Community Acquired

Pneumonia

Variation in Healthcare Outcomes and the

Effectiveness of the Pneumococcal Vaccine

Student ID: 4317525

Supervisors: Professor Tricia McKeever and Professor Wei Shen Lim

Hannah Lawrence
Hannah.lawrencel@nottingham.ac.uk; Hannah.lawrence9@nhs.net



Abstract

Introduction

Community acquired pneumonia (CAP) remains a leading cause of
emergency hospital admission in the UK. Despite established
vaccination programs and effective antimicrobial treatment, it continues
to be associated with substantial morbidity, mortality and healthcare
costs worldwide. Variation in healthcare is well established but, in
relation to outcomes in adults hospitalised with CAP, is incompletely
described. Firstly, this thesis describes reasons for mortality and
readmission following hospitalisation with CAP in England. Secondly, it
investigates variation in healthcare outcomes of adults hospitalised with
CAP with reference to variation between institutions, socioeconomic
groups and by time of presentation to hospital. Thirdly, it analyses the
effectiveness of the 23-valent pneumococcal polysaccharide vaccine
(PPV23) in preventing vaccine-type pneumococcal pneumonia in

adults.
Methods

Three main data sources are used within this thesis. In brief, data are
derived from: i) the British Thoracic Society national CAP audit
database, ii) NHS digital’'s Hospital Episode Statistics dataset, and iii) a
longitudinal cohort study of adults hospitalised with CAP within the

Greater Nottingham area.
Results

This thesis reports that the most common reason for readmission within
30-days of index CAP admission was pneumonia. Inpatient mortality
was high in this group; they were over twice as likely to die during
readmission than those readmitted for other reasons. Greater social
deprivation was associated with increased 30-day mortality in persons
aged <65 years, but not in older adults. Regardless of age, increasing
deprivation was associated with increasing risk of hospital readmission.

There was no evidence of increased mortality for patients admitted at



the weekend with CAP despite an older cohort with higher severity
disease. Analysis of variation in BTS audit data found inter-Trust
variation in 30-day mortality and readmission rates were low. Greater
variation in length of stay and process of care measures were
observed. However, no significant association between outlier status for
mortality and variation in process of care measures was observed. In
addition, a high proportion of the observed variation in all outcome
measures examined could be attributed to chance. Lastly, in the setting
of an established national childhood PCV13 vaccination programme,
PPV23 vaccination in clinical at-risk patient groups and adults =65
years of age appears moderately effective against hospitalisation with

PPV23 serotype pneumococcal pneumonia.
Conclusion

This thesis describes a significant ongoing burden of adverse outcomes
associated with admission to hospital in the UK with CAP and has clear
implications in the context of the recent global COVID-19 pandemic.
Areas for further study identified by this thesis include: i) the role of
revaccination against pneumococcal disease in adults, ii) the short-term
health effects of pneumonia following discharge from hospital, and iii)
the development of a platform to identify Trusts with outlying healthcare

outcomes using the methodology described in this thesis.
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Chapter 1 - Introduction

Community acquired pneumonia (CAP) in hospitalised individuals is
defined by the British Thoracic Society (BTS) as a disease with
“symptoms and signs consistent with an acute lower respiratory tract
infection associated with new radiographic shadowing for which there is
no other explanation” (1). The first section of this chapter discusses the
health burden, aetiology and outcomes associated with CAP. The
second section introduces variation in healthcare. The third section
introduces Streptococcus pneumoniae, the most common bacterial
cause of CAP, and the vaccines currently in use in the United Kingdom
(UK).

1.1 Community Acquired Pneumonia

1.1.1 Burden of Disease

1.1.1.1 Incidence

CAP is a very common disease however estimated incidence varies
markedly according to disease definition used (clinical radiographic
diagnosis or ICD10 diagnostic codes), setting examined (hospital vs
community cases) and geographical area (2). It follows a “U-shaped”
distribution, being most common at the extremes of age; in childhood
when the immune system is developing and in older age due the effect

of immunosenescence and related co-morbidities (3-6).

In 2012, the British Lung Foundation used a GP database to estimate
the annual incidence of pneumonia to be 345 people for every 100 000
people in the UK (7). Millet et al. used GP practice data linked with
Hospital Episode Statistic (HES) data and found the incidence of all
cause pneumonia in UK adults 265 years in the community to be
7.99/1000 person years, with rates increasing with age and social
deprivation (3). In Europe, a review by Torres et al. estimated the
incidence of all cause pneumonia at between 68-7000 cases per 100

000 population, however estimates varied greatly by country, age
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group, study and time period (2). Prospective cohort studies in the US
have estimated the annual incidence of hospitalised CAP as 634 per
100 000 adults, equating to a burden of over 1.5 million adults per year

across the country (8).

1.1.1.2 Morbidity and mortality

CAP remains the leading infectious cause of death globally with the
highest mortality seen at those in the extremes of age (9). In the UK in
2012, pneumonia (community and hospital acquired) was the third
leading cause of death from respiratory disease behind lung cancer and
COPD with the majority of deaths occurring in those aged 65 or above
(7). The global burden of diseases study estimated lower respiratory
tract infections as the fourth highest value of years of life lost, behind
ischaemic heart disease, neonatal disorders and stroke (9). Pneumonia
(community and hospital acquired) is the sixth biggest cause of death in
the UK (10).

1.1.1.3 Economic burden

Pneumonia is associated with significant economic burden. In Europe, it
is estimated that the direct costs of pneumonia amount to 2.5 billion
Euros per annum with the majority of this cost comprised of inpatient
care (11). This is particularly significant as the age-standardised
incidence of hospitalisation with CAP in England is increasing (12). In
the US, it is estimated that the direct costs of pneumonia amount to
13.4 billion USD per annum, again with the highest costs from inpatient
care (13).

1.1.2 Aetiology of CAP
The microbiology of CAP varies geographically, over time and with the

population studied (1). The most common bacterial cause identified in

both inpatients and outpatients with CAP worldwide is Streptococcus
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Pneumoniae, identified in 33-50% of cases with an aetiological
diagnosis (14). Other common causative organisms include
Haemophilus influenzae, Staphylococcus aureus, Klebsiella and viruses
including Influenza (15). Diagnostic techniques used to identify the
causative pathogen include microbiological culture (blood, sputum,
pleural fluid, broncho-alveolar lavage fluid), immunoassays (urine,
serum, sputum) and polymerase chain reaction (PCR) techniques to
identify both bacteria and viruses. Despite improved diagnostic
techniques, no pathogen is identified in between 35 — 68% of cases
(15). Identification of a causative organism depends on the
completeness and timing of sampling and the specificity and sensitivity

of the microbiological tests used.

1.1.2 Outcomes associated with CAP

1.1.2.1 Mortality

Estimated mortality from CAP depends on the population studied,

setting and the causative pathogen. The age-standardised mortality rate
for pneumonia varies internationally with estimates suggesting the UK
has the third highest mortality rate in Europe (10). In the UK, the
mortality of patients hospitalised with CAP has decreased since the
introduction of the current BTS and NICE guidelines in 2009 and 2014
from 20.2% in 2009 to 10.4% in 2019 (16-18).

1.1.2.2 Length of Hospital Stay

Community acquired pneumonia is a leading cause of hospital
admission in the UK and worldwide (7, 19). The median length of stay
(LOS) in those surviving to discharge in the UK is 5 days (IQR 2-8) (17).
Inpatient admission is responsible for an estimated 87% of healthcare
costs in patients with CAP in the UK (20). Decreasing the LOS in CAP
where appropriate was a target of the NHS England and NHS
Improvement Same Day Emergency Care CQUIN in 2019 (21).

17



1.1.2.3 Readmission

In the UK, the proportion of patients readmitted within thirty-days of
discharge following their index admission with CAP has increased over
the past 10 years, now occurring in 14-16% of those surviving to
discharge (17, 22). Causes of readmission are not well understood.
International studies estimate that 25-37.5% of readmissions are related
to the index pneumonia admission, whilst the remainder are unrelated
(23-25). Identified risk factors for readmission include demographic
factors (increasing age, socio-economic factors), co-morbidity, disease
factors (severity, decompensation of co-morbidity during admission)
and prior healthcare utilisation (23-27). Jang et al. found risk factors for

pneumonia related and unrelated readmissions were different (24).

1.1.2.4 Critical Care use

Existing evidence supports early intervention and consideration of ICU
in appropriate patients with severe CAP (1, 28). From BTS audit data,
the proportion of patients hospitalised with pneumonia admitted to
critical care in the UK is 5% (17). Critical care admission rates in the
USA are higher at 15-22% of hospitalised patients (29-31). This likely
reflects highly variable ICU admission criteria across differing
healthcare systems (32). Risk factors for developing severe CAP
requiring critical care admission include advancing age, co-morbid
illness (particularly chronic respiratory, cardiovascular disease and
diabetes mellitus), cigarette smoking, alcohol abuse and immune

suppression (33).

1.1.3 Process of care measures in CAP

Process of care (POC) measures are interventions or treatments
considered key in the gold standard management of a patient

hospitalised with CAP according to international medical society
guidelines (1, 18, 34, 35). They are commonly used as targets in

guidelines and national audits (17).
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1.1.3.1 Severity Scoring

Several scoring systems to predict the severity of disease in patients
with CAP are in use internationally. In the UK, the prognostic score
recommended for use by national guidelines is the CURB-65 score (1,
36). This attributes one point for each of the following features present:
Confusion, Urea > 7 mmol/l, Respiratory rate > 30/minute, systolic
Blood pressure <90mmHg or diastolic blood pressure < 60mmHg and
Age > 65 years. A score of 0-1, 2 and >3 denote low, intermediate and
high severity disease with associated increases in mortality across the
groups (1.5%, 9.2% and 22% in low, intermediate and high severity
disease respectively). It has been validated in large national and
international cohorts (28, 37). Use of scoring systems differs
internationally with the American Thoracic Society guidelines
recommending the use of the Pneumonia Severity Index (PSI) (35).In
addition to the domains in the CURB-65 score, the PSI includes sex,
co-morbidities, biochemical and radiology results. No significant
difference between the scores for predicting mortality in patients
hospitalised with CAP has been observed (38).

1.1.3.2 Antimicrobial therapy

Antimicrobial therapy against CAP in the UK is usually decided by local
antimicrobial guidelines and based on national guidance and local
resistance patterns. The National Institute for Clinical Excellence (NICE)
recommends antimicrobial prescribing based on location and severity
score (1) (36). Delay in time between admission and receipt of

antibiotics is associated with greater 30-day inpatient mortality (39).

1.1.3.3 Imaging in CAP
In order to obtain a timely radiological diagnosis of CAP, a chest
radiograph within four hours of admission is recommended by national

guidelines (1, 18). Repeat imaging is advised where there has been
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failure to improve, a complicated infection or an alternate diagnosis is
suspected. It is recognised that when compared against CT chest
findings, the CXR may be both ‘falsely negative’ and ‘falsely positive’ in
a proportion of cases (40). In a French study of adults admitted via the
Emergency Department (ED) with suspected CAP but excluding those
with high severity illness (CRB65 score 23), of 319 adults studied, 188
(59%) had CXR features of pneumonia. Of those with a “negative” CXR,
30% had an infiltrate on CT. In a Swiss study of patients aged >65
years admitted with suspected CAP (n=200), 113 (57%) had a high
probability of CAP based on initial CXR and clinical findings. Of those
with initial intermediate and low probabilities of CAP (n=87), 30% were
considered to have a high probability of CAP following review of CT
chest findings (40, 41). Whether clinical differences exist between CXR
proven and CT only proven pneumonia is not clear. A multicentre
prospective study in the US reported on 2251 adults with CAP of which
3% had pneumonia visualised on CT scan but not concurrent CXR (42).
The pathogens, disease severity and outcomes were similar in both

groups.

Lung ultrasonography has an established role in the diagnosis of
complications of pneumonia, particularly parapneumonic effusion.
Increasingly, it is used in the diagnosis of pneumonia itself, however the
sensitivity and specificity of the test remain variable and operator
dependent (43).
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1.2 Variation in Healthcare

1.2.1 Definition - Warranted vs Unwarranted

The concept of variation in health care is divided into two distinct
classifications: “warranted” and “unwarranted”. Warranted variation
reflects differences due to patient-centred care, requirements of the
population served or innovation during adoption of novel treatments
(44). This type of variation is considered acceptable and even desirable.
In contrast, unwarranted variation in healthcare is considered potentially
harmful for patient care. John Wennberg described unwarranted
variation as “variation that cannot be explained on the basis of iliness,
medical evidence or patient preference” (45). It can lead to: i) underuse
of high-value interventions by certain populations creating inequitable
health care, and ii) overuse of lower value interventions and putting

strain on increasingly stretched resources.

Variation in health care is long established within health care research.
In 1938, Glover described marked variation between geographical
areas in the incidence of tonsillectomy in elementary school children in
the UK that showed no apparent association with “personal factors” (eg.
overcrowding, unemployment or provision of dental care) that may
contribute to chronic tonsillitis (46). Following on from Glover’'s work,
health care variation has been described internationally and is
considered ubiquitous across health care conditions. In the USA, the
Dartmouth Atlas Project using Medicare data has documented
variations in health care across the country for over twenty years (47).
Adapting this idea, countries in Europe and Australasia have produced
Atlases of Variation focussing on different aspects of healthcare and
covering a wide set of medical conditions (48-52). Consequently, there
is consistent published international evidence documenting clinical
variation in various health care systems. Despite several decades of
published evidence however, unwarranted variation persists in health
care and directly impacts on equity services and health outcomes (53).
Recent studies reveal a seven-fold variation in tonsillectomy rates

across local authority areas in England and unwarranted variation in
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same day discharge rates persist, suggesting that despite awareness
the causes of health care variation have not been tackled in full (54,
55).

1.2.2 Evidence for variation in CAP

There is international variation in the age-standardised mortality rates
for pneumonia by country (10). Additionally, some evidence from
national atlases for variation in the outcomes of patients hospitalised
with CAP exists. The NHS RightCare 2" Atlas of variation in risk factors
and healthcare for respiratory disease in England (2019) used routinely
collected NHS data to display variation in outcome measures across
common respiratory diseases (56). It examined three main outcomes in
pneumonia across geographical units; median LOS, the proportion of O-
1 days admissions (a proxy for potentially ambulatory admissions) and
mortality rate from pneumonia. It reported geographical variation
between CCGs for all three outcomes. The mortality rate differed by 2.8
fold (29.5-83.2 per 100 000 population) whilst a 3.5-fold difference in
median LOS (2-7 days) and proportion of 0-1 day admissions (11.1-
38.5%) was observed (56). The atlases show the magnitude of variation
in mortality to be persistent since the first atlas in 2009, despite a
national trend for decreasing overall inpatient mortality from CAP in this
time-period (16, 17).

1.2.3 Potential causes of unwarranted variation

The Dartmouth Atlas Project proposed three categories of care to
provide a framework for examining the causes of unwarranted variation
and directing efforts to target it: i) Effective care, ii) preference-sensitive
care, and iii) supply-sensitive care (45). Effective care includes
treatments, interventions or services with strong published evidence
bases that are generally agreed to be better than any alternative

treatment option. This care reflects (current) gold standard care and
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should be achieved in all eligible patients. Unwarranted variation here is

due to underuse of an effective care in eligible patients.

Preference-sensitive care is where more than one option is available
and the choice is dependent on patient preference or physician
behaviour. Uncertainty might exist for this type of care due to a lack of
scientific basis to support one option over others. Warranted variation in
preference-sensitive care may reflect true patient-centred care arising
from shared decision making. However, unwarranted variation arises
from preference-sensitive care often due to physician opinion and
behaviour (45).

Supply-sensitive care reflects services where the supply of a resource
effects utilisation rates. Physician decisions regarding supply sensitive
care are strongly influenced by capacity of available resources e.g. ICU
beds (45).

In the treatment of CAP, established guidelines on the management of
CAP recommend interventions based on currently available evidence
as detailed in section 1.1.3 (1, 18, 35, 36, 57). In the UK, national
guidelines are interpreted by local hospital trusts in the context of their
local population and resources, forming local treatment pathways and
guidelines. In practice, these guidelines are further interpreted by
individual clinicians and applied to individual patients. Some aspects of
care for patients with CAP, for example the timely administration of
appropriate antibiotic therapy or the delivery of oxygen to an acutely
hypoxic patient, constitute effective care. Other interventions
(antimicrobial testing for specific pathogens, post discharge follow up
arrangements, duration of antibiotic course) are subject to local
variations in practice and consequently represent either preference or

supply sensitive care.
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1.3 Pneumococcal Pneumonia

Pneumococcal pneumonia remains the most common bacterial cause
of pneumonia identified worldwide (14, 15). Despite a worldwide
decrease in childhood mortality from pneumococcal pneumonia
between 1990-2017, among adults over 70 deaths have increased by
60.4% (95% CI 39.7-79.9%) (58).

1.3.1 History of Streptococcus Pneumoniae

S. Pneumoniae was first discovered in 1881 independently by Pasteur
in France and Sternberg in the New Orleans, USA (59, 60). In 1886,
Weichelbaum established the predominant role of S. Pneumoniae as a
causative pathogen in lobar pneumonia (59, 61). By 1894, S.
Pneumoniae was recognised as the causative organism of epidemic
outbreaks of pneumonia and sinusitis in gold miners in Johannesburg,
South Africa. With an estimated attack rate of 100 per 1000 persons per
year and case fatality of 25%, the disease burden threatened the
existence of the gold mining industry (62). Subsequently, the first major
attempts to control pneumococcal infection through both vaccination
and the development of antimicrobial agents commenced in the early
1900s (62).

1.3.2 Pneumococcal capsule — serotypes

The main virulence factor of S. Pneumoniae is the pneumococcal
capsule containing capsular polysaccharides (63). The capsule’s
primary role is as a physical barrier to shield the cell wall from host
antibodies and complement, thus evading opsonisation via the innate
immunity. The role of the capsule was first recognised in the 1930s
when serologic heterogeneity was observed among convalescent
phase serum (64). This led to the recognition of serotypes and
discovery that immune protection against S. Pneumoniae is primarily

serotype specific. A serotype is a S. Pneumoniae strain producing a
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capsular polysaccharide with a unique chemical structure and immune
properties. A serogroup includes serotypes that share serologic
properties; they cross react to specific antibodies against other group
members. To date, there are 97 known serotypes within 46 serogroups
identified (65). Cell wall polysaccharide (CWP) is covalently linked to
capsular polysaccharide via peptidoglycan; its structure is largely
invariant across serotypes. Serotypes differ in their ability to elicit a host
immune response (via antibodies or complement), invasiveness profile

and disease characteristics (63, 65).

1.3.3 Pneumococcal Vaccination types

Two types of pneumococcal vaccination currently available with
different mechanisms of action: i) the 23 valent pneumococcal
polysaccharide vaccination (PPV23) and ii) the Pneumococcal
conjugate vaccines (PCV) (66). Both vaccine types are inactivated
vaccines. The polysaccharide vaccine contains purified capsular
polysaccharide antigens that stimulate B cells in the marginal zone to
produce serotype specific antibodies in a T cell independent manner
(67). The addition of a carrier protein to the polysaccharide antigen
produces a conjugate vaccine. PCVs stimulate the immune system to
produce antibodies via a T cell dependent process. In contrast to the T
cell independent mechanism of PPV23, the T cell dependent
mechanism of PCVs induces long term immunological memory (67, 68).
From immunogenicity studies, the duration of protection afforded by
PPV23 is estimated at between 3-10 years (69).

1.3.3.1 Pneumococcal Conjugate Vaccines

In the UK, PCV vaccination was first available for children in at risk
groups under the age of two years in 2002 (66). In 2006, PCV7
(containing serotypes 4, 6B, 9V, 14, 18C, 19F and 23F) was included in
the childhood vaccination programme; it achieved very high vaccine
coverage (>90%). PCV7 was replaced by PCV13 in 2010, providing
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protection against 6 additional serotypes (1, 3, 5, 6A, 7F, 19A). The
current vaccine schedule includes three doses given at 8 weeks, 16

weeks and around 12 months of age (66).

1.3.3.2 Pneumococcal Polysaccharide Vaccine

The PPV23 has been available in the UK since the 1980s. In 2003, it
was recommended for individuals >65 years or those in a clinical risk
group as defined by the Public Health England (PHE) Vaccination
booklet (“the Green Book”) (66). Vaccine coverage in individuals >65
years old is currently over 70% (70). In addition to the serotypes
covered by PCV13 (with the exception of 6A), it provides protection
against a further 11 serotypes (2, 8, 9N, 10A, 11A, 12F, 15B, 17F, 20,
22F, 33F).
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1.4 British Thoracic Society CAP Audit

One of the primary data sources for the analyses in this thesis is the
British Thoracic Society (BTS) National Adult CAP audit. The BTS is a
UK charity organisation dedicated to working with healthcare
professionals to improve the care of patients with lung diseases. The
national BTS adult CAP audit first took place over winter 2009/10 (1%t
December 2009 — 315t January 2010), following the release of the BTS
national guidelines in 2009.(1) The aim was to compare key elements of
the management of patient’s hospitalised with CAP against guideline
standard care. Since then, the audit has run over a further five winters
(2010/11, 2011/12, 2012/13, 2014/15 and 2018/19) with increasing

participation over each audit cycle.

In the latest audit, 154 participating institutions across the UK submitted
10196 cases of clinical and radiographically confirmed pneumonia. The
inclusion and exclusion criteria have remained the same allowing
comparability across audit cycles. Participating institutions identify
cases retrospectively via ICD10 primary discharge codes mapping to a
diagnosis of pneumonia (J12 to J18 inclusive). Each identified case is
then screened against the inclusion criteria, namely adults >16 years of
age with an acute onset of symptoms and signs of a lower respiratory
tract infection with new infiltrates on a chest radiograph performed
within 24 hours of admission. Exclusion criteria are: hospital admission
within 10 days prior to the index admission, immunocompromise,

aspiration pneumonia and transfer from another hospital.

The main strengths of the BTS dataset are that it is a large, robust
database of clinician confirmed cases of CAP admitted to hospitals
across the UK. Other large databases of patients with pneumonia rely
on ICD-10 codes for case finding, however this method has limitations
as there is no single diagnostic ICD-10 code to denote CAP. The
accuracy of an ICD-10 coded diagnosis of CAP is moderate at 54.1%;
the most common reason for a coded case not meeting the audit

definition of CAP is a lack of CXR changes consistent with the
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diagnosis (17). Studies reliant on data derived from coding alone are
therefore at risk of misclassification bias (71). In contrast, the BTS audit
requires clinician review of each case prior to its inclusion, ensuring a

clearly defined population are included.

Participation in the national audit is open to all Trusts or health boards
providing acute hospital care in the UK (approximately 135 acute Trusts
in England, 14 health boards in Scotland and 7 in Wales). Active
involvement in audit is incentivised by NHS England and engagement
with the audit is excellent, particularly in England. Sampling bias
introduced by non-participation of poorly performing Trusts cannot be
completely excluded. As data are largely derived from England and due
to differing health systems internationally, results may be less

applicable to devolved nations and other countries.

A further limitation of the audit is that it is time limited to a two-month
data collection window. This is primarily because it relies on clinician
data entry which is time consuming for local teams and precludes
continuous data collection. The chosen two-month winter period
(December / January) coincides with predicted peaks in common
seasonal respiratory tract pathogens. This may introduce bias towards
better care as clinicians are more attuned to a diagnosis of CAP during
these months. However, delivery of care may be negatively impacted by
the added pressures on the health service at this time caused by
increased admissions. Overall, the direction of the bias is complex and
difficult to predict. The two-month period remains the same across all

audit cycles to facilitate comparison of performance across time.
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1.5 Aims of the Thesis

The main aims of this Thesis are:

1)

2)

3)

4)

5)

6)

To review current literature on variation in healthcare outcomes
of patients hospitalised with CAP.

To describe the reasons for i) mortality and ii) readmission in the
BTS CAP cohort.

To describe the variation between NHS Trusts in healthcare
outcomes of adults hospitalised with CAP across England after
adjustment for case-mix and accounting for natural variation.

To examine the association between mortality following
hospitalisation for pneumonia and socioeconomic deprivation.
To examine variation in outcomes of patients admitted with CAP
to UK hospitals at a weekend compared to a weekday.

To analyse the effectiveness of the PPV23 vaccine in preventing
vaccine-type pneumococcal pneumonia in adults, using data
from the SCAPA study.
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Chapter 2 - Variation in clinical outcomes
and process of care measures in
Community Acquired Pneumonia: a

systematic review

2.1 Introduction

Geographical variation in clinical care is considered ubiquitous across
all aspects of healthcare. A proportion of variation in healthcare
measures is warranted, reflecting true differences in individual
healthcare preferences and the needs of the local population served.
Conversely, persistent unwarranted variation in clinical care directly
impacts on equity of services, population outcomes and use of
resources (53). Equitable care across geographical regions has been
highlighted as a key concern from a patient viewpoint (49). Inevitably,
outcome measures are increasingly used to rank healthcare between
regions and hospital providers (72). However, there is concern that
such ranking does not account for natural variation between units and

may not be reflective of true variation in quality of healthcare (73).

Inter-hospital variation in outcomes of patients hospitalised with CAP
was first suggested from retrospective claims-based studies in the USA
(74). More recent evidence from large GP databases in the UK have
shown that mortality for patients under the age of 75 varies up to nine-
fold depending on the geographical location (49). Little is known about
the causes of this apparent geographical variation, whether it extends to
other outcomes or process of care measures and to what extent it is

unwarranted.

The aim of this systematic review was to collate available evidence on

regional and inter-hospital variation in the clinical outcomes and
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process of care measures of patients hospitalised with CAP and assess
the strength of this evidence. Where possible, we also sought to identify

any potential causes for any observed variation.

2.2 Methods

Online databases were systematically searched (MEDLINE, EMBASE,
Web of Science) using Medical Subject heading (MeSH) terms to
identify published and unpublished studies that compared the process
of care measures and outcomes of adults hospitalised with CAP
between two or more hospitals or geographical regions. As MeSH terms
to identify variation excessively limited our search, we also broadened
the search strategy to capture all studies on adults hospitalised with
community-acquired pneumonia for title screening (Appendix 10.1).
Databases were searched from inception to February 2018 inclusive.
Title, abstract and full text screening were performed in a three-step
process by two independent reviewers (HL, TM) using the online
platform Covidence ©. Disagreements were resolved by discussion and
involvement of a third reviewer (WSL). Hand searching of references
from the list of eligible studies for further references not identified in the
initial search was performed. Data extraction was performed by each
reviewer (HL, TM) independently using a standardised form. The review
was conducted and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement (75) and prospectively registered on PROSPERO
(CRD42019124068).

All prospective and retrospective observational or randomised
controlled studies in any language with no date restriction on publication
were considered for inclusion. Studies were included if they enrolled
adults (>16 years old) hospitalised with CAP and reported a measure of

variation between two or more hospitals or geographically distinct areas
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in chosen outcome or process of care measures. For the purpose of
this review, included studies defined CAP either; a) clinically as the
acute onset of symptoms suggestive of lower respiratory tract infection
with new infiltrates on thoracic imaging consistent with pneumonia or b)
using recognised International Classification of Disease (ICD) codes
pertaining to pneumonia from administrative databases. Geographical
units for comparison were defined as geographical regions or
geographically separated hospitals serving distinct patient populations.
Measures of inter-hospital variability included appropriate descriptive
statistics, variance analysis and graphical methods for comparing

institutional performance.

