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AIM: To adapt and assess the Predicting Emergency Admissions Over the Next Year (PEONY)
model for use in New Zealand to provide risk stratification of general practice patients aged
> 40 years for emergency hospital admissions in the next year.

METHODS: A retrospective observational cohort study modelling 2008—-2010 hospital utilisation
and medicine use was undertaken to estimate for each patient a risk of emergency admis-
sions in 2011. Health care data were integrated from four national data collections relating to
general practice patient registers, hospital admissions, pharmacy dispensed medicines, and
mortality. Logistic regression was used to estimate coefficients for variables in the model.
Model performance was assessed by calculating its positive predictive value (PPV), sensitiv-
ity, and specificity at incremental risk thresholds and receiver operating characteristic.

RESULTS: The patient cohort included 1,409,506 registered patients; 154,892 (11.0%) had an
emergency admission in the follow-up year. Patient age, sex, ethnic group, deprivation status,
prior emergency admissions and use of medicines for chronic conditions were all strong
predictors of admissions in the next year. The model’s PPV for the validation dataset was
58.2% for patients with risk > 50%, and the area under its receiver operating curve = 0.72.

DISCUSSION: The PEONY model provides an effective methodology for stratifying New
Zealand general practice patients’ risk for future emergency admissions. High-risk patients
may benefit from patient-centred case management programmes to address risk and reduce
unplanned admissions.
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WHAT GAP THIS FILLS

What is already known: Emergency admission rates to New Zealand
public hospitals are increasing. Growth rates are highest among
elderly patients who are likely to have multiple chronic conditions.

What this study adds: Our study provides New Zealand with a validat-
ed national risk prediction algorithm to identify general practice
patients most at risk for emergency admissions in the next year.
The model has comparable performance across all district health

board areas.
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Acute exacerbations and complications arising
from chronic disease often require hospital treat-
ment and it is likely that this is at least partially
responsible for the increase in emergency hospi-
tal admissions. Many emergency admissions may
be avoidable; there is evidence that coordinated
patient care programmes delivered in the com-
munity to patients at high risk of hospitalisation
can reduce the need for unplanned hospital treat-
ment. Such initiatives may include primary care
interventions,'®! better clinical pathways and
co-ordination between primary and secondary

care,'>1?

co-ordination of primary and social care
in the community,' case management for indi-
vidual diseases,' and patient education aimed

at improving self-management.'®"” A pragmatic
approach when establishing programmes aiming
to improve patient care and health outcomes is to
identify patients for whom the greatest benefits
may be achieved. Risk stratification of general
practice patients with regard to their likelihood
of future emergency admissions provides one
method for achieving this.

Predictive statistical models are widely used

for risk stratifying patients, with models using
both primary and secondary care data tending

to perform better than models based solely on
hospital records.'’® %> Our aim was to assess

the performance of the Predicting Emergency
Admissions Over the Next Year (PEONY) model
when applied to New Zealand general practice
patients, and to improve on its predictive power,
where possible, to provide risk stratification of
patients aged > 40 years for emergency admissions
in the next year. Originally developed in Scotland,
the PEONY model algorithm estimates risk for

future admissions based on each patient’s hospital
utilisation and use of prescribed medicines in the
previous three years.” We assessed this model
due to its excellent performance in risk stratifying
Scottish patients, and because its predictor
variables were quantifiable from data recorded

in New Zealand’s national databases of hospital
admissions, dispensed prescription medicines,
and practice patient registers.

Methods

We analysed 2008-2011 data from four national
data collections to calculate patient risk at

1 January 2011 for a subsequent emergency
admission in that year. The study population was
drawn from the Primary Health Organisation
Enrolment Collection of patients registered

in New Zealand general practices in the first
quarter of 2011. Approximately 4.19 million

New Zealanders (95.3% of an estimated total
population of 4.39 million)® were registered

with a practice in 2011. Data available included
patient date of birth, sex, prioritised ethnic
group,” month of last consultation, and small
area deprivation index score derived from the
NZDep2006 census-based index of deprivation.
Ethnicity and deprivation status were assigned as
unknown where not recorded.

The National Minimum Dataset for Hospital
Events provided records of all admissions to pub-
lic hospitals in New Zealand from 2008 to 2011.
Data included admission and discharge dates,
admission type (acute, arranged, or waiting

list), and the principal diagnosis (International
Statistical Classification of Diseases and Related
Health Problems, Tenth Revision, Australian
Modification; ICD-10-a.m.). Length of stay was
calculated as the number of days between admis-
sion and discharge dates.

