Financial Year

N
um

be
r o

f c
on

tri
bu

tin
g 

si
te

s

20
07

 
20

08
 

20
09

 
20

10
20

11
20

12
20

13
20

14
  

20
15

 

20
16

  
0

50

100

150

200

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

0

5

10

15

20

25

30

35

40

0

2,000

4,000

6,000

8,000

10,000

12,000

Calendar Year

N
um

be
r o

f C
on

tr i
bu

tin
g 

S i
te

s

N
um

be
r o

f A
dm

is
si

on
s

Sites
Admissions

F in a n c ia l Y e a r

N
u

m
b

e
r 

o
f 

c
o

n
tr

ib
u

ti
n

g
 h

o
s

p
it

a
ls

2 0 1 3 /1 4 2 0 1 4 /1 5 2 0 1 5 /1 6

0

5 0

1 0 0

1 5 0

2 0 0

P u b lic  H o s p ita ls  C o n trib u tin g

P riv a te  H o s p ita ls  C o n trib u tin g

T o ta l N u m b e r o f H o sp ita ls

10 
 



 

The Adult Patient Database 

Who Contributed?  

In 2015/16 there were 214 ICUs across Australia 
and New Zealand: 

• 76.1% of Australian ICUs (140/184) 

• 60.0% of New Zealand of ICUs (18/30) 

• 100% of all adult tertiary ICUs (40/40), with  

• 149,691 admissions (135,759 from Australia, 
13,932 from New Zealand) 

 

 

ICU Activity and Resources  

• 471,282 bed days used in the treatment of 
adult patients in 2015/16. 

• 2.4% admissions had a length of stay (LoS) 

more than 14 days and accounted for 20.6 % 
bed days. 

• 34.6% of admissions required mechanical 
ventilation. 

 

 

Clinical Outcomes for Adult Patients  

• Observed hospital mortality of  

- 7.9% in Australia, and  

- 9.3% in New Zealand 
• Predicted risk of death (ANZROD) was  

- 7.9% in Australia, and  

- 7.7% in New Zealand  
• There was a continued decline in the 

Standardised Mortality Ratio (SMR) from 2007 
to 2016. 

 

Monitoring and Data Review 

• Quarterly risk adjusted reports provided to 150 
individual units and 7 Jurisdictional data review 
Committees.  

• 6 units were identified as Potential Outliers 
and were investigated to determine issues 
that contributed to the reporting of a higher 
SMR. 

 
 

 

Monitoring Outcomes in Adult ICU’s  

Outcomes have progressively improved over the past ten years. Patients admitted to ICU’s across Australia and New 
Zealand in 2015/16 had a lower mortality than patients admitted during the 2006/07 (Figure 8).  Changes in case 
mix and increasing numbers of low risk elective surgical admissions have reduced the raw mortality. However 
improvements in clinical care inside and outside the ICUs have reduced the risk adjusted mortality (SMR) based on 
the ANZROD model. 

Figure 8 ANZROD Observed and Predicted 
Hospital Mortality (95% CI) – 10 Year Trend 

Source: APD      

Figure 9 ANZROD SMR (95% CI) – 10 Year 
Trend 

 Source: APD 
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The Australian and New Zealand Paediatric Registry 

Who Contributed? 

• 100% of all PICUs and 21 mixed 
adult/paediatric ICUs bi-nationally. 

• 11,187 admissions to paediatric intensive care 
units (PICU). 

• 92% of all paediatric ICU admissions in 
Australia & New Zealand. 

• Over 167,000 admissions from 1997 to 2016. 
 

Clinical Outcomes for Paediatric Patients  

• 3.8% Paediatric observed hospital mortality  
• Paediatric observed ICU mortality and the 

predicted ICU mortality were the same at 2.3% 
(PIM3-anz15 mortality prediction model). 
 

ICU Activity and Resources  

• 40,990 bed days used in the treatment of 
paediatric patients in 2015/16.  

• 4.0% admissions had LoS more than 14 days, 

and accounted for 36.7% bed days. 

• 41.2% admissions had an intubation episode, 

49.8% of admissions required non-invasive or 
invasive ventilation. 

Monitoring and Data Review 

• ANZPIC Registry Clinical Advisory Committee 
(ARCAC) review all data and reports.   

• Risk-adjusted outcomes of contributing units in 
2016 was within acceptable limits. 

 

Monitoring Outcomes in Paediatric ICU’s 

The Paediatric Registry also report ICU efficiency, where the SMR based on PIM3-anz15 score (Figure 10) is used as 
the indicator of clinical performance, and a risk-adjusted length of stay model is used as a marker of resource use 
(Figure 11). The units in specific quadrants can be described as most efficient (bottom left), least efficient (top right), 
effective but at the expense of high resource use (bottom right), and SMR greater than 1.0 with lower resource use 
(top left).  Reporting cycle sees the overall 2016 reporting to be available in 2017, individual units receive real time 
reports through the ANZICS CORE online reporting tool.