Studies were excluded if: 1) they enrolled solely immunosuppressed
patients with Human Immunodeficiency Virus (HIV) and Pneumocystis
Pneumonia (PCP) 2) they enrolled patients exclusively from a primary
care setting or 3) they examined temporal variation in CAP care only.
Finally, studies that described or measured implementation of a change
from usual care within a hospital setting, for example implementation of
a pneumonia care pathway or an alternative antimicrobial regime, were

also excluded.

Primary outcome measures of interest were case mortality, length of
hospital stay and hospital re-admission rates. In accordance with
recognised guidelines for the management of CAP, process of care
measures of interest were: a) use of guideline adherent antibiotics; b)
admission rates to intensive care units; ¢) duration of antibiotic
treatment (both intravenous and total); d) time to first antibiotic and e)

obtaining admission blood cultures (76, 77).
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2.2.1 Statistical Analysis

Due to differences in the statistical methods used to evaluate variation
across the included studies, a pooled meta-analysis was not

possible. Instead, a structured synthesis of the studies was performed
by collating: 1) inter-hospital ranges for outcome and process of care
measures, 2) variance analysis and 3) statistical methods to quantify or

control for natural variation between units.

2.2.2 Assessment of Bias

Two reviewers (HL & TM) assessed the methodological quality of
studies using a modified quality score based on the Newcastle-Ottawa
Scale (Appendix 10.2). This score assesses the risk of bias at outcome
level in observational studies in 3 domains: participant selection,
comparability of groups and validity of outcome domains. The maximum

score on the modified scale used was 10.

2.3 Results

Comprehensive searching identified 5738 papers. Following title and
abstract screening, 88 studies were included in the full text assessment,
from which 67 studies were excluded; the main reason for exclusion
was the lack of reporting on variation (Figure 2.1). One study was
identified following hand searching of references and subsequently

included in the review (78).
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Figure 2.1 - Screening consort diagram
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2.3.1 Characteristics of included studies

Twenty-two papers met the inclusion criteria (78-99). Results from two
papers were derived from the same study population and were
combined for further analysis (94, 96). A further two papers reported
results from the same population but different measures, so were both
included (87, 93). Details and characteristics of included studies with a
description of variation between units compared, their respective

populations and disease characteristics are shown in Table 2.1.

Studies differed in design: seventeen were cohort studies (nine
retrospective, seven prospective and one mixed), three were analyses
of administrative data (79, 91, 99), one was a case control study (89)
and one study analysed the baseline population from a randomised
control trial (97). The median number of units compared across studies
was five (IQR 4-15) with a median of 1022 (IQR 445 — 2009) cases of
CAP. Four studies compared geographical regions, the remaining 18
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compared hospitals. Retrospective cohort studies compared a greater
number of units (range 3-38) than prospective cohort studies; the latter

involved a maximum of four units.

The range of quality scores was 5 — 9.5 (mean 6.95, SD 1.45). The
three commonest factors missing from the quality score were: no
statement accounting for missing data, limited inter-hospital case-mix
adjustment for clinical parameters or baseline characteristics and the
absence of a financial or affiliation statement. Baseline characteristics
of study cohorts were not always comparable. For example, two
prospective cohort studies compared study populations with widely
different health care resources and baseline characteristics (95, 98). In
addition, there were three international studies (80, 81, 98); observed
variation in these may reflect differences in international healthcare

provision and usage.
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Table 2.1 Characteristics of the included studies

Variation in T o
Author & . Numb_er of Total study Quality POC, Patient Vana_tlon n V_anatlon n
Study Design | Country subunit . Outcome . hospital type | disease
Year population score population :
compared or Both . / subunit factors
between units
Subunit of variation: Geographical region or country
S Variation Europe -
. Significant
International . . . between fewest low
70 hospitals differences in : i
-16 - hospitals severity
countries across 3 baseline grouped by scoring
Amold et Retrospective | across USA, geo_graphlcal populatlons. continents. patients,
al.(80) Coh d regions 6371 9.5 Both Latin America | ional
2013 ohort Canada, (USA/Canada lowest nternational | greatest
Europe and o variation in number of
: Europe, Latin prevalence of . .
Latin . healthcare high severity
. America) every co- ) .
America L practice and | scoring
morbidity. :
resources. patients.
Included
Blasi et Retrospective | International | 10 countries HCAP in
al.(81) Cohortp - Europe (128 sites) 2039 6.5 Outcome | Not reported Not reported | addition to
2013 P CAP
All hospitals
part of a
Retrospective larger non-
Lave et Analysis of 7 profit
al.(91) Administrative | USA geographical | 36 222 7 Both Not reported organisation. | Not reported
1996 data regions Bed size
varies 80 -
500 beds.
Teaching
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and non-

teaching
facilities.
Six small
regional
. . hospitals in Regional
Remond et ';’Arlt)a(gdect' o/ 2 reaions (7 grf]fﬁ.gm the differences
al.(95) pective Australia h g I ( 293 6.5 Both b Iclty Kimberley, in isolated
2010 Retrospective ospitals) etween one tertiary | causative
Cohort cohorts o ;
hospital in organisms.
Central
Australia
Subunit of variation: Hospital
pelvoetet | et All hospitals
al.(79) Administrative Belgium 111 hospitals | 108 213 7 Outcome | Not reported in Belaium Not reported
2016 ’
data
Proportion of
patients
The number All belonging to
Cabre et Retrospective of community each risk
al.(82) Cohort Spain 27 hospitals 1920 6.5 Both comorbidities | hospitals - class (by
2004 varied among | urban and PSI) varied
hospitals. rural widely
among
hospitals
Capelastegui Retrospective Statistically All teaching | Statistically
et al.(83) Cohort Spain 5 hospitals 1498 6 Both significant general significant
2005 differences in | hospitals differences
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patient with similar in PSI score
demographic | resources classification
factors between
between hospitals
hospitals.
Dedier et Retrospective All academic
al.(84) P USA 38 hospitals 1062 5 Both Not reported X Not reported
Cohort hospitals
2001
Only
comparison
reported 11 teaching
Feagan et Retrospective . between hospitals, 9
al.(85) Canada 20 hospitals 858 6.5 Both . Ny Not reported
Cohort teaching and | community
2000 )
general hospitals
hospital
populations
Mean number | 2 university .
. . Disease
of comorbid hospitals, ;
Fi s severity and
ine et Prospective conditions per | one veterans aetiolo
al.(78) P USA 4 hospitals 552 9.5 Both patient varied | hospitals, c1ology
Cohort N similar
1993 significantly one
: across
among community hospitals
hospitals. hospital P
Proportion of
patients
belonging to
Garau et . .
al.(86) Retrospective Spain 10 hospitals 3233 8 Outcome | Not reported Al tertiary each PSI.
Cohort hospitals class varied
2008 )
widely
across
hospitals, as
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did the

proportion
with an
aetiological
diagnosis.
Significant -
differences in | Three S_tat!§t|cally
) . significant
mean age, university differences
Gilbert et Prospeciive gender, racial | teaching in causative
al.(87) P USA/Canada | 4 hospitals 1328 9.5 Both distribution hospitals, ,
Cohort organisms
1998 and one identified
comorbidities | community and severit
among the 4 | teaching of iliness y
sites. '
Seven The mean
i . PSI varied
Hedlund et Retrospective university between 0.9
al.(88) P Sweden 17 hospitals 982 5 Outcome hospitals, 10 '
Cohort and 1.9 at
2002 county di
. ifferent
hospitals. .
sites
Iroezindu et Prospective All tertiar
al.(89) b Nigeria 4 hospitals 400 6 Outcome | Not reported ruary Not reported
2016 Case control hospitals
Retrospective
Klausen et Analysis of All Danish
al.(99) Administrative | Denmark 22 hospitals 11322 8.5 Outcome | Not reported public health | Not reported
2012 data hospitals
Laing et Prospective Similar "Similar No
al.(90) Coh(frt New Zealand | 2 hospitals 474 7 Both demographics institutions” significant
2004 between the differences

39




two
populations
except
significant
differences in
ethnicity and

in disease
severity by
PSI.

rates of
COPD.
Malone et . All acute
al.(92) ggggftpectlve USA 5 hospitals ig\c/)e(rg 5.5 POC Not reported care facilities | Not reported
2001 (Centura)
A younger Severity of
more mixed- illness and
race Three symptom
population university profiles were
McCormick Prospective identified at teaching similar
et al.(93) C USA/Canada | 4 hospitals 1188 9 Both one site. The | hospitals, across
ohort ; )
1999 proportion one hospitals.
admitted from | community One hospital
a nursing teaching had fewer
home varied "high risk"
from 9-16%. aetiology.
Menendez et Prospective
al.(94) C Spain 4 hospitals 425 7 NA Not reported Not reported | Not reported
ohort
2003
No significant
Reyes differences in | One tertiary
;ZI?(I;g)d aet E:)ohsopr?ctlve Spain 4 hospitals 425 6 Both ;gem;r:glggj ggg;;'ﬁmt Not reported
2007 Smoking hospitals
significantly
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more frequent
in two

hospitals.
Eight
Analysis of medium
Schouten et base)I/ine sized
al.(97) ; Netherlands | 8 hospitals 436 6.5 POC Not reported hospitals in Not reported
population
2005 the south-
from RCT
east of the
Netherlands
Mean age Similar
and pre- One hospital | severity
existing in the between
Sow et Prospective Erance and illness rate Republic of cohorts
al.(98) P . 2 hospitals 333 5 Outcome | was Guinea (clinical
Cohort New Guinea S o
1996 significantly compared to | definition not
lower in one in validated
Guinea than France severity
France. score)
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2.3.2 Variation in Outcome Measures

2.3.2.1 Inpatient Mortality

Fourteen studies reported variation in in-patient mortality (78, 80-84, 86,
88-91, 95, 98, 99). The mean mortality for each study ranged between
1.1 and 22.6%. The magnitude of the observed range in variation for in-
patient mortality was between 1% and 18.6% across studies (n=14,
mean 8.4%, SD 6.1). Of eleven studies that performed statistical
significance testing, five found statistically significant variation (Figure
2.2 and Table 2.2) (80, 82, 86, 91, 99). All 6 studies that did not find
statistically significant variation in inpatient mortality compared 5 or
fewer units (78, 83, 89, 90, 95, 98). One study adjusted for natural
variation between hospitals; Aelvoet et al. used the Spiegaelhalter
method to produce funnel plots examining variation in standardised
mortality ratios (SMRs) across 111 hospitals in Belgium (79). Their
primary model identified five institutions as ‘possibly better performing’,
7 as ‘possibly worse performing’ and 81 as ‘normally performing’ with
the remaining 18 in an inconclusive ‘to be assessed’ category, with

subsequent sensitivity analysis confirming these findings.
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Figure 2.2 - Inter-hospital variation in inpatient and post-discharge mortality
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Figure 2.2: A) Inter-hospital variation in inpatient mortality across studies (%). Range represented as line, dot represents mean
value where possible. * denotes a statistically significant result. * denotes no reported p value. The letter i’ represents an

international study. The number in brackets represents the number of units compared in the hospitals, unless otherwise stated
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the number of hospitals compared in the study, unless otherwise stated.
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Table 2.2 - Variation in Outcome Measures

Inter-hospital

AB & C;
Hospitals A,C&D

range of
Number of | outcome P. value for .
Outcome Study . difference Mean (SD) Adjusted? Comments
units measure (% b .
etween units
unless stated
otherwise)
PSI risk class,
gggﬁg% al. ﬁgspitals (Zr}?e;nléfys) 0.001 10.0 discharged to nursing
home, admission to ICU
Adjusted analysis
confirmed significant
differences in mean LOS of
7.3-10.6 up to 2.9 days (adjusted
aaeae;?steg 5 (mean days) <0.001 8.6 (1.25) for PSI score, multi-lobar
2005(8.3) hospitals inv<')llo\./er.nent, CoPD anq
Average anti |o'.c|c.treatment prior
Length of _ to admission).
Stay (days) 6 -10 (median <0.001 IOR 3
days)
Dedier et al. | 38 3 -8 (median
2001(84) hospitals | days) Not reported Not reported -
Feagan et 20 5 -9 (median i
al. 2000(85) | hospitals | days) Not reported 6.83 (1.07)
<0.05 (Hospital D
. shorter mean -
Fine et al. 4 6.6 -12.1 . “Similar trend when
1993(78) hospitals | (mean days) LOS vs Hospitals | 9.28 (2.25) adjusted by PSI”
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each had shorter
mean LOS than
B)

Garauetal. | 10 7.8-17.3
2008(86) hospitals | (mean days) < 0.001 11.8 (2.79) j
No correlation between
43-8.2
Not reported Not reported - mean PSI and mean LOS
Hedlund et | 17 (mean days) B
al. 2002(88) | hospitals (p=0.97)
45-7 Not reported Not reported
(median days)
On multivaritate
analysis, predictors of
LOS>10 days were
care in hospitals A
and B (aOR 3.1, 95%
gﬁ (egzg;?du et ﬁospitals Not reported Not reported Not reported glz’l'g’sg/?'glaﬂg_?(ig
respectively) -
adjusted for gender,
CURBS®65, co-
morbidity, anaemia,
- elevated Cr.
Cox adjusted
analyses
. identified 4 Gender, age, ventilatory
glla(lgg)e net ﬁgspitals (Zjéglz)(medlan hospitals with 5.45 (1.41) support, Chalson index
' shorter LOS score
(p<0.01) and 8
with longer LOS.
Laingetal. |2 3.0-5.9 (mean
2004(90) hospitals | days) <0.001 4.45 (2.05) i
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Lave et al

8.4-10.2

Differences in LOS
across regions remained
significant after

1996(91) 8 regions (mean days) <0.1 9.48 (0.53) - cor.1trolling fo.r severity
of illness, aetiology and
hospital characteristics
(data not presented).

PSI risk class, Aetiology,
McCormick ICU admission in first 24
4 7.3-9.6 hours, positive blood
et al. hospital q <0.001 8.58 (1.03) I disch
1999(93) ospitals (mean days) culture, discharge to NH,
DNAR, employment
status
2 .
Remond et .| 4 (median Presented as
al. 2010(95) geog_raphl days) Not reported range Not reported
C regions
Reves p=0.0001- "Shorter stays were
y 4 hospital D median recorded in hospital D,

Calzada et hospital Not reported L d NA - th di f

al. 2007(96) ospitals OS compared to with a median of 6

others days p=0.0001"

Armold et al. 3eo raphi | 7.3-13.3 <0.0001 9.9% (3.08) |-

2013(80) geograp : : : S/ (.

C regions
Inpatient Blasi et al. 10 0 i
mortality 2013(81) countries 0-17.5 Not reported 7.9% (6.04)
0.012 p value for

Cabreetal. | 27 . .

- 0, -

2004(82) hospitals 0-11.9 inter hospital 4.8%

difference
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Capelasteg

ui et al. > i | 71-96 0.94 8.62%, (1.01) | -
2005(83) P
Dedier etal. | 38
2001(84) hospitals 0-15 Not reported Not reported -
Fine et al. 4
- 0,
1093(78) hospitals 8.6 -16.4 0.32 13.0% (3.22)
Garauetal. | 10 0
2008(86) hospitals 1.1-19.7 < 0.001 8.73% (5.49) -
No correlation between
Hedlund et | 17 . 0-6.6 Not reported Not reported - mean PSl and mean
al. 2002(88) | hospitals .
mortality rate (p=0.85)
Iroezindu et |4
— 0, -
al.(89) hospitals 179-31.1 0.53 22.58% (6.06)
Identified 3
hospitals with Gender, age, ventilatory
Klausen et 22 . . 0 :
al.(99) hospitals 7-17 higher IP mortahty 11.59% (2.67) | support, Chalson index >65 years only
' and one with score
lower (p <0.01)
Laingetal. |2 Presented as
2004(90) hospitals 1.32-2.35 0.8 range i
Lave et al <0.1 for low and
8regions | 9.7 -13.7 medium severity 11.31% (1.29) | -
1996(91)
CAP
2
Remond et , 0
al. 2010(95) geog_raphl 06-1.6 >0.05 1.1% -
C regions
Sow et al 2 o
1996(98) hospitals 6-8 >0.5 % i
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Cabre etal. | 27 0
2004(82) hospitals 0-130 <0.001 4.1% i 14 days post discharge
Capelasteg 5
ui et al. hospitals 8.1-11.1 0.93 9.74% (1.14) -
2005(83) P 30 days post admission
Feagan et 20 0
al. 2000(85) | hospitals 0-40.0 Not reported 14.76% (9.03 | - 30 days post admission
PSI risk class, Age, NH
resident, Race,
Fine et al. 4 o Bacteraemia, Serum
1993(78) hospitals 11.3-218 031 17.35 % (4.58) sodium <= 130 mmol/l,
Hematocirt < 0.295,
BUN >=10.7 mmol/l 6 weeks post discharge
Post Study site not
. statistically significant
discharge ;
: predictor of 30-day
mortality o 0
Gilbert et al. | 4 mo.rta}llty in mul'tlvarlate
: . 58-11.9 0.01 Not reported logistic regression
1998(87) hospitals ; .
controlling for patient
demographics, severity
at presentation and
baseline site differences. | 30 days post admission
Two hospitals .
. o X Gender, age, ventilatory | >65 years only.
Klausen et 22 . 4-13 |Qent|f|ed W'th. 8.54% (2.24) support, Chalson index 30 days post
al.(99) hospitals higher mortality (p )
score discharge
<0.01)
Laingetal. |2 _ Presented as i 30 days post
2004 (90) hospitals 1.97-2.35 0.5 range admission
Remondet |2 0.7-0.9 (30
al. 2010 geographi | day post >0.05 Presented as - 30 d_ay§ post
. U range admission
(95) c regions | admission)

49




Cabre etal. | 27 0
2004 (82) hospitals 0-87 0.004 2.3% i Unspecified
Gilbert et al.
1998 (87)/ 7.4-14.1 0.08 Not reported | - 30 days post
. 4 admission
McCormick hospitals
et al. 1999 o 14 days post
(93) 5-13 0.03 9% (3.65) - discharge
Effect
parameterization
in Cox regression Gender, age, ventilatory
Re- Klausenet |22 7-17 analysis identified | 1 g50, (5 46) | support. Chalson index
. al. (99) hospitals 3 hospitals with
admls.smn higher score
L?gg\év;?ge readmission rate 30 days post
9 (p <0.01) discharge
Laingetal. |2 Presented as
2004 (90) hospitals 362-4.12 0.5 range i 30 day readmission
6.7 — 13.8 (all Presented as
Remondet | 2 . | cause) <0.05 range i 28 day readmission
al. 2010 geographi 54-609
(95) C regions (respiratory) >0.05 Not reported -
Reyes
Calzadaet |4 _ 0 i 30 days post
al. 2007 hospitals 46-103 0.6 7.68% (2.36) discharge
(96)

Table 2.2 — Presented range of inter-hospital outcome measures across studies with p values and calculated mean and SD where

possible. LOS- Length of Stay NA- not available
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2.3.2.2 Mortality post discharge

Mortality following discharge was reported by fewer studies (n=8); one
study reported mortality 14 days post discharge (82), six reported 30-
day post-admission mortality (83, 85, 87, 90, 95, 99) and one reported
six-week mortality only (78). Statistically significant differences were
found in 3 of 7 studies that reported unadjusted p values (Figure 2.2,
Table 2.2) (82, 87, 99). Three studies presented results adjusted for
demographic and clinical variables (78, 87, 99); one study identified

sites with statistically significant higher mortality (99).

2.3.2.3 Length of Stay

Fourteen studies reported on variation in LOS (78, 82-86, 88-91, 93, 95,
96, 99). The range in LOS variation (reported by 12 studies) was 0 to
14.7 days (mean 4.83 days, SD 3.89). Of nine studies reporting a range
and p-value, all found statistically significant variation (Figure 2.3, Table
2.2) (78, 82, 83, 86, 90, 91, 93, 96, 99); six adjusted for confounders
(78, 82, 83, 91, 93, 99). One additional study reported in text that
following adjustment for confounders the risk of having a LOS greater
than the mean for the study population was significantly increased for
two hospital sites by 2-3 fold (89).
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Figure 2.3 - Interhospital variation in length of stay
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Figure 2.3 - Inter-hospital variation in average LOS in days across studies where reported. Range represented as line, dot
represents mean value where possible. * denotes a statistically significant result. * denotes no reported p value. The number in

brackets represents the number of hospitals compared in the study, unless otherwise stated.
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The contribution of different factors towards variation in LOS was
examined by 4 studies, each comparing inter-hospital variation (Table
2.3) (78, 82, 85, 90). These studies were able to account for 21%-61%
of the total observed variation using statistical models adjusted for
hospital site and different patient and disease characteristics. They
found that the hospital of admission accounted for between 1 — 24% of
the observed variation in LOS. The proportion of the total variation
identified by each study due to hospital admission site (calculated as
the variation accounted for by hospital site / the total variation
accounted for by the model x 100) ranged between 1.6%-41.7%. No
study adjusted the results for natural variation. Laing et al. attributed
26% of the observed variation in LOS to process of care measures.
Duration of intravenous antibiotics and admission to ICU were also

significantly associated with LOS in that study (90).
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Table 2.3 - Contribution of hospital of admission to Variation in Length of Stay

Study

Number of
hospitals

Adjusted for

P value

Total Variation
accounted for by
the model (%)

Variation
accounted for by
hospital site (%)

Proportion of total
variation accounted
for by the model due
to hospital site (%)

Cabre et al. 2007
(82)

27

PSI risk class,
Complications during
hospitalisation, Admission
to ICU, Oxygen therapy,
Discharge to a NH

<0.001

28.99

12

41.5

Feagan et al. 2000
(85)

20

PSI, Smoking status,
COPD or asthma,
Bacterial pneumonia

Not reported

21

33.3

Fine et al. 1993
(78)

PSI risk class, Age, NH
resident, Race,
Bacteraemia, Serum
sodium <= 130 mmol/l,
Hematocirt < 0.295, BUN
>=10.7 mmol/|

<0.0001

24

10

41.7

Laing et al. 2004
(90)

Patient factors:

Age, Duration of fever,
COPD, PSlI,
Cerebrovascular disease,
Complications of
pneumonia, Heart failure,
Ethnicity, Bacteraemia,
Diabetes

Process of care
measures:

<0.01

61

Of which:

Patient factors —
34

POC measures —
26

1.6
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Duration of IV antibiotics,
Admission to ICU,
Antibiotic guideline
adherence, Macrolide and
beta-lactam
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Four studies examined whether variation in LOS was associated with
variation in other clinical outcomes; none reported significant findings
(78, 82, 83, 93). Specifically, a shorter LOS was not associated with
increased mortality or readmission rates following multivariate analysis
in two studies (82, 93). No study examined post-discharge patient-

reported outcome measures (PROMS) in relation to LOS.

2.3.2.4 Readmission

Seven studies reported variation in the proportion of patients requiring
re-admission for any reason (82, 87, 90, 93, 95, 96, 99); two from the
same study population reporting readmission at differing follow up
points (87, 93). Four found statistically significant differences (Figure
2.4) (82, 93, 95, 99). All results were unadjusted, except those from
Klausen et al. who adjusted for gender, age, use of ventilatory support
and Charlson index score, identifying three of 22 hospitals with

increased re-admission rates (99).
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Figure 2.4 - Variation in 30-day readmission rates
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Figure 2.4 - Inter-hospital variation in all cause readmission rates across studies. Range represented as line, dot represents mean

value where possible. * denotes a statistically significant result.  denotes no reported p value. The number in brackets represents
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the number of hospitals compared in the study, unless otherwise stated. Data presented from McCormick et al. is 14-day post

discharge readmission rates
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2.3.3 Variation in Process of Care Measures

A wide range of process of care measures were reported across studies
(Table 2.4). Variation in the proportion of patients admitted to ICU (n=7
studies) was found to be significantly different in the five studies that
reported p-values for this outcome (78, 82, 83, 85, 91, 93, 95). Similarly,
significant variation was observed in the proportions with blood cultures
obtained on admission (2 of 4 studies reported p-values; both p<0.05)
(80, 84, 95, 97); receiving antibiotics within 8 hours (2 of 4 studies
reported p-values; both p<0.05) (80, 83, 84, 97) and duration of
intravenous antibiotics (4 of 5 studies reported p values; all 4 p<0.05)
(82, 83, 85, 87, 90). Seven studies examined variation in adherence to
antimicrobial guidelines (4 of 7 studies reported p-values; 2 reported
p<0.05) (83, 85, 90, 92, 95-97) while two studies examined variation in
total antibiotic duration (83, 87); one found statistically significant
variation (83). Laing et al. found significant variation in the duration of
intravenous antibiotic therapy between two hospitals with no observed
difference in mortality (90). Following variance analysis they accounted
for 41% of the observed variation in IV antibiotic duration, attributing
24% to patient characteristics, 4% to other management variables and
13% to hospital of admission (p<0.001).
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Table 2.4 - Variation in Process of Care Measures

(91)

Statistically
Inter- P value for significant
Process of Care Study Nu.mber of hospital difference Mean (SD) Comments variation in
Measure units outcome , Outcome
between units
range (%) Measures
reported?
Cabre et al. . M, PDM, LOS,
2004 (82) 27 hospitals 0-10.7 0.002 3.3 Readm
C last i et LOS
apelastegui e , _ i
al. 2005 (83) 5 hospitals 0-73 0.03 3.36, (2.61)
Feagan et al. .
2000 (85) 20 hospitals 0.0-314 Not reported 13.33 (8.48) -
Admission to ICU
, LOS
(%) l(:7|g()a etal. 1993 | 4 hospitals 11.3-15.8 | Not reported NA -
M, LOS
Lave etal 1996 | 7 oions 14.4-181 |<0.01 16.49 (1.24) |-
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McCormick et

ITU admission

LOS

al. 1999 (93) 4 hospitals 6-25 <0.001 14.5 (8.10) \r/]wthln the first 24
ours
R q | ) i Readm
emond et al. geographic B i
2010 (95) regions 1.8-23.8 <0.001 NA
Arnold | 3 hi M
rnold et al. geographic B i
2013 (80) regions 58 — 87 <0.001 69.3 (15.5)
Dedier et al. . Obtained within
Blood cultures 2001 (84) 38 hospitals 53.6 — 100 Not reported NA 24 hours
obtained on
admission (%) Readm
Remond et al. 2 geographic i As presented |
2010 (95) regions 56.7-93.0 <0.001 by range
Schouten et al. 8 hospitals 48 -67 Not reported 57 (median) 2 sets of cultures
2005 (97)
Arnold | 3 hi M
rnold et al. geographic
. 71-86 <0.001 80 (7.9) -
Antibiotics within 8 | 2013(80) regions
P 9 5 hospitals 59.6 - 84 <0.001 70.8 (10.8) -

al. 2005 (83)




Dedier et al.