Information on patients’ medicine use was
collated from the Pharmaceutical Collection
containing records of subsidised medicines dis-
pensed from New Zealand community pharma-
cies. For each patient, we quantified the number
of medicines dispensed from 2008 to 2010 in the
following therapeutic groups: antihypertensives,
diuretics, nitrates, anticoagulants, antiplate-
lets, gastrointestinal, respiratory, hypnotics,
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anxiolytics, antipsychotics, antidepressants,
analgesics, antiparkinson agents, antibacterials,
antiosteoporotics, antianaemics and diabetes
medicines. Many of these medicines provide
treatment for long-term conditions.

The Mortality Collection provided records of
deaths occurring from 2008 to 2011. Informa-
tion in the four national datasets relating to each
patient was linked using their encrypted National
Health Index (NHI) code.

Statistics and modelling

The modelling cohort included patients aged

> 40 years as at 1 January 2011 who were regis-
tered at a general practice in all four years, had

a general practice consultation in both 2008 and
2011, and had not died between 2008 and 2011.
Although this excluded patients who died in the
follow-up year, this criterion was consistent with
the original PEONY model, which excluded pa-
tients with less than one year of follow-up data.”
We calculated the proportion of patients with
and without an emergency admission in 2011 by
patient demographic group, by drug therapeutic
group, and for patients with and without emer-
gency admissions from 2008 to 2010. The number
of emergency admissions and total bed days for
all admissions for each patient from 2008 to 2010
were also summed.

The patient cohort was randomly split into two
equal halves, with one half used for the New
Zealand model’s derivation and the other used
as a validation dataset to assess the model’s per-
formance. Regression coeflicients were estimated
using binomial logistic regression, with any
emergency admission in 2011 as the patient out-
come. A risk was then estimated for each patient
in the derivation and validation datasets from
the regression coefficients of all variables in the
derived model. Medicine use from 2008 to 2010
in each of the 16 therapeutic groups (excluding
diabetes medicines, hypnotics and anxiolytics)
was modelled as a binary variable. The number
of prescriptions for respiratory drugs, analgesics,
antibacterials, hypnotics and anxiolytics, and
diabetes medicines were modelled as continuous
variables. Eight interaction terms included in
the Scottish model were retained (see footnote to

Table 1) and patients’ ethnicity was included as a
new variable.

Model performance was assessed by measuring
the positive predictive value (PPV), sensitivity
and specificity at incremental risk thresholds,
and by calculating the area under the receiver
operating curve (the c statistic) for patients in the
validation dataset. We also calculated c statistics
for patients registered at practices within each
district health board (DHB) area of New Zealand
to determine the consistency of the model’s per-
formance across geographic regions. To explore
the influence of each model variable on estimated
patient risk, we calculated the proportion of
patients by demographic group, drug thera-
peutic group and hospital use in the previous
three years for four patient risk groups; > 70%,
50-69%, 30-49% and < 30% probability of an
emergency admission in 2011. We also examined
the range of principal hospital diagnoses for
emergency admissions in 2011 for patients with a
high estimated risk (= 50%).

Results

A total of 1,928,266 patients aged > 40 years
were listed on the general practice registers. Of
these, 179,731 patients (9.3%) were excluded as
they were not registered in all four years, with a
further 334,612 (17.4%) excluded due either to no
record of visiting a practice in 2008 and 2011 or
inconsistent recording of date of birth and sex.
A further 4417 patients (0.2%) died during 2011,
leaving a total of 1,409,506 patients (73.1%) for
inclusion in the model. Ethnic group was un-
known for 8164 patients (0.6%) and deprivation
decile for 96,452 patients (6.8%).

Table 1 shows the proportion of patients with
and without an emergency admission in 2011 for
model variables and the adjusted odds ratios for
this outcome from the model dataset. A total of
154,892 patients (11.0%) were admitted in 2011.
The odds of an emergency admission in 2011 for
patients with an emergency admission in the
previous three years were over threefold higher
than that for patients with no previous emer-
gency admissions. Mean total of bed days from
2008 to 2010 was four times higher for patients
with a subsequent emergency admission. Patients
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of Maori and Pacific Island ethnicity were more
likely to have an emergency admission in 2011
than patients from other ethnic groups, and
patients living in the most deprived areas were
more likely to be admitted than patients in less
deprived areas. Use of medicines in all 16 thera-
peutic groups was more prevalent in patients
with an emergency admission in the following
year. All variables in the original PEONY model,
with the exception of medicines used for respira-
tory conditions, were significant in the New

Zealand model.