Figure 10 Funnel Plot of PIM3-anz15 SMRs for 
Contributing Units in 2016 

Figure 11 ANZPICR Rapport-Teres Plot of 
Efficiency 2016 

Source: ANZPIC Registry   
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Reporting Variation and Practice Change  

Variation in Practice 

After-hours discharge (from 6pm-6am) has been associated with an increased risk of death2,3,4. The most commonly 
cited indication for after-hours discharge is the emergency admission of a more unwell patient 5, 6 against the 
potential risk to another who is discharged after-hours. There has been minimal change in the after-hours discharge 
rate across all hospital types in the period from 2011/12 to 2015/16.

Figure 12  After-Hours Discharge by Hospital   
Type  

Figure 13 ICU Patients Discharged After Hours 
(6pm-6am) From Tertiary ICU’s 

Source: APD 
 

Changes in  Ventilation  

Data from the Adult Patient Database shows changes in ventilation practice in ICU’s  over time. Figure 14 shows a 
continued reduction in rates of invasive ventilation in Tertiary and Metropolitan hospitals with little change in 
Rural ICU’s. Rate of invasive ventilation over recent years has remained relatively unchanged.  

Figure 14 Proportion of Adult Patients Ventilated in the First  
24hrs of ICU Admission – 5 Year Trend  

Source: APD 

2Gantner D, Farley K, Bailey M, Huckson S, Hicks P, Pilcher D. Mortality related to after-hours discharge from intensive care in Australia and New 
Zealand, 2005-2012. Intensive Care Med. 2014 Oct; 40(10):1528–35. 
3 Pilcher DV, Duke GJ, George C, Bailey MJ, Hart G. After-hours discharge from intensive care increases the risk of readmission and death. 
Anaesth Intensive Care. 2007 Aug; 35(4):477-85. 
4 Goldfrad C, Rowan K. Consequences of discharges from intensive care at night. Lancet. 2000 Apr 1; 355(9210):1138-42. 
5 Mokart D, Lambert J, Schnell D et al Delayed intensive care unit admission is associated with increased mortality in patients with cancer with 
acute respiratory failure. Leuk Lymphoma 2013 54:1724–1729.  
6 Bing-Hua YU (2014) Delayed admission to intensive care unit for critically surgical patients is associated with increased mortality. Am J Surg 
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Intensive Care Activity and Resources  

Changes in Number of Available ICU Beds and Patient Days 

The annual Critical Care Resources Registry survey monitors trends in ICU activity and resources across Australia and 
New Zealand with data on admissions, number of patient days, number of beds, occupancy, staffing and processes 
of care.  

In 2015 new variables were added to the annual CCR survey including the intention to increase bed numbers in the 
following year. This provides the capacity to report on the current bed numbers, future capacity and growth across 
Jurisdictions.   

Figure 15 shows overall percentage growth per year in number of available and physical beds across Australia and 
New Zealand. Figure 16 shows the trend in percentage change in available and physical beds. 

Figure 15 Growth in Available and Physical ICU 
Beds (Adult and Paediatric) – 5 Year Trend 

Figure 16 Percentage Change in Available and 
Physical Beds (Adult and Paediatric) – 4y 
Year Trend 

Source: CCR 

 

Growth of Intensive Care Services by Jurisdictions  

Figure 17 shows growth in the number of ICUs from 2011/12 to 2015/16 across Australia and New Zealand.  

Figure 17 Growth in ICUs by Jurisdictions over Five Years 

Source: CCR 
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Intensive Care Activity and Resources continued  

Intensive Care Admissions  

Figure 18 compares ICU activity across all Jurisdictions including combined adult and paediatric admissions.  

Figure 18 ICU Admissions by Jurisdiction  - 5 Year Trend  

Source: CCR 

Declined Admissions and Exit Block  

The CCR survey collects two variables on declined admissions: declined admission due to cancelled elective 
surgery and declined admissions due to inadequate resources. This data is combined to calculate an overall 
declined admission rate.  

Figure 19 Median Declined Admissions by Jurisdiction  

Source: CCR 
 
Exit Block is defined as a delay in the discharge of a patient of 6 hours or more, and is often considered a marker 
of pressure within the system preventing admission of critically unwell patients (Figure 20).  

Figure 20 Rate of Exit Block by Jurisdiction from 2013/14 – 2015/16  

Source: CCR 
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Our Achievements  

Development of Strategic IT Platform  

2016/17 saw the culmination of 4 years work to establish a strategic IT platform to support the auditing and 
benchmarking activities of ANZICS CORE. Additional funding was provided for the development of the CORE 
Enterprise Reporting System which went live in 2015. The new data collection tool went live in 2017.   