2001 (84) 38 hospitals 53.8 -100 Not reported NA -
Schouten et al. : . Within 4 hours of
2005 (97) 8 hospitals 36 — 87 Not reported 68 (median) presentation
C last i et LOS
apelastegui e . 3 i
al. 2005 (83) 5 hospitals 71.4-89.7 <0.001 83.4 (7.3)
LOS
Feagan et al 20 hospitals
9 ' (ATS guideline 47.9 - 100 Not reported 80.33 (14.0) -
2000 (85) .
compliance)
Laing et al. . Presented as | Severe cohort
2004 (90) 2 hospitals 47 - 66 0.02 range only
Adherence to
antimicrobial Malone et al. , Severe cohort
quidelines (%) 2001 (92) 5 hospitals 16.7 -50 Not reported 30.7 (12.5) only
R d et al 2 hi A ted Readm
emond et al. geographic B S presente i
2010 (95) regions 16.3-28.7 <0.05 by range
R Calzad LS
eyes Calzada . 3 i
et al. 2007 (96) 4 hospitals 53.4-84.6 0.0001 72.52 (15.1)
Schouten et al. 8 hospitals 5.0-59 Not reported 45 (median) -

2005 (97)
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Cabre et al. , 25-6.9 M, PDM, LOS,
2004 (82) 27 hospitals (mean) 0.001 4.6 (3.6) Readm
Capelastegui et 3-79 LOS
apelastegui e : -7.
al. 2005 (83) 5 hospitals (mean) <0.001 5.3(1.9)
Duration of IV ;8888;5)6 tal. 20 hospitals ?ﬁ?eaigﬁs) Not reported 5.2 (0.9)
therapy (days)
PDM
Gilbert et al. : 6.0-7.0
1998 (87) 4 hospitals (median) 0.002 6.6 (0.58)
Laing et al. . 1.7-3.0 Presented as LOS
2004 (90) 2 hospitals (mean) 0.001 range
Capelastegui et 129-16.4 LOS
apelastegui e : .9 -16.
o al. 2005 (83) 5 hospitals (mean) <0.001 14.4 (1.3)
Total antibiotic
duration (days) Gilb | 13.0 - 15.0
ilbert et al. : .0 —15.
1998 (87) 4 hospitals (median) 0.49 14 (0.8)

Table 2.4 — Presented range of inter-hospital process of care measure achievement across studies with p values and calculated

mean and SD where possible. LOS- Length of Stay NA- not available, M = Inpatient Mortality, PDM = post discharge mortality,

Readm = Readmission




2.4 Discussion

Of the three primary outcome measures of interest, we found consistent
evidence for significant variation in relation to LOS, but not mortality or
hospital readmission rates. There was consistent evidence for inter-
hospital variation in all process of care measures examined, however
evidence linking variation in outcomes with variation in process of care

measures was limited.

The evidence for variation in LOS was consistent across studies and
maintained following case-mix adjustment for patient and disease
factors. Despite this, reasons for variation were not identified. Only one
study was able to account for over 30% of the total observed variation
(90). Residual unaccounted variation may be attributed to i)
unmeasured factors not included in the statistical models used or ii)
natural variation due to chance. Multiple factors affect LOS, many of
which were unmeasured within the studies (eg. physician behaviour,
local healthcare system infrastructure) or competitively effect the
direction of association (eg. better quality of care leading to survival of
higher severity patients and ultimately a longer LOS). None of the
studies used a statistical methodology to quantify or allow for natural
variation in their analysis of LOS. Therefore, despite consistent
evidence for variation, it is not possible to quantify what proportion is

due to true differences between units rather than chance.

This review observed significant variation in in-patient mortality only in
larger studies comparing five or more units. Where variation in mortality
was observed, care in the interpretation of results is warranted as
adequate adjustment for both case-mix and natural variation were
limited. In addition, none of the studies in this review adjusted for social
deprivation; a recognised major determinant of inequalities in health,

including mortality. In a UK community study, 80% of the regional
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variation in mortality from lower respiratory tract infections was
accounted for by socio-demographic factors, as measured by the Index
of Multiple Deprivation (100).

Only one study used a statistical method to control for the effect of
natural variation when assessing variation in mortality; namely the
Spiegaelhalter method used by Aelvoet et al. This method to identify
outlying performing hospitals has been used elsewhere in national audit
programmes to examine variation in healthcare (101). It is an alternative
method to reliability adjustment in removing the ‘chance’ element from
the analysis of variation. As a graphical method for assessing variation
in outcomes it has advantages over institutional ranking as it plots
where institutions lie within the 95% (2 standard deviation) and 99.8%
(3 standard deviation) predication limits around the mean. It can identify
institutions that consistently lie outside these limits for further
investigation. It incorporates the institutional sample size into the funnel
plots as a measure of reliability of each institutional prediction. Aelvoet
et al. identified providers with consistently outlying results within their
single country study suggesting true variation in mortality from CAP.
Outside this study, it is difficult to quantify from available evidence the
proportion of observed variation in mortality that is due to true

differences between units.

Outcome measures are increasingly used to rank institutions inevitably
giving the appearance of ranking quality of care (73). Rankability
measures the proportion of the variation between providers with regards
to an outcome that is due to true differences; it is considered high if
above 70% (102). No study in this review directly assessed the
rankability of LOS as an outcome measure in CAP. The proxy measure
generated in this review suggests a low rankability of <50% across
studies suggesting caution should be applied when making inferences

about quality of care by ranking hospitals due to variation in LOS.
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Although mortality is an important clinical outcome, it is a relatively
infrequent outcome even in adults hospitalised with CAP; occurring in
10 — 15% of cases overall (16). Small sample size and low event rates
limit the statistical power to compare between hospitals (103).
Therefore, unless large sample sizes are obtained, mortality may be an

insensitive marker to detect variation in care.

Many studies found CAP-related process of care measures to vary
across hospitals. Evidence from observational studies suggests an
association between selected clinical outcomes and certain process of
care measures; a lower mortality has been associated with both earlier
administration of antibiotics and obtaining blood cultures on admission
while a decreased LOS has been associated with both antibiotic
administration within four hours of admission and an appropriate switch
from intravenous to oral antibiotics (104, 105). However, none of the
studies in this review were able to fully examine the association
between variation in process of care measures and variation in clinical

outcomes.

2.4.1 Strengths and limitations

To overcome the lack of specific terminology identifying studies
reporting on healthcare variation, we adopted a broad search criteria
with additional hand searching of references to identify relevant studies.
The quality of studies eligible for this review was moderate. However,
due to inconsistencies in the statistical measures used across studies,
meta-analysis was not possible and a structured synthesis was
constructed. Reporting of the proportion of missing data and the
subsequent handling of these data was absent in several studies,
potentially reducing statistical power and introducing non-response bias

to these studies.
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Publication bias with studies observing minimal variation remaining
unpublished is an important limitation. Such bias may account for the
finding of variation in LOS in all relevant included studies. The majority
of included studies were conducted in Europe or North America.
Findings cannot be directly applied to health care systems in developing
countries or other developed countries. Due to limited study numbers,
results of studies reporting regional and inter-hospital differences were
combined. Although limited to three studies, international differences in
healthcare systems and populations served may bias results towards

increasing observed variation.

2.5 Conclusions

In the management of adults hospitalised with CAP, there is consistent
evidence of moderate quality for variation in LOS and process of care
measures but not for in-patient mortality or hospital re-admission rates.
Evidence linking variation in outcomes with variation in process of care
measures was limited due to a lack of relevant studies. The proportion
of observed variation due to chance is not quantified by existing
evidence. This review highlights the importance of quantifying this in
order to assess the validity of institutional (or regional) ranking by
healthcare outcomes as a marker of quality of care in patients with
CAP.
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Chapter 3 - Outcomes following
hospitalisation with community-acquired
pneumonia - a descriptive analysis of British

Thoracic Society national audit data 2018/19

3.1 Introduction

Since the introduction of BTS and NICE guidelines for management of
adults with community-acquired pneumonia (CAP) in 2009 and 2014, six
British Thoracic Society (BTS) national audits capturing data on adults
hospitalised with CAP in the UK have taken place. The latest audit cycle
took place in December 2018 — January 2019 (1, 34). Over this time-
period, improvements in patient management and decreased inpatient
mortality (from 20.2% to 10.4%) have been observed (16, 17). However,
readmission amongst those that survive to discharge has increased from
10.5% to 14.3% (17). Both outcomes may be underestimated by audit data
that is specific to the participating site and lacks integration with data from
the community or other NHS Trusts. Readmissions occurring at Trusts
other than the index admission Trust are not captured. In-patient 30-day
mortality may not include deaths in the community; in the USA, nearly 50%
of deaths within 30 days following admission with CAP occur after
discharge (106). Although explored in other healthcare systems, limited UK
data exist on causes for readmission or mortality following hospitalisation
with CAP (23, 107). Understanding these may provide insights for potential
quality improvement targets to further drive improvement in patient care in
the UK.
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Hospital Episode Statistics (HES) is a database managed by NHS digital
that contains details of all hospital admissions to NHS hospitals in England.
It is used primarily to ensure payment to hospitals for care delivered. It
holds data on admitted patient care episodes, critical care episodes and
through a link with the Office of National Statistics (ONS), mortality data.
As part of the latest national BTS audit 2018/19, individual case data were

linked with corresponding HES data creating an enriched dataset.

3.1.1 Aims
The primary objectives of this work were to:

1) Describe the linked BTS/HES audit cohort and compare basic
demographics and outcomes with high-level non-audit HES data
from patients with pneumonia during the same time-period.

2) Characterise the cohort readmitted within 30 days of discharge
following their index admission with CAP and describe the reasons
for readmission.

3) Describe the audit cohort using the enriched outcome data;

specifically, ninety-day mortality and recorded cause of death.
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3.2 Methods:

3.2.1 BTS CAP Audit Cohort

This is a retrospective analysis of data from the British Thoracic Society
(BTS) national adult CAP audit collected between 1/12/18 - 31/1/19.
Methodology and findings from the national audit have been reported

previously (17). In brief, cases were identified by participating institutions
via ICD10 codes mapping to a primary discharge diagnosis of pneumonia
(J12.0-J18.0 inclusive) and selected for eligibility against inclusion criteria
to confirm a clinical and radiographic diagnosis of CAP. The audit defines a
case of CAP as an immunocompetent adult (>16 years) hospitalised with
symptoms of a lower respiratory tract infection, treated for CAP by the
admitting clinicians with accompanying acute infiltrates consistent with
pneumonia on admission chest radiograph (CXR). Cases are excluded by
participating sites if they have been discharged from hospital in the ten
days prior to their index admission, are transferred from another hospital
provider or diagnosed as immunocompromised or with aspiration

pneumonia.

3.2.2 Linked BTS Audit and HES Dataset

Requirement for patient consent to collect identifiable information was

waived prior to data collection following successful section 251 application
to the Confidential Advisory Group (reference number 18/CAG/0147).
Cases were entered into the audit by participating institutions via the
secure online BTS audit tool. Data fields collected included: patient
identifiers (hospital number, date of birth), demographic information, details
of pre-existing co-morbid disease, index disease severity, investigations
performed, treatment given and patient outcomes. Through NHS digital,
unique hospital identifiers were linked to individual case records in the HES
admitted patient care (APC) and critical care (CC) datasets via the HESID.
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The index CAP admission was matched with a HES admission spell by
NHS Digital using the admission date provided in the audit dataset.
Additional data fields obtained from HES included geographical details,
index of multiple deprivation (IMD) score, ICD10 diagnoses and where
applicable, critical care admission details. Linked mortality data from those
who died were obtained through the HES linked Office of National
Statistics (ONS) dataset via NHS digital. Mortality data obtained were: i)
the main cause of death (ICD10 code), ii) all ICD10 diagnosis codes
recorded as a cause of death, and iii) 30 and 90-day from index admission
mortality indicators. The main cause of death is defined as the medical

condition judged to be the underlying cause of death (108).

3.2.3 Definition of readmission and ICD10 outcome codes

A readmission was defined as an emergency admission to any hospital
within 30-days of index discharge. Hospital spells starting <1 day following
index discharge were not counted and elective readmission spells were
excluded. Diagnosis on readmission and cause of death were assessed
using ICD-10 version 2019 codes (109). These were divided into three
categories: pneumonia, respiratory (non-pneumonia) and non-respiratory
causes (Table 3.1). As per the BTS audit definition of CAP, ICD10 codes
J12-J18 inclusive denoted pneumonia. The respiratory non-pneumonia
category was defined using ICD10 codes for intrathoracic malignancy
(C33-34, C38-39) and diseases of the respiratory system (J0O0-J99),
excluding codes denoting disease of the upper respiratory tract (J30-J39)
and the codes used to define pneumonia (J12-J18). All other ICD10 codes
were included in the non-respiratory category and further sub-categorised
by organ system involved (Table 1). ICD10 codes denoting the reason for
readmission were identified from the primary diagnosis code on the final

episode of the readmission spell.
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Table 3.1 - ICD10 codes for non-respiratory diagnoses

Diagnosis Category ICD-10 ICD10 Diagnostic group
version
2019 codes
Non-respiratory A00-A99 Infectious and parasitic diseases
infections B00-B99
Malignancy (non- C00-C32, Malignant neoplasms
thoracic) C37, C40-
97
Haematological D50-89 Diseases of the blood and blood-
disorders forming organs
Endocrine disease EO00-E90 Endocrine, nutritional and
metabolic disorders
Neurological disease FO0-F99 Mental and behavioural disorders
G00-G99 Diseases of the nervous system
Cardiovascular disease | 100-199 Diseases of the circulatory system
Gastrointestinal K00-K93 Disease of the digestive system
disorders
Renal disease NOO-N99 Diseases of the genitourinary
system
Trauma & Orthopaedics | S00-S99 Injury due to external causes
Symptom Code R0-94 Symptoms, signs and abnormal
findings not elsewhere classified
Rheumatology or L0O0-L99 Diseases of the skin and
dermatological disease | M00-M99 subcutaneous tissue
Diseases of the musculoskeletal
system and connective tissue

3.2.4 High-level HES data

In addition to the linked dataset, high-level demographic and outcome data

of adults admitted during the audit timeframe with a primary diagnosis of
pneumonia (ICD10 codes J12-J18) to each NHS provider in England were
obtained from HES. These were available as appropriate summary
statistics on a Trust level and also provided following exclusion of cases in
the HES/BTS linked dataset. To avoid de-anonymization, data were not
available from providers with less than 10 cases meeting the criteria. This
high-level data represents a cohort of cases who, prior to case note review
by a clinician at a participating site, meet the audit criteria based on ICD10
code and age alone. Previous work demonstrated that the proportion of

these cases who would be eligible for inclusion in the audit is 54.1% (IQR
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44.8-64%), varying by Trust (17). The most common reason for failing to

meet inclusion criteria is the absence of infiltrates on CXR.

3.2.5 Statistical Analysis:

Firstly, a comparison of the high-level HES demographic and outcome data
with BTS cohort data were performed and appropriate summary statistics
across the Trusts calculated. Secondly, a descriptive analysis of the linked
dataset was performed; appropriate summary statistics for normally and
non-normally distributed data and the frequency of causes of death and
readmission calculated. Characteristics of readmitted cases were
compared to those not readmitted using appropriate summary statistics. All

analyses were performed using STATA version 16.0.
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3.3 Results

3.3.1 Comparison of high-level cohort data from the BTS and HES

cohorts

From HES, high level demographic and outcome data on cases admitted
during the audit period (1/12/18-31/1/19) with a primary diagnosis (ICD 10
code J12-J18) of pneumonia were available from 170 NHS providers.
Providers with small case numbers (<10 cases) were suppressed and

removed, leaving data from 152 providers for analysis.

The HES cohort was older (78 vs 75 years) with a higher proportion of men
(56% vs 47.6% male) (Table 3.2). There was no difference in the Trust
median length of stay or proportion admitted to intensive care between
cohorts. Both inpatient 30-day mortality (13.0% vs 10.0%) and total 30-day
mortality (17% vs 12.5%) are higher in the HES cohort than the BTS
cohort. The highest mortality observed was in the HES excluding BTS
cohort (18.0% 30-day mortality).
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Table 3.2 - Comparison of demographics and outcomes between HES
only cohort and BTS audit cohort

BTS audit cohort HES cohort
All J12-318 | EXcluding
oo BTS audit
By cohort By trust admission cohort b
% (SD) % (SD) s by Trust Trust y
% (SD) % (SD)
Number of 121 121 152 152
providers
g‘;”}?ﬁrstof cases | gg 66 360 308
Median (IOR) (52-110) (52-110) | (255-495) | (213.7-436.2)
Age 75 75 78 78
Median (IQR) (61-85) (72.5-78) | (76-79.1) (77-80)
Gender (% male) | 47.6 ?77 '(?1) 56 (5.8) 55 (5.7)
Length of stay in
days 5 (2-8) 5 (4-5) 5 (4-6) 5 (5-6)
Median (IQR)
Critical care
admission 5.2 5.3 (4.0) 5(7.6) 5(7.3)
Total mortality at
30-days 13.6 12.5(6.6) |17 (3.35) 18 (3.8)
Inpatient 30-day
mortality 10.4 10.0 (6.1) |13 (2.8) 14 (3.2)

3.3.2 Description of BTS-HES linked cohort
Of 10,196 cases entered in the audit, linked HES data were available in

9,293 and ONS mortality data were available in 2,790 of these cases.
Accuracy of matching the HES and BTS data were good; 8,552 (92%) of
index admission episodes were matched at rank 1 (n = 9,048, 97.4% at
rank 1-3). Of those matched, HES data were missing in 46 cases (<0.5%).
The median number of episodes per spell for index admissions was two
(IQR 1-3, range 1-13). The ICD10 code on discharge included a J12-J18

code in 8,939 (96.7%) of index admissions.

The lower super output area of residence was available in 9,217 (99.2%) of

cases. Of these, 7,498 cases (81.4%) resided in urban areas defined as
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having a population of 10,000 or more with a less sparsely populated wider
surrounding area. The mode of admission in 8,326 (89.6%) of cases was
via the Emergency Department (ED) whilst 661 (7.1%) were admitted via
the GP. The most common treating specialty of the consultant of the
admission episode was general medicine (n = 7537, 81.1%) followed by
respiratory (n = 1147, 12.3%). Of those hospitalised, 7,671 (92.3%) were

discharged to their usual residence.

Procedures performed during admission were available from HES and
coded using Classification of Surgical Operations and Procedures
(OPCS4) codes. Of 9,247 cases with available data, 933 (10.1%) had a CT
chest or CT Pulmonary angiogram, 160 (1.72%) had a pleural procedure

and 51 (0.55%) had a bronchoscopy during their index admission.
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3.3.3 Readmission

3.3.3.1 Characteristics of the readmitted cohort

From the HES data obtained on the 8,316 cases that survived to
discharge, 1,304 (15.7%) had emergency readmissions within thirty-days
of discharge. This is higher than the rate recorded in the BTS audit
(14.0%). Two hundred and thirty-eight (2.9%) patients were readmitted
multiple times within 30-days. The median number of days between index
discharge and first readmission was nine days (IQR 4-17.5). The majority
of readmissions were through ED (n = 1089, 83.5%).

Those readmitted were older (78 vs 73 years) with more co-morbid disease
and more likely to have had severe disease during their index admission
(28.1 vs 20.2%) (Table 3.3). The proportion of patients with observations
within 24 hours prior to discharge suggesting clinical instability was similar
in those readmitted and not (13.9% vs 12.3%, p=0.14). The median LOS
for the index admission was longer in those readmitted than not (5 vs 4
days). The median readmission LOS was 4 days (IQR 1-10) and inpatient
mortality was 10.2% (n=133).



Table 3.3 - Characteristics of readmitted and not readmitted cases

Readmitted Not readmitted P

N (%) N (%) value
Demographics 1304 (15.7) 7012 (84.3)
Median age (IQR) 78 (66-86) 73 (58-83) <0.001
Gender (male) 642 (49.2) 3331 (47.5) 0.24
L'\\"/;’nggl'g:t"e — data 1294 (99.2) | 6918 (98.7)
1 (least deprived) 173 (13.4) 1056 (15.3)
2 243 (18.8) 1243 (18.0)
3 261 (20.2) 1423 (20.6)
4 270 (20.9) 1511 (21.8)
5 (most deprived) 347 (26.8) 1685 (24.4) 0.18
Co-morbid disease:
Cardiac failure 189 (14.5) 573 (8.2) <0.001
gtsljszhronlc cardiac 408 (31.3) 1697 (24.2) <0.001
Cerebrovascular disease 143 (11.0) 609 (8.7) 0.01
Liver disease 31 (2.4) 88 (1.3) 0.002
Chronic kidney disease 146 (11.2) 603 (8.6) 0.003
Malignancy 123 (9.4) 449 (6.4) <0.001
COPD 417 (32.0) 1679 (23.9) <0.001
Other chronic lung disease | 238 (18.3) 1124 (16.0) 0.05
Diabetes 255 (19.6) 1199 (17.1) 0.03
Dementia 163 (12.5) 674 (9.6) 0.001
BMI over 40 18 (1.4) 70 (1.0) 0.22
Severity:
Mild 451 (38.5) 3247 (50.3)
Moderate 391 (33.4) 1901 (29.5)
Severe 329 (28.1) 1303 (20.2) <0.001
Missing data 133 561
Index admission:
Length of Stay 5 (3-9) 4 (2-8) <0.001
Critical care admission 49 (3.8) 283 (4.0) 0.68
ggﬁﬁ:ﬁ;g%ﬂgg‘:\{a‘;g o |162(13.9) 801 (12.3) 0.14
colise - data available | 1095 840) | 5975 852)
<24 hours IV antibiotics 235 (21.5) 1447 (24.2)
24-72 hours antibiotics 408 (37.3) 2207 (36.9)

79
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>72 hours antibiotics | 452 (41.3) | 2321 (38.8) |0.11
IV = intravenous *Clinical instability defined at >1 of: HR>100, RR>24,
T>37.8, SBP<90 or Sp0O2<90 or <86 in those with and without COPD
respectively in the final observations prior to discharge. Data were
available in 1168 and 6509 of those readmitted and not readmitted.

3.3.3.2 Respiratory causes of readmission

The primary readmission diagnosis was respiratory disease in 769 (59.0%)
cases (Table 3.4); 497 (38.1%) were due to pneumonia (ICD10 codes J12-
18). COPD was the second most common respiratory cause (n=87, 11.3%
of respiratory readmissions) (Table 3.5). In those with pneumonia on
readmission, the median number of days between index discharge and
readmission was shorter than readmissions for other causes (7 vs. 11
days). An ICD10 code denoting hospital-acquired infection (Y95) was
associated with a higher proportion of readmissions with pneumonia than
other diagnoses (22.1% vs 4.3%). ICD10 codes indicating complications of
pneumonia (pleural effusion, empyema and pulmonary abscess) were the
primary diagnosis in 36 cases (4.3% of respiratory readmissions).
Readmissions with pneumonia were more likely to die during their
readmission spell than readmissions due to other causes (15.1% vs 7.2%;
OR 2.30 95% CI 1.39-3.31).
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Table 3.4 - Reasons for readmission within 30-days of discharge and
outcomes by category

Days Readmission
between outcomes
index
Reason fgr N (%) discharge | Lengt _
readmission and h of Inpatient
readmissio | stay death
n
. 4 (1- 133
All readmissions 1304 9 (4-17.5) 10) (10.2)
Pneumonia (J12- 497 5 (2-
18)* (38.1) 7 (3-15) 11) 75 (15.1)
Respiratory 272
causes” (20.9) 11 (5-19) 4(2-9) |16 (5.9)
(excluding J12-18) '
Non-respiratory 535 i 4 (1-
causes (40.0) 11 (5-19) 10) 42 (7.8)
Of which:

Cardiovascular
disease | 99 (18.5)
Symptom code | 97 (18.1)
Infection
(non-respiratory) | 53 (9.9)
Renal disease | 52 (9.7)
Gastrointestinal
disease | 49 (9.2)
Trauma &
Orthopaedic | 39 (7.3)
Rheumatology or
dermatological
disease | 39 (7.3)
Other | 28 (5.2)
Neurological disease | 28 (5.2)
Malignancy
(excluding thoracic) | 20 (3.7)
Endocrine disease | 20 (3.7)
Haematological
disorder | 11 (2.1)
Non-respiratory causes categorised according to ICD-10 version 2019
code (Table 3.1)




Table 3.5 - Respiratory reasons for readmission

Table 5: Respiratory reasons for readmission

L%gi? ICD 10 diagnosis N (%)
J12-18 Pneumonia 497 (64.6)
Ja4 COPD 87 (11.3)
J20-22 Other lower respiratory tract infection 43 (5.6)
J10-11 Influenza 32 (4.2)
J69 Aspiration pneumonitis 30 (3.9)
J9o0 Pleural effusion 15 (2.0)
C34 Lung cancer 12 (1.6)
J85-86 Abscess or empyema 12 (1.6)
J84 Interstitial pulmonary fibrosis 10 (1.3)
J9o6 Respiratory failure 8 (1.0)
J45-46 Asthma 6 (0.8)
Ja7 Bronchiectasis 5(0.7)
J43 Emphysema 4 (0.5)

Other respiratory 3(0.4)
J92-94 Pleural disease 2 (0.3)
JO6 Upper respiratory tract infection 2 (0.3)
J67 Hypersensitivity pneumonitis 1(0.1)
Total 769

*ICD-10 version 2019 codes (109)

3.3.3.3 Non-respiratory causes of readmission

Non-respiratory causes accounted for 535 (40.0%) of readmissions;
diagnoses were varied with 238 ICD10 codes listed as the primary
diagnosis code on the discharge episode of the admission spell. ICD10

codes denoting cardiac disease (n=99, 18.5%), symptom codes (n=97,

82

18.1%) and non-respiratory infection (n=53, 9.9%) were the most common

non-respiratory codes (Table 3.6). The most common single codes

denoted sepsis (A40-41), cardiac failure (I50-51) and urinary tract infection

(N39).
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The second diagnoses codes were examined in those with a primary
sepsis code (A40-41); 17 (42.5%) had an ICD10 code indicating
pneumonia (J12-18). When included as pneumonia readmissions, the rate
of readmissions due to pneumonia increases to 39.6% (n = 517) with no

significant change to other outcomes.
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Table 3.6 - Fifteen commonest non-respiratory ICD10 codes
associated with readmission

ICD 10

Frequency (% of

oo
1 | A40-41 Sepsis 40 (7.48)
2 |150-51 Cardiac failure 37 (6.92)
3 | N39 lSJF;zgfri)‘/a;ract infection, site not 23 (4.30)
4 | N17 Acute renal failure 21 (3.93)
5 | RO7 Chest pain 17 (3.18)
6 |144-49 Arrhythmia 16 (2.99)
7 R29 Tend_e_ncy to fall, not elsewhere 16 (2.99)
classified
8 |LO3 Cellulitis 12 (2.24)
9 | 126 Pulmonary embolus 11 (2.06)
10 | 120-25 IHD 10 (1.87)
11 | K92 Gastrointestinal haemorrhage 10 (1.87)
12 | FO0-05 Dementia or delirium 10 (1.87)
13 | R05-06 Cough, dyspnoea or wheeze 9 (1.68)
10 [sonos | Castoeniens and ol o o .0
15 | 195 Hypotension 8 (1.50)

*ICD-10 version 2019 codes (109)
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3.3.4 Mortality
At the point of data extraction in May 2020, 2,790 of the 9,293 cases with

HES linked data had died and ONS data on cause of death were available.
Of these, 1207 (13.0%) and 1661 (17.9%) died within 30 and 90-days of
their index admission date. This is higher than the BTS audit collected
measure of inpatient mortality within 30-days of index admission (n= 977,

10.5%) reflecting the inclusion of both inpatient and community deaths.