Performance indicators for the final model
applied to the validation dataset are shown

in Table 2 for descending risk thresholds. The
following results are from the validation dataset,
unless stated otherwise. The PPV for patients
with an estimated risk > 50% for an emergency
admission in 2011 was 58.2%, indicating that
almost 6 out of 10 of these high-risk patients
subsequently went on to have an emergency
admission. Nearly 7 out of 10 patients
identified as being at very high risk (= 70%)
had a subsequent emergency admission. The

Table 1. Patients with and without an emergency admission in the follow-up year (2011) for model variables with adjusted odds ratios from the

final model dataset*

Emergency admission 2011 Model (n = 704,753)
Yes (n=154,892) | No (n=1,254,614) | AdjustedOR(95%cC)| P |

Age at 1 January 2011 (years) 65.7 (14.4) 58.8 (12.5)
Sex

Female 53.6 55.9

Male 46.4 441
NZ Deprivation Index

1-6 (least deprived) 52.7 61.8

7-10 (most deprived) 39.6 BiS)

Unknown 7.7 6.7
Ethnic group’

NZ European 78.5 80.2

Maori 10.5 8.0

Pacific Island 5.3 4.0

Asian 4.0 6.0

Other 1.2 1.3
Emergency admissions in previous 3 years

No 51.9 81.4

Yes 48.1 18.6
Other hospital use in previous 3 years

Total length of stay (days)* 8.2 (30.7) 2.0 (24.2)
Medicine use in previous 3 years

Antihypertensives 44.2 27.8

Diuretics 31.6 15.9

Nitrates 18.2 6.4

Antiplatelets 441 241

Anticoagulants 10.0 3.2

Diabetes medicines$ 14.8 8.0

N diabetes meds* 6.3 (25.8) 2.5 (14.3)
Respiratory 49.2 40.3
N respiratory meds* 8.9 (22.3) 4.5 (18.3)
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1.028 (1.027-1.029) < 0.001
1.00 (reference)
119 (1.16-1.21) < 0.001
1.00 (reference)
115 (1.13-1.17) < 0.001
1.09 (1.05-1.12) < 0.001
0.93 (0.83-1.04) 0.184
1.27 (1.13-1.41) < 0.001
1.28 (1.14-1.43) < 0.001
0.84 (0.75-0.94) 0.003
1.06 (0.94-1.21) 0.354
1.00 (reference)
3.41 (38.12-3.73) < 0.001
1.001 (1.000-1.002) 0.002
1.08 (1.06-1.10) < 0.001
112 (1.09-1.15) < 0.001
1.32 (1.29-1.36) < 0.001
113 (1.10-1.16) < 0.001
1.39 (1.34-1.44) < 0.001
1.004 (1.004-1.004) < 0.001

1.00 (0.98-1.02) 0.892
1.005 (1.004-1.005) < 0.001
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Table 1. (Continued)

Emergency admission 2011 Model (n = 704,753)
Yes (n=154,892) | No (n=1,254,614) | AdjustedOR(95%C)| P |

Gastrointestinal 48.4 314 113 (1.10-1.15) < 0.001
Antibacterials 81.5 70.0 113 (1.10-1.16) < 0.001

N antibacterial meds#* 4.6 (8.9) 2.5 (4.0 1.018 (1.016-1.019) < 0.001
Antianaemics 5.9 2.7 1.24 (1.20-1.29) < 0.001
Antidepressants 31.6 221 1.90 (1.74-2.06) < 0.001
Hypnotics and anxiolytics® 28.3 19.9

N hypnotics and anxiolytics* 4.7 (28.0) 1.8 (17.7) 1.004 (1.003-1.004) < 0.001
Antipsychotics 6.1 2.8 1.26 (1.21-1.31) < 0.001
Analgesics 72.0 51.0 1.22 (1.19-1.24) < 0.001

N analgesic meds* 13.0 (64.1) 5.6 (48.7) 1.0083 (1.002-1.004) < 0.001
Antiparkinsonian 2.0 0.7 1.39 (1.30-1.48) < 0.001
Antiosteoporotic 9.0 4.0 1.17 (1.13-1.21) < 0.001

OR (odds ratio); Cl (confidence interval); NZ (New Zealand).