 

Online Reporting:  CORE Enterprise Reporting (CERS) 

The reporting system provides submitting units and jurisdictions access to online comparative reports. New 
reports have been added in response to requests from the clinical community and funding agencies. Summary 
tables provide comparative data related to individual ICUs and Jurisdictional Health Departments. 

 

Online Data Collection: 

The implementation of the ANZICS COMET (CORE Outcome Measurement and Evaluation Tool) data collection 
tool commenced in June 2017. COMET is a web based application hosted with the Australian Institute of Health 
and Welfare (AIHW).  The web based system removes the reliance on local hospital installations and enables 
individual ICUs to easily access a data collection system.  This allows hospitals to submit ICU data to ANZICS for 
reporting. The separation of identified patient information in COMET from de-identified patient information in 
the central ANZICS reporting system (CERS) is deliberate to support patient privacy, security and trust. 

 

Table shown is a sample Jurisdictional report 
where sites are de-identified. 

Central Portal provides a single log-on for all 
registries.  
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Our Achievements continued  

ANZICS CORE Datathon – Engaging the Clinical Community with Data  

ANZICS hosted the first Critical Care Datathon in March 2017. The aim of the event was to provide opportunities 
for ICU doctors in training to be exposed to the data and a broader range of professional involved when 
undertaking research.   

Three large datasets were prepared, with records from 2 million admissions and almost 300 ICUs in both the 
United States and Australia. The goal of the Datathon was to answer clinical questions through data analysis.  

115 participants formed 19 teams who worked into the night, over a weekend, each investigating distinct clinical 
questions. Mentors, who had a high level of the data and statistical skills required, were on hand to provide 
immediate support.  

The event resulted in on-going multi-disciplinary collaboration between researchers, clinicians, statisticians and 
data scientists with eleven projects presented at the ANZICS and College of Intensive Care Medicine conferences. 
Few forums have the capacity to provide such concentrated research output in such a short time.  

Sponsorship and financial support were provided by Philips Healthcare, The Alfred Hospital, The Austin Hospital, 
University of Melbourne, IBM, and MIT. This support was essential to the success of this event. 

 

 

 

The Global Open Source International Severity Score (GOSISS) Project  

ANZICS CORE is partnering with the Massachusetts Institute of Technology (MIT), Philips Healthcare and with critical 
care registry groups around the world to create an international severity of illness score. At present, groups from 
the following countries have provisionally agreed to be involved: Netherlands, Belgium, Japan, Brazil, and Ireland.  
 
  

Teams working hard Presenting results  
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Reporting Outcomes  

Regular feedback to key stakeholders is a critical role provided by the ANZICS CORE to support practice change and 
ensure ongoing high quality of Intensive Care Services. ANZICS CORE provides annual activity reports on each of the 
Registries detailing the performance and trends over time. These are available on the ANZICS CORE website with 
electronic copies disseminated widely to all key stakeholders including Jurisdictional data review committees, 
contracted private hospitals and other organisations aligned with delivery of Intensive Care Services. 
http://www.anzics.com.au/Pages/CORE/CORE-Reports.aspx  

 

Reporting of Registry Activities to Funders and Policy Makers  

The ANZICS CORE Jurisdictional Advisory Group (JAG) represents the funding bodies with representation from all 
Australian state and territory health departments and the New Zealand Health Safety and Quality Commission.  JAG 
is chaired by the Clinical Director of the Australian Commission of Quality and Safety in Health Care. The 
Commonwealth Department of Health is represented by the Chief Medical Officer of Australia.   

JAG provides ANZICS CORE a mechanism to ensure that the benchmarking activities are reflective of Intensive Care 
Services more broadly across the health sector and to be aware of policy implications that may impact the delivery 
of Intensive Care Services bi-nationally.  

 
Reporting of Patient Outcomes to Contributing ICUs  
 

Comparative online reports are made available for adult ICUs a 
fortnight after the quarterly data submission deadlines.  

Reports are updated quarterly for adult ICUs and six monthly (due to 
the smaller volume) for paediatric ICUs. 

Reports are dynamic, and can be filtered to provide information 
related to admission source and specific diagnostic cohorts.  

Variation in patient outcomes and process indicators such as after-
hours discharge, length of stay and readmissions are also reported. 

 

Reporting of ICU Registry Activities to the Community 
 

A visual summary of annual outcomes is provided on the ANZICS 
CORE website for the purposes of public reporting. 
http://www.anzics.com.au/Pages/CORE/About-CORE.aspx
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Registry Data Informing Practice  

The importance of Registry data being a source for research continues to grow7. ANZICS CORE established the 
Research Publication Working Group in 2015 to ensure the research undertaken adds value to Intensive Care and 
the broader health system.  ANZICS CORE Data Access and Publication Policy provides the governance required to 
ensure there is an appropriate use of data. The following publications are examples of research undertaken and the 
significance to Intensive Care and the overall health system. 
 