3.3.4.1 Mortality within 90-days

An ICD 10 code denoting a diagnosis of pneumonia (J12 to J18 inclusive)
was the main cause of death in 337 (20.2%) of those who died within 90-
days (Table 3.7) and listed as contributing to the death in 1,079 (65.0%).
The most frequent ICD10 pneumonia code listed as a main cause of death
was Pneumonia, unspecified (J18.9; n=272, 80.7%; Table 3.8). Other
respiratory causes made up 31.8% (n=528) of the deaths within 90-days;
chronic obstructive pulmonary disease, lung cancer and interstitial
pulmonary disease were the most common after pneumonia (Table 3.9).
The most common non-respiratory causes were cardiac in all age groups,
neurological in cases = 75 years and extra-thoracic malignancy in those <
75 years (Table 3.10).



Table 3.7 - Cause of death by time period following index admission
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with CAP
Within 30 L
Main cause of death days leg,zl)n 90 days
N (%)
Total deaths 1207 1661
Pneumonia (J12-18)* 290 (24.0) 337 (20.2)
Respiratory causes”
(echIJu ding% 19-18) 395 (32.7) | 528 (31.8)
Non-respiratory causes 522 (43.2) 796 (47.9)
Of which:
Neurological or Psychiatric disorder 165 (13.7) 241 (14.5)
Cancer (excluding lung) 135 (11.2) 201 (12.1)
Cardiac disease 117 (9.7) 186 (11.2)
Other 44 (3.7) 76 (4.6)
Gastrointestinal disorder 23 (1.9) 32 (1.9)
Renal disease 14 (1.2) 25 (1.5)
Diabetes & Endocrine diseases 13 (1.1) 19 (1.1)
Infectious Diseases 6 (0.5) 7(0.4)
Haematological disease 5(0.4) 9 (0.5)

*ICD 10 codes J12-18 inclusive, as used in the BTS audit *As defined by

ICD 10 codes denoting thoracic malignancy (C34, C38 & C39) or disease

of the respiratory system (J00-J06, J09-J11, J20-22, J40-47, J60-J99)
other than the pneumonia (J12-J18). Non-respiratory causes categorised

according to ICD-10 version 2019 code (Table 1)

Table 3.8 - J12 — J18 Cause of Death within 30 and 90 days

ICD10 ICD 10 diagnosis 30-day 90-day
code
J18.9 Pneumonia, unspecified 238 272
(82.1) (80.7)
J18.0 Bronchopneumonia, unspecified 40 (13.8) | 51 (15.1)
J18.1 Lobar pneumonia, unspecified 5(1.7) 7(2.1)
J15.4 Pneumonia due to other streptococci 3(1.0) 3(0.9)
J13 Pneumonia due to Streptococcus 2(0.7) 2 (0.6)
pneumoniae
Ji2.1 Respiratory syncytial virus pneumonia 1(0.3) 1(0.3)
J15.9 Bacterial pneumonia, unspecified 1(0.3) 1(0.3)
Total 290 337
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Table 3.9 - Frequency of respiratory disorders as main cause of death

within 30 and 90-days

Main cause of death (ICD 10 Within 30 days | Within 90
codes)* N (%) days

N (%)
Pneumonia (J12-J18) 290 (42.3) 337 (39.0)
Chronic obstructive pulmonary 189 (27.6) 253 (29.2)
disease (J44.0, J44.1, J44.9)
Lung cancer (C34.3, C34.9) 75 (10.9) 119 (13.8)
Interstitial pulmonary disease 44 (6.4) 52 (6.0)
(J84.1, J84.9)
Asthma (J45.9) 23 (3.4) 26 (3.0)
Bronchiectasis (J47) 21 (3.1) 25 (2.9)
Influenza (J10.0, J10.1, J11.0) 14 (2.0) 14 (1.6)
Unspecified acute lower respiratory | 11 (1.6) 15 (1.7)
infection (J22)
Pneumonitis due to food and vomit 4 (0.6) 6 (0.7)
(J69.0)
Emphysema, unspecified (J43.9) 3(0.4) 5(0.6)
Hypersensitivity pneumonitis due to | 3 (0.4) 3(0.3)
unspecified organic dust (J67.9)
Unspecified chronic bronchitis (J42) | 2 (0.3) 2(0.2)
Coalworker pneumoconiosis (J60) 2(0.3) 2(0.2)
Pneumoconiosis due to asbestos 2(0.3) 2(0.2)
and other mineral fibres (J61)
Pyothorax without fistula (J86.9) 1(0.1) 1(0.1)
Respiratory failure, unspecified 1(0.1) 1(0.1)
(J96.9)
Abscess of lung with pneumonia 0 1(0.2)
(J85.1)
Other specified respiratory disorders | O 1(0.1)
(J98.8)
Total 685 865

*ICD-10 version 2019 codes (109)
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Table 3.10 - Ten most common non-respiratory causes of death within
90 days subdivided by age

Cases <75 years Cases >75 years

Number | Cause of death 0 Cause of death 0
(ICD10)* N0 | 1cpig)- N (%)
Malignant

1 neoplagm: Breast, 14 (7.9) Unspecified dementia | 113
unspecified (FO3) (18.3)
(C50.9)
Atherosclerotic Chronic ischaemic

2 heart disease 8 (4.5) | heart disease, 42 (6.8)
(125.1) unspecified (125.9)
Malignant . :

3 neoplasm of 7 (3.9) ﬁ:]zshpigﬁégl(séggg) 39 (6.3)
prostate (C61) '
Malignant
neoplasm of Vascular dementia,

4 kidney, except 6(3.4) unspecified (F01.9) 36 (58)
renal pelvis (C64)
Acute myocardial Stroke, not specified

5 infarction, 6 (3.4) | as haemorrhage or 28 (4.5)
unspecified (121.9) infarction (164)
Alcoholic liver Malignant neoplasm of

6 disease, 6 (3.4) 25 (4.1)
unspecified (K70.9) prostate (C61)
Malignant
neoplasm: Acute myocardial

7 Pancreas, 5(2.8) | infarction, unspecified | 14 (2.3)
unspecified (121.9)
(C25.9)
Unspecified Parkinson disease

8 dementia (F03) | > @) | (a20) 3@
Motor neuron Malignant neoplasm:

9 disease (G12.2) 5 (2.8) | Breast, unspecified 12 (1.9)

' (C50.9)

Multiple myeloma Urinary tract infection

10 (C90.0) 4 (2.2) (N39.0) 12 (1.9)

*ICD-10 version 2019 codes (109)
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3.3.4.2 Mortality within 30-days

An ICD 10 code mapping to a diagnosis of pneumonia was listed as a
cause of death in more deaths within 30 than 90-days (main cause 24.0%
vs 20.2%; any cause 75.5% vs 65.0%) (Table 3.7). The most frequent
cause of death at 30-days otherwise reflected findings at 90-days. The
most frequent ICD10 pneumonia code listed as the main cause of death
was Pneumonia, unspecified (J18.9; n=238, 82.1%; Table 3.8). Other
respiratory diseases made up 32.7% (n=395) of the deaths within 30-days;
chronic obstructive pulmonary disease, lung cancer and interstitial
pulmonary disease were the most common respiratory causes after

pneumonia (Table 3.9).
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3.4 Discussion

3.4.1 Key Findings

The most common reasons for readmission identified were pneumonia
(38.1%), COPD (6.7%) and cardiovascular disease (7.6%), particularly
cardiac failure. Inpatient mortality in those readmitted due to pneumonia

was high; they were over twice as likely to die during readmission than
those readmitted for other reasons (15.1% vs 7.2%; OR 2.30). Causes of
death at 90-days were similar to reasons for readmission; 20.3% (n=337)
pneumonia, 15.2% (n=253) COPD and 11.2% were due to cardiovascular
disease. Neurological and malignant diseases were the most common
non-respiratory cause of death in patients >75 years and <75 years

respectively.

3.4.2 Comparison with published literature: Readmission

Published readmission rates within 30-days of discharge range from 7.3-
20.1%, vary with healthcare system and are higher in older populations
(107). At 15.7%, our observed readmission rate is at the higher end of this
range, perhaps reflecting the older age of our cohort (median age 75
years). Over ten years of the national BTS CAP audit, readmission rates
have increased by 3.8% (17). Emergency admissions across the NHS
increased by 42% between 2006/07 and 2015/16, particularly in those >85
years of age or with multiple health conditions (110). Despite this, a
retrospective analysis of readmission rates between 2006-16 across 150
hospital NHS Trusts reported no change in all-cause readmission rates
(22). However, when subdivided by index admission category, the
readmission rate following pneumonia increased by 2.72% (13.7% to
15.8%), similar to that observed in the national audit (22). Together, these
findings suggest increasing readmission rates following pneumonia are

disease specific and not simply reflective of a national trend.
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Readmission is associated with significant mortality. In a study of UK
emergency readmissions following an unscheduled index admission of any
cause, Shiue et al. reported a 30-day mortality of 12.5% in those
readmitted compared to 6.9% following the index admission (111). After
adjustment for patient factors, the risk of death remained higher during
readmission than index admission (aOR 12.36 vs 6.93). Studies in
comparable healthcare systems consistently report pneumonia as the most
common reason for readmission following hospital admission with CAP,
responsible for 7.3% - 39.1% of all-cause 30-day readmissions (23, 24, 26,
107). Our observed rate (38.1%) is at the top end of this estimate; coding
inaccuracies in the readmission diagnosis may falsely increase our rate
(71). Consistent with previous studies, the other most common reasons for
readmission observed were COPD, cardiovascular disease and infections
(23-26, 107). In themselves, these are common reasons for emergency
admission (112). Readmission with pneumonia, but not other causes,
appears associated with significant inpatient mortality in our analysis
(15.1% vs 7.2%; OR 2.30). Consistent with established risk factors, our
readmitted cohort are older with more co-morbid disease (23, 25). Higher
mortality might therefore be expected in this group, but not confined to
those readmitted with pneumonia. Given the short period of time between
index discharge and readmission in our cohort (7 days), the majority of
readmission episodes with pneumonia likely reflect partial treatment or
hospital-acquired infection rather than a recurrent CAP episode. Further
work to clarify the cohort of patients readmitted with pneumonia and to

develop strategies to prevent readmission are warranted.
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3.4.3 Comparison with published literature: Mortality

Causes of death in our cohort mirror those observed in a study of adults
with pneumonia in the USA (113). Mortensen et al. reported that 53% of
deaths within 90-days were related to pneumonia, of which 76% occurred
within 30-days (113). Neurological conditions, malignancy and cardiac
conditions were responsible for 29%, 24% and 14% of deaths.
Hospitalisation with CAP is associated with an increased risk of
cardiovascular events (CVE). A systematic review in 2011 estimated CVE
to occurin 17.7% (95% CI 13.9% - 22.2%) of inpatients with CAP (114).
More recently, Violi et al. reported 32.2% of patients in their prospective
cohort study experienced in-hospital cardiac events and found CVEs were
associated with an increased risk of death (HR 5.49, p<0.001) (115). In a
UK study examining deaths within 28 days of admission due to acute
myocardial infarction (AMI), 12% were admitted primarily with a respiratory
diagnoses (mostly pneumonia and COPD) (116). Most events occur within
30-days of admission with the risk maximal in the days following admission
(117). Indeed, 62.9% (117/186) of deaths due to cardiovascular disease in
our study at 90-days were within 30-days. Risk factors for CVE during
admission with CAP include increasing age, hyperlipidaemia and severe
CAP (117-119). The biological mechanism for increased cardiovascular
risk is unclear; proposed mechanisms include host responses (including
systemic inflammation and platelet activation) and S. pneumoniae invasion
of the myocardium and subsequent cardiac scarring (120, 121). Taken
together, cardiovascular disease is an important cause of both adverse

outcomes and clinician awareness is advised.

3.4.4 Strengths and Limitations

The main strength of this work is the linkage of two comprehensive
datasets (HES and BTS) including cases with a defined population of CAP.

There is no single ICD10 category for CAP. Previous work has
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demonstrated that the accuracy of a coded diagnosis of CAP is 63.3%,
with over half of ineligible cases not meeting radiological inclusion criteria
(17). The BTS audit cohort provides comprehensive clinical data on
patients hospitalised with a clinical and radiological diagnosis of
pneumonia; the effect of miscoding during the index CAP admission is,
therefore, minimised (71). Linkage to HES/ONS data allows robust

assessment of outcomes, capturing those occurring after index discharge.

Limitations of HES data include: coding variation, sensitivity to admission
thresholds and quality of internal linkage (122). Despite centrally issued
coding rules and financial incentives for accurate reimbursement driving
improved accuracy, coding practices vary between hospitals, particularly
secondary diagnosis and co-morbidity data (71, 123, 124). The overall
accuracy of primary diagnosis codes used in our analysis of readmission,
is fair (80.3%) (125). Data on ED attendances not resulting in admission
(re-consultation) are not recorded in HES APC data; our results therefore
underestimate the burden healthcare re-consultation in the secondary care
setting and may be sensitive to variation in readmission thresholds.
Individual case data are linked within HES using a HESID linkage
algorithm that relies on accurate recording of the NHS number to avoid
missed matches. Testing of this algorithm has demonstrated a low rate of
false matches but estimated a missed-match rate of 4.1% (126). In our
cohort, missed matches could lead to an underestimation of the true
readmission rate. Reasons for readmission in missed matches are not

expected to differ from the observed data.

The main limitation of the BTS audit dataset is missing clinical data
occurring due to reliance on clinical teams for data collection. Differences

between those with and without missing data in clinical or disease
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characteristics that are derived solely from the BTS dataset cannot be
completely excluded. The effect of missing outcome data is minimised by
linkage with HES data. The proportion of missing data in HES is generally
low (<1%) however varies by data field. For example, the proportion of
patients with a known ethnicity in HES is low (<80%), limiting the utility of
these fields (127).

The findings from analysis of the combined dataset may not be applicable
to devolved nations or other healthcare systems; HES data for linkage was
only available with audit data collected from England. Outcome data
regarding healthcare utilisation in the community is not captured but
presents a significant burden; the estimated re-consultation rate following
discharge in patients with pneumonia is high (65.7%) with the majority of
episodes occurring through the GP (90.1%) (128). Of note in our cohort,
the admission route for the majority of observed readmissions was through
ED (83.5%) rather than via the GP. The combined dataset lacks detailed
data on prescribed antibiotic treatment courses and robust aetiological

data, including antimicrobial resistance.
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Chapter 4 Variation in healthcare outcomes of
adults hospitalised with community acquired
pneumonia: BTS National Community

Acquired Pneumonia (CAP) Audit analysis

4.1 Introduction

Geographical variation in clinical care is considered ubiquitous across all
aspects of healthcare (53). A proportion of this observed variation in
healthcare measures is warranted, reflecting true differences in individual
healthcare preferences and the demographics of the local population
served. Conversely, persistent unwarranted variation in clinical care
directly impacts on equity of services, population outcomes and use of
resources (53). Outcome measures are increasingly used to rank
healthcare between regions and hospital providers however there is
concern that such ranking does not account for natural variation between
units (72, 73).

The age-standardised mortality rate for pneumonia varies internationally
with estimates suggesting the UK has the third highest mortality rate in
Europe (10). The NHS Right Care Atlases of Variation in Healthcare for
people with respiratory disease have highlighted persistent geographical
variation in healthcare outcomes for pneumonia across the UK (49, 56). In
2019, the reported mortality rate differed by 2.8 fold (difference between
29.5-83.2 per 100 000 population) between areas whilst a 3.5-fold
difference in median LOS (2-7 days) and proportion of 0-1 day admissions
(11.1-38.5%) were also observed (56). Little is known about the causes of
this apparent variation, to what extent it is unwarranted and whether

ranking by outcome measures reflects true differences in care.
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4.1.1 Objectives:

The primary objective is to describe variation between NHS Trusts in
healthcare outcomes of adults hospitalised with community-acquired
pneumonia (CAP) across England after adjustment for case-mix and

accounting for natural variation.

The secondary objectives were: i) to describe variation of key process of
care (POC) measures derived from CAP treatment guidelines, ii) where
possible, to examine any association between variation in outcomes and
variation in process of care measures, and iii) to assess the extent to which

observed variation of outcome measures is due to chance.
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4.2 Methods

4.2.1 Details of the study cohort

This is a retrospective analysis of aggregate data from six British Thoracic
Society (BTS) national adult CAP audits (December and January 2009/10,
2010/11, 2011/12, 2012/13, 2014/15 and 2018/19). In each audit cycle,
cases were identified by participating Trusts via ICD10 codes mapping to a
primary discharge diagnosis of pneumonia (J12.0-J18.0 inclusive) and
selected for eligibility against inclusion criteria to confirm a clinical and
radiographic diagnosis of CAP. The audit defines a case of CAP as an
immunocompetent adult (>16 years) hospitalised with symptoms of a lower
respiratory tract infection, treated for CAP by the admitting clinicians with
accompanying acute infiltrates consistent with pneumonia on admission
chest radiograph (CXR). Cases are excluded if they have been discharged
from hospital in the ten days prior to their index admission, are transferred
from another hospital provider, immunocompromised or diagnosed as
aspiration pneumonia. The dataset holds data regarding patient
demographics, pre-existing co-morbidities, disease severity, diagnosis,
treatment and outcomes. The audit cohorts have been described in full

previously (17, 129).

4.2.2 Unit of Variation

A unit of variation was defined as a single NHS acute hospital Trust. A
Trust was chosen rather than hospital to minimise potential bias from split
site Trusts with multiple participating hospitals providing differing or
specialist services. A case is attributed to the NHS Trust of admission
during the patient’s hospitalisation with pneumonia. Where Trusts have
merged over the audit timeframe, cases are included within the NHS Trust
as per the time of the most recent audit (winter 2018/19). For the primary

analysis, Trusts were excluded if they had not participated in the most
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recent audit cycle (winter 18/19) or if they had entered <50 cases over all

audit cycles.

4.2.3 Outcomes and Process of Care Measures examined

For the primary analysis, the healthcare outcomes assessed were: i) thirty-
day inpatient mortality, ii) critical care admission, iii) readmission within 30
days of hospital discharge, iv) median length of stay (LOS), v) LOS <1 day,
and vi) LOS>10 days (surviving cohort only included for readmission and

LOS outcomes).

Key process of care measures were derived from established guidelines
on the management of CAP and national audit quality improvement
objectives (1, 17, 34). These were: i) time to first CXR, ii) time to first
antibiotic, iii) guideline concordant antibiotic use, and iv) CAP bundle
concordant care. Bundle concordant care in an individual was achieved if
all of the following POC measures were achieved: i) CXR within 4 hours on
admission, ii) antibiotics within 4 hours of admission, and iii) the use of

guideline concordant antibiotics (77).

4.2.4 Sub-analysis on HES linked dataset

A sub-analysis using HES-ONS linked data from the most recent BTS audit
cycle (winter 2018/19) was performed. Data from HES are available for
England only; Trusts from devolved nations were excluded and those with
less than 20 cases in the most recent audit were excluded. Thirty and
ninety-day mortality from linked Hospital Episode Statistics (HES) and
Office for National Statistics (ONS) mortality data capturing both hospital
and community deaths were used as mortality outcomes. Other measures

examined were informed by the results of the primary analysis.

4.2.5 Statistical Methods

The choice of statistical methods used in this work were informed by the

findings of the Systematic Review presented in Chapter 2. This found no

consistent methods for assessing variation in outcomes and that very few
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studies adopted methodology accounting for natural variation. However,
the best method used was the Spiegelhalter method as demonstrated by
Aelvoet et al. to investigate interhospital differences in outcomes following
admission with CAP in a single national health care system and clearly
identified institutions with outlying results (79). We therefore replicated

similar methodology in this work.

Crude proportions per trust of each healthcare outcome and the proportion
adjusted for individual case mix were calculated. Appropriate summary
statistics for normally and non-normally distributed data and minimum and
maximum values are presented. Adjustment variables for each outcome
examined were chosen following review of the literature and using Directed
Acyclic Graph (http://dagitty.net/) (Figures 1-3) (130). Population

characteristics adjusted for at an individual level were age, gender,
presence or absence of a co-morbidity, disease severity (component parts
of the CURB 65 score, except age) and audit year. For the winter 2018/19
sub-analysis outcomes 30 and 90-day mortality, deprivation as measured
by the Index of Multiple Deprivation (IMD) from HES linked data was

included as an adjustment variable.


http://dagitty.net/
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Figure 4.2 - DAG for admitting trust and 30-day readmission
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Figure 4.3 - DAG for admitting trust and POC measures
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Mixed effects logistic regression models, adjusted for potential
confounders clustered by admitting trust, were used to calculate the
probability of an outcome for each individual case. The expected number
of each outcome per trust was then calculated as the sum of the individual
probabilities. The probability of an event occurring in an individual treated
at one Trust compared with the probability of the outcome occurring in
England across all participating Trusts is derived from the ratio of observed

to expected events per trust, multiplied by the whole population rate x100.

Funnel plots for institutional comparison of the primary outcomes were
produced according to Spiegelhalter's method for the outcome adjusted for
individual case-mix (131). In these plots, the proportion of inpatients with
each healthcare outcome at a trust is plotted against the total number of
patients at the trust, forming a funnel shape around the outcome. Lines for
the 95% (2 standard deviation) and 99.8% (3 standard deviation)
confidence limits are superimposed around the average value for the
whole cohort. Using these limits, three performance categories are defined:
i) category 1 — ‘lower than expected’ (below or equal to the lower bound of
the 95% limit, ii) category 2 — ‘normal’ (within the 95% limits) and, iii)
category 3 — ‘higher than expected’ (above or equal to the upper bound of
the 95% limit).

4.2.5.1 Association between trust mortality outlier status and CAP bundle
component performance

Associations between performance of POC measures and outlier status for
trust mortality from the primary analysis were tested using univariate
logistic regression models. Binary outcome variables were derived from the
funnel plots comparing outlying Trusts for healthcare outcomes (eg. those
in the ‘lower than expected’ or ‘higher than expected’ categories compared

to the ‘normal’ Trusts). Exposure variables were binary POC measures as
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described above and the continuous variables median time to antibiotics
and CXR at each Trust.

4.2.5.2 Rankability of Outcome Measures

Rankability is described as the proportion of observed variation in a
healthcare outcome between providers that is due to true differences
rather than chance or natural variation (103, 132). It is displayed as a
proportion and interpreted as low (0-50%), moderate (50-75%) or high
(>75%) (103, 133). The rankability of the outcome measures were

calculated using the following calculation:
Rankability = t%/(t? + mediancg?)

In this equation, t?> denotes the heterogeneity measured by a random
effects logistic regression model (differences between the trusts) and 2
the standard error of individual trusts from a fixed effects logistic regression
model. Healthcare outcomes assessed were 30-day inpatient mortality,
readmission and proportion of cases with short and long LOS at each trust.
Estimates of rankability were calculated using both unadjusted logistic

regression models and models adjusted for variables as above.

4.2.6 Missing Data

Cases missing data on key variables (healthcare outcomes, POC

measures and adjustment variables) were excluded and a restricted
complete case analysis was performed. The proportions of missing data for
each key variable were examined across the dataset and by trust; the
average proportion missing across trusts was calculated. To investigate
the effect of missing data, sensitivity analyses were performed using
multiple imputation to calculate: i) the adjusted probability of mortality at a
trust, and ii) where >5% of data were missing, the estimated proportion of
POC measure achievement by trust. These were compared to observed

results and differences described using appropriate summary statistics.
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4.2.7 Ethics and Communication with outliers

For the 2018/19 national audit, ethical permission for collection of hospital
identifiers without consent was granted via a Section 251 application (CAG
reference number 18/CAG/0147) and provided by NHS Digital following a
DARS application. Hospitals with outlying results were communicated with

via the BTS in accordance with their outlier policy.
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4.3 Results

4.3.1 BTS aggregated dataset (A) analysis

A total of 34,194 cases over the 6 audit cycles were available for analysis
from 151 NHS Trusts. After removal of Trusts with no data entered in the
latest audit cycle (winter 18/19) and data from Trusts with <50 cases (4
Trusts, 108 cases), 118 Trusts with 31,712 cases remained for analysis of
variation. The proportion of missing data for adjustment variables and
healthcare outcomes was low (<5% for each variable) across the whole
cohort (Table 1) and by Trust (Table 2). The proportion of cases with
missing data on time to first antibiotics and CXR were higher (17.4% and

15.1% respectively) and varied by trust.
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Table 4.1 - Proportion of missing adjustment, outcome and process of

care data by individual case

Variable Nl_Jmper Denominator | %
missing

Age 629 31712 1.98

CURBG65 score variables:

Confusion 703 31712 2.22

Urea 424 31712 1.34

RR>30 378 31712 1.19

BP<90 417 31712 1.31

Healthcare Outcomes:

Inpatient death within 30 159 31712 0.50

days

Length of Stay* 439 26602 1.65

Readmlss_lon within 30 1024 26602 3.85

days of discharge*

Critical care admission 559 31712 1.76

POC measures:

Time to first antibiotic 5534 31712 17.45

Time to CXR 4792 31712 15.11

Gw_d(_allr_]e concordant 1094 31712 3.45

antibiotics

Use of severity score 1266 31712 3.99

Bundle compliance 7706 31712 24.30

*Surviving cohort only examined. For time to first antibiotic and time to
CXR, times prior to admission or >72 hours after admission were treated

as missing data
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Table 4.2 - Median proportion of missing adjustment, outcome and
process of care data by participating trust

Median %
Variable missing missing data IQR % Range %
across Trusts
Age 0.91 0-2.03 0-20.8
CURBG5 score variables:
Confusion 1.17 0.35-2.46 0-225
Urea 0.32 0-1.06 0-213
RR>30 0.5 0-1.38 0-21.3
BP<90 0.57 0-1.67 0-21.7
Outcomes:
Inpatient death within 30 0 0-0.44 0-85
days
Length of Stay* 1.45 0.53-2.25 0-6.1
Readmission within 30 146| 0.75-4.44| 0-37.9
days of discharge*
Critical care admission 0.96 0.47-2.49 0-13.8
POC measures:
Time to first antibiotic 154 10.9-22.1 413 -75
Time to CXR 12.9 9.58-19.4 | 0.69 —50.8
Guideline concordant 225 0.94-4.14 0-20
antibiotics
Use of severity score 2.48 0.75-6.79 0-25

*Surviving cohort only examined. For time to first antibiotic and time to
CXR, times prior to admission or >72 hours after admission were treated

as missing data

4.3.2 Healthcare Qutcomes

The mean adjusted institutional mortality rate across the 118 participating
trusts was 15.9% (SD 4.70) (Table 3). The funnel plot of institutional
adjusted mortality rates identified 30 (25.4%) outlying Trusts; 16 (13.6%)

were lower than expected and 14 (11.9%) were higher than expected

(Figure 4; Table 4). The mean adjusted institutional rates of readmission
and critical care admission were 12.7% (SD 3.86) and 6.08% (SD 2.68)

respectively. The number of outlying trusts was lower than mortality for

both (readmission n=16, 13.6%; critical care admission n=23, 19.5%;

Figure 5).
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The median LOS was 5 days (IQR 5-6 days). The mean adjusted
institutional rate of patients with a LOS of <1 day or >10 days was 13.15%
(SD 6.04) and 22.8% (SD 6.46) respectively. More outlying Trusts were
identified for both; 47 (39.8%) trusts with a LOS<1 day (‘lower than
expected’ n=27, 22.9%; ‘higher than expected’ n=20, 16.9%) and 37
(31.4%) trusts with a LOS>10 days (‘lower than expected’ n=22, 18.6%;
‘higher than expected’ n=15, 12.7%).