* Interaction terms included in the model were: (1) antidepressants and age; (2) number of previous admissions and sex; (3) use of nitrates and anticoagu-
lants; (4-8) previous emergency admissions and age, gastrointestinal, diuretic, antiplatelet and antibacterial medicines.

Data shown are the percentage of patients or mean (s.d.).

T Ethnic group was unknown for 8,164 patients.

*  Odds ratios are for a one unit difference in this measure.

§  Variable not in the model.

Table 2. Model performance for the validation dataset (n = 704,753) by predicted
risk group for an emergency admission in the next year

¢ statistic for the model was 72%, representing
the probability that a randomly selected patient
with an emergency admission in 2011 had a
greater estimated prior risk than a randomly
selected patient with no emergency admission.
The ¢ statistic for the derivation dataset was
marginally less at 71%. Performance of the

Emergency Admission 2011

Predicted Yes PPV | Sensitivity | Specificity
risk (%) (%)* (%) (%)
178 66 0.2

=90 244 73.0 100.0

model was consistent when applied to patients = 2 &) i s o 1IERY
in each of the 20 DHB regions, with ¢ statistics 270 1451 991 460 68.3 1.3 99.9
ranging from 71.1 to 72.8. Although different =60 3328 2135 1193 64.2 2.7 99.8
regions had different patient profiles in terms =50 7902 4597 3305 58.2 5.9 99.5
of age, sex, ethnicity, and deprivation, these > 40 18,068 9258 8810 51.2 1.9 8.6
variables were included in the risk-adjusted > 30 41106 17557 23549 427 206 96.2
model. =20 93125 30773 62352 330 396 9041
Figure 1 shows the association between predict- 31y SsEl EEE|eaee 678 68.8
20 704,763 77,778 626,975 11.0 100.0 0.0

ed risk for an emergency admission in the next
year and use of medicines in multiple therapeu-
tic groups. Mean predicted risk increased with
the number of different medicine groups used
by patients, after controlling for other variables
in the model. The corresponding increase in the
proportion of patients who subsequently had

* PPV (positive predictive value).

Table 3 shows the influence of each model vari-
able on predicted patient risk. Although more
than 95% of patients with risk > 30% had emer-
gency admissions in the preceding three years,

emergency admissions indicates that the PPV
of the model increases with increasing patient
risk.

the mean number of emergency admissions and
associated bed days in hospital for patients with
a risk higher than 70% was twice that of patients

VOLUME 8 - NUMBER 3 - SEPTEMBER 2016 /JOURNAL OF PRIMARY HEALTH CARE



ORIGINAL SCIENTIFIC PAPERS

ORIGINAL RESEARCH: HEALTH SERVICES

Figure 1. Predicted risk for an emergency admission in the next year for the
validation dataset by number of medicine groups
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with a 50-69% risk and fourfold that of patients
with a 30-49% risk. This reflects the influence of
previous emergency admissions on estimated risk
for future admissions. Over 16% of patients with
risk > 50% were of Maori ethnicity, compared to
7.9% of patients with risk < 30%. The mean age
for patients with risk > 30% was 75 years com-
pared with 59 years for patients at lower risk.

With the exception of patients using respira-
tory medicines, analgesics and antibacterials,
the proportion of patients with risk > 30% using
medicines in all drug groups was more than
twice as great as patients with risk < 30%. For
diuretics, nitrates, anticoagulants, antipsychot-
ics, antianaemics, antiosteoporotics and antipar-
kinson medicines, the proportion was more than
fourfold greater. Table 3 highlights the differ-
ences in demographic characteristics, medicine
use and hospital use between patients at high and
low risk for future emergency admissions.

Table 4 lists the most common reasons for high-
risk patients having emergency admissions in
2011. This patient group may be considered the
most suitable target group for initiatives aimed at
reducing future emergency admissions. Chronic
obstructive pulmonary disease, heart disease
and symptoms, and warning signs relating to
circulatory and respiratory disease were the most
frequent reasons for admission. There were also
high rates of admission for pneumonia, abdomi-
nal and intestinal problems, and complications
arising from previous surgical and medical care.