Adult Intensive Care - Publication Highlights 

ANZICS CORE and researchers from Monash University recently developed a model to predict patients’ length of 
stay in ICU. This now brings the potential to compare an ICUs overall length of stay to a standard and thus, for the 
first time, compare resource use and health-economic efficiency of the ICU in addition to benchmarking survival 
outcomes. This may be one of the most important advances in reporting of adult critical care activity throughout 
Australia and New Zealand. 
 

Modelling risk-adjusted variation in length of stay among Australian and New Zealand ICUs. Lahn D 
Straney, Andrew A Udy, Aidan Burrell, Christoph Bergmeir, Sue Huckson, D. James Cooper, David V Pilcher. 
PLoS One. 2017 May 2;12(5):e0176570.  

 

The highest impact scientific publications in the last two years were part of an international body of work to 
re-classify and validate a new definition for sepsis based on data from the ANZICS CORE Adult Patient Database. 
Maija Kaukonen and colleagues, in a paper cited over 400 times by mid 2017, assessed the (poor) validity of the 
systemic inflammatory response syndrome criteria. This work informed the development of new sepsis definitions 
published by the International Sepsis-3 task force in February 2016. Eamon Raith and co-researchers then assessed 
the prognostic validity of the new Sepsis-3 definitions in a paper subsequently cited over 40 times in the eight 
months since publication. 
 

Prognostic Accuracy of the SOFA Score, SIRS Criteria, and qSOFA Score for In-Hospital Mortality Among 
Adults With Suspected Infection Admitted to the Intensive Care Unit. Raith EP, Udy AA, Bailey M, 
McGloughlin S, MacIsaac C, Bellomo R, Pilcher DV. JAMA. Jan 2017;317(3):290-300. 

Systemic inflammatory response syndrome criteria in defining severe sepsis. Kaukonen KM, Bailey M, 
Pilcher D, Cooper DJ, Bellomo R. N Engl J Med. 2015;372(17):1629-38. 

 
Paediatric Intensive Care – Publication Highlights 

The authors used data from the ANZPIC Registry to describe a pattern of rapid death in fatal paediatric septic shock, 
then developed a simple model to predict mortality using only information that was available within the first hour 
of ICU admission. Rapid identification of those at highest risk of death is useful to clinicians caring for these children 
and for researchers planning sepsis trials. This work was singled out for online comment by the American Academy 
of Pediatrics as an important step towards better design of interventional trials in paediatric sepsis.  

 
Prediction of paediatric sepsis mortality within 1 hour of intensive care admission. Schlapbach LJ, 
MacLaren G, Festa M, Alexander J, Erickson S, Beca J, Slater A, Schibler A, Pilcher D, Millar J, Straney L. 
Intensive Care Med. 2017 Feb 20. doi: 10.1007/s00134-017-4701-8. 

  

7 Gliklich RE, Dreyer NA, Leavy MB, editors. Registries for Evaluating Patient Outcomes: A User's Guide [Internet]. 3rd edition. 
Rockville (MD): Agency for Healthcare Research and Quality (US); 2014 Apr. 6, Data Sources for Registries. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK208611/ 
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Appendix 1: Publications 2016-17 

1. Modelling risk-adjusted variation in length of stay among Australian and New Zealand ICUs. Lahn D Straney, 
Andrew A Udy, Aidan Burrell, Christoph Bergmeir, Sue Huckson, D. James Cooper, David V Pilcher. PLoS One. 
2017 May 2;12(5):e0176570.  

2. The burden of invasive infections in critically ill Indigenous children in Australia. Ostrowski JA, MacLaren G, 
Alexander J, Stewart P, Gune S, Francis JR, Ganu S, Festa M, Erickson SJ, Straney L, Schlapbach LJ. MJA 2017 
Jan; doi: 10.5694/mja16.00595 

3. Prognostic Accuracy of the SOFA Score, SIRS Criteria, and qSOFA Score for In-Hospital Mortality Among 
Adults With Suspected Infection Admitted to the Intensive Care Unit. Raith EP, Udy AA, Bailey M, 
McGloughlin S, MacIsaac C, Bellomo R, Pilcher DV. JAMA. Jan 2017;317(3):290-300.  

4. ICU mortality is increased with high admission serum osmolarity in all patients other than those admitted 
with pulmonary diseases and hypoxia. Bihari S, Prakash S, Peake SL, Bailey M, Pilcher D, Bersten A. 
Respirology. 2017 Apr 17. doi: 10.1111/resp.13055.  

