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ABSTRACT

Objective Ambulatory care sensitive (ACS) conditions

are those for which intensified primary care management
could potentially prevent emergency admissions.

This study aimed to quantify geographical variation in
emergency admissions with ACS conditions in older adults
and explore factors influencing variation.

Design Repeated cross-sectional study.

Setting 34 public hospitals in the Ireland.

Participants Adults aged >65 years hospitalised for
seven ACS conditions between 2012 and 2016 (chronic
obstructive pulmonary disease, congestive heart failure
(CHF), diabetes, angina, pyelonephritis/urinary tract
infections (UTIs), dehydration and pneumonia).

Primary outcome measure Age and sex standardised
emergency admission rates (SARs) per 1000 older adults.
Analysis Age and sex SARs were calculated for 21
geographical areas. Extremal quotients and systematic
components of variance (SCV) quantified variation.

Spatial regression analyses was conducted for SARs with
unemployment, urban population proportion, hospital
turnover, supply of general practitioners (GPs), and supply
of hospital-based specialists as explanatory variables.
Results Over time, an increase in UTI/pyelonephritis
SARs was seen while SARs for angina and CHF decreased.
Geographic variation was moderate overall and high

for dehydration and angina (SCV=11.7-50.0). For all
conditions combined, multivariable analysis showed lower
urban population (adjusted coefficient: —2.2 (—3.4 to —0.9,
p<0.01)), lower GP supply (adjusted coefficient: =5.5 (8.2
t0 —-2.9, p<0.01)) and higher geriatrician supply (adjusted
coefficient: 3.7 (0.5 to 6.9, p=0.02)) were associated with
higher SARs.

Conclusions Future research should evaluate methods
of preventing admissions for ACS conditions among older
adults, including how resources are allocated at a local
level.

INTRODUCTION

Emergency hospital admission can place
older adults at risk of functional decline,
infection, delirium and pressure injuries.'
In Ireland, over half of older adults report at
least one chronic illness and the majority of
public hospital days are used by this cohort.””

,! Sinead Cronin,' Fiona Boland
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Strengths and limitations of this study

» This study uses a large national dataset, which is
known to have good coverage and accuracy across
public hospitals.

» Definitions of conditions and methods of quantifying
variation are in line with international work.

» Undifferentiated presentations in older, multimorbid
patients could result in more diagnostic uncertainty
and variation in clinical coding across areas.

» Presentations to emergency departments that did
not result in emergency admission due to lack of bed
availability were not included in the analysis.

» Future research is required to explore the mecha-
nisms of observed associations at an individual level
to inform interventions to prevent ambulatory care
sensitive admissions.

Approximately 20% of all emergency admis-
sions are due to ambulatory care sensitive
(ACS) conditions and considered poten-
tially avoidable through chronic disease
management interventions in the primary
care setting and implementation of vaccina-
tion programmes that prevent acute illnesses
including influenza.* ° The National Health
Service Institute for Innovation and Improve-
ment (NHS Institute) in England highlights
19 ACS conditions.*® Some of these dispro-
portionately affect older adults with over
two-thirds of emergency hospital admissions
for chronic obstructive pulmonary disease
(COPD), pneumonia and urinary tract infec-
tions (UTIs) in England, and for COPD,
diabetes complications and congestive heart
failure (CHF) in Ireland affecting the over
65-year age group.*®

Geographical variation of hospitalisations
for these conditions has been studied in
several countries in different patient popu-
lations with primary care supply/quality,
secondary care access and patient deprivation
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being the most frequent drivers of hospitalisation.”™

These factors have not been explored among the older
adult population in Ireland. It is important to identify
system and population level factors that may be amenable
to intervention in this setting. The aim of this study is to
examine the extent of geographical variation in emer-
gency hospital admissions for ACS conditions among
older adults in Ireland. Secondary aims are to explore
secular trends and the association of healthcare demand
and supply factors with variation.

METHODS

The Strengthening the Reporting of Observational
Studies in Epidemiology guidelines were used to guide
the conduct and reporting of this repeated cross-sectional
study.'’