Discussion

Our results indicate that the PEONY model
performs well when adapted and applied to
New Zealand patients. Our aim was to identify
a methodology for determining which patients
were most at risk of future emergency admis-
sions, and to inform potential interventions
aimed at curbing growth in demand for emer-
gency hospital care. The model provided risk
stratification for 73% of all general practice pa-
tients aged > 40 years in New Zealand in 2011. To
our knowledge, this represents the first research
to estimate individual patient risk for future
emergency admissions at the national level.

The developers of the original PEONY model
concluded that its superior performance over
previous models quantifying individual patient
risk for future admissions was probably due to
the inclusion of community prescribing measures
as indicators of chronic disease and other condi-
tions.” Our findings confirm the significance of
including medicine use within the 16 therapeutic
groups in the model, in addition to each patient’s
historical use of hospital services.

The c statistic for our model (0.72) was lower
than that for the Scottish PEONY model (0.80),
largely due to its lower sensitivity in high-risk
groups; a smaller proportion of patients with

an emergency admission in the next year were
correctly identified as high risk. At the 50% risk
threshold, sensitivity was 5.9% for our model but
just under 7.9% for the Scottish model. How-
ever, PPVs were similar at this threshold level
(58.2% for our model and 59.0% at the 49% risk
threshold for Scottish patients), indicating that a
similar proportion of patients identified as high
risk were admitted in the next year. It has been
argued that traditional measures of performance,
like sensitivity, mask the real value of models in
targeting preventive intervetions.”® Our rationale
for developing a New Zealand model was not to
identify every patient with emergency admissions
in the next year, but to identify those at highest
risk for future admissions.

We acknowledge certain limitations in our study.
First, 514,343 New Zealand patients (26.7%) aged
> 40 years were excluded from the model; they
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were not registered with a general practice in all Table 3. Patient demography, hospital and medicine use in the previous 3 years for

four years or had no record of visiting a prac- the validation dataset by predicted risk of an emergency admission in the next year

tice in 2008 and 2011, or there was inconsistent Probability of an emergency admission in the next year

recording of date of birth and sex. Our intention =70% | 50- | 30- | <30% Al
was to include only patients with evidence of 69% | 49% patients

New Zealand residency in all four years so that No. of patients 1451 6451 33,204 663,647 704,753

examining hospital admissions and medicine Emergency admission 68.3 55.9 39.0 9.1 11.0

use was possible in all study years. The exclusion in the next year

of patients dying in the follow-up year will have Age at 1 January 2011 in 718 75.0 74.6 58.7 59.6
years - mean (s.d.) (12.5)  (12.0) (12.1) (12.4) (12.9)

misrepresented use of the model for risk predic-

tion in the real world; we applied this criterion to Fem?le (%) ECRN B-CRNN T Sl e
be consistent with the derivation of the original SRR
PEONY model. Ethnicity and/or deprivation NZ_ Et:lropean i JEE s e 80.0
status were also unknown for 103,661 patients Macfr-| e ey 12.9 79 8.2
(7.4%), and these missing demographic data Pacific Island 54 6.7 6.3 4.0 4
. > Asian 1.0 14 1.9 6.0 5.7
will detract from the model’s accuracy and = oF o y P ps
er . : ! . .
erformance.
P NZ Deprivation Index
1-6 (least deprived 34.4 34.9 41.5 621 60.8
While our results indicate that high-risk patients 7 10( (:’zst ::"r‘i’:ec)l) =0 | s e 515 5
are most likely to be elderly and with multiple — P - : : : : :
K o . . . Medicine use in the previous 3 years
chronic conditions, among patients with risk Antihypertensives 700 716 666 273 9.6
>30%, 27.5% of all emergency admissions from Diuretics 75'7 73'4 59'0 14'9 17'7
2008 to 2011 were for patients aged < 65 years Nitrates 66.2 52'5 40'0 5 5 7'7
and 12.6% for patients aged < 55 years. Further- e 73'9 75'7 71 .O 2é 5 Zé 3
more, 21.0% of all patients with risk > 50% were Anticoagulants 375 326 038 26 39
aged < 65 years. Thus, a significant proportion Diabetes medicines 338 323 230 77 87
of high-risk patients were middle-aged and Respiratory 700 740 609 39.9 M3
an important patient group for health service e ——— 86.8 823 715 30.8 33.3
consideration. Measures targeted at reducing Antibacterials 99.0 984 949 69.8 71.3
emergency admissions in this younger cohort SRR e 303 192 10.8 24 30
may help reduce demand for emergency services Antidepressants 646 548 431 21.7 231
in later years. Hypnotic and 589 508 890 19.6 20.9
anxiolytic medicines
Our adaptation of the PEONY model provides Antipsychotics 2141 171 10.9 26 3.2
New Zealand with a regionally consistent algo- Analgesics 979 980 950 50.9 &85
rithm for identifying people at risk of hospital Antiparkinsonian 7.9 6.9 4.1 0.6 0.8
admission. Recalculating the model coefficients Antiosteoporotic 296 246 17.5 37 4.6
annually and making patient risk scores available | Hospital use in the previous 3 years
to primary care teams would identify patients at Emergency 977 988 958 17.3 21.9
risk of hospitalisation. Providing highly targeted admission
care to these patients by improved coordination Mean emergency 96 4.8 24 0.2 04
. . o . admissions (s.d.) (7.7) 8.2) (1.8) (0.6) (1.1)
of primary care providers may be critically im- e 10 928 107 07 15
portant in averting hospital admission.?” A case emergency admissions - (37.2) (25.2)  (17.9) (4.4) (7.4)
management programme to address risks could mean (s.d.)
be used to provide a patient-centred model for Any admission 99.9 997 985 295 33.6
reducing hospital admissions.! Total no. of 26.7 7.6 3.9 0.5 0.8
admissions - mean (s.d.) (54.3) (4.9) (2.6) (1.0) (3.1)
Interpractice admission rate variation when vesllae) Gays o e | Ged Atz ) T 1L —
(s.d.) (79.6) (671) (438  (14.2) (19.3)