5. Prediction of pediatric sepsis mortality within 1 hour of intensive care admission. Schlapbach LJ, MacLaren 
G, Festa M, Alexander J, Erickson S, Beca J, Slater A, Schibler A, Pilcher D, Millar J, Straney L. Intensive Care 
Med. 2017 Feb 20. doi: 10.1007/s00134-017-4701-8. 

6. Burden of disease and change in practice in critically ill infants with bronchiolitis in Australia and New 
Zealand 2002 to 2014. Schlapbach L , Straney L , Gelbart B , Alexander J , Franklin D , Beca J , Whitty J , Ganu S , 
Wilkins B , Croston E , Erickson S , Schibler A. European Journal Of Pediatrics, 2016 Nov, Vol.175(11), pp.1868-
1869  

7. Early surgical intervention in severe acute pancreatitis: Central Australian experience. Jacob AO, Stewart P, 
Jacob O.  ANZ J Surg. 2016 Oct;86(10):805–10 

8. Characteristics, incidence and outcome of patients admitted to intensive care because of pulmonary 
embolism. Winterton D, Bailey M, Pilcher D, Landoni G, Bellomo R. Respirology. 2016 Sep 11.  

9. Trends in PICU Admission and Survival Rates in Children in Australia and New Zealand Following Cardiac 
Arrest. Straney LD, Schlapbach LJ, Yong G, Bray JE, Millar J, Slater A, et al. Pediatr Crit Care Med. 2015 
Sep;16(7):613–20. 

10. Burden and Outcomes of Severe Pertussis Infection in Critically Ill Infants. Straney L, Schibler A, 
Ganeshalingham A, Alexander J, Festa M, Slater A, MacLaren G, Schlapbach LJ. Pediatr Crit Care Med. 2016 
Aug;17(8):735-42. 

11. Characteristics and outcome of patients with the ICU Admission diagnosis of status epilepticus in Australia 
and New Zealand. Hay A, Bellomo R, Pilcher D, Jackson G, Kaukonen K-M, Bailey M.  J Crit Care. 2016 
Aug;34:146–53 

12. Acute risk change (ARC) identifies outlier institutions in perioperative cardiac surgical care when the 
standardized mortality ratio cannot. Coulson TG, Bailey M, Reid CM, Tran L, Mullany DV, Parker J, Hicks P, 
Pilcher D. Br J Anaesth. 2016 Aug;117(2):164-71.  

13. Timing of onset and burden of persistent critical illness in Australia and New Zealand: a retrospective, 
population-based, observational study. Iwashyna TJ, Hodgson CL, Pilcher D, Bailey M, van Lint A, Chavan S, 
Bellomo R. Lancet Respir Med. 2016 Jul;4(7):566-73.  

14. Subarachnoid Hemorrhage Patients Admitted to Intensive Care in Australia and New Zealand: A Multicenter 
Cohort Analysis of In-Hospital Mortality Over 15 Years. Udy AA, Vladic C, Saxby ER, Cohen J, Delaney A, 
Flower O, Anstey M, Bellomo R, Cooper DJ, Pilcher DV. 2017 Feb;45(2):e138-e1 

15. Assessing contemporary intensive care unit outcome: development and validation of the Australian and 
New Zealand Risk of Death admission model. Paul E, Bailey M, Kasza J, Pilcher DV. Anaesth Intensive Care. 
2017 May;45(3):326-343. 

16. Characteristics and outcomes of critically ill patients with drug overdose in Australia and New Zealand. 
Cioccari L, Luethi N, Bailey M, Pilcher D, Bellomo R. Crit Care Resusc. 2017 Mar;19(1):14-22.a. 
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Appendix  2:  Sites contributing to ANZICS CORE Registries  

Sites listed are those that contributed data to the specific ANZICS CORE Registries for the period 2015/16.  All sites 
and Data Review Committees receive reports after each data submission or have access to on line reporting.  

Jurisidiction SiteName APD ANZPICR CCR CLABSI 
ACT 

 
Calvary Hospital (Canberra) ICU  

 
 

 

Calvary John James Hospital ICU  
  

 
Canberra Hospital ICU     

National Capital Private Hospital ICU  
 

 
 

Jurisidiction SiteName APD ANZPICR CCR CLABSI 
NSW 

 
Armidale Rural Referral Hospital ICU 

   
 

Bankstown-Lidcombe Hospital ICU  
 

  

Bathurst Base Hospital ICU 
  

  

Bega District Hospital ICU 
   

 

Blacktown Hospital ICU  
 

  

Bowral Hospital HDU 
  

 
 

Broken Hill Base Hospital & Health Services ICU 
   

 

Calvary Health Care Riverina (Wagga) ICU 
  

  