Setting

The Ireland had a population of 4.7million people in
2016, with 13.5% aged >65 years.” All residents are enti-
tled to receive publicly funded hospital care. Additional
schemes are available to residents aged 270 years, those
below certain income thresholds and those with partic-
ular chronic conditions to provide services at reduced or
no ‘out-of-pocket’ cost including general practice visits
and medications."'

Participant selection
For this study, tabulations (by year, residence area, sex
and 5-year age group) of emergency hospital admissions
with a discharge date between 1 January 2012 and 31
December 2016 and aged =65 years were extracted from
the national Hospital Inpatient Enquiry system (HIPE),
the main dataset that includes all inpatient and day case
admissions to publicly-funded acute hospitals in Ireland.?
Further details of HIPE, which has over 99% coverage,
are available in online supplemental table 1. In line with
previously published definitions, seven conditions that
contribute to most potentially preventable emergency
admissions in older adults in Ireland and internationally
were chosen for amallysis.6 1213 These seven conditions
are a subset of the ACS conditions identified by the NHS
Institute,45 and are in line with conditions studied among
older adults in the US as part of the Dartmouth Atlas of
healthcare variation'? (see online supplemental table 2
for detailed definitions):

COPD

CHF

Diabetes complications

Angina (excluding therapeutic procedures)

Pyelonephritis and UTIs

Dehydration

Pneumonia
Emergency hospital admissions were excluded if they
were <65 years, not resident in Ireland or were discharged
directly from Acute Medical Admission Units (which can
serve a similar purpose as Emergency Departments).2
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Formal ethical approval was not sought, as the study was
conducted using aggregated data from national anony-
mous administrative datasets (see online supplemental
table 2 for a full list of exclusions).

Definition of small areas and calculation of standardised
admission rates

Age-stratified and sex-stratified population counts for
persons aged =65 years in each of 26 counties in Ireland
and the areas of North Dublin and South Dublin were
obtained from 2011 and 2016 national censuses and
counts for intercensus years were calculated assuming
uniform annual growth rates.” Small counties were
grouped with neighbouring counties to produce more
stable estirnates,14 thus defining 21 small areas. For each
condition, discharge rates per 1000 older residents were
calculated by year for each small area. To aid interna-
tional comparison, rates were indirectly age and sex
standardised, using the United States 2015 population
structure (Www.census.gov).

Secular trends

For each condition, changes in rates over time were
explored using linear regression analysis with annual
Standardised Admission Rate (SAR) as the outcome. This
was not conducted for diabetes complications as a coding
change in 2015 reduces comparability of years for this
condition."”

Quantifying variation

The extent of variation for each condition across small
areas was estimated using the extremal quotient (EQ,
maximum rate/minimum rate) and the systematic compo-
nent of variation (SCV).'®'” The SCV, representing non-

2 k

(O'E,.ZE ) — X; b%
where k is the number of small areas, O, is the observed
number of discharges in the ith small area, and E, is the
expected number of discharges determined by direct stan-
dardisation.'® An SCV value >5 represents high variation
and >10 is considered very high variation.'® These values
were also calculated eliminating small areas outside the
5th-95th percentiles (EQ, ., SCVS%).16 A standardised
admission ratio (observed/expected number of admis-
sions) was calculated for each condition, year and area.
Maps of standardised admission ratios were generated
using Stata V.14 (StataCorp, Texas, USA).

k
random variation, is calculated by % >
i=1

Explaining variation

For each condition and all conditions combined, univari-
able and multivariable regression analysis was conducted
with average 5-year SAR as the outcome, and five area-
level explanatory variables related to healthcare supply
and demand. These included unemployment rate (socio-
economic deprivation), urban population proportion
(rurality), hospital turnover (proportion of emergency
admissions with short lengths of stay)'® and the density of
general practitioners (GPs) and relevant hospital-based
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Table 1 Demographic profile of emergency hospital admissions for ambulatory care sensitive conditions (2012-2016)
Total no.of % of included _Age group Sex