Table 4.3 - Outcome measures across the cohort and by Trust
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Cases Unadjusted Adjusted
with Cases per trust (n) institutional rate (%) institutional rate (%)
Cases | outcome Median
(n) (n, %) (IQR) Range | Mean Range Mean Range
Inpatient death within 4951 211.5
30 days 31553 (15.69) | (144-322) 60-930 | 15.4 (5.57) 0-35.8 | 15.9 (4.70) 0-29.5
Readmission within 3354 176.5
30 days of discharge 25713 (13.04) | (110-270) 47-773 | 12.4 (3.91) | 3.45-245| 12.7 (3.86) | 3.59-25.3
Critical care 1835 207
admission 31153 (5.89) | (142-323) 60-947 | 5.65 (2.76) | 1.08-19.9 | 6.08 (2.68) | 1.33-16.0
177 N
Length of stay (days) (115-273) Ar-rii 5(5-6) 3-10
3271 177 13.15
Length of stay <1 day 26309 (12.43) | (115-273) 47-777 | 12.1(5.49) | 2.33-28.2 (6.04) 2.79-34.1
Length of stay >10 5805 177
days 26309 (22.06) | (115-273) 47-777 | 21.6 (6.04) | 8.45-46.5 | 22.5(6.46) | 9.32-47.8

*Median and IQR



Table 4.4 - Outlying trusts (n=118) by healthcare outcome and process of care measures
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Trusts under

Trusts within 2 Total number | 2SDs from Trusts over 2SDs
SDs of the mean | of outliers the mean from the mean
Outcomes:
Inpatient death within 30 days 88 (74.6) 30 (25.4) 16 (13.6) 14 (11.9)
Readmission within 30 days of discharge | 102 (86.4) 16 (13.6) 9 (7.6) 7 (5.9)
Critical care admission 95 (80.5) 23 (19.5) 9 (7.6) 14 (11.9)
Length of stay <=1 day 71 (60.2) 47 (39.8) 27 (22.9) 20 (16.9)
Length of stay >10 days 81 (68.6) 37 (31.4) 22 (18.6) 15 (12.7)
POC measures:
Antibiotic received within 4 hours 85 (72.0) 33 (38.8) 12 (10.2) 21 (17.8)
CXR performed within 4 hours 80 (67.8) 38 (32.2) 13 (11.0) 25 (21.2)
Guideline concordant antibiotics 39 (33.4) 79 (66.9) 37 (31.4) 42 (35.6)
Bundle achieved 59 (50.0) 59 (50.0) 26 (22.0) 33 (28.0)




Figure 4.4 - Funnel plot for inter-trust variation in adjusted inpatient mortality at 30
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Figure 4.5 - Funnel plots for inter-trust variation in adjusted proportion of
readmissions, critical care admissions, short and long length of hospital stays
(clockwise from top left)
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Only 24 (20.3%) trusts were within 2 standard deviations across all five
outcome measures examined; the remainder of trusts were in an outlying
category at least once (Table 5). One trust was identified with higher than
expected mortality and readmission rates. Two trusts had a higher than
expected proportion of patients with a LOS<1 day and readmission rate.
There was no association between the proportion of patients with a LOS<1
day and having higher than expected readmission rates (UOR 0.96, 95%
C10.83-1.10).

Table 4.5 - Multiple outlier status of trusts

Frequency of outlier status Outcome Outlier | POC Outlier
(n, %) (n, %)

0 24 (20.3) 19 (16.1)

1 51 (43.2) 27 (22.9)

2 28 (23.7) 39 (33.1)

3 14 (11.9) 28 (23.7)

4 1(0.8) 5(4.2)

4.3.3 Process of Care Measures

The mean institutional adjusted proportion of patients receiving i)
antibiotics and ii) CXR within 4 hours was 68.8% (SD 6.51) and 84.6% (SD
5.14) respectively (Table 6). For all POC measures, more outliers were
observed in the ‘higher than expected’ than the ‘lower than expected’
group (Table 4). For antibiotics, a funnel plot identified 33 outlying Trusts;
12 ‘lower than expected’ and 21 ‘higher than expected’ (Figure 6; Table 4).
For CXR, a funnel plot identified 38 outlying Trusts; 13 ‘lower than
expected’ and 25 ‘higher than expected’. Greater inter-Trust variation was
seen in the use of guideline concordant antibiotics and proportion with
bundle achieved; 79 (37 ‘lower than expected’, 42 ‘higher than expected’)
and 59 (26 ‘lower than expected’, 33 ‘higher than expected’) outlying

Trusts were observed respectively.
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Nineteen trusts (16.1%) were in within two standard deviations across all
process of care measures; five trusts were consistently identified as

outliers across all four POC measures.



Table 4.6 - POC measures achieved across the cohort and by Trust
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Cases with Unadjusted Adjusted institutional
Cases per Trust (n) | achieving institutional rate (%) | rate (%)
POC
Cases | Median measure
(n) (IQR) Range | (n, %) Mean Range Mean Range
Antibiotic received 178 18040 68.8
within 4 hours 26178 (117-267) 17-875 (68.91) 69.8 (7.19) | 49.5-88.2 (6.51) 50.8-85.1
CXR performed 185 22867 54.6
within 4 hours 26920 (124-275) 42-889 (84.94) 85.2 (5.19) | 70.1-95.5 (5.14) 69.8-94.5
Guideline
208.5 17448 56.1
con_C(_)rannt 30618 (143-316) 60-937 (56.99) 57.2 (14.5) | 26.1-89.5 (14.2) 24.4-93.0
antibiotics
Use of severity 210 13265 44.4
score 30446 (139-321) 54-943 (43.57) 42.8 (14.5) | 10.8-81.9 (15.0) 11.8-86.9
165.5 37.3
Bundle achieved 24006 (109-250) 13-827 | 8849 (36.86) | 37.3(11.3) | 7.06-67.1 (11.1) 7.19-64.0
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Figure 4.6 - Funnel plots for POC measures.
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4.3.4 Association between outcome and POC measures

Associations between trust performance of POC measures and the odds of
being an outlying Trust were tested with logistic regression models. No
POC measures were associated with a trust having a lower than expected
mortality (Table 7). The median time to first antibiotic was slightly longer in
trusts with higher than expected mortality (2.85 hours vs. 2.61 hours). The
odds of a trust having higher than expected mortality increased by nearly
3-fold with each one hour increase in median time to first antibiotic,
however this did not reach statistical significance (OR 2.66, 95% CI 0.83-
8.50, p=0.10). No other POC measures were associated with a trust having

higher than expected mortality.



Table 4.7 - Association between POC measures and trust mortality category
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Within 2
SDs Mortality lower than expected Mortality higher than expected
(n=88) (n=16) (n=14)
Trust
performanc | Trust Trust p
e performance performance valu
(Mean / SD) | (Mean / SD) Odds Ratio | p value | (Mean / SD) Odds Ratio e
Median time to first 0.83 2.66
antibiotic (hours) 2.61(0.51) | 2.56 (0.38) (0.27-2.50) | 0.73 2.85 (0.46) (0.83-8.50) 0.1
Antibiotics within 4 1.01 0.96
hours (%) 69.0 (6.40) | 69.5 (7.49) (0.93-1.10) | 0.77 67.2 (6.27) (0.88-1.05) 0.35
Median time to CXR 0.35 0.81
(hours) 1.79 (0.35) | 1.68(0.31) (0.66-1.83) | 0.21 1.77 (0.22) (0.14-4.59) 0.82
1.04 0.98
CXR within 4 hours (%) | 84.5(5.25) | 85.5 (4.93) (0.93-1.16) | 0.47 84.0 (4.89) (0.88-1.09) 0.75
Guideline concordant 0.99 1.02
antibiotics (%) 55.8 (14.5) | 53.9 (12.4) (0.95-1.03) | 0.61 60.4 (13.8) (0.98-1.06) 0.27
CAP Bundle achieved 0.97 1.02
(%) 37.5(11.1) |34.2(11.3) (0.93-1.02) | 0.28 40.2 (10.8) (0.97-1.08) 0.4

Unadjusted odds ratios for the odds of a Trust having a lower than or higher than expected mortality compared to the

baseline group, within 2 standard deviations of the mean, by performance of POC measures
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4.3.5 Rankability of healthcare outcomes

The rankability of healthcare outcomes assessed was low (<50%) for each
outcome suggesting that a high proportion of the observed variation
between trusts is due to natural variation. For inpatient mortality, crude
rankability was 34.4% (Table 8). Following adjustment for patient and
disease characteristics, rankability decreased to 25.3%. This is interpreted
as 25.3% of the observed variation in trust mortality is due to unexplained
true differences between trusts. Adjusted rankability for admission to
critical care (23.4%), readmission within 30 days (9.0%) and the proportion
of patients with short (32.2%) and long stays (28.9%). Ranking hospitals by
these outcomes in CAP is therefore unlikely to be valid due to the

significant role of natural variation.

Table 4.8 - Rankability of outcome measures

Unadjusted Adjusted
Healthcare outcomes | p 0 bt oo | manicabilty (%)
Inpatient 30-day mortality | 34.4 25.3
Critical care admission 26.1 23.4
Readmission 10.3 9.0
Short stay 29.6 32.2
Long stay 27.3 28.9

*Adjusted for age, audit cycle, binary components of the CURB 65 score (minus
age) and presence or absence of a co-morbidity.
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4.3.6 Sub-analysis of the BTS-HES linked Winter 2018/19 dataset

4.3.6.1 Thirty and ninety-day mortality

Of 10,196 cases from 122 participating trusts enrolled in the winter
2018/19 audit, 903 cases at 10 trusts in devolved nations were excluded
as no HES data were available. Following exclusion of cases missing key
adjustment variable data (CURBG65 data n=942; IMD n=129), nine trusts
(119 cases) with total case numbers of less than 20 were excluded leaving

8120 cases from 103 Trusts for analysis.

Mean adjusted thirty and ninety-day trust mortality rates were 12.5% (SD
6.6) and 17.3% (5.8) respectively (Table 9). For 30-day mortality, a funnel
plot identified 15 (14.6%) Trusts as outlying (Figure 4). Of the 5 (4.9%)
trusts with lower than expected 30-day mortality, 4 also had lower than
expected 90-day mortality however none were identified in the lower
mortality group for inpatient mortality at thirty-days in the primary analysis.
Of the 10 (9.7%) Trusts with higher than expected mortality, nine also had
higher 90-day mortality. Three trusts were consistently identified in the

higher than expected mortality group in both analyses.
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Table 4.9 - Proportions of outcomes and process of care measures per trust in the winter 2018/19 data sub-

analysis
Median Mean
Number Population unadjusted Mean adjusted
Number cases per Range e e, e e . Range
of rate institutional Range institutional rate
of cases trust (%) (%)
trusts (%) (IQR) rate (%)
(%)
Thirty-day 1020 60
mortality 103 8120 (12.6) (47-102) 21-271 12.5 (6.6) 0-38.9 12.7 (5.8) 0-33.2
Ninety-day 1400 60
mortality 103 8120 (17.2) (47-102) 21-271 17.2 (7.6) 0-40.9 17.3 (6.6) 0-39.1
Length of stay <1 1115 60
day 107 8007 (13.9) (43-96) 22-242 13.6 (7.9) 0-36.5 15.3(9.2) 0-42.7
Antibiotic
. s 5610 59 51.7- 50.7-
received within 4 103 7487 (74.9) (43-94) 20-258 76.4 (8.9) 97.0 74.7 (8.6) 95.1

hours




Figure 4.7 - Inter-trust variation in outcome measures — winter audit
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Clockwise from top left: adjusted 30 day-
mortality*, proportion of short stays”,
proportion of patients receiving antibiotics
with 4 hours~, adjusted 90-day mortality*.
*Adjusted at an individual level for age,
binary components of the CURB 65 score
(minus age), presence or absence of a co-
morbidity and deprivation score and
clustered by Trust. “Adjusted at an
individual level for age, binary components
of the CURB 65 score (minus age),
presence or absence of a co-morbidity and
clustered by trust. ~Adjusted at an individual
level for binary components of the CURB 65
score only and clustered by trust.
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4.3.6.2 Short stay patients

Following exclusion of cases missing key adjustment variable data, 8,007
surviving cases from 107 Trusts were available for analysis. The mean
adjusted proportion of patients with shorts stays at each Trust was 15.3%
(SD 9.2); 32 (29.9%) Trusts were identified as outliers (Table 9; Figure 7).
Eleven (68.8%) of the 16 lower and 12 (75.0%) of the 16 higher than
expected trusts were in the same group in both analyses.

4.3.6.3 Antibiotics within 4 hours

Following exclusion of cases missing key adjustment variable data, 7487
cases from 103 trusts were available for analysis. The mean adjusted
proportion of patients receiving antibiotics within 4 hours at each trust was
74.7% (SD 8.6); 34 (33.3%) trusts were identified as outliers (Table 9;
Figure 7). The national audit target for antibiotics within 4 hours is 85%;
this was achieved by 20 (19.4%) Trusts. Three (37.5%) of 8 lower and 9
(34.6%) of 26 higher than expected trusts were in the same group in both

analyses.
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4.3.7 Sensitivity Analysis — Missing Data

To assess the effect of missing adjustment variable data on the calculated
probability of mortality for an individual treated at a Trust, probabilities
calculated in the primary dataset were compared with those calculated
from data with imputed adjustment variables. The median difference
between probabilities by Trust was small at 0.32 (IQR 0.18-0.53); no Trust
probability changed by over 5% (range 0-4.92%).

To investigate the effect of missing data on the proportion of patients
receiving antibiotics and a CXR within four hours by trust, the expected
proportion of POC achievement using imputed data was compared with
that observed using available data at Trust level. The median Trust
difference was low for both measures: time to first antibiotics 0.82% (IQR
0.35-1.64%, range 0.01-10.92%) and time to CXR 0.46% (IQR 0.17-
0.93%, range 0.01-4.42%). The estimated proportion receiving antibiotics
changed by >5% in only three trusts.
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4.4 Discussion

4.4.1 Key Findings

The key findings from this analysis are: i) there is inter-Trust variation in

observed mortality after adjustment for case-mix (range 0-29.5%, mean
15.9%, SD 4.7), ii) thirty (25.4%) Trusts were identified as outliers after
accounting for natural variation, and iii) 74.7% of the observed variation in
adjusted mortality is likely due to chance rather than true differences. The
extent of observed inter-Trust variation was not consistent across
healthcare outcomes; greater variation in hospital stays and less in
readmission rates were observed. A high proportion of the observed
variation in all outcome measures was due to chance (>67.8%). Regarding
POC measures, observed inter-Trust variation in guideline concordant
antibiotic use was greater than other measures examined. No significant
association between outlier Trust status for mortality and Trust
performance in POC measures was observed, however small numbers

limit analysis.

4.4.2 Comparison with published literature

Mirroring the findings from the Atlases of variation in respiratory disease,
our results describe inter-Trust variation in healthcare outcomes following
admission with CAP in the UK that persist following case-mix adjustment
(49, 56). Similar inter-hospital variation in mortality following CAP has been
demonstrated in comparable healthcare systems (79, 99). Inferences
regarding quality of care made from variation in outcomes have been
consistently challenged (72, 134). Indeed, our analysis demonstrated low
rankability in all outcome measures and suggests a high proportion
(>67.8%) of observed variation is due to chance. Low rankability of
outcome measures has been demonstrated in other acute medical
conditions. Hofstede et al. reported low rankability of outcomes in heart
failure (HF), acute myocardial infarction (AMI) and stroke (133). They

demonstrated improvement using pooled data over longer time periods or
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using a composite outcome measure (133). In the Netherlands, the
rankability of in-hospital mortality post AMI and readmission following HF
admission were moderate at 58% and 51% respectively (103). Taken
together, these results do not support the use of ranking Trusts by

healthcare outcomes in CAP.

The extent of observed inter-Trust variation was not consistent across
healthcare outcomes; in concordance with published evidence to date
greater inter-Trust variation in LOS and less variation in readmission rates
were observed (135). Length of stay is strongly influenced by multiple
factors (patient co-morbidities and wishes, hospital systems and resources,
treating physician practice) and this may explain in part the greater
variation observed (136, 137). It is not a unidirectional outcome; a long
LOS may be appropriate in a severely ill patient treated in critical care but
not where system factors prevent discharge in an otherwise medically
optimised patient. However, patients with low severity disease in whom
community management is appropriate should be managed in the same
day setting (1, 18). The marked variation in proportion of short stays at
Trusts with no demonstrated link to readmission rates suggests this might
be a suitable improvement target. Indeed, the CAP Same Day Emergency
Care (SDEC) Commissioning for Quality and Innovation due in 2021 in
England aims to improve this (138). Low inter-hospital variation in
readmission rates are reported in other acute medical conditions (139).
Over the ten years of the national CAP audit, readmission rates increased
from 10.5% to 14.3% (17). Limited inter-Trust variation observed in this
analysis suggests a national rather than local cause. Notably, this increase
is not reflected by national trends in readmission following all cause

admission which are unchanged over a similar time period (22).

For POC measures, the greatest variation was observed in the proportion
of patients receiving guideline concordant antibiotic therapy. Adherent

treatment is key to antimicrobial stewardship and associated with lower
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mortality and a decreased time to clinical stability (96, 140-142). CURB65-
guided antibiotic therapy has been associated with decreased broad-
spectrum antibiotic use without adverse impact on outcomes (143). Non-
adherence is due to a mixture of factors: clinical (worse in low disease
severity, atypical presentation) and treating physician (guideline
unfamiliarity, senior physician influence) (17, 144, 145). Wide variation
below the national target suggests improvement strategies are required; a
focus on moderate/high severity disease where the mortality benefit will be

greatest is warranted.

The mean proportion of patients at a Trust receiving antibiotics within the
four hour target was 76.4%, below the 85% national target (17). No
significant association between higher than expected mortality at a Trust
and achievement of POC measures were observed. It does not follow that
targeting improved delivery of POC measures is not valid. Firstly, this
analysis is likely underpowered to detect a mortality benefit at Trust level.
Given this, the observed non-significant finding that the risk of a Trust
having higher than expected mortality increased by nearly 3-fold with each
one hour increase in median time antibiotics is noteworthy. At an individual
level, timely antibiotic delivery is associated with lower mortality and is a
key component of the BTS CAP Care Bundle (39, 77). This highlights the
difficultly of correlating quality of care with outcomes at an institutional level

due to the complexity of factors affecting any association (72).

4.4.3 Strengths and Limitations

The main strengths of this analysis are: i) the use of a large granular
dataset comprising of multiple Trusts, each with representative case
numbers, ii) the dataset includes both POC and outcome data linked at a
patient level, and iii) a robust statistical methodology allowing for case-mix
adjustment and natural variation is utilised. National guidelines for the
treatment of CAP have not significantly changed since 2009 allowing

pooling of data across audit cycles.
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The main limitation is the high proportion of missing data that varies by
trust. The quality of the national audit data relies on the accuracy of data
entry by participating sites performed by clinicians subject to workload
pressures. Sensitivity analyses show minimal change to overall results
using imputed data, however outcome estimates at Trusts with a high
proportion of missing data or low number of cases are less representative.
Identified outlying Trusts should check quality of data entry as the first step

in investigating outlier status.

Our study is susceptible to biases inherent in retrospective observational
studies, particularly case selection bias. The audit protocol requests cases
are selected at random however, case selection bias due to unmeasured
local factors cannot be excluded. The audit is open to all Trusts and, of 135
acute non-specialist Trusts in England, 118 are represented in this work.
Non-response bias due to differences between participating and non-

participating trusts cannot be excluded.

Outcome estimates may be subject to incomplete case-mix adjustment due
to lack of data on the severity of co-morbid disease. Adjustment by co-
morbidity data, particularly that derived from coded data, is subject to
constant risk fallacy due to variation in coding practices between hospitals
(124, 146). Our analysis minimises this risk by using clinician verified audit
co-morbidity data. The audit dataset captures data only on patients
hospitalised with CAP, not those treated in the community. It is therefore

sensitive to unmeasured variation in admission thresholds between Trusts.

The audit datasets lack information on the causative pathogen and
antimicrobial resistance which could differ between areas; however, major
regional differences in the respiratory pathogens associated with CAP and
antibiotic resistance patterns are not identified in the UK. The datasets lack
data on individual vaccination status. At the time of the audits, vaccination
of adults with the 23 valent pneumococcal polysaccharide vaccine (PPV23)

and annual vaccination against influenza was recommended for those over
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the age of 65 or those in a clinical risk group (66). Coverage with the
PPV23 vaccine in those 65 or over is 70% in England but varies by
geographical area (64.4% in London to 72.9% in Cheshire and
Merseyside) (70). Although effective against invasive pneumococcal
disease and pneumococcal pneumonia, PPV23 is not known to be

effective against mortality due to all cause pneumonia (147).

Patients with repeat admissions are not excluded from the audit therefore a
patient may be included with two separate admissions within a two-month
period. These patients may represent a group with recurrent CAP due to a
specific underlying pathology. However, given the short time interval of the
annual audit, exclusion of cases discharged within 10 days of admission
and clinician review of case notes, the number of patients with multiple

admissions is likely small with minimal implications on results.
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Chapter 5 Impact of social deprivation on
clinical outcomes of adults hospitalised with

Community Acquired Pneumonia

5.1 Introduction

An association between deprivation and increased mortality from COVID-
19 has been widely reported (148). Deprivation has also been associated
with an increased incidence of community-acquired pneumonia (CAP), but
its association with mortality from CAP has not been adequately studied (3,
149). The BTS national audit dataset 2018/19 linked to Hospital Episode
Statistics (HES) data provides patient level data on adults hospitalised with
all-cause CAP and their corresponding level of deprivation based on area
of residence. The primary objective of this study was to examine
associations between deprivation and adverse outcomes following

admission to hospital in England with CAP.

5.2 Methods:

Audit data from the winter 2018/19 British Thoracic Society (BTS) national
adult CAP audit were linked at a patient level to HES data for the
corresponding admission episode. The linked dataset contains detailed
demographic, disease and outcome data from clinical and radiologically

confirmed cases of CAP from across England.

Deprivation was measured using Index of Multiple Deprivation (IMD) 2010
scores derived from HES (150). Cases were divided from least to most
deprived (quintiles 1 to 5) based on the IMD score in their area of

residence (based on lower super output area) (Table 5.1) (150).
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Adverse outcomes examined were mortality and 30-day readmission.
Readmission was defined as an emergency admission to any acute
hospital within 30-days of index discharge in surviving cases, excluding

readmission within one day of index discharge.

Table 5.1 - IMD Quintiles

Quintile group IMD Score range

1 <8.49 (Least deprived)
2 8.5-3.79

3 13.8-21.35

4 21.36-34.17

5 >34.18 (Most deprived)

Taken from NPEU Tools, University of Oxford (150)

5.2.1 Statistical Analysis:

Characteristics of the cohort were described using appropriate summary
statistics. Multivariable logistic regression models were used to calculate
the adjusted odds of all-cause 30-day mortality with increasing deprivation.
The minimal adjustment set was identified as age only following review of
the literature for potential confounders and production of a Directed Acyclic
Graph (http://daqitty.net/) (Fig. 5.1) (130). Age was identified as a potential

effect modifier on the effect of IMD quintile on mortality (6). A test for
interaction using binary variables (>65 vs <65 years; IMD quintiles 1-3 vs
4-5) was performed to assess the requirement for stratification by age

groups. All analyses were performed using STATA version 16.0.
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5.3 Results

There were 9,165 cases available for analysis following exclusion of 128
cases (1.4%) without IMD scores. The highest proportion of patients were
in the most deprived quintile (n=2263, 24.7%; Table 5.2); and they were
younger than patients in the least deprived quintile (median age 71 vs 79
years respectively). In persons aged 265 years, the age adjusted odds of
high severity disease on hospital admission increased with deprivation (p
trend = 0.002); the most deprived were 23% more likely to be admitted with
high severity disease than the least deprived (aOR 1.23, 95% CI 1.03-
1.47).
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Table 5.2 - Cohort demographics by IMD Quintile

135

1 (Least 5 (Most
. deprive | 2 3 4 deprive for
IMD Quintile | i N% [N% |[N% |d P | hend
N % N %
Number of 1423 1638 1878 1963 2263
cases (15.5) |(17.9) |(20.5) |(21.4) | (24.7)
Median age | 79 (67- |78 (65- | 76 (63- | 74 (59- | 71 (57-
(IQR) 87) 86) 86) 84) 81)
Gender 693 776 896 927 1093 0.891
(male) (48.7) (47.4) | (47.7) | (47.3) |(48.3) '
Co-morbidities:
Cardiac 170 173 177 202 218 0.05
failure (11.9) |(10.6) |(9.4) |(10.3) |(9.6) '
Cogt‘(;gghm”'c 423 480 |508 |506 |528 | <0.000
disease (29.7) (29.3) (27.1) (25.8) (23.3) 1
Cerebrovasc | 130 153 165 184 218 059
ular disease | (9.1) (9.3) (8.8) (9.4) (9.6) '
Liver disease | 11 (0.8) | 18 30 36 43 (1.9) | 0.0008
(1.0) (1.6) (1.8)
EQL()er;IC 153 153 206 202 180 0.02
disease (10.8) (9.3) (112.0) | (10.3) | (8.0)
. 121 126 134 154 170
Malignancy | o5y |77y |71 |@e |a@s |9%
COPD 259 351 426 517 785 <0.000
(18.2) |(21.4) |(22.7) |(26.3) |(34.7) |1
Other chronic | 257 251 295 338 359 0.45
lung disease | (18.1) (15.3) | (25.7) |(17.2) |(15.9) '
Diabetes 204 268 343 357 455 <0.000
(14.3) (16.4) |(18.3) |(18.2) |(20.1) 1
Dementia 168 167 201 229 226 0.35
(11.8) |(10.2) |(10.7) |(11.7) |(10.0)
13 13 28
BMI > 40 11 (0.8) 0.8) 0.7) (1.4) 35(1.5) | 0.003
Severity:
Mild 549 656 745 793 1021
(38.6) (40.0) | (39.7) | (40.4) |(45.1)
Moderate 420 485 531 538 563
(29.5) |(29.6) |(28.3) | (27.4) | (24.9)
Severe 347 382 433 435 467 <0.000
(24.4) |(23.3) [(23.1) |(22.2) |(20.6) |1*
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Not known 107 115 169 197 212
(7.5) (7.0) (9.0) (10.0) | (9.9
High severity disease in persons >65 years
342/101 374/11 | 427/12 | 416/11 | 444/12 | 2003/5
N (%) 5(33.7) 51 49(34. | 83(35. |74 872
' (32.5) 12 2) (34.9) (34.1)
Age adjusted 0.97 1.07 1.17 1.23
OR (95% Cl) 1 (0.81- | (0.89- |(0.98- |(1.03- |0.002
1.17) [1.28) |1.40) |1.47)

*Not for trend — denotes association between the variables
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5.3.1 Mortality
Thirty-day mortality was highest in the least deprived quintile (16.8%) and

lowest in quintile two (11.6%) (Table 5.3). After adjustment for age, no
significant trend between deprivation and mortality was observed (p trend =
0.38). There was effect modification between age and IMD score on
mortality (p-interaction 0.03). In those >65 years, no association between
increasing deprivation and mortality was observed (p-trend = 0.23). In
those <65 years, age-adjusted mortality increased with deprivation (p-trend
= 0.04). People in the most deprived quintile were 83% more likely to die
within 30-days than the least deprived (aOR 1.83, 95% CI 0.84-4.0).
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Table 5.3 - Association between deprivation and mortality in the
whole cohort and stratified by age group

L 1 (Least 5 (Most p for
Quintile deprived) 2 3 4 deprived) | trend
Whole cohort (all ages)

Number | ; >3 1638 | 1878 1963 | 2263
of cases
N (%) 239 190 | 233 235 | 286
(16.8) (11.6) | (12.4) (12.0) | (12.6)
0.65 067 |0.72
82% cy |1 (0.53- 8';55;) 8 1 (0.55- | (0.50- 0.008
0.80 ' 0.82) | 0.86)
e 0.66 |0.76 081 |098
oR (05% | 1 054 | (0.62- |66 |(©081- |08
cy 0.82) |0.92) 0.99) |1.19)
Age <65 years
Number | 5, g 393 | 498 645 | 848
of cases
11 27
N (%) 8 (2.5) g |1428) |, |37(44)
111 168 |1.76
832% cy |1 (0.44- ;'éégo'%' (0.75- | (0.81- 0.04
2.79) | < 3.75) |3.82)
Age
! 113 | 1.16 1.74
adjusted 1.83
1 (0.45- | (0.48- (0.78- 0.04
0 -
CCJIF; (95% 2.85) | 2.80) 38g) |(084-4.0)
Age >65 years
Number |, ;57 1245 | 1380 1318 | 1415
of cases
231 179 208 | 249
[0)
N | 009)  |(144) |22 159 | a58) | (176)
OR 064 |0.72 071 |0.81
(95% CI) 1 (0.51- | (0.58- (0.58- | (0.66- 0.23
’ 0.79) |0.89) 0.87) | 0.99)
Qg-isted 0.65 |0.74 077 |oo9s
oé (95% 1 (0.52- | (0.60- (0.63- | (0.77- 0.70
cy 0.81) |0.91) 0.95) |1.16)

Baseline group for all analysis is Quintile 1 — the least deprived quintile
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5.3.2 Readmission
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Data on readmission within 30-days of discharge were available on 8212

cases surviving index admission. The proportion of readmissions was

highest in the most deprived quintile (17.1% vs 14.1% in quintile 1) (Table

5.4). Age-adjusted odds of readmission were highest in the most deprived
compared to the least deprived (aOR 1.41, 95% CI 1.16-1.73) (p-trend

0.003).

