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Abstract

Introduction Respiratory specialist ward care is associated with better outcomes for patients with COPD
exacerbations. We assessed patient pathways and associated factors for people admitted to hospital with
COPD exacerbations.

Methods We analysed routinely collected electronic health data for patients admitted with COPD
exacerbation in 2018 to Queen Elizabeth Hospital, Birmingham, UK. We extracted data on demographics,
deprivation index, Elixhauser comorbidities, ward moves, length of stay, and in-hospital and 1-year
mortality. We compared care pathways with recommended care pathways (transition from initial
assessment area to respiratory wards or discharge). We used Markov state transition models to derive
probabilities of following recommended pathways for patient subgroups.

Results Of 42555 patients with unplanned admissions during 2018, 571 patients were admitted at least
once with an exacerbation of COPD. The meantsp age was 51+11 years; 313 (55%) were women, 337
(59%) lived in the most deprived neighbourhoods and 45 (9%) were from non-white ethnic backgrounds.
428 (75.0%) had >4 comorbidities. Age >70 years was associated with higher in-hospital and 1-year
mortality, more places of care (wards) and longer length of stay; having >4 comorbidities was associated
with higher mortality and longer length of stay. Older age was associated with a significantly lower
probability of following a recommended pathway (>70 years: 0.514, 95% CI 0.458-0.571; <70 years:
0.636, 95% CI 0.572—0.696; p=0.004).

Conclusions Only older age was associated with a lower chance of following recommended hospital
pathways of care. Such analyses could help refine appropriate care pathways for patients with COPD
exacerbations.

Introduction

COPD is a major cause of hospital admission, with over 133 000 admissions to UK hospitals in 2019—
2020 [1]; the cost of National Health Service (NHS) care for COPD has been estimated at GBP 1.9 billion
per annum [2]. Guidelines from the UK National Institute for Health and Care Excellence (NICE) and
other similar bodies outline standards of care for the hospital treatment of patients with COPD; such
guidelines typically cover a range of topics including place of care, access to specialist healthcare
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personnel, early assessment, monitoring, therapeutic intervention and follow-up [3]. Providing specialist
inpatient care within respiratory wards is a key performance indicator in the NICE guidelines [4] as
continuous access to respiratory specialist staff is associated with better outcomes for patients [5], driven in
part by the structured application of key processes in respiratory care [6-8].

The impact of sociodemographic inequalities, including those based on age, sex, ethnicity and deprivation,
on outcomes across many conditions is now apparent and understanding how such inequalities translate
into poorer outcomes is key to mitigating the impact of these inequalities [9]. How care is delivered may
constitute an important intermediate step in explaining the relationship between inequalities and outcomes.
COPD disproportionately affects people from more deprived socioeconomic backgrounds, who have
historically had higher rates of cigarette smoking and are known to face more barriers in accessing
healthcare [10]. Patients with COPD rarely suffer from the condition in isolation; COPD is usually
accompanied by comorbidities [11], and the presence of comorbidities is more common at older ages. The
presence of comorbid conditions has an important impact on overall prognosis, symptom burden and
quality of life; the presence of comorbidities also affects COPD treatment selection and burden [12].
Conversely, treatments used to manage other comorbidities may have adverse effects on the symptoms and
prognosis of COPD. Because of this, national guidance suggests considering the impact of comorbidities
during exacerbations of COPD [13] but recognises that in practice this is considered only in a proportion
of patients. Neglecting comorbidities may lead to suboptimal outcomes even if COPD is managed
optimally; patients with comorbidities may find that conditions other than COPD are not managed
appropriately, and many readmissions after an index hospital admission (e.g. for COPD) are due to a
health problem other than COPD [14, 15].

It is therefore important to understand how patients presenting to hospital with an exacerbation of COPD
progress through their hospital stay. Describing pathways of care within hospital for patients with COPD is
therefore a first step in understanding what the impact of sociodemographic factors and comorbidities
might be. The aim of this analysis is to describe pathways of hospital care for patients admitted with
COPD, and to understand the associations of comorbidity, demographic and socioeconomic variables with
pathways of care.