Condition admissions admissions % 65-69 % 70-74 % 75-79 % 80-84 % 85+ % Male
COPD 46474 31 20 23 23 19 15 52
Pneumonia 32082 22 11 15 19 22 33 51
UTI/Pyelonephritis 30429 21 10 14 19 24 34 37
CHF 23683 16 9 14 20 25 32 54
Angina 7398 5 26 24 22 16 12 63
Diabetes 5975 4 21 22 22 19 16 58
Dehydration 1681 1 11 14 16 22 37 39
Total 147722 14 18 20 22 26 49

CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; UTI, urinary tract infection.

specialists (geriatricians, cardiologists, respiratory special-
ists and endocrinologists). See online supplemental
table 3 for full definitions and summary values of each
variable. A random effect to account for small-area clus-
tering was included in models. Spatial diagnostic tests
(‘spatdiag’ in Stata V.14) were conducted and proximal
small-areas’ influence on one another’s results explored
using Moran’s I and Robust Lagrange multiplier values. If
spatial relationships were found, spatial analysis, incorpo-
rating a ‘contiguity matrix’, was conducted.'” *’ Stata V.14
(StataCorp, Texas, USA) was used for all analyses.

Patient and public involvement
Patients were not involved in the conception, design, or
conduct of this research.

RESULTS

Demographics

Between 1 January 2012 and 31 December 2016, a total of
147722 emergency hospital admissions (49% men) due
to seven ACS conditions in older adults were included.
Table 1 presents demographics of included admissions.
Approximately one-third of those admitted with CHF,
pneumonia, UTI/pyelonephritis and dehydration were
aged =85 years, while angina was most common in men
and younger age groups.

Secular trends

Over time, no change was observed in SARs for all condi-
tions combined or for individual conditions COPD, dehy-
dration and pneumonia. A significant decrease in SARs
for angina (coefficient: -0.2 (95% CI —0.3 to -0.1)) and
CHF (coefficient: —0.2 (95% CI —0.4 to -0.0)) was found
with a significant increase in UTI/pyelonephritis admis-
sions (coefficient: 0.7 (95% CI 0.5 to 0.9)).

Quantifying variation
Table 2 shows geographic variation measures for ACS
conditions. There was some variation observed for all

conditions combined in most years, but high variation
(SCV=5.3) was only observed in 2013. Based on SCV

values, CHF admissions demonstrated low variation
(SCV=2.4-3.5). COPD, diabetes complications, pyelone-
phritis/UTI and pneumonia admissions demonstrated
high variation (SCV=4.1-14.4). Angina and dehydration
admissions showed very high variation (SCV=11.7-50.0).
Crude rates, EQ,, and SCV, . values are detailed in
online supplemental table 4.

Figure 1 shows the geographic distribution of Stan-
dardised Admission Ratios in 2016 across Ireland. Darker
areas show higher than expected numbers of admissions
while lighter areas show lower than expected numbers
of admissions. Generally, a lower number of admissions
than expected were seen in the south and in Dublin and
a higher number of admissions than expected in the
midlands areas. This distribution across all years (2012—
2016) is presented in online supplemental figure S1.

Explaining variation

Spatial tests were significant for all conditions combined,
diabetes, UTI/pyelonephritis, pneumonia and dehydra-
tion. In multivariable spatial analysis, higher SARs per 1000
older population for all seven ACS conditions combined
were associated with a lower population proportion living
in urban areas (adjusted coefficient: 2.2 (95% CI -3.5
to -0.9, p<0.01); 10-point change), lower GP density per
10000 population (adjusted coefficient: -5.5 (95% CI
-8.2t0-2.9,p<0.01)), and higher geriatrician density per
10000 older population (adjusted coefficient: 3.7 (95%
CI0.5t0 6.9, p=0.02)).