standardised for age, gender, ethnicity and
deprivation is often explained by differences in
levels of morbidity or different models of care.
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Table 4. Reasons for emergency admission in the follow-up year for validation dataset patients with a predicted high risk (= 50%) of
emergency admission (n = 7902)

Diagnostic group/diagnosis No. of emergency No. of unique patients Total bed days (mean days/
admissions (%) (%)* admission)

Chronic lower respiratory diseases 1656 (13.1) 820 (10.4) 6941 (4.2)
Chronic obstructive pulmonary 1371 (10.9) 680 (8.6) 5876 (4.3)
disease
Asthma 148 (1.2) 84 (1.1) 386 (2.6)
Brochiectasis 98 (0.8) 64 (0.8) 514 (5.2)

Signs and symptoms - circulatory 944 (7.5) 654 (8.3) 1356 (1.4)

and respiratory
Pain in the throat and chest 706 (5.6) 484 (6.1) 928 (1.3)
Abnormalities of breathing 108 (0.9) 97 (1.2) 145 (1.3)
Haemorrhage from respiratory 58 (0.5) 41 (0.5) 105 (1.8)
passages
Abnormalities of heart beat 54 (0.4) 51 (0.6) 124 (2.3)

Other forms of heart disease 838 (6.6) 589 (7.5) 3,898 (4.7)
Heart failure 504 (4.0) 361 (4.6) 2,671 (5.9)
Atrial fibrillation and flutter 210 (1.7) 153 (1.9) 586 (2.8)
Paroxysmal tachycardia 40 (0.3) 32 (0.4) 163 (4.1)

Ischaemic heart diseases 747 (5.9) 467 (5.9) 2,624 (3.5)
Angina pectoris 431 (3.4) 286 (3.6) 985 (2.3)
ST elevation and non-ST 298 (2.4) 223 (2.8) 1,658 (5.3)

elevation myocardial infarction

Pneumonia and influenza 496 (3.9) 405 (5.1) 2,490 (5.0)

Complications of surgical and 453 (3.6) 325 (4.1) 2,929 (6.5)

medical care

Diabetes mellitus 418 (3.3) 274 (3.5) 2,503 (6.0)
Type 2 365 (2.9) 246 (3.1) 2,308 (6.3)
Type 1 46 (0.4) 25 (0.3) 172 (3.7)

Signs and symptoms - digestive 404 (3.2) 292 (3.7) 761 (1.9)

system/abdomen
Abdominal and pelvic pain 328 (2.6) 232 (2.9) 580 (1.8)
Nausea and vomiting 59 (0.5) 50 (0.6) 131 (2.2)

General signs and symptoms 365 (2.9) 316 (4.0) 842 (2.3)
Syncope and collapse 205 (1.6) 185 (2.3) 441 (2.2)
Headache 47 (0.6) 40 (0.5) 135 (2.9)
Convulsions, not elsewhere 44 (0.3 37 (0.5) 94 (2.1)
classified