Table 5.4 - Association between deprivation and readmission

Quintile 1 L p
(Least Quintile | Quintile | Quintile Quintile 5 value
i (Most
Deprived) |2 3 4 Deprived) for
P trend
Numberof | ) /-3 1638 | 1878 | 1963 | 2263
cases
IMD P for
Quintile 1 2 3 4 S trend
N (%) 173 243 261 270 347
0 (14.1) (16.4) (15.5) (15.2) (17.1)
OR 1.19 1.11 1.09 1.26
(95% CI) 1 (0.96- (0.90- (0.89- (1.03- 0.1
1.47) 1.38) 1.34) 1.53)
':g.isted 121 121|117 |14
Olé 1 (0.98- (0.98- (0.95- (1.16- 0.003
(95% Cl)* 1.49) |[1.49) |1.45) |1.73)

Baseline group for all analysis is Quintile 1 — the least deprived quintile
*Adjusted for age only.
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5.4 Discussion

In adults hospitalised with CAP, we found that greater social deprivation
was associated with increased 30-day mortality in persons aged <65 years,
but not in older adults. Regardless of age, increasing deprivation was

associated with increasing risk of hospital readmission.

5.4.1 Comparison with literature

Consistent with our findings, an ecological study examining mortality due to
respiratory infections in the West Midlands, UK reported the mortality risk
in the most deprived was highest in those aged 45-64 years (RR =4.4)
(151). An attenuation of the effect of socio-economic factors on mortality in
older populations has been described previously but the mechanism for
this effect is unclear (152). Age dependent inequalities in smoking, alcohol
use and housing tenure have been implicated (152) Inequalities due to
deprivation may be less important than differences in frailty, co-morbidity
and social support in older age groups (6). Additionally, the IMD score may
not adequately reflect individual socio-economic circumstances of adults
residing in care homes, who make up a higher proportion of our older
cohort. Potential explanations for an association between deprivation with
all-cause hospital readmission include differences in nutrition, air pollution

and access to healthcare (153).

5.4.2 Strengths and Limitations

The main strength of this study is the use of a large unique dataset of
clinician-confirmed CAP derived from linkage of BTS audit and HES
datasets containing patient level data on deprivation, severity and disease

outcomes. Selection bias is minimised by the use of routinely collected
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audit data. Inclusion of only hospitalised cases might attenuate differences
in healthcare seeking behaviours contributing to variation in healthcare
outcomes due to deprivation. Misclassification bias cannot be excluded as
IMD score is based on area of residence; this may not fully reflect
individual patient circumstances . Unmeasured factors associated with
deprivation, such lifestyle factors and vaccination status, were not

available.

The COVID-19 pandemic has highlighted established health inequalities
and led to a recognised need for public health strategies to combat
adverse outcomes in deprived areas (154). Our analysis demonstrates
adverse outcomes associated with deprivation are also present in all-cause
CAP. Strategies to decrease health inequalities associated with deprivation
should focus on reducing both index-admission mortality and subsequent
readmission related to all acute severe respiratory infections, including
COVID-19.
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Chapter 6 Admission to hospital in the UK at a
weekend does not influence the prognosis of

adults with Community Acquired Pneumonia

6.1 Introduction

The ‘weekend’ effect, namely an increased risk of mortality in patients
admitted on a Saturday or Sunday compared to a weekday, has garnered
attention for over a decade. First recognised in Canada in 2001, studies
since both in the UK and worldwide have provided evidence for the
weekend effect in differing healthcare systems, although the causes
remain unclear.(155-157) Most studies rely on retrospective analysis of
administrative databases that lack key information such as case severity
and admission time by minute, hampering case-mix adjustment and a clear
definition of ‘the weekend’ by time. Studies using proxy markers of severity
such as blood test results and Early Warning Scores (EWS) within twenty-
four hours of admission have suggested that the weekend effect can be

attenuated by taking these markers into account.(158, 159)

In the UK, studies on the weekend effect were used as the main driver of
government policy for seven-day NHS services. Evidence for a correlation
between intensity of specialist hospital staffing and weekend mortality is,
however, lacking. The increased mortality risk applies to new admissions
only, not all hospital in-patients over the weekend, an effect that would not
be expected if increased mortality were due lower staffing intensity
alone.(160) In addition, a cross-sectional study of 127 acute hospital trusts
in England found no association between Sunday to Wednesday specialist

intensity ratios and weekend to weekday mortality ratios.(161)
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Unlike some acute emergency conditions that require rapid access to
specialist services, the optimal management of CAP, as described in
guideline recommendations, can be delivered by acute medical staff of
varying grades.(1, 18) As such, clinical outcomes are not expected to be
influenced by weekend admission. Our aim was to assess whether
outcomes and processes of care for CAP differ between adults admitted at

the weekend compared to the weekday.

6.2 Methods

6.2.1 Details of the cohort

Aggregate data from six BTS national adult CAP audits (December and
January 2009/10, 2010/11, 2011/12, 2012/13, 2014/15, 2018/19) were
used (162). Cases were identified by participating institutions via ICD10
codes mapping to a primary discharge diagnosis of pneumonia (J12.0-
J18.0) and selected for eligibility against inclusion criteria to confirm a
clinical and radiographic diagnosis of CAP. The audit defines a case of
CAP as an immunocompetent adult (>16 years) hospitalised with
symptoms of a lower respiratory tract infection, treated for CAP by the
admitting clinicians with accompanying acute infiltrates consistent with
pneumonia on admission CXR. The primary outcome of interest was 30-
day inpatient mortality. Secondary outcomes included: seven and three-
day inpatient mortality, length of hospital stay in days (LOS), critical care
admission and readmission within 30-days of discharge. Process of care
measures analysed were: CXR and receipt of antibiotics within four hours
of admission; use of guideline concordant antibiotics and time to senior

review.
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6.2.2 Definition of the weekend group

The cohort was divided into two groups based on time and date of first
presentation to hospital. Definitions for out-of-hours are taken from the
NHS services website: weekday was defined as 08:00 Monday to 18:29
Friday; weekend was defined as 18:30 Friday to 07:59

Monday.(163) Patients admitted on a holiday (defined as 18:30 on the day

prior to 07:59 on the next working day) were included in the weekend

group.

6.2.3 Statistical Analysis

Descriptive statistics were used for group comparison and adjusted odds
ratios calculated using a mixed-effects multivariate logistic regression
model for each outcome variable. Following review of published literature,
minimum sufficient adjustment variable sets were defined using Directed
Acyclic Graphs (DAGs) on www.dagitty.net.(164) (Figure 6.1 & 6.2) The
adjustment set for mortality included: age, binary variables included in the
CURB®65 score (excluding age >65) and presence or absence of co-
morbidities (congestive cardiac failure (CCF), other chronic heart disease,
cerebrovascular disease, liver disease, chronic kidney disease (CKD),
malignancy, chronic obstructive pulmonary disease (COPD), other chronic
lung diseases, dementia and diabetes). Age groups was included as a
continuous variable following a likelihood ratio test to determine best fit.
Hospital site of admission was included in the model as a random effect to
control for unmeasured local differences in practice and patient
populations. A sub-analysis by CURBG65 severity category across
outcomes was performed using a multivariate logistic regression model

adjusted for age and presence or absence of co-morbid disease only.

Analysis of LOS was performed in two ways. Firstly, by generating a binary
variable derived from the median LOS for the whole surviving cohort (five
days). Patients were censored if they died as an inpatient or if

LOS exceeded 90 days. Secondly, using a competing risks analysis to
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obtain a hazards ratio for discharge within 30 days. Inpatient death was
treated as a competing event. Patients who remained an inpatient at 30

days were censored from the analysis at this time point.

Cases were excluded from all analyses if the time of admission, primary
outcome or variables within the minimal adjustment set were missing (<7%
of data from each variable). All statistical analyses were performed using
STATA 150.
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Figure 6.1 - DAG for weekend admission and inpatient death
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Directed Acyclic Graph produced using www.dagitty.net for the exposure
‘weekend admission with CAP’ and outcome ‘inpatient death’. Within the
diagram, variables are represented as nodes with arrows to represent
causal effects between nodes. Variables included in the minimal
adjustment set are shown in white; the minimum adjustment set is
identified as age, co-morbidities, disease severity and hospital of
admission. Nodes are depicted by the following colours: ancestor of the
exposure (green), ancestor of the outcome (blue), ancestor of both
exposure and outcome (red), an unobserved variable (grey) and variables
adjusted for (white). Causal paths are represented by green arrows,
potentially biasing paths are represented by red arrows.

146


http://www.dagitty.net/

147

Figure 6.2 - DAG for weekend admission and POC measures
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Figure 6.2 - Directed Acyclic Graph produced using www.dagitty.net

for the exposure ‘weekend admission with CAP’ and outcome
‘process of care measure in CAP’. Within the diagram, variables are
represented as nodes with arrows to represent causal effects
between nodes. The minimum adjustment set is identified as age, co-
morbidities, disease severity and hospital of admission. Nodes are
depicted by the following colours: ancestor of the exposure (green),
ancestor of the outcome (blue), ancestor of both exposure and
outcome (red), an unobserved variable (grey) and variables adjusted
for (white). Causal paths are represented by green arrows, potentially

biasing paths are represented by red arrows.
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6.3 Results

6.3.1 Characteristics of the cohort

Of 34,194 cases, those missing key data (admission time (n=1008), status
on discharge (n=193), age (n=683)) were excluded leaving 32,948 for
descriptive analysis. Patients who presented at the weekend (40.7%) were
older (72 vs 71.3 years; OR 1.002, 95% CI 1.000-1.003) (Table 6.1), more
likely to reside in a care home (14.8% vs 12.8%; OR 1.13, 95% CI 1.06-
1.21), be admitted via the emergency department (84.8% vs 73.2%; OR
2.04, 95% CI 1.93-2.16) and have high severity pneumonia than those
admitted during weekdays (severe disease 28.9% vs 27.1%; p value for
trend 0.003). The weekend group were more likely to have cerebrovascular
disease (10.4% vs 9.5%; OR 1.11, 95% CI 1.03-1.19) and dementia (9.2%
vs 8%; OR 1.16, 95% CI 1.08-26); but less likely to have chronic kidney
disease (7.5% vs 8.9%; OR 0.83, 95% CI 0.77-0.9) or malignancy (7.1% vs
7.7%; OR 0.92, 95% CI 0.84-1.0) (Table 6.1).
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Table 6.1 - Population characteristics by cohort group — weekday vs

weekend admissions

Weekda | Weeken 95%
y d Unadj Confiden P
admissi | admissi | usted ce Valu
ons ons OR Interval e
N (%) N (%)
Number of patients (1552)2 (14?(;13;))
Demographics
Mean age (years) 71.3 72 1.002 1882 2'00
Gender (male) ?4?752) ?4552) 1.02 |0.98-1.07 |0.28
Usual residence care 128 148 113 1.06-1.21 0.00
home 02
Severity by CURBG65 category:
8017 5333
Low (Score 0-1) (43.0) (41.7) 1
Moderate (Score 2) (525953) ?27952) 1.02 | 0.96-1.07
0.00
) 5053 3686 3
High (Score 3-5) (27.1) (28.9) 1.1 1.04-1.16 (tren
d)
) ) 14012 11146 <0.0
Admitted via ED (73.2) (84.8) 2.04 1.93-2.16 001
) . 6431 6947 <0.0
Admitted overnight (32.9) (51.7) 2.19 2.09-2.29 001
Co-morbidity present:
Cardiac failure (187 g;s (181;? 1 0.92-1.08 | 0.95
Other chronic heart
disease (excluding 4578 3112 0.99 0.94-1.04 | 0.57
; (23.4) (23.2)
hypertension)
giireeé)srgvascular (1;32:)3 (113533) 111 103-1.19 g.OO
Liver Disease 236 (1.2) | 160 (1.2) | 0.98 0.8-1.2 0.83
Chronic Kidney 1741 1007 <0.0
Disease (8.9) (7.5) 083 |0.77-09 [y
Malignancy (175(7)5’ 948 (7.1) | 0.92 0.84-1.0 |0.04
Chronic Obstructive | 4626 3053
Pulmonary Disease | (23.7) (22.7) 095 10.9-1.0 0.05
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Other chronic lung 2667 1752

disease (13.7) (13.0) 0.95 0.88-1.01 | 0.89

. 2392 1738

Diabetes (12.2) (12.9) 1.07 1.00-1.14 | 0.06
) 1557 1229

Dementia (8.0) 9.2) 1.16 1.08-1.26 | 0.02

Table 6.1 - Population characteristics and outcomes by cohort group —
weekday vs. weekend admissions. Unadjusted odds ratios (OR) presented
with 95% CI and p value.

6.3.2 Healthcare Outcomes

Of 31,400 cases with available data for multivariate analysis of the primary
outcome, adjusted mortality in the weekend group was slightly lower at
thirty-days (15.4% vs 15.5%; aOR 0.94, 95%CI 0.88-1.01) and seven-days
(10.3% vs 10.4%; aOR 0.95, 95%CI 0.87-1.03) but equal at three-days
(6.2% vs 6.2%; aOR 0.96, 95%CI 0.87-1.06) (Table 6.2). No differences
were found in rates of critical care admission (6% vs 5.8%; aOR 1.05,
95%CI 0.95-1.16) or re-admission within thirty-days of discharge (11.7% vs
11.8%; aOR 0.99, 95%CI 0.92-1.07). Competing risks analysis showed
patients admitted at the weekend had a 2% higher probability of discharge
at any point from admission to 30 days than the weekday group (aHR 1.02
95%CI 1.00-1.05, p=0.05). When using a binary variable for LOS, patients
who survived to discharge and admitted at the weekend were 21% more
likely to be discharged within 5 days (55.1% vs 51.0% aOR 1.21 95% ClI
1.15-1.28, p<0.0001) but 16% less likely to be discharged within 1 day
(11.3% vs 13.3% aOR 0.84 95% CI 0.77-0.90, p <0.0001).
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Table 6.2 - Comparison of healthcare outcomes and process of care
measures between the weekend and weekday group

Odds

Weekday Weekend . Adjusted
o oo Ratio
admissions | admissions (95% OR* p value
N (%) N (%) ch ° | (95% CI)
Outcomes:
Inpatient 0.99
o 3037 2062 0.94
death within 30 (0.93- 0.08
days (15.5) (15.4) 1.05) (0.88-1.01)
Inpatient death | 2027 1380 (06952_ 0.95 0.19
within 7 days (10.4) (10.3) 1 66) (0.87-1.03) |
Inpatient death | 1210 835 (10 92- 0.96 0.41
within 3 days (6.2) (6.2) 1 '10) (0.87-1.06) |
Median LOS 5 5 0.23
(IQR) (3-9) (3-10) '
8196 6094 118 |y o1
< 1
LOS <5 days (51.0) (55.1) a.12 (1.15-1.28) <0.0001
1.24)
0.83
2139 1254 0.84
< -
LOS=1 days (13.3) (11.3) (0.77 (0.77-0.91) <0.0001
0.90)
Critical care | 1110 789 (160;5- 1.05 050
admission (5.8) (6.0) 1 '14) (0.95-1.16) |
Readmission 0.99
within 30 days (21035)31) (114203) (0.92- ?6952-1 o7 | 089
of discharge ) ) 1.06) ' )
Process of care measures:
. : 0.76
Senior review 10322 6206 (0.72- 0.74 <0.0001
within 12 hours | (57.5) (50.6) 0 '79) (0.70-0.77) '
CXR within 4 15544 10763 ?69993_ 1.01 0.77
hours (86.0) (85.9) i (0.94-1.08) |
1.06)
o 1.08
Antibiotics 11713 8296 (1.02- 1.07 0.02
within 4 hours (68.7) (70.3) 1 '13) (2.01-1.12) | —
Guideline 10740 7480 1.03 15 99
concordant (57.0) (57.6) (0.98- 1 94-1.04) | 0-80
antibiotics: ) ' 1.07) ' '

Table 6.2 — Unadjusted and Adjusted Odds ratios with 95% confidence

intervals and p values for outcomes and process of care measures

between weekday and weekend admission groups. LOS = length of stay.
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The baseline group for comparison is the weekday admission group. *All
outcomes are adjusted for Age, CURB65 score constituents (except age),
cardiac failure, other chronic heart disease (excluding hypertension),
cerebrovascular disease, liver disease, chronic kideney disease,
maligancy, copd, other chronic lung disease, diabetes, dementia and
hospital of admission.
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6.3.3 Process of Care Measures

Patients admitted at weekends were more likely to receive antibiotics
within four hours (70.3% vs 68.7%; aOR 1.07, 95%CI 1.01-1.12), but less
likely to be reviewed by a senior clinician within twelve hours of admission
(50.6% vs 57.4%; aOR 0.74, 95%CI 0.70-0.77). There were no differences
in performance of CXR within four hours (85.9% vs 86%; aOR 1.01, 95%
C1 0.94-1.08) or use of guideline concordant antibiotics (57.6% vs 57%;
aOR 0.99, 95% CI 0.94-1.04) (Table 2).

6.3.4 Outcomes by severity cateqgory

When sub-divided by CURBG65 category, results for each outcome and
process of care measure were similar to the analysis of the whole cohort
(Table 6.3). For inpatient 30-day mortality, patients with severe disease
admitted at the weekend were 9% less likely to die (aOR 0.91; 95%CI
0.83-1.00, p=0.04); no difference was observed in the mild and moderate
categories. A slightly lower risk of mortality at 7 and 3 days was also
observed (7 days; aOR 0.91 95% CI 0.82-1.00: 3 days; aOR 0.88 95% ClI
0.77-0.99). Only weekend admissions with mild disease were less likely to
be discharged in one day or less (aOR 0.8; 95%CI 0.72-0.88, p<0.0001).
Patients with moderate or severe disease were more likely to receive
antibiotics within four hours of admission (moderate aOR 1.13; 95%CI
1.03-1.24, p=0.01; severe aOR 1.14 95%CI 1.02-1.26, p=0.02); no
difference was observed in mild disease (aOR 1.01 95% CI 0.93-1.09). No
other differences were observed across severity categories for other

outcomes or process of care measures.
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Table 6.3 - Subgroup analysis by severity category

154

Mild (n=13350) Moderate (n=9311) Severe (n=8739)
a0R value a0R value a0R value
95% Cl P 95% Cl P 95% Cl P
Outcomes:
Inpatient 0.85 1.02 0.91
death within | (0.72- 0.05 (0.91- 0.69 (0.83 - 0.04
30 days (%) 1.00) 1.15) 1.00)
Inpatient 0.87 1.03 0.91
death within | (0.71- 0.19 (0.89- 0.64 (d 82-1.00) 0.06
7 days 1.07) 1.19) ) )
Inpatient 1.05 1.07 0.88
death within | (0.80- 0.73 (0.89- 0.44 (d 77-0.99) 0.04
3 days 1.37) 1.29) ' '
1.15 1.18
LOS <5 days | (1.06- ;0.000 (1.07- ;0.000 (11.4227_1 58) ;0.000
1.24) 1.29) e
0.8 0.86
LOS<1 days | (0.72- 0090 1 073 0.07 (16055-1 s | 053
0.88) 1.01) e
... 1.11 1.01
ggﬁ:fsasligire (0.93- 0.23 (0.83- 0.94 (1(')0827_1 10) | 083
1.31) 1.22) ) )
Readmissio
- 1 1.02
n within 30 0.96
days of (0.89- 0.94 (0.90- 0.71 (0.84-1.11) 0.62
. 1.13) 1.17)
discharge
Process of care measures:
Senior
review ?67627- <0.000 ?67792- <0.000 | 0.76 <0.000
\évnhm 12 0.77) 1 0.86) 1 (0.69-0.83) |1
ours
- 0.93 1.1
ﬁj{ﬁ;"”th'” 4| (0.84- 015 | (0.98 0.11 (1(')0829_1 17y |05
1.23) 1.25) e
Antibiotics 1.01 1.13 114
within 4 (0.93- 0.85 (1.03- 0.01 (1' 02-1.26) 0.02
hours 1.09) 1.24) ' '
Guideline 1 1 103
concordant (0.93- 0.96 (0.92- 0.94 ((') 94-1.13) 0.5
antibiotics: 1.07) 1.09) ) )

Table 6.3: Adjusted odds ratios with 95% confidence intervals and p values
for outcomes and process of care measures between weekday and
weekend admission groups subdivided by CURBG65 severity category. LOS
= length of stay. The baseline group for comparison is the weekday
admission group. Outcomes are adjusted for: Age category, cardiac failure,

other chronic heart disease (excluding hypertension), cerebrovascular
disease, liver disease, chronic kideney disease, maligancy, copd, other

chronic lung disease, diabetes, dementia.
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6.4 Discussion

Our main finding is that 30-day in-patient mortality, adjusted for disease
severity and co-morbidities, was slightly lower for adults admitted to
hospital with CAP at weekends compared to weekdays. In addition,
patients admitted at weekends were more likely to receive antibiotics within

four hours.

The finding of lower mortality is in contrast to published evidence on the
‘weekend effect’, much of which is not disease specific. Evidence related
specifically to pneumonia is mixed. In Japan, Uematsu et al. found a 10%
higher adjusted total inpatient mortality for weekend admissions with
severe pneumonia (165). In Australia, Baldwin et al. found no association
between day of week admitted and mortality in patients with pneumonia
(166). In England, analysis of administrative inpatient data linked to
mortality data from 2004-12 found marginally increased mortality for
patients with pneumonia presenting at the weekend (aOR 1.037, 95% ClI
1.035-1.049) (167). The association observed by this group was stronger
in time sensitive conditions, such as stroke or pulmonary embolus (167).
International differences in healthcare systems may contribute to the mixed

findings in these studies.

The slightly lower adjusted mortality in the weekend group may reflect
more rapid access to time-critical aspects of care, as evidenced by
increased access to antibiotics within four hours of admission. A shorter
time to first antibiotics has been associated with lower mortality in adults
hospitalised with CAP.(168) We found that weekend admissions were
twice as likely to be admitted via ED; this has been associated with shorter
time to CXR and first antibiotics (162). In a previous UK study, Meacock et
al demonstrated that the observed weekend effect was largely attributable

to ‘direct’ admissions from the community rather than through ED (169).
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Whether these associations account for some of the observed differences

in mortality between groups is not determined.

We observed an apparent mismatch in LOS findings in the weekend group,
namely a higher proportion with a below or equal to median LOS yet a
lower proportion with LOS <1 day. This finding likely reflects the real-world
difficulties of discharging patients at the weekends due to decreased
staffing and differences in the interface between tertiary hospitals and
community care. This finding was robust when tested using a competing
risk analysis and consistent with previously published evidence; the
average LOS is shorter for the weekend group, by one day or less in most
studies (170).

6.4.1 Strengths and limitations:

The use of a large national database of clinician and radiology confirmed
pneumonia including data on co-morbidity and severity is a strength of this
analysis. Unlike administrative datasets that rely on coded data with
inherent inaccuracies, our dataset is comprised of clinician and radiology
confirmed CAP, reducing misclassification bias from inclusion of patients
without CAP (171). Data on co-morbidity and severity of CAP on admission
allowed appropriate case-mix adjustment. A previous meta-analysis
examining the weekend effect found that studies including measures of
acute physiology in their statistical adjustment reported estimates of
increased mortality that were 15% lower than studies without adjustment
for these measures, highlighting the importance of robust case-mix
adjustment (170). The availability of process of care measures allowed us

to examine possible explanations for observed differences.

Limitations of the study include: i) the seasonality of the data (winter only),
i) limited microbiological and vaccination data and iii) the proportion of

cases missing data on adjustment variables. The winter months represent
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a time when respiratory infections are at their commonest and physician
awareness regarding best practice in management of pneumonia may be
heightened, driving improved care. However, it is also a time where health
services are under the greatest pressure; this may produce the opposite
effect. It is difficult to predict the combined effect of these potential biases.
The BTS dataset lacks robust data on microbiology and vaccination. A
higher proportion of antibiotic-resistant, or more virulent, pathogens within
the sicker weekend group, compared to the weekday group, cannot be
excluded. If present, the direction of bias would be towards a higher
weekend mortality and would mean the study findings are conservative. In
the UK, priority groups for influenza and pneumococcal vaccination are
identified according to older age and presence of co-morbid illnesses.
Overall, there were no major baseline differences between the two groups
that would suggest a large difference in relation to eligibility for vaccination
although we cannot exclude the possibility that vaccine uptake may have

been higher in one of the groups.

The relatively high proportion of missing data for some adjustment
variables reflects the fact that the primary dataset is derived from national
audit data that relies on data entry by participating institutions. As cases
are reviewed retrospectively for inclusion in the audit, we have no reason
to believe that the groups would differ significantly in the proportions with
missing data. Finally, common to observational cohort studies, causal

inferences cannot be made in the associations identified.