Calvary Mater Newcastle ICU  
 

  

Campbelltown Hospital ICU  
 

  

Canterbury Hospital ICU 
  

  

Coffs Harbour Health Campus ICU  
  

 

Concord Hospital (Sydney) ICU  
 

  

Dubbo Base Hospital ICU 
   

 

Fairfield Hospital ICU 
  

  

Gosford Hospital ICU  
 

  

Gosford Private Hospital ICU  
 

 
 

Goulburn Base Hospital ICU     

Grafton Base Hospital ICU  
 

  

Griffith Base Hospital ICU     

Hornsby Ku-ring-gai Hospital ICU  
 

  

John Hunter Hospital ICU     

Kareena Private Hospital ICU  
 

 
 

Kempsey District Hospital HDU 
   

 

Lake Macquarie Private Hospital ICU 
  

 
 

Lismore Base Hospital ICU  
 

  

Liverpool Hospital ICU  
 

  

Macquarie University Private Hospital ICU  
 

 
 

Manly Hospital & Community Health ICU  
 

  

Manning Rural Referral Hospital ICU  
  

 

Mater Private Hospital (Sydney) ICU  
 

  

Mona Vale Hospital ICU 
   

 

Nepean Hospital ICU  
 

  

Nepean Private Hospital ICU 
  

 
 

Newcastle Private Hospital ICU  
 

 
 

North Shore Private Hospital ICU  
 

 
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Appendix  2:  Sites contributing to ANZICS CORE Registries continued  

 

Jurisidiction SiteName APD ANZPICR CCR CLABSI 
NSW 

 
Norwest Private Hospital ICU  

 
 

 

Orange Base Hospital ICU  
  

 

Port Macquarie Base Hospital ICU  
 

  

Prince of Wales Hospital (Sydney) ICU  
 

  

Prince of Wales Private Hospital (Sydney) ICU  
 

 
 

Royal North Shore Hospital ICU  
 

  

Royal Prince Alfred Hospital ICU     

Shoalhaven Hospital ICU  
 

  

St George Hospital (Sydney) CICU  
 

 
 

St George Hospital (Sydney) ICU  
 

  

St George Hospital (Sydney) ICU2  
 

 
 

St George Private Hospital (Sydney) ICU  
   

St Vincent's Hospital (Sydney) ICU  
 

  

St Vincent's Private Hospital (Sydney) ICU  
 

  

Sutherland Hospital & Community Health Services 
ICU 

 
 

  

Sydney Adventist Hospital ICU  
 

 
 

Sydney Children's Hospital PICU 
 

   

Sydney Southwest Private Hospital ICU  
 

 
 

Tamworth Base Hospital ICU     

The Children's Hospital at Westmead PICU 
 

   

Tweed Heads District Hospital ICU  
  

 

Wagga Wagga Base Hospital & District Health ICU  
 

  

Westmead Hospital ICU  
 

  

Westmead Private Hospital ICU  
 

 
 

Wollongong Hospital ICU  
 

  

Wollongong Private Hospital ICU  
   

Wyong Hospital ICU  
 

 
 

Jurisidiction SiteName APD ANZPICR CCR CLABSI 
NT Alice Springs Hospital ICU     

Royal Darwin Hospital ICU     
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Appendix  2:  Sites contributing to ANZICS CORE Registries continued  

 

Jurisidiction SiteName APD ANZPICR CCR CLABSI 
QLD 

 
Allamanda Private Hospital ICU  

   

Brisbane Private Hospital ICU  
 

 
 

Bundaberg Base Hospital ICU  
 

 
 

Caboolture Hospital HDU  
 

 
 

Cairns Base Hospital ICU    
 

Gold Coast Private Hospital ICU  
   

Gold Coast University Hospital ICU  
 

 
 

Gold Coast University Hospital ICU - paeds 
 

  
 

Hervey Bay Hospital ICU     
Holy Spirit Northside Hospital ICU  

 
  

Ipswich Hospital ICU  
 

 
 

John Flynn Private Hospital ICU  
 

 
 

Lady Cilento Children's Hospital PICU 
 

  
 

Logan Hospital ICU  
 

 
 

Mackay Base Hospital ICU    
 

Mater Adults Hospital (Brisbane) ICU  
 

 
 

Mater Health Services North Queensland ICU  
 

 
 

Mater Private Hospital (Brisbane) ICU  
 

 
 

Mount Isa Hospital ICU  
 

 
 

Nambour General Hospital ICU  
 

  

Noosa Hospital ICU  
 

 
 

Pindara Private Hospital ICU  
   

Princess Alexandra Hospital ICU  
 

  

Queen Elizabeth II Jubilee Hospital ICU  
 

 
 

Redcliffe Hospital ICU  
 

 
 

Robina Hospital ICU  
 

 
 