Other diseases of the intestines 338 (2.7) 273 (3.5) 1,532 (4.5)
Other functional intestinal 144 (1.1) 125 (1.6) 266 (1.8)

disorders
Paralytic ileus and intestinal 79 (0.6) 65 (0.8) 530 (6.6)

obstruction without hernia
Diverticular disease of intestine 73 (0.6) 66 (0.8) 381 (5.2)
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Table 4. (Continued)

. . . . No. of emergency No. of unique patients Total bed days (mean days/
Diagnostic group/diagnosis admissions (%) admission)
@ )

Infections of the skin and 335 (2.7) 251 (3.2) 1,868 (5.6
subcutaneous tissue
Cellulitis and acute lymphangitis 301 (2.4) 224 (2.8) 1,621 (5.4)
Other diseases of the urinary system 330 (2.6) 281 (3.6) 1,325 (4.0)
Other acute lower respiratory tract 321 (2.5) 291 (8.7) 1,148 (3.6)
infections
Injuries to the hip and thigh 225 (1.8) 194 (2.5) 1,716 (7.6)
Fracture of femur 125 (1.0) 118 (1.5) 1,400 (11.2)
Non-infective enteritis and colitis 187 (1.5) 160 (2.0) 701 (3.7)
Injuries to the head 169 (1.3) 154 (1.9) 364 (2.2)
Metabolic disorders 164 (1.3) 134 (1.7) 5351(818)
Disorders of fluid, electrolyte 90 (1.0) 72 (0.9) 285 (3.2)
and acid balance
Volume depletion 54 (0.4) 51 (0.6) 180 (3.3)
Episodic and paroxysmal disorders 157 (1.2) 120 (1.5) 456 (2.9)
Transient cerebral ischaemic 71 (0.6) 69 (0.9) 234 (3.3)
attacks
Epilepsy and recurrent seizures 56 (0.4) 33 (0.4) 191 (3.4)
Other bacterial diseases 148 (1.2) 136 (1.7) 1229 (8.3)
Sepsis 138 (1.0) 127 (1.6) 1140 (3.4)
Rehabilitation, aftercare and 146 (1.2) 124 (1.6) 1491 (10.2)
convalescence
Diseases of the oesophagus, 143 (1.1) 125 (1.6) 449 (3.1)
stomach and duodenum
Gastritis and duodenitis 44 (1.1) 40 (0.5) 120 (2.7)
Gastro-oesophageal reflux 43 (0.3) 43 (0.5) 56 (1.3)
disease
Mood and affective disorders 142 (1.1) 62 (0.8) 1,805 (12.7)
Major depressive disorder, 71 (0.6) 28 (0.4) 669 (9.4)
single episode
Bipolar disorder 43 (0.3) 24 (0.9) 937 (21.8)
Cerebrovascular diseases 138 (1.1) 122 (1.5) 849 (6.2)
Cerebral infarction 59 (0.5) 56 (0.7) 403 (6.8)
Stroke not specifically with 41 (0.3) 40 (0.5) 230 (5.6)
haemorrhage/infarction
Other diseases of the digestive 138 (1.1) 108 (1.4) 500 (3.0)
system
Poisoning, adverse effects and 135 (1.1) 85 (1.1) 188 (1.4)
medicines under-dosing
All other reasons for emergency 3075 (24.4) 1922 (24.3) 13,888 (4.5)
admission
All emergency admissions 12,612 (100.0) 4597 (58.2) 54,388 (4.3)

Percentage of all patients with a risk of emergency admission > 50%.
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The PEONY model may be an effective proxy
measure of morbidity and partially explain
admission variation between general practices.
This could assist in identifying outlying prac-
tices with admission rates that likely represent
different models of care; this in turn may provide
opportunities and directions for general practice
reconfiguration to reduce hospital admissions.
The model may also be used to estimate future
demand and costs for emergency admissions be-
cause changing demand from year to year as the
population ages and the prevalence of chronic
conditions grows will be taken into account
when recalibrating model coefficients with each
successive year.

The New Zealand PEONY model represents an
efficient methodology for providing a national
risk prediction tool that is applicable to all re-
gions of New Zealand. Elderly patients with mul-
tiple chronic conditions constitute the majority
of high-risk patients for an emergency admission
in the next year, but there are also a considerable
number of younger patients at high risk.
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