6.4.2 Conclusions:

There was no evidence of increased mortality for patients admitted at the
weekend with CAP despite an older cohort with higher severity disease.
The slightly lower adjusted mortality in the weekend group may

reflect more rapid access to time-critical aspects of care, as evidenced by

increased access to antibiotics within four hours of admission.
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Our findings support the continued use of established guidelines for use by
non-specialist clinical staff outside normal clinical hours with a focus on

timely receipt of antibiotics.

158



159

Chapter 7 Effectiveness of the 23-valent
pneumococcal polysaccharide vaccine
against vaccine serotype pneumococcal
pneumonia in adults: A case-control test-

negative design study

7.1 Introduction

Streptococcus pneumoniae is widely accepted as the most common
bacterial cause of community-acquired pneumonia (CAP) worldwide and is
associated with substantial morbidity, mortality and economic burden (15,
172). Two different types of pneumococcal vaccine are currently available:
the 23-valent pneumococcal polysaccharide vaccine (PPV23) and
pneumococcal conjugate vaccines (PCVs). In the UK, a national
pneumococcal vaccination policy with 7-valent PCV was introduced for
children under 2 years old in September 2006 and replaced with the 13-
valent PCV in 2010 (66). Subsequent reductions in invasive pneumococcal
disease (IPD) and nasopharyngeal carriage due to vaccine serotypes in
children were observed (173). Reductions in vaccine type IPD and non-
invasive pneumococcal pneumonia (NIPP) in adults followed, largely due
to herd protection effects (173). However, with the emergence of
replacement serotypes in the UK, recent studies have observed increases
in the incidence rates of IPD and pneumococcal pneumonia due to non-
PCV13 serotypes (174, 175).

Vaccination with PPV23, containing the PCV13 serotypes (except 6A) and
11 additional serotypes (2, 8, 9N, 10A, 11A, 12F, 15B, 17F, 20, 22F, and
33F) has been available in England to those =65 years and those in a

clinical risk group since 2003, with coverage in those 265 years at 69.5% in
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March 2018 (70). PPV23 vaccination has been found to be effective in
preventing IPD and displays a waning effect with time from vaccination
(147, 176). However, the effectiveness of PPV23 against pneumococcal
pneumonia is controversial (177). There are scant data regarding PPV23
serotype-specific vaccine effectiveness (VE) against NIPP in the setting of
a well-established national infant pneumococcal vaccination programme.

Such data are important to inform future adult vaccination policies (178).

The aim of this work was to evaluate the VE of PPV23 against vaccine-
type pneumococcal pneumonia in adults hospitalised with CAP. Secondary
aims were to (i) estimate VE in defined patient subgroups, (ii) estimate VE
against pneumococcal serotypes not covered by herd protection from
PCV13 (PPV23/non-PCV13 pneumonia), and (iii) examine the effect of

time since vaccination on VE.

7.2 Methods

7.2.1 Study design
This study is a secondary analysis of data collected from a prospective

observational cohort study of consecutive adult patients with CAP admitted
to 2 large university hospitals in Nottingham, UK, between September
2013 and August 2018. The primary study was designed to determine
trends in pneumococcal serotypes in adults hospitalised with CAP over
time; study details including epidemiological results arising over the first 10
years of study have been published previously (175, 179). Ethical approval
for the primary study was provided by the Nottingham Research Ethics
Committee (REC reference 08/H0403/80). For this analysis, as with
previous influenza and pneumococcal vaccine studies estimating VE in a
real-world population, a nested case-control test-negative design was used
(180, 181). The exposure of interest was PPV23 vaccination prior to the
index admission, and the primary outcome was PPV23 vaccine serotype

pneumococcal pneumonia.
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7.2.2 Study cohort

Study eligibility criteria, recruitment and microbiological processes have
been described in full previously (175). Briefly, patients aged =16 years
presenting with one or more acute lower respiratory tract symptom,
evidence of acute infiltrates consistent with respiratory infection on
admission chest radiograph and treated for a diagnosis of CAP were
eligible. Exclusion criteria included prior hospitalisation within 10 days of
index admission, a diagnosis of tuberculosis or post-obstructive
pneumonia. Following informed consent, information on demographics and
clinical characteristics (including potential confounders) were collected
using a standardised proforma via researcher interview and medical
records. For this analysis, only patients providing a sample subjected to
pneumococcal serotype-specific testing were included. Pneumococcal
serotype was identified using the following: (i) for bacteraemic cases: slide
agglutination tests with latex antisera (ImmuLex Pneumotest kit) or
standard factor sera (SSI Diagnostica, Hillerad, Denmark), or (from
October 2017) whole genome sequencing; (ii) for NIPP cases: multiplex
immunoassay (Bio-plex24) applied to urine samples to detect
pneumococcal serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V, 10A, 11A,
12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, 33F and the
pneumococcal cell-wall polysaccharide plus some cross-reactive serotypes
(175, 182, 183).

7.2.3 Case groups

The primary case group of interest was patients with pneumococcal
pneumonia caused by PPV23 vaccine serotypes. The secondary case
group comprised patients with PPV23/non-PCV13 serotype pneumonia (2,
8, 9N, 10A, 11A, 12F, 15B, 17F, 20, 22F, 33F); cases caused by
PPV23/PCV13 serotypes were censored from analysis of the secondary

group.
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7.2.4 Control group

A patient with non-PPV23 vaccine serotype pneumococcal disease or
nonpneumococcal pneumonia was defined as a control. This included Bio-
plex24 negative cases (pneumonia of alternate aetiology), Bio-plex24
assay common polysaccharide (CPS)-antigen—only positive cases, and
non-PPV23 vaccine-type S. pneumoniae cases. No matching of cases with
controls was conducted. The control group remained the same for both
primary and secondary analyses and was restricted as appropriate for

subgroup analyses.

7.2.5 Multiple serotypes identified

Where multiple serotypes were identified in a single patient, these were
excluded from the primary analysis if the identified serotypes crossed the
case-control definition. For analysis of the PPV23/non-PCV13 group, a
case was included if one of the identified serotypes fulfilled the case
definition and none of the identified serotypes fulfilled the definition of a

control.

7.2.6 Vaccine status

At the time of hospital admission, patient self-reported pneumococcal
vaccine status was recorded. Date of vaccination was confirmed from
primary care records where available. In the primary analysis, patients
were considered vaccinated if (i) vaccine status was confirmed via primary
care records or (ii) they self-reported having had the vaccine. Details on
influenza vaccination (a potential confounding variable) were also
collected. A patient was considered vaccinated against influenza if they
had received the influenza vaccine in the 12 months prior to index
admission only (confirmed and self-reported). Sensitivity analysis of the
primary outcome including only patients with vaccine status confirmed via
primary care records was performed. Cases with vaccination less than 14

days prior to disease were excluded.
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7.2.7 Statistical analysis

The case and control groups and vaccinated and unvaccinated individuals
were compared using the appropriate summary statistic for the variable
(proportions for binary variables, median and interquartile range [IQR] for
non-normally distributed continuous variables). Odds ratios with 95% Cls
and p-values for significance testing were calculated for binary variables.
Logistic regression and chi-squared tests for trend were used to test
associations between ordered categorical exposure variables (severity
category, baseline performance status as defined by the ECOG
Performance Scale) (184) and binary outcomes. Patients with missing data
on vaccine status were excluded from the primary analysis. To investigate
reporting bias, sensitivity analysis was performed by including this group

as either vaccinated or unvaccinated in turn.

Adjusted odds ratios were derived using multivariable logistic regression
models to describe the odds of case status between vaccinated and

unvaccinated individuals; the outcome variable was case versus control.
For the main analysis following modelling using Directed Acyclic Graphs

(www.dagitty.net) (164), confounders included in the model a priori were

age, sex, flu vaccination status in the past year, and clinical at-risk groups
defined in accordance with Public Health England’s ‘Immunisation against
Infectious Diseases’ (The Green Book) (66). Influenza vaccination was
included as an a priori confounder due to evidence that it is associated with
PPV23 uptake and linked with health-seeking behaviours (185). Smoking
status was tested as an adjustment variable; it did not alter the results and
so was not included. To account for change in serotype distribution over
study years, year of index admission was tested as an adjustment variable;
it did not alter the results and was not included in the final model.
Likelihood ratio testing of continuous variables was performed to determine
best fit (continuous versus grouped). VE estimates were calculated as (1 -

odds ratio) x 100%. Subgroup analyses were performed with the whole
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cohort (cases and controls) restricted to those who were: (i) vaccine
eligible under current UK pneumococcal vaccine policy, (ii) those =265

years old, and (iii) those =75 years old.

A secondary analysis examining the effect of time since vaccination on VE
including patients with confirmed vaccine status only was performed using
a categorical variable with 5 levels for time interval between vaccination
date and index admission (never vaccinated, vaccinated 0-5 years, 5-10
years, 10-15 years, and =15 years prior to admission). A logistic
regression model was used to derive the odds of being a case in each
vaccination category compared to those never vaccinated. A p-trend
across the groups was calculated using the likelihood ratio test. To further
investigate long-term decline in VE, a categorical variable for each
individual year from vaccination to index admission (up to 24 years) and a
cubic spline model were calculated with knots at 1, 4, and 8 years (176).
All analyses were performed using Stata 16 (186). The study was
conceived in 2017, and a prospective analysis plan was written by HL, TM,
and WSL in March 2019. Following peer review, a serotype-specific VE
analysis and an analysis of all PPV23 cases excluding serotype 5 were

performed.

7.3 Results

7.3.1 Cohort description

During the 5-year study period, of 2,447 eligible study participants, 54 were
excluded as no vaccine status was available, leaving 2,393 patients. In this
cohort of predominantly NIPP, pneumococcal serotype was detected by
Bio-plex24 assay in 968 (40.5%) and by blood culture in 110 (4.6%)
patients, respectively. In 36 patients, multiple serotypes crossing the case-

control definition were detected, leaving 2,357 patients for the primary
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analysis. The most common serotypes detected were serotype 3 (n = 197),
8 (n =192), 12F (n = 60), 15A (n =54), and 5 (n = 41).

7.3.2 Comparison of the vaccinated versus unvaccinated groups

Of 2,357 patients, vaccine status was obtained from primary care records
in 1,820 (77.2%) patients and was self-reported in 537 (32.8%). Mean time
between vaccination and index admission was 10.3 (SD 5.8) and 10.4 (SD
5.2) years in the cases and controls, respectively. The shortest interval
between vaccination and index admission was 47 days. Vaccinated
patients were older (74.1 versus 57.4 years, p < 0.001) with a poorer
baseline performance status (p-trend < 0.0001) and higher severity
disease on admission (29.7% versus 15.5% high severity by CURB65
category; p-trend < 0.001) (Table 7.1). They were more likely to have
comorbid diseases except liver disease, alcohol dependence, and asthma.

Prior vaccination with PCV13 in our cohort was very low at <0.5%.
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Table 7.1 - Characteristics of the Unvaccinated and Vaccinated

patient cohorts
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Unvaccinat | Vaccinated 95% -
. . Odds Ratio | Confidence P
ed patients | patients value
Interval
Number 1119 1238
Mean Age 57.4(19.0) | 74.1(13.5) 1.05 1.05-1.06 <0.000
(SD) 1
Sex (male %) 619 (55.3) 654 (52.8) 1.01 0.93-1.29 0.26
Residential
esidentia 30(2.7) 51 (4.1) 1.56 0.98-2.47 0.06
care
Baseline PS (%):
0 480 (42.9) 327 (26.4) 1
1 351(31.4) | 465 (37.6) 1.94 1.60-2.37
2 155 (13.9) 259 (20.9) 2.45 1.92-3.13
3 49 (4.4) 63 (5.1) 1.89 1.27-2.81
4 36 (3.2) 35(2.8) 1.43 0.88-2.32 :2'000
Missing 48 (4.3) 89(7.2)
Severity (%):
Low 695 (62.1) 438 (35.4) 1
Moderate 251 (22.4) | 432 (34.9) 2.73 2.24-3.32
Severe 173 (15.5) 368 (29.7) 3.38 2.72-4.19 :2'000
Co-morbidities:
Malignancy | 80 (7.2) 140 (11.3) 1.65 1.24-2.20 0.0006
Liver Disease | 31(2.8) 19 (1.5) 0.55 0.31-0.97 0.04
<0.000
CCF 45 (4.0) 100 (8.1) 2.1 1.46-3.01 )
CVA 45 (4.0) 134(10.8) | 2.9 2.04-4.11 ;o.ooo
Renal disease | 68 (6.1) 156 (12.6) 2.22 1.65-3.01 ;0'000
Diabetes 122 (10.9) | 254 (20.5) 2.11 1.67-2.67 ;0'000
IHD 73 (6.5) 178 (14.4) 2.41 1.80-3.21 ;0'000
C iti
ognitive 23(2.1) 58 (4.7) 2.34 1.43-3.83 0.0005
impairment
Asthma 130 (11.6) 117 (9.5) 0.79 0.61-1.03 0.09
COPD 158 (14.1) 404 (32.6) 2.95 2.39-3.64 ;0'000
Chronicheart | 11598) | 253(204) 2.36 1.85-3.00 <0.000
disease 1
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Chroniclung | 10/ 16.4) | 454(36.7) 2.94 2.41-3.60 <0.000
disease 1
Hypertension | 193 (17.3) | 378 (30.5) 2.11 1.73-2.57 ;o.ooo
Alcohol 42 (3.8) 18 (1.5) 0.38 0.22-0.66 0.0004
IMMUNOSUPPY | 45 (3 7 66 (5.3) 1.44 0.97-2.15 0.07
ession

Table 7.1 - Characteristics of the unvaccinated and vaccinated patient
cohorts. Unadjusted odds ratios with 95% Cls are presented with p-
values. The baseline group for all analysis is the unvaccinated cohort. *p-
Trend derived from chi-squared test for trend.
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7.3.3 Comparison between cases of PPV23 serotype pneumonia and

controls

There were 717 cases of PPV23 serotype pneumonia (48% vaccinated)
and 1,640 controls (54.5% vaccinated). Compared to controls, cases were
of a similar age (66.5 versus 65.4 years, p = 0.18) but were less likely to be
male (47.6% versus 56.9%, p < 0.0001) (Table 7.2). Cases had a better
baseline performance status (p-trend = 0.01), had higher severity disease
on admission (26.2% versus 21.5% high severity by CURBG65; p-trend =
0.01), were less likely to have malignancy or cardiac disease, but were

more likely to be alcohol dependent.
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Table 7.2 - Characteristics of cases and control groups for the

primary analysis.
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Controls ;?::;:VB Odds Ratio p-
0, (+)
N (%) N (%) (95% Cl) Value
Number 1,640 717
66.5 1.00 (0.99-
M A SD 65.4 (18.7 0.18
ean Age (SD) (18.3) (187) 1.00)
Sex, Male 932 (56.9) | 341 (47.6) 8.22)(0.58— <0.001
0.96 (0.59—-
Residential Care 57 (3.5) 24 (3.4) 1 56)( 0.88
Baseline Performance Status
0| 522(31.8) | 285(39.8) 1
0.71 (0.58-
1 | 587(35.8) | 229 (31.9) 0.88)
0.77 (0.60—-
2|291(17.7) | 123(17.1) 1.00)
0.70 (0.45-
3| 81(4.9) 31(4.3) 1.09)
0.53 (0.30- .
4 | 55 (3.4) 16 (2.2) 0.95) 0.009
Missing | 104 (6.3) | 33 (4.6)
Severity by CURB65 Score
Low | 820 (50.0) | 313 (43.7) 1
1.21 (0.98-
Moderate | 467 (28.5) | 216 (30.1) (
1.49)
Severe | 353 (21.5) | 188 (26.2) 1';12)(1'12_ 0.009"
Comorbidity
Malignancy | 168 (10.3) | 52 (7.3) 88;(0'49_ 0.02
Liver disease | 31(1.9) | 19(2.7) 1.41(0.75- 0.24
2.52)
0.66 (0.44—
Cardiac failure | 112 (6.8) 33 (4.6) 0 98)( 0.04
Cerebrovascular 0.93 (0.67-
disease 127 (7.7) 52(7.3) 1.30) 0.68
.97 (0.72-
Renal disease | 157 (9.6) | 67 (9.3) (1) 22)(0 0.86
Diabetes | 266 (16.2) | 110 (15.3) 2'23)(0'73_ 0.59
IHD | 188 (11.5) | 63 (8.8) 2'(7)3)(0'55_ 0.05
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1.08 (0.67—-

Cognitive impairment | 55 (3.4) 26 (3.6) 1.74) 0.74
Asthma | 163 (9.9) | 84 (11.7) 1.20(0.91- 0.19
1.59)
COPD | 393 (24.0) | 169 (23.6) 2.52)3)(0.80— 0.84
Chronic heart disease | 277 (16.9) | 86 (12.0) 8':;)(0'52_ 0.003
Chronic lung disease | 446 (27.2) | 192 (26.8) 2'22)(0'80_ 0.83
1. .89—-
Hypertension | 389 (23.7) | 182 (25.4) 1 gZ)(O 89 0.39
1.78 (1.06—
Alcohol | 34 (2.1) 26 (3.6) 2.99) 0.03
1.01 (0.66—
Immunosuppression | 75 (4.6) 33(4.6) 1 23)(0 66 0.98

Patient characteristics in the control and case groups. Unadjusted odds

ratios with 95% Cls and p-values are presented (p-values in bold <0.05).

The baseline group for comparison is the control group in all analysis. "p-

Trend derived from chi-squared test for trend.

170



171

7.3.4 Primary analysis: VE against PPV23 serotypes

In the primary analysis of all cases of PPV23 serotype disease, the crude
VE estimate was 23% (95% CI 8%—-35%) (Table 7.3). Following
adjustment for age, sex, flu vaccination status, and clinical risk factors,
estimated VE was 24% (95% CI 5%—-40%, p = 0.02). Full model
parameters are available in Table 7.4. Adjusted estimates of VE (aVE)
were similar in patient subgroups restricted by (i) vaccine eligibility (n =
1,768, aVE 23%, 95% CI 1%—-40%, p = 0.04) and (ii) age = 65 years (n =
1,407, aVE 20%, 95% CIl -5% to 40%, p = 0.11). In patients aged =75
years (n = 905), aVE was only 5% (95% Cl -37% to 35%, p = 0.77). The
mean times from vaccination to index admission with CAP for these patient
subgroups were 10.4 (SD 5.4) years, 10.8 (SD 5.3) years, and 11.8 (SD

4.8) years, correspondingly.
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Table 7.3 - Unadjusted VE and aVE estimates

. -Value
Cases N (%) Controls N (%) Unadjusted VE aVE % (95% Cl) Zdjusted
% (95% Cl) .
Analysis
Primary Analysis: All PPV23 Serotypes
Whole Cohort
Number 717 1,640
Not vaccinated | 373 (52.0) 746 (45.5)
Vaccinated 344 (48.0) 894 (54.5) 23 (8 to 35) 24 (5 to 40)° 0.02
Subgroup: Vaccine Eligible
Number 503 1,265
Not vaccinated | 189 (37.6) 416 (32.9)
Vaccinated 314 (62.4) 849 (67.1) 19 (-1 to 34) 23 (1 to 40)° 0.04
Subgroup: 265 Years
Number 414 993
Not
vaccinated 133 (32.1) 267 (26.9)
Vaccinated 281 (67.9) 726 (73.1) 22(0to39) |20(-5to40)°|0.11
Subgroup: 275 Years
Number 246 659
Not
vaccinated 65 (26.4) 168 (25.5)
Vaccinated 181 (73.6) 491 (74.5) 5(-33t032) |5(-37to 35) | 0.77
Secondary Analysis

PPV23/non-PCV13 Serotypes (Whole Cohort)

172
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Number 417 1,640
Not vaccinated | 235 (56.4) 746 (45.5)
Vaccinated 182 (43.7) 894 (54.5) 35 (20 to 48) 29 (6 to 46)° 0.02

aAdjusted for age, sex, receipt of seasonal flu vaccination, and presence or absence of the following risk factors:
malignancy, cardiac failure, cerebrovascular disease, chronic renal disease, chronic liver disease, diabetes, ischaemic
heart disease, COPD, other chronic cardiac disease, other chronic lung disease, hypertension, alcohol dependence, and
immunosuppression.

bAdjusted for age, sex, receipt of seasonal flu vaccination.

¢Adjusted for age group over 65, sex, receipt of seasonal flu vaccination, and presence or absence of a clinical risk factor.
dAdjusted for sex, receipt of seasonal flu vaccination, and presence or absence of a clinical risk factor only.

Unadjusted and adjusted results of the primary analysis, subgroup analysis, and the secondary case group analysis in
cases against controls. The baseline group for all analysis is the respective control group. Vaccine exposure confirmed
and self-reported yes at any point prior to their index admission. P-values in bold are <0.05.
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Table 7.4 - Estimated model parameters for the primary analysis

174

OR 95% CI P value
Previous PPV23 vaccination with PPV23 0.76 0.6-0.95 0.02
Age 1 0.99-1.01 | 0.51
Sex (male) 0.68 0.57-0.82 | <0.0001
Seasonal influenza vaccination 1.01 0.81-1.25 | 0.96
Risk factors:
Cancer 0.7 0.5-0.99 0.04
Cardiac failure 1.2 0.58-2.48 | 0.63
Cerebrovascular disease 1.05 0.74-1.5 0.77
Renal disease 1.05 0.76-1.44 | 0.78
Liver disease 1.17 0.62-2.21 | 0.62
Diabetes 0.95 0.73-1.22 | 0.67
Ischaemic heart disease 1.55 0.71-3.4 0.27
Cognitive impairment 1.12 0.69-1.82 0.66
Chronic obstructive pulmonary disease 1.05 0.62-1.78 | 0.86
Chronic lung disease 1.01 0.61-1.68 | 0.97
Hypertension 1.15 0.92-1.43 0.21
Alcohol excess 1.84 1.06-3.21 | 0.03
Immunosuppression 1.13 0.73-1.75 0.59

Table 7.4. Estimated model parameters for the primary analysis
model. Odds ratios, 95% Cls, and p-values are displayed.
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7.3.5 Secondary analysis: PPV23/non-PCV13 cases and serotype
specific

In the secondary analysis of PPV23/non-PCV13 serotype disease (n =
417, 43.7% vaccinated), the aVE was 29% (95% CI 6%—-46%, p = 0.02)
(Table 7.3). Similar estimates were observed in the vaccine-eligible (aVE
26%, 95% CI 0%—46%, p = 0.05) and =65-year-old (aVE 24%, 95% ClI
—-7% to 47%, p = 0.12) subgroups. No vaccine effect was observed in the
>75-year-old subgroup (aVE —2%, 95% CI -65% to 37%, p = 0.93).
Serotype-specific aVE estimates varied by serotype (Table 7.5). The

highest estimates were seen in serotypes 3 (aVE 40%, 95% CIl 14%—-59%.,
p =0.01), 12F (aVE 39%, 95% Cl -20% to 69%, p = 0.15), 19F (aVE 38%,
95% CI -60% to 76%, p = 0.32), and 8 (aVE 34%, 95% CI 1%-55%, p =
0.04). No vaccine effect was seen for serotypes 19A and 9N, while a
negative aVE was observed for serotypes 5 (aVE -144%, 95% CI -503%
to 1%, p = 0.05) and 11A (aVE -110%, 95% CI -415% to 14%, p = 0.1).
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Table 7.5 - Serotype Specific Analysis

Unadjusted Adjusted |
Vaccine Vaccine p(—j\(a ued
o) 0,
Cases N (%) | Controls N (%) Effectiveness % Effectiveness gnjfﬂsé?s

(95% ClI) % (95% CI) y

Serotype Specific Analysis

Serotype 3

Number 197 1640

Not

vaccinated 96 (48.7) 746 (45.5)

Vaccinated 101 (51.3) 894 (54.5) 12 (-18 to 35) 40 (14 to 59) 0.01

Serotype 8

Number 192 1640

Not

vaccinated 119 (62.0) 746 (45.5)

Vaccinated 73 (38.0) 894 (54.5) 49 (30 to 62) 34 (1 to 55) 0.04

Serotype 12F

Number 60 1640

Not

vaccinated 39 (65.0) 746 (45.5)

Vaccinated 21 (35.0) 894 (54.5) 55 (23 to 74) 39 (-20 to 69) 0.2

Serotype 5

Number 41 1640

Not

vaccinated 9 (22.0) 746 (45.5)
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176



Vaccinated | 32 (78.0) | 894 (54.5) | -197 (-527 to -40) | -144 (-503t0 1) | 0.05
Serotype 11A

Number 36 1640

Not

vaccinated 11 (30.6) 746 (45.5)

Vaccinated 25 (69.4) 894 (54.5) -90 (-288 to 7) -110(-415t0 14) | 0.1
Serotype 19A

Number 34 1640

Not

vaccinated 17 (50.0) 746 (45.5)

Vaccinated 17 (50.0) 894 (54.5) 17 (-65 to 58) 14 (-105 to 64) 0.74
Serotype 9N

Number 32 1640

Not

vaccinated 13 (40.6) 746 (45.5)

Vaccinated 19 (59.4) 894 (54.5) -22 (-150 to 40) -15 (-173 to 52) 0.75
Serotype 19F

Number 25 1640

Not

vaccinated 10 (40.0) 746 (45.5)

Vaccinated 15 (60.0) 894 (54.5) -25 (-180 to 44) 38 (-60 to 76) 0.32

177

Table 7.5. Unadjusted and adjusted results of the serotype-specific analysis. The baseline group for all analysis is
the respective control group. Vaccine exposure confirmed and self-reported yes at any point prior to their index admission.

Results are adjusted for age, sex, receipt of seasonal flu vaccination, and presence or absence of a clinical risk factor

only.

177



178

7.3.6 Sensitivity analysis: Vaccine-confirmed cases

Patients with vaccine status confirmed through primary health records
were older (67.9 versus 62.3 years) and more likely to have comorbid
disease with higher severity disease on admission (24.2% versus 18.8%
high severity disease) (Table 7.6). A higher proportion were vaccinated
with PPV23 (59.6% versus 28.7%). Sensitivity analysis of those with
confirmed vaccine status produced slightly lower aVE estimates for all
PPV23 cases (aVE 19%, 95% Cl -5% to 37%, p = 0.12) and PPV23/non-
PCV13 cases (aVE 21%, 95% CI -10% to 43%, p = 0.16) with confidence
intervals crossing zero in both instances. There was no change in the
primary outcome following sensitivity analysis of those missing both

confirmed and self-reported vaccine status (n = 54).
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Table 7.6 - Characteristics of vaccine confirmed vs self-reported only

patients
Vaccine status Self-reported
confirmed through vaccine status
. p-value

medical records
Number 1820 537
Mean Age (SD) 67.9 (17.8) 62.3(19.3) | <0.0001
Gender (male) 971 (53.3) 303 (56.4) 0.21
Residential care 70(3.8) 11 (2.1) 0.06
Vaccinated 1084 (59.6) 154 (28.7) | <0.0001
Baseline Performance
0 605 (33.2) 202 (37.6)
1 618 (34.0) 198 (36.9)
2 341 (18.7) 73 (13.6)
3 89 (4.9) 23 (4.3)
4 56 (3.1) 15 (2.8) 0.05*
Missing 111 (6.1) 26 (4.8)
Severity by CURB 65 Score:
Low 821 (45.1) 312 (58.1)
Moderate 559 (30.7) 124 (23.1)
Severe 440 (24.2) 101 (18.8) | <0.0001*
Co-Morbidity:
Malignancy 171 (9.4) 49 (9.1) 0.54
Liver Disease 36 (2.0) 14 (2.6) 0.37
CCF 128 (7.0) 17 (3.2) 0.001
CVA 159 (8.7) 20(3.7) | <0.0001
Renal disease 185 (10.2) 39 (7.3) 0.04
Diabetes 307 (16.9) 69 (12.9) 0.02
IHD 210 (11.5) 41 (7.6) 0.01
Cognitive 72 (4.0) 9(1.7) 0.01
impairment
Asthma 187 (10.3) 60 (11.2) 0.55
COPD 467 (25.7) 95(17.7) | <0.0001
Chronic heart 309 (17.0) 54 (10.6) | <0.0001
disease
Chronic lung disease 526 (28.9) 112 (20.9) | <0.0001
Hypertension 457 (25.1) 114 (21.2) 0.06
Alcohol 40 (2.2) 20(3.7) 0.05
Immunosuppression 80 (4.4) 28 (5.2) 0.42
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Table 7.6 Characteristics of patients in whom the vaccine status was
confirmed via primary care compared to those with self-reports only. *p-
Trend derived from chi-squared test for trend.