Methods

We conducted an analysis of routinely collected clinical data held in the electronic healthcare record
(EHR) of a large teaching hospital in the United Kingdom serving a population in excess of 1.2 million
people. The population served is ethnically diverse and encompasses a wide range of socioeconomic
groups, from affluent to very deprived.

Hospital and data sources

The Queen Elizabeth Hospital Birmingham (QEHB) is an urban, adult NHS acute hospital in England
with 1269 beds including 80 level 2/3 intensive care unit (ICU) beds, an emergency department that
assesses >300 patients per day (with 100 per day admitted for further assessment), and a mixed secondary
and tertiary practice that includes all major adult specialties with the exception of obstetrics and
gynaecology. The EHR at QEHB (PICS, Birmingham Systems, Birmingham, UK) contains time-stamped,
structured records that include demography, location, time of admission and discharge, all treatments and
investigations, and physiological measurements supporting the National Early Warning Score (NEWS2).
The EHR has been in place since 1999 and the Trust is a paperless environment for all care provision
and planning.

For this analysis, data were extracted on all acute hospital presentations (including to the emergency
department and assessment units) between 1 January 2018 and 31 December 2018 with either an
International Classification of Diseases version 10 (ICD-10) discharge diagnosis of COPD exacerbation (as
a primary or secondary diagnosis) or a Systematised Nomenclature of Medicine Clinical Terms
(SNOMED-CT) code recorded during admission denoting exacerbation of COPD. Codes used are shown
in the supplementary material. The 12-month time period during 2018 was selected to enable up to 1 year
of follow-up without the data being impacted by the start of the COVID-19 pandemic in 2020. For patients
with multiple eligible admissions during the study time period, only the first admission was included. The
study size was determined by the number of patients with at least one admission for a COPD exacerbation
in the calendar year 2018.

Outcomes
The principal outcome studied was the pathway of care through hospital, from the point of admission to
discharge. All places of care (operationalised as individual wards within the hospital) were extracted with
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time and date of transfer to each place of care between hospital admission and discharge. Discharge was
taken as the time and date of transfer out of hospital or transfer to the hospital discharge lounge. Patients
who attended an inpatient ward whose speciality was not geriatric medicine, respiratory or the acute
medical unit (AMU) were classified as attending a general ward. Pathways of care were constructed and
analysed as described below in the Analyses section. For other outcome variables, death during hospital
stay and death within 1 year of hospital admission, length of acute hospital stay (in days) and ICU
admission during hospital stay, were extracted from the EHR.

Exposures

Data describing patient characteristics were extracted from the EHR using the date of each hospital
admission as the index date. Data extracted included patient age, sex, index of multiple deprivation based
on postcode [16], and all hospital diagnoses coded by ICD-10 discharge codes over a period of up to
10 years prior to the admission under study to improve completeness of capture of comorbidities. ICD-10
codes were mapped to diagnoses in the Elixhauser list [17] to generate information on the number of
comorbidities each patient had recorded at the time of hospital admission. Previously used ICD-10 code
lists were used [18], with the addition of the following codes for dementia: FO0, FO1, F02, FO3 or FO51.

Approval by PIONEER Data Trust Committee

This study was approved by the East Midlands—Derby Research Ethics Committee (reference: 20/EM/
0158) and Confidentiality Advisory Group (CAG: 20/CAG/0084) as part of PIONEER, the Health Data
Research (HDR)-UK Hub in Acute Care. As part of this process, the data access request and specification
were reviewed and approved by the PIONEER Data Trust Committee, a group of patients and members of
the public who provide oversight of all data access decisions within PIONEER [19]. Data were extracted
from the electronic health record, cleaned and verified according to standard PIONEER workflows as
previously described [19]; the pseudonymised study dataset was then placed in a secure Trusted Research
Environment to enable access by the study team.

