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Appendix 1 Diagnhoses accounting for 80%
of in-hospital deaths

Cases in the NHMD with data-year 2005-06 and satisfying study inclusion criteria were
summarised according to the frequency of deaths in hospital, by three character ICD-10-AM
code. The 68 codes listed in Table A1 are the ones with the highest frequency of deaths.
Between them, the 68 codes were present in less than 20% of records but 80% of deaths.

Table Al.1: Principal diagnosis codes occurring most frequently among in-hospital deaths in

2005-06

ICD
code

Description

A4l
C15
C16
C18
C20
C22

C25
C34
C45
C50
C56
Co61
Co64

Ce7
Cc71
C78

C79
C80

C83
C85

C90

ca1
C92
El1
E86

Other sepsis

Malignant neoplasm of oesophagus
Malignant neoplasm of stomach
Malignant neoplasm of colon
Malignant neoplasm of rectum

Malignant neoplasm of liver and intrahepatic
bile ducts

Malignant neoplasm of pancreas
Malignant neoplasm of bronchus and lung
Mesothelioma

Malignant neoplasm of breast

Malignant neoplasm of ovary

Malignant neoplasm of prostate

Malignant neoplasm of kidney, except renal
pelvis

Malignant neoplasm of bladder
Malignant neoplasm of brain

Secondary malignant neoplasm of respiratory
and digestive organs

Secondary malignant neoplasm of other sites

Malignant neoplasm without specification of
site

Diffuse non-Hodgkin lymphoma

Other and unspecified types of non-Hodgkin
lymphoma

Multiple myeloma and malignant plasma cell
neoplasms

Lymphoid leukaemia
Myeloid leukaemia
Type 2 diabetes mellitus

Volume depletion
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ICD

code Description

E87  Other disorders of fluid, electrolyte and acid-
base balance

G93  Other disorders of brain

120 Angina pectoris

121 Acute myocardial infarction

125 Chronic ischaemic heart disease

126 Pulmonary embolism

146 Cardiac arrest

148 Atrial fibrillation and flutter

149 Other cardiac arrhythmias

150 Heart failure

160 Subarachnoid haemorrhage

161 Intracerebral haemorrhage

162 Other nontraumatic intracranial haemorrhage

163 Cerebral infarction

164 Stroke, not specified as haemorrhage or
infarction

170 Atherosclerosis

171 Aortic aneurysm and dissection

J15 Bacterial pneumonia, not elsewhere
classified

Ji8 Pneumonia, organism unspecified

J22 Unspecified acute lower respiratory infection

J44 Other chronic obstructive pulmonary disease

J69 Pneumonitis due to solids and liquids

Jg4 Other interstitial pulmonary diseases

J90 Pleural effusion, not elsewhere classified

J96 Respiratory failure, not elsewhere classified

K52  Other noninfective gastroenteritis and colitis

(continued)



Table Al.1 (continued): Principal diagnosis codes occurring most frequently among in-
hospital deaths in 2005-06

ICD

code Description

K55  Vascular disorders of intestine

K56  Paralytic ileus and intestinal obstruction
without hernia

K57  Diverticular disease of intestine

K63  Other diseases of intestine

K70  Alcoholic liver disease

K72  Hepatic failure, not elsewhere classified

K85  Acute pancreatitis

K92  Other diseases of digestive system
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ICD

code Description

LO3 Cellulitis

N17  Acute renal failure

N18  Chronic renal failure

N39  Other disorders of urinary system
R55  Syncope and collapse

S06 Intracranial injury

S32 Fracture of lumbar spine and pelvis
S72  Fracture of femur

T81 Complications of procedures, not elsewhere

classified
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Appendix 3 Funnel plots of HSMRs In
2005-06

HSMRs for Peer groups C1 & C2 using diagnoses responsible for top 80% of deaths
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Note: Size of circles and numbers in legend represent annual casemix-adjusted separations per hospital, using DRG cost-weightings.

Figure A3.1: Variation in HSMRs according to the expected number of deaths and the size
of the institution, peer group C1, and C2, 80% of in-hospital mortality
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HSMRs for Peer groups C1 & C2 using diagnoses responsible for bottom 20% of deaths
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Note: Size of circles and numbers in legend represent annual casemix-adjusted separations per hospital, using DRG cost-weightings.

Figure A3.2: Variation in HSMRs according to the expected number of deaths and the size
of the institution, peer group C1, and C2, 20% of in-hospital mortality
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HSMRs for Peer groups C1 & C2 using diagnoses responsible for 100% of deaths
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Note: Size of circles and numbers in legend represent annual casemix-adjusted separations per hospital, using DRG cost-weightings.