When conditions were analysed individually, lower
GP density was the most frequent factor associated with
higher SARs including for COPD (adjusted coefficient:
-2.1 (95% CI 4.2 to -0.1), p=0.05), CHF (adjusted coef-
ficient: -0.9 (95% CI -1.6 to —0.3), p=0.01), diabetes
mellitus (adjusted coefficient: -0.3 (95% CI -0.6 to -0.1),
p=0.02) and UTI/pyelonephritis (adjusted coefficient:
-1.1 (95% CI -2.1 to -0.1), p=0.02). Higher area-level
unemployment was associated with higher COPD SARs
(adjusted coefficient: 0.9 (95% CI 0.1 to 1.6), p=0.02)
and lower urban population was associated with higher
UTI/pyelonephritis emergency admission rates (adjusted
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Table 2_Quanifying varation n ambulatory oaresensitve emergency hospital admission ratesn oderadts

Standardised admission rate by area Standardised national Measures of geographical
(per 1000 eligible) rate variation

Condition Year Min Max (per 1000 eligible) EQ Scv

CHF 2012 6.7 1.7 8.5 1.7 2.6
2013 5.2 121 8.3 2.3 3.2
2014 6.4 11.6 7.9 1.8 2.4
2015 4.2 11.0 7.9 2.6 3.5
2016 5.0 10.9 7.6 2.2 2.9

UTlI/pyelonephritis 2012 5.6 13.0 9.0 2.3 4.8
2013 5.1 16.6 10.0 3.3 8.4*
2014 7.7 16.3 10.5 2.1 6.6*
2015 7.7 14.8 10.5 1.9 4.1
2016 7.2 20.0 11.8 2.8 6.4*

Angina 2012 1.8 5.1 2.9 2.9 1.7
2013 1.4 4.7 2.7 3.4 14.5t1
2014 1.3 5.8 2.4 4.6 24.7%
2015 1.0 4.8 2.3 4.7 18.6t
2016 1.1 4.0 21 3.8 14.21

Al conditions 2012 35.7 70.1 50.1 1.6 35

combined 2013 30.7 68.5 50.3 1.9 5.3*
2014 33.2 64.5 486 1.7 36
2015 32.4 65.8 48.6 1.6 3.8
2016 33.4 66.2 51.7 1.7 3.4

*High variation.
TVery high variation (systematic component of variation (SCV) >3 likely be to ‘medical discretion’; 5-10=high variation; >10very high variation).
CHEF, congestive heart failure; COPD, chronic obstructive pulmonary disease; EQ, extremal quotient; UTI, urinary tract infection.

coefficient -0.5 (95% CI -1.0 to —0.1), p=0.03). Hospital DISCUSSION

turnover was associated with higher SARs for dehydration Summary of principle findings

(adjusted coefficient: 0.04 (95% CI0.01 to 0.07), p=0.02).  This study examined geographical variation in emer-
See online supplemental tables 5 and 6 for all coefficients.  gency hospital admissions for seven ACS conditions

E-

Walsh ME, et al. BMJ Open 2021;11:€042779. doi:10.1136/bmjopen-2020-042779


https://dx.doi.org/10.1136/bmjopen-2020-042779

coprD CHF

=1.19-1.43
=1.1-1.19
=.91-1.1
2.68 - .91

=118-151
=1.03-1.18
=.88-1.03
.63 - .88

Angina Dehydration

=1.45-1.99
=1.19-1.45
2.79-1.19

=128-161 . .
=.98-128 1*"-"*
X 4

4w
Diabetes UTI/ Pyelonephritis All Conditions
=121-1.52 . S =1.21-127 5 cucanlile
=1,15-1.21 :}ﬁ_};z ;nﬁ“;’f} =112-1.21 ‘»*"\ﬁ}\}_/
=9-1.15 so7-141 &2 2g8-112 % 7/
=489 62-.97 s 165-.98 ey

Figure 1 Geographical distribution of standardised
admission ratios for ambulatory care sensitive conditions for
the year 2016. CHF, congestive heart failure; COPD, chronic
obstructive pulmonary disease; UTI, urinary tract infection.

among older adults in Ireland over a 5-year period
(2012-2016). Emergency admission rates for all condi-
tions studied varied across geographical areas from 1.6
to 1.9 fold, showing high variation only in the year 2013.
This is broadly in line with similar research internation-
ally.” While emergency admission for dehydration and
angina demonstrated very high variation, SARs for these
conditions were low (<3/1000 population), which could
account for the magnitude of variation observed as well
as changes in measures of variation from year to year.'®
For conditions with higher and comparable rates (COPD,
CHF, UTI/pyelonephritis, pneumonia), pneumonia
showed the highest variation (three-fold).