Analyses

We generated descriptive statistics for patient characteristics and outcomes and compared outcomes
between prespecified subgroups (age <70 or >70 years approximating the median age of the study
population, men versus women, white versus non-white ethnic group, Index of multiple deprivation score
in bottom fifth of UK values versus all others, and number of comorbidities). Groups with small numbers
were suppressed in line with the PIONEER data governance stipulations [19]. Between-group comparisons
were performed using Pearson’s chi-squared test for categorical variables, t-test for normally distributed
continuous variables and Mann—Whitney U-test for non-normally distributed continuous variables.
Analyses were performed using R Statistical Software (v4.1.2; R Core Team 2021, Vienna, Austria) and a
two-sided p-value of <0.05 was taken as statistically significant for all analyses. We generated graphical
maps (Sankey diagrams) to show transfers between wards and departments. We developed Markov state
transition diagrams to depict transfers between wards and other states (including death or discharge) to
enable the probability of transition between individual states to be mapped. Each transition (e.g. a move
between one place of care and another) on the Markov diagram is given a value between 0 and 1,
depicting the probability of an individual patient undergoing that transition. Using national and local
guidelines supplemented by clinical expertise, we identified which pathways of care (equivalent to a
sequence of states) could be construed as recommended pathways [4, 5]. Probabilities for each patient
pathway were calculated by multiplying individual state transition probabilities along each pathway, and
the probability of following a recommended pathway was then calculated by summing all of the possible
recommended pathway variants. 95% confidence intervals around the probability point estimates were
generated assuming a binomial distribution.

Results

A total of 571 patients admitted to hospital with an exacerbation of COPD were included in analyses; a
flowchart showing patient selection for inclusion in the analysis is shown in figure 1, and details of
included patients are shown in table 1. The meantsp age of included patients was 51+11 years; 313 (55%)
were women and 45 (8%) were from non-white ethnic backgrounds. The majority of patients (337; 59%)
were in the “most deprived” fifth of the index of multiple deprivation and the median number of
comorbidities was 5 (IQR 3.5-7). The median length of stay was 4 days (IQR 2-8) and 28 (4.9%) died
during their admission. Patients spent time in a median of 3 places of care (IQR 2-4) during their
admission.
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ERJ OPEN RESEARCH

ORIGINAL RESEARCH ARTICLE | F. EVISON ET AL.

Total emergency presentations
in 2018 (n=61565in
42555 patients)

Not due to COPD exacerbation
(n=60742)

v
Presentations due to COPD
exacerbation in 2018 (n=823)

Repeat presentations
(n=252)

v

Included first presentations with
COPD exacerbation in 2018
(n=571)

FIGURE 1 Selection of participants for inclusion in analysis.

Associations of age, sex, ethnicity and deprivation with indices of hospital stay

Table 2 shows differences in key outcomes (in-hospital death and death by 1 year, length of stay, number
of places of care that patients were cared for in and admission to ICU) by age, sex, ethnicity and
deprivation. The proportion of those dying in hospital was higher in the older age group than in the
younger group, but was similar by sex, ethnicity, deprivation and comorbidities. The proportion dying
within 1 year was higher in those aged >70 years than those <70 years (29.8% versus 15.1%) and in those
with four or more comorbidities compared to those with 0 to three comorbidities (25.9% versus 15.4%).
1-year death rates were similar between subgroups for sex, ethnicity and deprivation. The older subgroup
had longer length of stay than the younger subgroup (median 5 days (IQR 2-9), versus median 4 days
(IQR 1-7)) and those with four or more comorbidities stayed longer than those with 0 to three
comorbidities (median 5 days (IQR 2-9), versus median 3 days (IQR 1-6)). Length of stay was similar by
sex, ethnicity and deprivation. The median number of places of care was similar in all subgroups although
those aged >70 years were cared for in statistically significantly more areas (median 3 (IQR 2—4), versus
median 3 (IQR 2-3) for those aged <70 years, p=0.04). The proportion admitted to ICU was similar
between all subgroups.