Figure A3.3: Variation in HSMRs according to the expected number of deaths and the size
of the institution, peer group C1, and C2, 100% of in-hospital mortality
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HSMRs for Peer groups D1, D2 & D3 using diagnoses responsible for top 80% of deaths
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Note: Size of circles and numbers in legend represent annual casemix-adjusted separations per hospital, using DRG cost-weightings.

Figure A3.4: Variation in HSMRs according to the expected number of deaths and the size
of the institution, peer group D1, D2 and D2, 80% of in-hospital mortality
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HSMRs for Peer groups D1, D2 & D3 using diagnoses responsible for bottom 20% of deaths
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Note: Size of circles and numbers in legend represent annual casemix-adjusted separations per hospital, using DRG cost-weightings.

Figure A3.5: Variation in HSMRs according to the expected number of deaths and the size
of the institution, peer group D1, D2 and D3, 20% of in-hospital mortality
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HSMRs for Peer groups D1, D2 & D3 using diagnoses responsible for 100% of deaths
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Figure A3.6: Variation in HSMRs according to the expected number of deaths and the size
of the institution, peer group D1, D2 and D3, 100% of in-hospital mortality
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Appendix 4 Caterpillar plots
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Figure A4.1. Caterpillar plots: variations of format and scaling

Figure A4.1a presents HSMRs for a group of hospitals. The figure is a fairly standard
caterpillar plot. The y-axis is linear and the point estimates have more visual emphasis than
the confidence intervals.

Figures A4.1b and A4.1c present the same HSMRs as Figure A4.1a. Figure A4.1b differs only
in giving more visual emphasis to the confidence intervals, on the grounds that this will
reduce a tendency of readers to focus on the point estimates, thus treating the figure like a
league table.

Figure A4.2c presents the same data with the HSMRs placed on a log scale. The argument for
doing this is that because the HSMR is a ratio it should be presented on a ratio scale. An
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HSMR of 50 is half the reference value of 100 and an HSMR of 200 is twice the reference
value. Use of a log scale places HSMRs of 50 and 200 the same distance from the line
marking 100. (Guide-lines have been placed on Figure A4.2b at points corresponding to half
and double 100, one-third and triple, and so on.)

An effect of the transformation is to give more visual emphasis to HSMRs that are below 100,
especially those well below it. Conversely, HSMRs that are well above 100 have less visual
emphasis.

Figure A4.2 shows the same set of HSMRs in three further ways. Like Figure A4.1c, all of
these figures place the HSMRs on a log scale. The main difference is that the presentation has
been transposed. The result is somewhat similar to a forest plot. Although not done here, this
orientation lends itself to inclusion of hospital names in the plot. The names can be placed in
the ordinary orientation for reading and many names can be shown in a figure that will fit on
a single page.

The first chart in Figure A4.2, like all of those in Figure A4.1, shows the point estimate of
HSMR as a fixed symbol. The second differs by using a circle centred on the point estimate
value, the size of which corresponds to the size of the hospital (measured in terms of casemix
adjusted separations). Funnel plots include that information. The third has both a small
symbol marking the point estimate and a circle indicating hospital size.
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Hospitals, ordered by HSMR
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Figure A4.2. Three presentations of transposed log-scaled caterpillar plots
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Appendix 5 Data issues

National Hospital Morbidity Database

The hospital separations data were provided by the AIHW, from the NHMD. All data
elements within the NHMD used in this study conform to the requirements and definitions
set out in the National Health Data Dictionary (HDSC 2006) unless otherwise specified.

Detailed information about individual data elements within the NHMD can be found within
the National Health Data Dictionary or online using METEOR
(<http:/ /meteor.aihw.gov.au>) —the AIHW's Metadata Online Registry.

For further information about the data used in this project and about the topics below,
readers are referred to the AIHW publication Australian Hospital Statistics, 2005-06 (AIHW
2007) and the equivalent publications for data-years 2004-05 and 2006-07.

The following sections are taken from the Appendixes of Australian Hospital Statistics 2005-
06 (AIHW 2007) and provide information about categories and classifications used in this
report.

Public and private hospitals

Taken from: Australian Hospital Statistics 2005-06 Appendix 2: Hospitals contributing to the
report and public hospital peer groups (AIHW 2007: 311)

‘Throughout this report, unless otherwise specified:

e public acute hospitals and public psychiatric hospitals are included in the public
hospital (public sector) category

e all public hospitals other than public psychiatric hospitals are included in the public
acute hospital category

e private psychiatric hospitals, private free-standing day hospital facilities and other
private hospitals are included in the private hospital (private sector) category

e all private hospitals other than private free-standing day hospital facilities are included
in the other private hospitals category.