Rockhampton Hospital ICU     

Royal Brisbane and Women's Hospital ICU  
 

 
 

St Andrew's Hospital Toowoomba ICU  
   

St Andrew's War Memorial Hospital ICU  
 

 
 

St Vincent's Hospital (Toowoomba) ICU  
  

 

Sunnybank Hospital ICU  
 

 
 

The Prince Charles Hospital ICU  
 

 
 

The Sunshine Coast Private Hospital ICU  
   

The Townsville Hospital ICU  
 

 
 

The Townsville Hospital ICU-paeds 
 

 
  

The Wesley Hospital ICU  
 

 
 

Toowoomba Hospital ICU  
 

 
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Appendix  2:  Sites contributing to ANZICS CORE Registries continued  

 

Jurisidiction SiteName APD ANZPICR CCR CLABSI 
SA 

 
Ashford Community Hospital ICU  

   

Calvary North Adelaide Hospital ICU 
   

 

Calvary Wakefield Hospital (Adelaide) ICU  
 

  

Flinders Medical Centre ICU  
 

  

Flinders Private Hospital ICU  
 

 
 

Lyell McEwin Hospital ICU  
 

  

Modbury Public Hospital ICU  
   

Royal Adelaide Hospital ICU  
 

  

St Andrew's Hospital (Adelaide) ICU  
 

 
 

The Memorial Hospital (Adelaide) ICU  
 

 
 

The Queen Elizabeth (Adelaide) ICU  
 

  

Women's and Children's Hospital PICU 
 

 
 

 

Jurisidiction SiteName APD ANZPICR CCR CLABSI 
TAS 

 
Calvary Hospital (Lenah Valley) ICU  

   

Launceston General Hospital ICU    
 

North West Regional Hospital (Burnie) ICU 
  

 
 

Royal Hobart Hospital ICU  
   

Royal Hobart Hospital NICU/PICU 
 

  
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Appendix  2:  Sites contributing to ANZICS CORE Registries continued  

 

Jurisidiction SiteName APD ANZPICR CCR CLABSI 
VIC 

 
Albury Base Hospital ICU  

 
  

Alfred Hospital ICU  
 

  

Austin Hospital ICU  
 

  

Ballarat Health Services ICU  
 

  

Bendigo Health Care Group ICU  
 

  

Box Hill Hospital ICU  
 

  

Cabrini Hospital ICU  
 

 
 

Central Gippsland Health Service ICU  
 

  

Dandenong Hospital ICU  
 

  

Epworth Eastern Private Hospital ICU  
 

  

Epworth Freemasons Hospital ICU  
 

  

Epworth Hospital (Richmond) ICU  
 

  

Footscray Hospital ICU  
 

  

Frankston Hospital ICU  
 

  

Goulburn Valley Health ICU  
 

  

John Fawkner Hospital ICU  
 

  

Knox Private Hospital ICU  
 

 
 

Latrobe Regional Hospital ICU  
 

  

Maroondah Hospital ICU  
 

  

Melbourne Private Hospital ICU  
 

 
 

Mildura Base Hospital ICU     

Monash Children's Hospital PICU 
 

 
  

Monash Medical Centre-Clayton Campus ICU  
 

  

Northeast Health Wangaratta ICU  
  

 

Peninsula Private Hospital ICU     
Peter MacCallum Cancer Institute ICU  

  
 

Royal Children's Hospital (Melbourne) PICU 
 

   

Royal Melbourne Hospital ICU  
 

  

South West Healthcare (Warrnambool) ICU  
 

  

St John Of God Hospital (Ballarat) ICU 
   

 

St John of God Hospital (Bendigo) ICU 
  

  

St John Of God Hospital (Geelong) ICU  
 

  

St Vincent's Hospital (Melbourne) ICU  
 

  

St Vincent's Private Hospital Fitzroy ICU  
 

  

Sunshine Hospital ICU  
 

 
 

The Northern Hospital ICU  
 

  

The Valley Private Hospital ICU  
   

University Hospital Geelong ICU     

Warringal Private Hospital ICU  
 

 
 

Western District Health Service (Hamilton) ICU  
 

  

Wimmera Health Care Group (Horsham) ICU  
 

  
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Appendix  2:  Sites contributing to ANZICS CORE Registries continued  

 

Jurisidiction SiteName APD ANZPICR CCR CLABSI 
WA 

 
Armadale Health Service ICU  

 
  

Bunbury Regional Hospital ICU  
 

  

Fiona Stanley Hospital ICU  
 

  

Fremantle Hospital ICU* 
  

  

Joondalup Health Campus ICU  
 

  

Mount Hospital ICU  
 

 
 

Princess Margaret Hospital for Children PICU 
 

  
 

Rockingham General Hospital ICU  
 

  