Complexity of care pathways

Figure 2 depicts how patients moved through wards or other clinical departments during their hospital stay.
11 patients were admitted straight to a medical ward rather than to the AMU or the emergency department
and have been excluded from the pathways analysis. Figure 3 shows the transition probabilities between a
simplified set of places of care and other states for all patients during their hospital stay. When applying
these probabilities to the set of pathways defined as recommended care (supplementary figure S1), the
overall probability of a patient with COPD following a recommended pathway of care was 0.568 (95% CI
0.527-0.609). Probabilities of following a recommended care pathway for different patient subgroups are
shown in table 3. The probability estimate for those aged >70 years was 0.514 (95% CI 0.458-0.571),
compared with 0.636 (95% CI 0.572-0.696) for those aged <70 years; this difference was statistically
significant (p=0.004). Subgroup analysis of patients with COPD exacerbation as their main (primary)
diagnosis showed a non-significant difference between this group and patients with COPD exacerbation as
a secondary diagnosis (0.604 (95% CI 0.547-0.659) versus 0.524 (95% CI 0.460-0.587); p=0.06). No
statistically significant difference was found between other pairs of groups on subgroup analyses.

Discussion

We have shown that it is possible to use routinely collected data from hospital EHR to describe pathways
of care for patients admitted with COPD, and to compare both simple descriptive care pathway variables
across subgroups of interest, but also more complex probabilities of following a particular pathway of care
across subgroups of interest. Older patients and those with four or more comorbidities had a longer length
of hospital stay and higher mortality rates during inpatient stay and by 1 year. In addition, older patients
had more ward moves and were less likely to follow a pathway (based on admission to a respiratory ward)
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TABLE 1 Descriptors and outcomes for patients admitted to hospital during 2018 with an exacerbation

of COPD
Factor n (%) or median (IQR)
Age group
<70 years 252 (44.1)
>70 years 319 (55.9)
Female sex 313 (54.8)
Ethnicity
White 485 (84.9)
Non-white 45 (7.9)
Unknown/preferred not to say 41 (7.2)
IMD fifth
1 (most deprived) 337 (59.0)
2 to 5 (less deprived) 232 (41.0)
Number of comorbidities
0-3 143 (25.0)
4 or more 428 (75.0)
Most common comorbidities
Hypertension 396 (69.4)
Cardiac arrhythmia 308 (53.9)
Fluid or electrolyte disorder 308 (53.9)
Chronic heart failure 231 (40.5)
Depression 184 (32.2)
Diabetes mellitus 158 (27.7)
Valvular heart disease 144 (25.2)
Renal failure 140 (24.5)
Anaemia due to deficiency 120 (21.0)
Any cancer (solid tumour, metastatic, lymphoma) 115 (20.1)
Outcomes
Number of places of care during admission 3 (2-4)
Admitted to intensive care unit during admission 26 (4.6)
Length of stay days 4 (2-8)
Death during hospital admission 28 (4.9)
Death within a year of admission 133 (23.3)

IQR: interquartile range; IMD: index of multiple deprivation.

that is recommended by current guidelines. It is not possible to determine from our data whether this
finding represents a limitation of current care or a limitation of current guidelines, and complementary
research designs including qualitative enquiry are likely to be needed to investigate this issue further.

TABLE 2 Comparison of outcome measures in patients admitted to hospital during 2018 with an exacerbation of COPD by age, sex, ethnicity, index