There is currently some variation between jurisdictions in whether hospitals that
predominantly provide public hospital services, and that are privately owned and/or
operated, are reported as public or private hospitals. A selection of these hospitals is listed in
Table A2.1 in the AIHW report with information on whether they are reported as public or
private hospitals.

Other changes in hospital ownership or management arrangements can also affect whether
hospital activity is reported as public or private. For example, between 2003-04 and 2004-05
two private hospitals in Western Australia were purchased by the Western Australian
Department of Health and were amalgamated with two existing public hospitals. Hence the
activity associated with the former private hospitals is now included in the activity reporting
of the two public hospitals. From 2004-05, the Mersey Community Hospital in Tasmania,
which previously operated as a private hospital providing predominantly public services on
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a contracted basis, merged with the Northwest Regional Hospital and is categorised as a
public hospital.”

Public hospital peer groups

Taken from: Australian Hospital Statistics 2005-06. Appendix 2: Hospitals contributing to the
report and public hospital peer groups (AIHW 2007: 317)

The AIHW worked with the National Health Ministers” Benchmarking Working Group
(NHMBWG) and the National Health Performance Committee (NHPC) to develop a national
public hospital peer group classification for use in presenting data on costs per casemix-
adjusted separation. The aim was to allow more meaningful comparison of the data than
comparison at the jurisdiction level would allow.

The peer groups were therefore designed to explain variability in the average cost per
casemix-adjusted separation. They also group hospitals into broadly similar groups in terms
of their range of admitted patient activity, and their geographical location, with the peer
groups allocated names that are broadly descriptive of the types of hospitals included in
each category. Although not specifically designed for purposes other than the cost per
casemix-adjusted separation analysis, the peer group classification is recognised as a useful
way to categorise hospitals for other purposes, including the presentation of other data.’

The peer group to which each public hospital was assigned for 2005-06 is included in Table
A2.2 within the Australian Hospital Statistics 2005-06 publication and is summarised in
Table 2 in Section 4.1.2 of this report.

SEIFA

Taken from: Australian Hospital Statistics 2005-06. Appendix 1: Technical notes (AIHW
2007: 301-2)

The ‘SEIFA Index of Advantage/Disadvantage was generated by the ABS using a
combination of Census data, including variables measuring both advantage and
disadvantage. A higher score on the index indicates that an area has attributes that measure
advantage, such as a relatively high proportion of people with high incomes or a skilled
workforce. It also means an area has a low proportion of people with variables that measure
disadvantage, such as low incomes and relatively few unskilled people in the workforce.

Conversely, a low score on the index indicates that an area has a high proportion of
individuals with variables that measure disadvantage, such as low incomes and more
employees in unskilled occupations, and a low proportion of people with variables that
measure advantage, such as high incomes or people in skilled occupations. Hence, the index
offsets any disadvantage in an area with advantage.

Separation rates by quintile of advantage/disadvantage were generated by the AIHW by
using the SEIFA scores for this study for the SLA of usual residence of the patient reported
for each separation. The most disadvantaged quintile represents the areas containing the 20%
of the population with the least advantage/most disadvantage and the most advantaged
quintile represents the areas containing the 20% of the population with the least
disadvantage/most advantage.’
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Errors, inconsistencies and uncertainties

NHMD data are generally abstracted from records, entered and coded in hospitals, passed to
state and territory health departments, then to the AIHW before being provided to the
National Injury Surveillance Unit (NISU). Processing occurs at each of these steps. Errors and
inconsistencies can arise due to the large number of people and processes involved in
providing the data. Some variations occur in reporting and coding although Coding
Standards, National Minimum Data Sets and other mechanisms have reduced this.

Quality of ICD-10-AM coded data

Taken from Australian Hospital Statistics 2005-06. Appendix 1: Technical notes (AIHW 2007:
288-9)

‘Diagnosis, procedure and external cause data for 2005-06 were reported to the NHMD by
all states and territories using the fourth edition of the International statistical classification
of diseases and related health problems, 10th revision, Australian modification (ICD-10-AM)
(NCCH 2004).

The quality of coded diagnosis, procedure and external cause data can be assessed using
coding audits in which, in general terms, selected records are independently recoded, and
the resulting codes compared with the codes originally assigned for the separation. There are
no national standards for this auditing, so it is not possible to use information on coding
audits to make quantitative assessments of data quality on a national basis.