Royal Perth Hospital ICU  
 

  

Sir Charles Gairdner Hospital ICU  
 

  

St John Of God Health Care (Subiaco) ICU  
  

 

St John Of God Hospital (Murdoch) ICU  
 

  

St John of God Midland Public & Private ICU 
  

 
 

Jurisidiction SiteName APD ANZPICR CCR CLABSI* 
NZ 

 
Auckland City Hospital CV ICU  

 
 

 

Auckland City Hospital DCCM  
 

 
 

Christchurch Hospital ICU    
 

Dunedin Hospital ICU  
 

 
 

Hawkes Bay Hospital ICU  
 

 
 

Hutt Hospital ICU  
 

 
 

Middlemore Hospital ICU    
 

Nelson Hospital ICU  
 

 
 

North Shore Hospital ICU  
 

 
 

Palmerston North Hospital ICU 
  

 
 

Rotorua Hospital ICU  
 

 
 

Southern Cross Hospital (Hamilton) ICU  
 

 
 

Southern Cross Hospital (Wellington) ICU  
 

 
 

Southland Hospital ICU 
  

 
 

Starship Children's Hospital PICU 
 

  
 

Taranaki Health ICU    
 

Tauranga Hospital ICU    
 

Timaru Hospital ICU  
 

 
 

Waikato Hospital ICU    
 

Wairau Hospital ICU 
  

 
 

Wakefield Hospital (NZ) ICU 
  

 
 

Wanganui Hospital ICU 
  

 
 

Wellington Hospital ICU  
 

 
 

Whakatane Hospital ICU 
  

 
 

Whangarei Area Hospital, Northland Health Ltd ICU    
 

*New Zealand sites do not contribute to the ANZICS  CLABSI  
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Abbreviations   

ACSQHC  Australian Commission on Safety and Quality in Health Care 

ANZICS  Australian and New Zealand Intensive Care Society 

ANZIC-RC  Australian and New Zealand Intensive Care Research Centre 

ANZPIC Australian and New Zealand Paediatric Intensive Care  

ANZROD Australian and New Zealand Risk of Death 

APD  Adult Patient Database 

ARCAC ANZPIC Registry Clinical Advisory Committee 

AIHW Australian Institute of Health and Welfare 

CCR  Critical Care Resources 

CERS  CORE Enterprise Reporting System 

CI Confidence Interval 

CICM  College of Intensive Care Medicine 

CLABSI Central Line Associated Bloodstream Infection 

COMET CORE Outcome Measurement Evaluation Tool  

CORE  Centre for Outcome and Resource Evaluation 

ICNARC Intensive Care National Audit & Research Centre 

ICU Intensive Care Unit 

JAG Jurisdictional Advisory Group 

MIT Massachusetts Institute of Technology 

Glossary 

After Hours Discharge Discharge of a patient from ICU between 1800 and 0600. 

Available bed A bed with advanced life support capability that is fully staffed and funded. 

Physical bed  A single patient care location fully configured to ICU standards. It is an actual bed, not a bed space.  

Elective Admission A planned admission to ICU following elective surgery. An admission to the ICU that could be postponed for 8 
hours without adverse effect. A postponed elective admission can subsequently become an emergency 
admission. 

Emergency Admission An unplanned admission to ICU. An admission to the ICU for urgent care or treatment. 

Hospital Mortality Proportion of patients with an ICU admission that died in the same hospital admission.  

ICU Mortality Proportion of patients that died in ICU.  

Observed Mortality Proportion of patients who died in hospital following a stay in ICU and only includes admissions that meet the 
criteria for an SMR. Note: SMR exclusions differ depending on the predictive model being used. 

Predicted Mortality Proportion of patients predicted (by a disease severity model) to die in hospital following a stay in ICU and 
only includes patients that meet the criteria for an SMR.  Note: SMR exclusions differ depending on the 
predictive model being used. 

Readmission  A readmitted ICU patient is a patient who survived ICU and has had at least one readmission, excluding direct 
transfers to or from ICU/HDU. Readmission includes all readmissions; it is not equivalent to the ACHS 
indicator ≤ 72 hours. 

Standardised Mortality Ratio 
(SMR) 

The SMR presents the number of deaths that occur as a proportion of the number of deaths that might be 
expected based on a disease severity model such as ANZROD, APACHE III-J or PIM3, which aims to take into 
account confounding factors such as disease severity and age. ‘Expected deaths’ therefore reflects outcomes 
that have been achieved nationally/internationally across hospitals seen to be delivering best practice 
treatment. An SMR below 1 represents a lower than expected mortality rate. 

Ventilated Patients provided with continuous support via oral/nasal intubation or tracheostomy by means of a 
mechanical device that augments or replaces respiratory effort.  
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