There were three main factors which showed evidence
of associations with higher rates of emergency admissions
for all conditions in the current study: (1) density of GPs,
(2) rurality and (3) density of geriatricians.

Findings in relation to other studies

GP supply

Lower density of GPs was associated with higher emer-
gency admission rates for all seven ACS conditions

combined as well as for CHF, diabetes and UTI/pyelone-
phritis. This is in line with international research among
older adults,” although studies among general popu-
lations have shown inconsistent associations between
ACS admission rates and GP supply.” A lack of GPs
managing chronic conditions and implementing vacci-
nation programmes in community settings could result
in more patients attending emergency departments with
acute exacerbations or complications of their chronic
condition.” It is also important to consider the value of
continuity of care with the same GP, which we could not
measure in this study, but which has been found to reduce
emergency admissions among older adults.”

Rurality

In this study, rurality (lower urban population) was asso-
ciated with higher rates of emergency admissions for all
conditions combined as well as for UTI/pyelonephritis.
This pattern has also been observed among older adults
in the USA and broader populations in Europe.®' *
Ireland has a relatively low population density, with the
majority concentrated in three large cities. Between 2005
and 2008 in Ireland, Sheridan et alreported that hospital-
isation rates for acute and chronic ACS conditions were
higher outside of these cities.® Rural areas in Ireland are
likely to have lower physician supply, and greater travel
times to hospitals.’ This could also influence access to clin-
ical decision-making support services including radiology
and the availability of community support services, which
could lower admission thresholds.”

Geriatrician supply

In this study, higher geriatrician density was associated
with higher emergency admission rates on multivari-
able analysis. This relationship could be interpreted as
indicating ‘supply-sensitive’ care.** Greater numbers of
geriatricians may result in more capacity to admit and
investigate older patients in hospital. This may suggest
some unmet need in areas with lower admission rates. It
is not clear however if more and higher cost treatments
results in better outcomes in this cohort.** Counterintui-
tively, Wennberg in 2011 described how in the USA, areas
with high expenditure for chronic conditions among
older adults have higher rates of mortality.** This may
not translate to other countries and research is needed
to determine higher value healthcare activity in terms of
patient outcomes.

Secular trends

Rates of hospitalisation for angina and CHF decreased by
28% and 13% respectively over the period of the study.
These findings are similar to observed trends among older
adults in the USA from 2003 to 2007 and in the general
population in England from 2002 to 2012*"* One expla-
nation of this decrease could be increased use of percuta-
neous coronary intervention, which rose by 36% between
2004 and 2011 in Ireland.” With regards to CHF however,
large epidemiological European studies suggest that while
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incidence and mortality are declining, total prevalence is
rising with population ageing.***’ In our study, consistent
with findings from England, most CHF admissions were
in individuals aged >80 years with relatively low varia-
tion seen nationally. This highlights a need to explore
improved community-based management strategies for
CHF among the oldest old and those approaching end-
oflife. SARs for UTI/pyelonephritis increased by 31%
over the period of this study. Similar increases in UTI
have been observed in national analyses among the older
population in the USA and England.* "> ** Simmering et
al examined UTI admissions in the USA between 1998
and 2011 and reported an increase from 264404 (12.9
per 10000 people) to 436635 (18.4 per 10000 people).™
The majority of this increase in admissions occurred
among women (67.7% in 1998, 71.4% in 2011), with the
mean age at admission increasing from 73.2 to 74.7 years.
Mean length of hospital stay for UTI-related admissions
decreased from 5.29 to 4.24days and inpatients had a
lower odds of death (68% lower in 2011 than in 1998).
The authors hypothesised that this increase in admissions
was associated with difficulties treating UTIs in outpatient
settings due to antimicrobial resistance, with the reduced
length of inpatient stay and lower odds of death indicative
of less severe infections requiring admission.”® This is a
concerning trend that could have implications for health-
care costs and efficacy. It highlights the need to consider
focused antibiotic stewardship efforts for patients diag-
nosed with UTIs, new oral or single-dose antimicrobial
agents that can administered in outpatient settings, and
innovative approaches to treat patients with UTI with
resistant pathogens on an outpatient basis.*®*’