of multiple deprivation and comorbidities

n*  Died during hospital Died within 1 year of Length of stay Number of places Intensive care unit
admission, n (%) admission, n (%) days, median of care, median admission, n (%)
(IQR) (IQR)
Age >70 years 319 21 (6.6) 95 (29.8) 5 (2-9) 3 (2-4) 13 (4.1)
Age <70 years 252 <10* 38 (15.1) 4 (1-7) 3 (2-3) 13 (5.2)
Men 258 14 (5.4) 61 (23.6) 4 (2-8) 3(2-3) 12 (4.7)
Women 313 14 (4.5) 72 (23.0) 4 (2-8) 3 (2-3) 14 (4.5)
White ethnicity 485 22 (4.5) 112 (23.1) 4 (2-8) 3(2-3) 22 (4.6)
Non-white ethnicity 45 <10" <10" 4 (1-7) 3 (2-3) <10"
Lowest fifth of IMD 337 19 (5.6) 83 (24.6) 4 (2-8) 3(2-3) 18 (5.4)
Higher four-fifths of IMD 232 <10" 50 (21.6) 4 (2-8) 3 (2-3) <10"
0-3 comorbidities 143 <10" 22 (15.4) 3 (1-6) 3 (2-3) <10"
4 or more comorbidities 428 <10" 111 (25.9) 5 (2-9) 3 (2-3) 19 (4.5)

Bold denotes p<0.05 for comparison between subgroups. IQR: interquartile range; IMD: index of multiple deprivation. *: denominator for
percentages in each row; *: small numbers suppressed.
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TABLE 3 Probabilities of following a recommended care pathway by patient subgroup

Patient group n Probability (95% CI*) p-value”
Whole group 560 0.568 (0.526-0.609) -
Age <70 years 247 0.636 (0.572-0.696) 0.004
Age >70 years 313 0.514 (0.458-0.571)

Women 308 0.532 (0.475-0.589) 0.18
Men 252 0.588 (0.524-0.649)

White ethnicity 476 0.562 (0.516-0.607) 0.50
Non-white ethnicity 43 0.615 (0.454-0.759)

Lowest fifth of IMD 329 0.589 (0.534-0.643) 0.62
Higher four-fifths of IMD 230 0.610 (0.543-0.673)

0-3 comorbidities 142 0.626 (0.541-0.706) 0.10
4 or more comorbidities 418 0.547 (0.498-0.596)

COPD exacerbation as primary diagnosis 308 0.604 (0.547-0.659) 0.06
COPD exacerbation as secondary diagnosis 252 0.524 (0.460-0.587)

IMD: index of multiple deprivation. *: by binomial distribution. *: p-value for comparison between subgroups.

There have been few attempts to describe the complexity of care pathways for patients with COPD beyond
simple descriptions of length of stay [20] and admission to critical care facilities. One paper elicited views
of healthcare professionals from five European countries on pathways of care for patients with COPD but
did not use patient-level data to map care pathways [21]. Existing work on care pathways has tended to
focus on pathways as written, structured processes of delivering key components of care, rather than as
pathways that describe the journey of patients through their hospital stay. Such structured approaches to
care have however been shown to improve some outcomes of care for people admitted to hospital with
exacerbations of COPD [6-8] and may help to explain the beneficial impact of specialist care on
respiratory wards. It is unsurprising that older patients take longer to recover; this is the group most likely
to be living with other long-term conditions/comorbidities and with frailty [22, 23], adding to the
complexity of care, the likelihood of complications and the ability to recover from an illness. There are
several possible explanations for why those aged 70 and over are less likely to be cared for on a pathway
that is currently recommended by guidelines; this group is at higher risk of death and they may be cared
for on a non-respiratory ward (e.g. a geriatric medicine ward) if the mix of long-term conditions with
which they present to hospital makes this an appropriate choice of place to deliver care. However, it is also
possible that patients who are older (and thus tend to have more long-term conditions) are inappropriately
cared for on non-respiratory wards when specialist respiratory care would enhance the chances of survival
and a rapid recovery. A lack of capacity on respiratory wards may also explain why not all patients were
admitted to a specialist respiratory ward; UK hospital wards typically run very close to maximum
capacity [24] and thus space may not have been available for all patients to be transferred to a respiratory
ward. It is not possible to choose between these explanations based on our current data, but our findings
provide a starting point for further enquiry.