The quality and comparability of the coded data can, however, be gauged by information
provided by the states and territories on the quality of the data, by the numbers of diagnosis
and procedure codes reported and by assessment of apparent variation in the reporting of
additional diagnoses. The comparability of the data can also be influenced by state-specific
coding standards.’

132



List of tables

Table 1:
Table 2:
Table 3:
Table 4:

Table 5:

Table 6:

Table 7:

Table 8:

Table 9:

Table 10:

Table 11:

Table 12:

Table 13:

Table 14:

Table 15:

Table 16:

Table 17:
Table 18:
Table 19:
Table 20:

Table 21:
Table A1.1:

Risk-adjustment-model OUtCOMES..........ocoouviririiieiiieiiieiiiiicirr e 15
ATHW PEET GIOUPS ...ttt ettt s 46
Selected descriptive statistics for the total sample of 2005-06 hospital separations .......... 52

Selective descriptive statistics for the high-risk case group (80% of
in-hospital mortality in 2005-06) ..........cccccerrrrirrerereiereiiiitertrrne ettt seseesesenenen 53

Selective descriptive statistics for the lower risk case group (20% of
in-hospital mortality in 2005-06) ...........cccccerrrrmrreiiiiiirreeeeee e 54

Selective descriptive statistics for the case group including 100% of
in-hospital mortality in 2005-06 ...........cccccorrirririeeiiiiiii e 54

Odds ratios for the effect of each of the included covariates on 80%
in-hospital MOTtAlity ... 55

Odds ratios for the effect of each of the included covariates on 20%
in-hospital MOTtAlitY ..........cooiiiiiiiiii s 56

Odds ratios for the effect of each of the included covariates on 100%
IN-hospital MOTTALILY ......c.oiiiiiiceccccc et 57

c-statistic, pseudo R?, and the change in pseudo R? for subsets of the independent
variables included in the RACM model for 80% in-hospital mortality............cccccecovurirunnes 58

c-statistic, pseudo R?, and the change in pseudo R? for subsets of the independent
variables included in the RACM model for 20% in-hospital mortality...........c.ccccceeeuennees 58

c-statistic, pseudo R?, and the change in pseudo R? for subsets of the independent
variables included in the RACM model for 100% in-hospital mortality............cccccccvvunnece. 58

Hosmer-Lemeshow deciles of risk and the observed and expected numbers of
cases (and non-cases) of in-hospital mortality for the high-risk group of deaths
(using the RACM MOdEL).......coriiiiiiiiiiiiiiiirree ettt eeaes 59

Hosmer-Lemeshow deciles of risk and the observed and expected numbers of
cases (and non-cases) of in-hospital mortality for the lower risk group of deaths
(using the RACM MOdEL)......ccoiriiiiiieieiiiiiiirrnneee ettt eaes 60

Hosmer-Lemeshow deciles of risk and the observed and expected numbers of
cases (and non-cases) of in-hospital mortality for the group including all in-

hospital deaths (using the RACM model).........cccoouiiiririniniiieiiiniicccerccceeseees 62
Observed and expected number of deaths, HSMRs, 95% Cls, and the peer

rankings for 80%, 20% and 100% of in-hospital deaths for peer group Al ...........c.ccceee 64
Observed and expected deciles of risk for 3 different models..........cccoerrrrrrrineierereenenes 75
Effect of increasing quintiles of SEIFA on the odds of in-hospital mortality ...................... 77
Mean HSMRs (and 95% confidence intervals) by financial year and peer group............... 80
Fixed and random effects and intra-class correlation coefficients for the multi-

level MOAELS.........c.ooiiiiiiiic s 82
Application of derived indicators to hospital peer group...........c.cooeceueueerniiccenninicenen 91

Principal diagnosis codes occurring most frequently among in-hospital deaths in
2005-00 .....vviriiiicieiei e 108

133



Table A2.1: Observed and expected deaths, HSMRs, 95% Cls, and the peer rankings for 80%,

20% and 100% of in-hospital deaths for peer group Bl..........ccccccceiiiiiiiinnnnnnnnes 110
Table A2.2: Observed and expected deaths, HSMRs, 95% Cls, and the peer rankings for 80%,

20% and 100% of in-hospital deaths for peer group C2 ...........cccoviiivivinnicciiiniccnee 112
Table A2.3: Observed and expected deaths, HSMRs, 95% Cls, and the peer rankings for 80%,

20% and 100% of in-hospital deaths for peer group D1 .......ccccccoviiicivvnnicccnnniccnnee 115

134



List of figures

Figure 1.
Figure 2:
Figure 3:
Figure 4:

Figure 5:

Figure 6:

Figures 7, 8:

Figure 9:

Figure 10:

Figure 11:

Figure 12:

Figure 13:

Figure 14:

Figure 15:

Figure 16:
Figure 17:

Figure 18:

Figure 19:

Figure 20:

Figure 21:

Figure A3.1:

Example of an s-shaped l0giStic CUTVE..........cccceuiuiiiiiiniirrrrereeceeeccecee e 9
Caterpillar plot of variation in point estimates in HSMR for peer group Al.................. 33
Caterpillar plot of variation in point estimates in HSMR for peer group Bl .................. 34

Percentages of in-hospital mortality for each decile of risk for both the observed
data and the data predicted by the logistic regression model for the high-risk
group of cases accounting for 80% of in-hospital deaths ...........ccccccoiiiiiiniinnn. 60

Percentages of in-hospital mortality for each decile of risk for both the observed
data and the data predicted by the logistic regression model for the lower risk
group including the remaining 20% of in-hospital deaths.............cccccooiiviiniinnnnnn. 61

Percentages of in-hospital mortality for each decile of risk for both the observed
data and the data predicted by the logistic regression model for the group

including all in-hospital deaths ..o, 62
HSMRs and ranks for peer group Al hospitals.........ccccovnrrrrieiiciiirrrreecennee 68
Caterpillar plot of variation in point estimates in HSMR for peer group A1, 80%
Of IN-hOSPital MOTLALIEY ....ovvevveiiiiiiiirr ettt 69
Caterpillar plot of variation in point estimates in HSMR for peer group B1, 80%
of in-hospital MOTTALILY .......c.cceririiiiiiirccc e 70
Caterpillar plot of variation in point estimates in HSMR for peer group C2, 80%
of IN-hospital MOTLALILY ....c.c.cveuiiiiiiiiecccccc e 71
Caterpillar plot of variation in point estimates in HSMR for peer group D1, 80%
Of IN-hOSPital MOTLALILY ....c.oveveviiiiiiiiereeccetece ettt 71
Variation in HSMRs according to the expected number of deaths and the size of
the institution, peer group A1, Bl and B2, 80% of in-hospital mortality ......................... 72
Variation in HSMRs according to the expected number of deaths and the size of
the institution, peer group A1, Bl and B2, 20% of in-hospital mortality ......................... 73
Variation in HSMRs according to the expected number of deaths and the size of
the institution, peer group Al, Bl and B2, 100% of in-hospital mortality ....................... 74
Observed and predicted proportions of mortality by deciles of risk ............cccccccccueeiee. 76
HSMR plots using the ERM model, the modified RACM model, and the RACM
INOAEL ...ttt ettt 76
Observed and predicted hospital-specific and group mean HSMRs by financial
year and peer group: peer groups Al, A2, Bland B2 ...........cccccooviiiiiiiiin 83

Observed and predicted hospital-specific and group mean HSMRs by financial
year and peer group: peer groups Cl and C2...........ccccceeiiiiinninnnneeceeecccceeeaes 84

Observed and predicted hospital-specific and group mean HSMRs by financial
year and peer group: peer groups D1, D2 and D3 ........cccoovieeeieieiiinninnrenreeenen 85

Regional HSMR reporting by the Canadian Institute for Health Information
(Taken from the report '"HSMR: a new approach for measuring hospital mortality

trends in Canada.”CIHI 2007) ....c.cooueirrieiirrieieinieieeneieieesieteesterestste ettt eenene 92
Variation in HSMRs according to the expected number of deaths and the size of
the institution, peer group C1, and C2, 80% of in-hospital mortality..............c.cccccecc. 121

135



Figure A3.2:
Figure A3.3:
Figure A3.4:
Figure A3.5:
Figure A3.6:

Figure A4.1.
Figure A4.2.

Variation in HSMRs according to the expected number of deaths and the size of
the institution, peer group C1, and C2, 20% of in-hospital mortality............cccccccccneeee

Variation in HSMRs according to the expected number of deaths and the size of
the institution, peer group C1, and C2, 100% of in-hospital mortality.............c.ccocec.....

Variation in HSMRs according to the expected number of deaths and the size of
the institution, peer group D1, D2 and D2, 80% of in-hospital mortality ......................

Variation in HSMRs according to the expected number of deaths and the size of
the institution, peer group D1, D2 and D3, 20% of in-hospital mortality ......................

Variation in HSMRs according to the expected number of deaths and the size of
the institution, peer group D1, D2 and D3, 20% of in-hospital mortality ......................

Caterpillar plots: variations of format and scaling.............cccccccoeciiinnnnnncccccccnes

Three presentations of transposed log-scaled caterpillar plots..........cccocevrrvrirreienennee

136