Strengths and weaknesses of the study

This study was conducted using a large, national database
representing all public hospitals in the Ireland; however,
HIPE is not designed for research purposes.”’ Limita-
tions with and differences regarding clinical coding
accuracy across hospital sites could account for some
variation found.® Undifferentiated presentations in older,
multimorbid patients could result in more diagnostic
uncertainty, particularly with regard to dehydration, a
complex presentation for which other diagnoses may
be implicated. Furthermore, exploring only hospitalisa-
tion rates does not give an indication of care quality.”
Given the study design and data available, there may be
other factors influencing ACS admissions that we were
unable to explore including illness severity, multimor-
bidity, social services and discharge transitions.® Factors
including deprivation were explored at a county-level,
areas that may be too large to detect differences within
communities.

Acute public hospitals in Ireland have an average bed
occupancy of 95% throughout the year, which is signifi-
cantly higher than the European average of 77%.”' Long
emergency department waiting times, a feature of Irish
public hospitals, is a priority for the health service.” As
emergency department figures are not included in this

analysis, it is possible that patients who required admis-
sion but for whom a bed never became available have
not been accounted for. We attempted to account for
the supply-sensitive factor of hospital turnover by incor-
porating the propensity of an area to have short emer-
gency stays in hospital as it was found to be important
in previous Irish work.'”® This is a complicated variable
however and may not fully reflect real-life circumstances.
Patient reported access to general practice during
routine and out of hours could not be accounted for. In
a UK study, every percentage-point increase in patient
reported inability to make a GP appointment was asso-
ciated with an increase in emergency attendance by 0.36
(95% CI 0.06 to 0.66) per 1000 population. Percentage-
point increases in patients unable to speak to a GP/nurse
within two workdays and patients able to speak often to
their preferred GP were associated with increased emer-
gency attendance/ 1000 population by 0.23 (95% CI 0.05
to 0.42) and 0.10 (95% CI 0.00 to 0.19), respectively.”
Lastly, our data does not include admissions to private
hospitals, which nationally make up a small proportion of
these types of presentations.

Implications for research and practice

Our study found an association between ACSC emer-
gency admission rates and health-system factors among
older adults. However, this study design cannot explain
causal mechanism, which is an area for future research.?”
A patient’s decision to attend for emergency care is deter-
mined by a complex network of personal, socioeconomic,
cultural and health service factors.” Future high quality
research is required to explore this process and to eval-
uate models of preventability of exacerbations of chronic
conditions and the potential avoidability of certain hospi-
talisations among older adults at a system level.® Efforts to
address ACS emergency admissions could focus on inter-
ventions in socio-economically disadvantaged areas with
higher rates of ACS admissions, targeting certain ACS
conditions, such as COPD, where there is evidence to
support primary care interventions reducing admissions
and consider interventions focused on reducing length of
stay for patients admitted to hospital.**

CONCLUSION

In health system planning, services should be tailored to
meet the needs of the population. This study provides
important insights into factors that may influence ineq-
uity in care for older adults that leads to differences in
hospitalisation rates; rurality, GP supply and geriatrician
supply. In an ageing population with increasing levels of
multimorbidity and complex care needs, primary health-
care is essential and needs to be adequately resourced.
Future research is required to evaluate methods of
preventing admissions for ACS conditions among older
adults, including how resources are allocated at a local
level.
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