Our analysis has a number of strengths. The use of routinely collected data enables inclusion of a wide
range of patients, including those with severe illness or with cognitive impairment that would not be able
to give consent for research. It is reassuring that the median length of stay and the inpatient mortality rate
for our sample are very similar to those found in the 2018/2019 national COPD clinical audit [10], where
the median length of stay was 4 days and the inpatient mortality was 3.9%, suggesting that our findings
may be generalisable to admissions with exacerbation of COPD across the UK. Our approach to analysing
care pathways highlights the complexity of pathways, and the use of Markov state transition models
enables this complexity to be made tractable, allowing comparisons between subgroups. We chose to study
a time period before the COVID-19 pandemic to ensure that our analyses were not affected by changes to
either the presentation of patients with COPD exacerbation, or to the way that hospital care was organised.

Our analysis also has a number of limitations. The sample size was relatively small and was derived from a
single year in a single hospital; this limited our power to find between-group differences (for instance
between those with four or more comorbidities and those with fewer comorbidities). We limited our
analyses to univariate approaches; there is a high degree of collinearity between variables such as age and
the number of comorbid conditions, and dissecting out the contribution of each of these in a dataset of this
size is challenging. It is possible though that some clinically significant associations could be missed as
they would only become apparent on multivariable analysis when controlling for other variables
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(i.e. positive confounding), or would become statistically significant with larger sample sizes, and it would
be premature to conclude that sex, deprivation or ethnicity are not associated with pathways of care. We
chose not to try and include time spent in each ward within the Markov models for this analysis; such an
approach would add additional granularity but at the expense of a more complex analysis, and this is an
area of focus for future work. Similarly, we chose to map our care pathways based on place of treatment
(wards) and did not attempt to include additional information (for instance investigations and therapies)
that would provide a richer description of a care pathway; this too provides the foundation for future work.
Complete information on cause of death was not available for this analysis; such information may have
shed further light on the appropriateness of different pathways of care.

Although we have defined a “recommended” pathway of care for the purposes of this analysis, it is
contestable whether such a pathway is most appropriate for some groups of patients admitted with COPD
exacerbation. For a patient living with frailty and dementia, admitted with a mild COPD exacerbation not
requiring ventilatory support, a respiratory ward may not provide the best environment to deliver care for
all other comorbidities. Nevertheless, current guidelines for COPD care do not fully reflect these nuances,
and the use of a recommended care pathway as we define it for this analysis serves to highlight these
issues. It is of interest that there was some evidence to suggest that patients with a primary discharge
diagnosis of COPD exacerbation were slightly more likely to follow the recommended care pathway,
suggesting that the relative importance of different diagnoses may indeed influence choices around
pathways of care as described. We suggest that qualitative enquiry, seeking the views of patients with
COPD and of clinicians making care decisions, will be needed to better understand how choices are made
about which pathway of care to follow, and hence how to adapt guidelines to meet the individual needs of
different patients with COPD.

Pathways of care for patients in hospital are complex, and the work we present here is intended to lay the
foundations for more sophisticated analyses in future. Such analyses should aim to incorporate time and
other activities of care such as treatment and investigation. Measures that reflect the quality of care rather
than simply place and time of care and could usefully explore whether different groups or clusters of
long-term conditions have different impacts on which pathway of care is chosen. Whilst some of these
analyses are achievable using routinely collected EHR data, there is also a pressing need for qualitative
work to understand both the lived experience of these care pathways for patients with COPD with and
without comorbidities, and also to understand barriers and drivers to decision-making by clinical staff
around pathways of care.

In conclusion, we have demonstrated a method to characterise pathways of care for patients admitted to
hospital with COPD in a way that enables comparison of pathways between different subgroups of
patients. Older age was associated with a lower chance of following a guideline recommended hospital
pathway of care, but there was no evidence that other sociodemographic factors were associated with
differences in following a recommended pathway. This analysis provides a starting point for further
enquiry using complementary research methods to better understand pathways of care and the factors that
influence these pathways, with the ultimate aim of designing more appropriate pathways that meet the
needs of individual patients and deliver the most appropriate care for different groups of patients with
COPD exacerbations.
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