7.3.7 Time from vaccination

Data on date of vaccination were available for 535 (74.6%) cases of
PPV23 serotype disease and 1,285 (78.3%) controls. The p-trend across
time groups was 0.39, suggesting no association between time since
vaccination and being a case (Table 7.7). For PPV23/non-PCV13 serotype
disease, an association was observed (p-trend = 0.04); the highest aVE
seen in those vaccinated within 5 years (aVE 46%) declining to 5% in

those vaccinated 215 years prior (Table 3).
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Table 7.7 - Time from vaccination analysis.

181

%

. : avVE
Number | Adjusted Odds Ratio | p-Trend (95%
&)
PPV23 Serotypes
Never 736 1 0
10
>15 years 228 0.9 (0.62t0 1.3) (=30
to 38)
10-15 years 360 0.71 (0.51 t0 0.99) 29 (1
' ' ' to 49)
30 (2
5-10 years 293 0.7 (0.49 to 0.98) 10 51)
-7
0-5 years 203 1.07 (0.74 to 1.54) 0.39 (—54
to 26)
PPV23/non-PCV13 Serotypes Only
Never 641 1 0
5
>15 years 196 0.95 (0.59 to 1.52) (-52
to 41)
15
10-15 years 324 0.85 (0.56 to 1.29) (-29
to 44)
19
5-10 years 264 0.81 (0.53to 1.24) (—24
to 47)
0-5 years 155 0.54 (0.31t0 0.95) 0.04 46 (5
' ' ' ' to 69)

Adjusted odds ratios for case status between vaccinated and unvaccinated
individuals in each time from vaccination group, compared to the baseline

never vaccinated group. The p-trend across groups is presented. All

estimates are adjusted for age, sex, receipt of seasonal flu vaccination,
and presence or absence of the following risk factors: malignancy, cardiac

failure, cerebrovascular disease, chronic renal disease, chronic liver

disease, diabetes, ischaemic heart disease, COPD, other chronic cardiac
disease, other chronic lung disease, hypertension, alcohol dependence,
and immunosuppression. VE estimates are calculated as (1 — aOR) x 100.
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A cubic spline model demonstrating change in VE with time since
vaccination is shown in Fig 7.1. For PPV23 serotype disease, an inverted-
U shape was observed suggesting a negative VE in those most recently
vaccinated (Fig 7.1A). A post hoc descriptive analysis of cases vaccinated
0-5 years prior to admission found that the most commonly identified
serotype was serotype 5 (n = 23, 34.6%) equating to 75.8% (23/33) of all
serotype 5 cases. When serotype 5 cases were excluded from the PPV23

serotype case group, the inverted-U shape was not observed (Fig 7.1C).
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Figure 7.1 - VE against time since vaccination using the spline model.

(A)

Adjusted Vaccine Effectiveness %

Q)

183

100 -

*

""---oa’ ‘

Bl ssssssrssnsnnnn

25

VE decline with spline (knots at 1,4,8 *e,
years) .
«++22+95% confidence interval for spline :

@ VE estimate at each interval in years

S LT TR ..'--.--o-.-‘-n-.-.-.--"’
P g

*

100 -

&0 -

60 -

.,.“"..*.‘--....?. T L T Nﬁ
: e

‘e, &

K
-40 -

-60 -

-80 -

-100 -



184

Fig 7.1. VE against time since vaccination using the spline model. VE
by time since vaccination (in years) using the cubic spline model for the
following case groups: (A) all PPV23 serotype disease, (B)
PPV23/nonPCV13 serotype disease, and (C) all PPV23 serotype disease
excluding serotype 5. Individual estimates for each year are shown but are

based on small participant numbers within each year.
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Table 7.8 - Sub-analysis of healthy 60-75 year olds

Unadjusted Adjusted p-value
Controls N Vaccine Vaccine .
0,
Cases N (%) (%) Effectiveness | Effectiveness Zgj;lsé?g
% (95% CI) | % (95% Cl) y
Primary case group — all PPV23:
Number 65 109
Not
vaccinated 40 (61.5) 63 (57.8)
Vaccinated | 25 (38.5) 46 (42.2) 14 (-61 to 54) 12 (-67 to 53) 0.7
Secondary case group — PPV23/non-PCV13
Number 33 109
Not
vaccinated 23 (69.7) 63 (57.8)
Vaccinated 10 (35.0) 46 (42.2) 40 (-38 to 74) 39 (-43 to 74) 0.26

185

Table 7.8. Subanalysis of the cohort restricted to 60- to 75-year-olds with no known risk factors. Unadjusted and
adjusted results of the primary analysis and the secondary case group analysis in cases against controls. The baseline
group for all analysis is the respective control group. Vaccine exposure confirmed and self-reported yes at any point prior

to their index admission. Adjusted for sex only.
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Table 7.9 - Sensitivity analysis excluding Serotype 5 from primary case group (All PPV23)

Unadjusted Adjusted p-value
Controls N Vaccine Vaccine .
0
Cases N (%) (%) Effectiveness | Effectiveness Zgj;lsé?g
% (95% CI) | % (95% Cl) y
Number 676 1640
Not
vaccinated 364 (53.9) 746 (45.5)
Vaccinated | 312 (46.2) 894 (54.5) 28 (14t0 40) |26 (7to 42)* |0.01
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Table 7.9. Subanalysis excluding serotype 5 from the primary analysis group (all PPV23 serotypes). Adjusted for
age, sex, receipt of seasonal flu vaccination, and presence or absence of the following risk factors: malignancy, cardiac
failure, cerebrovascular disease, chronic renal disease, chronic liver disease, diabetes, ischaemic heart disease, COPD,
other chronic cardiac disease, other chronic lung disease, hypertension, alcohol dependence, and immunosuppression.
~Adjusted for age, sex, receipt of seasonal flu vaccination.
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7.4 Discussion

The key study findings are that PPV23 vaccination provides moderate
long-term protection in vaccinated individuals against hospitalisation with
PPV23 serotype pneumonia (aVE 24%), with similar levels of protection
evident for patient subgroups restricted to those who are vaccine eligible
according to UK immunisation policy recommendations (aVE 23%) and
patients aged =65 years (aVE 20%) but not for patients aged =75 years
(aVE 5%). We also found protection against hospitalisation with
PPV23/non-PCV13 serotype pneumonia to be similar (aVE 29%).

To our knowledge, only 2 other studies have previously reported on the
serotype-specific effectiveness of PPV23 against pneumococcal
pneumonia. Slightly higher VE estimates were reported by Suzuki and
colleagues in their study of PPV23 effectiveness in adults over the age of
65 in Japan (181). Using a similar test-negative design, they estimated
PPV23 VE to be 33.5% (95% CI 5.6%-53.1%) against PPV23 serotypes
and 27.4% (95% CI 3.2%—-45.6%) against all pneumococcal pneumonia.
There are differences that may account for our lower VE estimate. Firstly,
our primary analysis included all vaccinated patients regardless of time of
vaccination, whereas Suzuki and colleagues only considered a patient
vaccinated if they had received the vaccine within 5 years prior to their
index admission. Our estimates therefore represent long-term VE
estimates. Secondly, our study took place in the setting of established
PCV13 use within a strong national childhood vaccination program and
resultant herd protection against these serotypes. In contrast, PCV13
replaced PCV7 in the Japanese childhood vaccination program only in the

last 6 months of the study by Suzuki and colleagues.

A matched case-control study by Kim and colleagues of patients =65 years
of age in the Republic of Korea found similar aVE estimates to ours in
those aged 65-75 (aVE 21.0%) but no effect in those =75 years (aVE
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-35%) (187). Of note, the median interval from vaccination to disease was
short at 15 months, representing peak VE, and therefore their estimates
are lower than might be expected. Both Suzuki and colleagues and Kim
and colleagues relied on culture-based techniques of pneumococcal
isolates to identify serotype (181, 187). As only a minority of patients with
pneumococcal infection usually have positive respiratory and/or blood

cultures, those studies represent a selected patient group (188).

Our VE estimates are lower than those reported for PPV23 vaccination
against IPD. In a Cochrane review by Moberley and colleagues, the pooled
odds of vaccination in cases of IPD was 0.26 (n = 11 randomised
controlled trials [RCTs], 95% CI 0.14-0.45) and in vaccine-type IPD was
0.18 (n =5 RCTs, 95% CI 0.1%-0.31%), equating to VE estimates of 74%
and 82%, respectively (147). As included clinical trials had shorter follow-
up periods (2—3 years) compared to the mean time since vaccination
observed in our study (10.4 years), their estimates likely represent maximal
VE post-vaccination. In addition, Moberley and colleagues included older
studies (pre-1970) that predominantly included cohorts of young, healthy
individuals for whom the effect of immunosenescence is less important and
consequently where VE estimates may be expected to be higher.
Subgroup analysis by Moberley and colleagues of patients with known
chronic disease from high-income countries found no protective effect,
suggesting differential VE depending on underlying disease within IPD
(147). Using more recent UK data, Djennad and colleagues estimated VE
of PPV23 against vaccine-type IPD in patients 265 years to be only slightly
higher than those observed in our study of predominantly NIPP (IPD aVE
27%, 95% CI 17%—-35%, bacteraemic pneumonia aVE 29%, 95% CI 17%—
40%) (176). Overall, it remains likely that PPV23 VE is greater against IPD
than NIPP, but the size of difference may not be as large as previously

estimated.
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In our cohort of predominantly NIPP, we found the aVE for serotype 3 was
40% (95% CI 14%-59%). This is similar to VE estimates by Suzuki and
colleagues (41.2%, 95% CIl -10.8% to 68.8%) (181). These results suggest
that moderate direct protection is afforded by PPV23 against serotype 3
NIPP. Similar direct effects against serotype 3 NIPP in adults have been
observed following PCV13 vaccination (189). In contrast, in relation to
adult IPD, Djennad and colleagues found no vaccine effect of PPV23
against serotype 3 (176). Taken together, these results suggest that VE of
PPV23 against serotype 3 may vary according to type of pneumococcal

disease.

PPV23 induces an immune response via B cells in a time- and dose-
dependent manner; due to its T-cell-independent mechanism, it is not
expected to provide lifelong immunity via immunological memory (190).
The duration of protection afforded by the PPV23 vaccine is estimated at
between 3 and 10 years (191, 192). Djennad and colleagues reported a
decrease in VE estimates against PPV23 serotype disease =5 years since
vaccination in their IPD cohort (0-2 years VE 41%; 25 years VE 23%)
(176). Our time interval analyses suggest a loss of protection in those
vaccinated 10 to 15 years previously. This represents a longer durability of
protection than might be expected from immunogenicity studies alone.
However, our time-dependent estimates lack precision due to sample size
limitations and may be affected by survival bias in those furthest from

vaccination.

VE of PPV23 is known to differ by serotype within IPD (176). In a post hoc
analysis, we observed that serotype 5 was responsible for the largest
proportion (34.3%) of cases of PPV23 serotype pneumonia within 0-5
years of vaccination. Since the introduction of PCV vaccines, serotype 5
has become an uncommon cause of IPD though it continues to be
associated with cases of NIPP both in the UK and the US (175, 193, 194).

Prior to the introduction of PCV vaccines, it was considered a low-carriage,
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high-virulence serotype that could occur in disease outbreaks (195, 196).
In our study, cases of serotype 5 pneumonia were spread evenly across
the 5 years of the study, and we found no evidence for temporal clustering.
Pimenta and colleagues recently reported other Streptococcal strains (S.
infantis, S. mitis, and S. oralis) expressing serotype 5 capsule (197). These
pathogens commonly colonise the nasopharynx and mouth although they
are not normally associated with a clinical diagnosis of CAP. The Bio-
plex24 assay is highly sensitive (182). It is therefore possible that there is a
nonpneumococcal provenance for the detected serotype 5 antigen in our
cases. However, such cross-reactivity would not in itself explain the
differential effect in vaccinated and unvaccinated patients. We are not
aware of any previous data, nor mechanism, to suggest that PPV23
vaccination might increase the risk of serotype 5 pneumonia and are
currently unable to explain why 75% of cases of serotype 5 pneumonia
occurred within 5 years of PPV23 vaccination in our study cohort.
Accepting the possibility of a serotype 5 outbreak disproportionately
affecting vaccinated individuals would mean that our estimates of PPV23
VE are conservative. Our observations around serotype 5 warrant further

study, including confirmation in a separate cohort of patients.

Our reported VE of 24% indicates a 24% reduction in disease occurrence
among the vaccinated group. For comparison, recent published VE in the
UK for the seasonal influenza vaccine vary by year between 15.0% in
2017/18 and 55.4% in 2015/16 and further by strain and age group (198).
These estimates are derived from cohorts vaccinated within the annual flu
season and represent short-term VE estimates. The reported VE of the
COVID-19 BioNTech Pfizer BNT162b2 vaccine is 70% at 21 days and 85%
7 days after two doses (199). Across COVID-19 vaccines, VE estimates
against infection and symptomatic disease decrease by 20-30 percentage
points by 6 months likely due to waning immunity (200). Although higher

than our reported VE estimates for the PPV23 vaccine, these represent
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short-term VE estimates. The mean time since vaccination observed in our
study was 10.4 years, representing long-term VE. Public health policies
encouraging PPV23 vaccine uptake in target groups should clearly explain

the context of the results in the terms of long-term protection.

7.4.1 Strengths and limitations

The main strengths of this study are (i) the use of a serotype-specific
multiplex urine assay allowing analysis of VE in both IPD and NIPP across
all serotypes included within the PPV23 vaccine, (ii) analysis based on a
large cohort of consecutively consented patients without knowledge of the
causative serotype at the time of recruitment, thereby minimising selection
bias, and (iii) findings set in the background of a strong national PCV13
childhood vaccination programme providing well-established adult herd
protection effects. Vaccine status, including date of vaccine, was confirmed
through primary care records in a high proportion of patients, thus
minimising the effect of recall and misclassification bias. The accuracy of
those with self-reported and confirmed vaccine status was 82.7% for those
who self-reported as ‘vaccinated’ and 56.1% for those who self-reported as
‘not vaccinated’; the direction of bias when including self-reported vaccine

status is therefore towards a more conservative VE estimate (201).

The study is subject to the inherent biases common to case-control
studies; however, the main limitation is lack of power. Due to relatively high
vaccination rates in both case and control groups, our analysis is
underpowered to reject the null hypothesis (that there is no vaccine effect
observed); 2,100 patients would be required in each outcome group for
80% power at a significance level of 0.05 for a VE of 22%, estimated on
the vaccine exposure within the whole cohort. The statistically significant
results observed therefore are likely to represent true findings. However,
the study sample was not large enough to enable robust subgroup

analyses of VE by age groups above 65 years. Secondly, of those
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identified as eligible for the cohort study on which this analysis was
conducted, patients in whom study consent was not obtained were older
(median age 82.2 years) with more comorbid disease (175). Therefore, VE
estimates presented here may be less applicable to persons aged above
80 years (202). Due to the retrospective nature of the study, adjusting by
time since vaccination is not possible in the unvaccinated cohort. Our case
group were more likely to be female. Close contact with children has
previously been found to be associated with an increased risk of
pneumococcal disease (203, 204). The observed female predominance in

cases may reflect sex differences in level of close contact with children.

7.4.2 Conclusions

In the setting of an established national childhood PCV13 vaccination
programme, PPV23 vaccination in clinical at-risk patient groups and adults
=65 years of age appears moderately effective against hospitalisation with

PPV23 serotype pneumococcal pneumonia.
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Chapter 8 Discussion

This chapter collates the key findings from this thesis, discusses clinical
implications and ideas for further research. It is subdivided by topic into

PPV23 vaccination, healthcare outcomes and variation.

8.1 Healthcare Outcomes

8.1.1 Key Findings
This thesis examines the several determinants of adverse healthcare

outcomes in adults hospitalised with CAP. Greater social deprivation was
associated with increased 30-day mortality in persons aged <65 years, but
not in older adults. Regardless of age, increasing deprivation was
associated with increasing risk of hospital readmission. The most common
reason for readmission within 30-days of index CAP admission was
pneumonia. Inpatient mortality was high in this group; they were over twice
as likely to die during readmission than those readmitted for other reasons.
There was no evidence of increased mortality for patients admitted at the

weekend with CAP despite an older cohort with higher severity disease.

8.1.2 Clinical Implications

This work has several implications for the management of patients
hospitalised with CAP. The COVID-19 pandemic has highlighted
established health inequalities and led to a recognised need for public
health strategies to combat adverse outcomes in deprived areas (154). Our
analysis demonstrates adverse outcomes associated with deprivation are
also present in all-cause CAP. Strategies to decrease health inequalities
associated with deprivation should focus on reducing both index-admission
mortality and subsequent readmission related to all acute severe
respiratory infections, including COVID-19. In addition, our findings support

the continued use of established guidelines for use by non-specialist
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clinical staff outside normal clinical hours with a focus on timely receipt of

antibiotics.

Readmission with pneumonia is common and associated with significant
mortality. Rates of re-consultation in primary care following admission with
CAP in the UK are significant (55.9%) and highest within 7 days of
discharge (205). Reasons for re-consultation are not fully understood but
could include failure of initial treatment, secondary exacerbation of co-
morbid disease and decompensation of social systems on discharge.
Repeat antibiotic prescription was high at 31.1% with important
implications for antimicrobial stewardship (205). The combined usage of
primary care and hospital services represents a significant burden of
morbidity following discharge for this common condition and highlights the
need for strategies to reduce this. Given the significant contribution of
respiratory disease to adverse outcomes, simple measures to target
established risk factors such as nicotine addiction and inappropriate
inhaled corticosteroid (ICS) use are warranted (206-208). In the UK, the
BTS National Smoking Cessation Audit 2019 reported that only 1 in 2
current smokers were asked if they would like help to quit and 1 in 8 were
referred to smoking cessation services (209). This suggests ongoing need
for improvement in this area. Mirroring recommendations made in
established guidelines on the management of patients with chronic
respiratory disease, review of immunomodulatory medication including ICS
use should take place at discharge (210). Vaccination against
pneumococcal pneumonia, influenza and COVID-19 are key public health
initiatives to decrease acute respiratory infections at a population level.
Review of vaccination status prior to discharge can simply identify
unvaccinated individuals who are eligible for vaccination in this high-risk
group with subsequent recommendations communicated to both the

patient and primary care. In a wider context, there is established evidence
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of a higher incidence of cardiovascular disease following hospitalisation
with pneumonia (115, 117, 118, 121). Where appropriate, investigation for
and optimisation of cardiovascular co-morbidity should be considered prior
to discharge. When combined, these simple established health
interventions form a holistic checklist that could be utilised at the point of

discharge.

Prior to the COVID-19 pandemic, there was established evidence of
substantial morbidity in patients hospitalised with CAP reported up to 6
weeks post-discharge (211). Rates of symptom persistence, anxiety,
functional impairment and healthcare re-consultation were high with
marked impact of quality of life (212). Although recognised, this syndrome
was poorly described. The COVID-19 pandemic has led to widespread
recognition of a post-COVID syndrome or “long COVID” (213). This term
encompasses both ongoing symptomatic COVID-19 infection (4-12 weeks
post onset) and those with post-COVID-19 syndrome (12 weeks or more).
Symptoms include chronic cough, fatigue, dyspnoea, pain and cognitive
impairment (214). In the UK, a large multicentre observational study of
adults discharged following admission with COVID-19 reported that only
28.8% of the participants described themselves as ‘fully recovered’ at a
median follow-up of 5 months and 20% reported a new disability (215). In
response, guidelines for the management of the long-term effects of
COVID-19 and innovative programmes to support discharge in COVID-19
patients were developed (213). Some parallels exist between the
syndrome of impaired recovery following admission with CAP and long
COVID however the extent of these is not examined as yet. As the
dominance of SARS-CoV-2 decreases and the spectrum of pathogens
causing CAP diversifies again, it is important that research into patients
with CAP caused by conventional respiratory pathogens is conducted to

meet this previously recognised, but now highlighted, need.
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8.1.3 Further Work

Further work building on themes explored in this thesis regarding

healthcare outcomes in CAP are suggested below:

1. A multicentre prospective observational study to examine the long-

term effects of pneumonia on adults following discharge. This study
should assess recovery over several domains: physiological,
functional, cognitive and psychosocial. It should incorporate PROMS
to fully assess the impact of disease on the patient. It might run as a
stand-alone study or, more pragmatically, as a parallel arm in an
established COVID-19 follow-up study allowing comparison between
the two cohorts. This is increasingly important as the dominance of
SARS-CoV-2 pathogen decreases and the diverse spectrum of

pathogens causing CAP return.

2. An observational cohort study to assess healthcare utilisation and

196

examine the reasons for re-consultation and readmission. The aims
of this study would be to classify reasons for healthcare utilisation
post discharge, identify those at risk and guide development of
targeted supportive discharge measures. A secondary aim would be
to provide information on antibiotic usage post discharge which has
important implications in antimicrobial stewardship. It should focus
on short term health utilisation only (within 2- 4 weeks of discharge).
To avoid acquisition bias associated with prospective observational
follow-up studies, national audit data linked to primary healthcare
data could be utilised to capture both those who do and do not re-
consult. Running parallel to audit data collection, a patient survey at
2- and 4-weeks post discharge would identify healthcare seeking
behaviour outside that recorded in primary or secondary care

databases (visits to pharmacists or private healthcare providers).



3.

197

A holistic discharge checklist including established healthcare
interventions as described above should be developed and tested.
A multicentre prospective observational study examining healthcare
utilisation following discharge in individuals at hospitals before and
after the implementation of the checklist should then be performed.
Secondary outcomes might include repeat antibiotic prescription,
short term exacerbation of co-morbid disease and patient reported

outcome measures.

8.1.3.1 Recommendations for future National CAP Audits

1)

2)

197

A retrospective cohort study in the US suggested that using the
CURB-65 elements as continuous and weighted data improved
prediction of severity and 30-day mortality (216). Future national
BTS CAP audits should consider collecting continuous rather than
binary data points for the CURB-65 variables to improve accuracy of
severity scoring and result interpretation.

Continuous year-round national audit data collection, similar to that
achieved by the National Asthma and COPD audit programme
(217), would enable hospitals to monitor and improve quality of care
annually. It would allow demographic, process of care and outcome
data to be compared across seasons and peaks in circulating

respiratory pathogens.
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8.2 Variation

8.2.1 Key Points
This thesis examines both established evidence of variation in CAP and

variation in outcomes across the UK. Review of existing literature found
consistent evidence of moderate quality for variation in LOS and process of
care measures but not for in-patient mortality or hospital re-admission
rates. Evidence linking variation in outcomes with variation in process of
care measures was limited due to a lack of relevant studies. In agreement
with these findings, analysis of variation in BTS audit data found inter-Trust
variation in 30-day mortality and readmission was low. Greater variation in
length of stay and process of care measures were observed. A high
proportion of the observed variation in all outcome measures examined
could be attributed to chance. No significant association between outlier
status for mortality and variation in process of care measures was

observed.

8.2.2 Clinical Implications:

Future studies assessing the impact of healthcare variation in clinically
important outcomes for patients hospitalised with pneumonia require large
granular datasets comprising multiple subunits (at least 10, preferably >20)
each with representative patient samples. Robust and consistent statistical
methodology to identify outlying institutions that allows for natural variation
should be used. The Spiegaelhalter method, increasingly used in the UK

for national audit reports, is one suggested method (101, 218).

Focus on potential causes of variation in length of stay, where the greatest
variation was observed, and identification of potential strategies to reduce
unwarranted variation is advised. Datasets should include detailed

outcome data linked at a patient level and a measure of socioeconomic
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status. Ranking of outcome measures should be avoided unless coupled
with a valid assessment of rankability of the outcome measure utilised.
None of the outcome measures commonly used currently were found to be
suitable for this. Limited evidence for an association between variation in
process of care measures and variation in outcome measures was
observed, despite the use of large granular datasets. The magnitude of
variation in single POC measures may be too small to impact on outcome

and therefore have limited utility.

Since the inception of this thesis, the COVID-19 pandemic has changed
the landscape of respiratory infection. As a novel virus and disease, there
was no established evidence base to guide treatment of patients with
COVID during the early pandemic stages. Greater variation in practice
exists where evidence for effective treatment is lacking (45). In the UK,
randomised controlled trials such as RECOVERY and REMAP-CAP have
provided evidence regarding drug therapy and informed practice-based
guidelines (219-223). However, many uncertainties remain around
management of patients hospitalised with COVID-19, particularly where
treatment strategies are not amenable to inclusion in RCTs and more
susceptible to local resources (224). Uncertainty regarding ventilation
strategies and has led to variation in approaches to invasive and non-
invasive ventilation (225). Discharge support has varied between hospitals
and some have developed ‘virtual wards’ to allow management of patients
at home (226). Where ongoing uncertainty remains due to lack of
evidence-based medicine, treatment and discharge pathways are likely to
vary still over coming years. The methodology described and lessons
derived from this thesis have utility when identifying outlier Trusts for
COVID-19 outcomes. Indeed, this method was used to assess inter-Trust
variation in mortality during the first wave of the COVID-19 pandemic in the
UK (March — May 2020) (227). Ongoing assessment of adverse healthcare
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outcomes is therefore required to identify outlying Trusts, drive quality
improvement at poorly performing institutions and identify centres with

transferable good practice pathways.

8.2.3 Further Work

Development of a platform using real time data analysis and the

methodology described would allow temporal variation analysis and
monitoring of Trust performance over time. This would identify outliers in a
timely manner allowing prompt alerting of Trusts and local performance
review, driving quality improvement at these institutions. Both CAP and
COVID-19 subgroups could be examined. Continuous national audit data
collection, such as that seen in other national audits, would be required
(217). Where possible, data from routinely collected datasets or strategies
allowing automated data collection should be used to reduce burden on

clinical sites and reduce the proportion of missing data.

200



201

8.3 PPV23 Vaccination

8.3.1 Key Findings

In the setting of an established national childhood PCV13 vaccination

programme, PPV23 vaccination in clinical at-risk patient groups and adults
=65 years of age appears moderately effective against hospitalisation with

PPV23 serotype pneumococcal pneumonia.

8.3.2 Clinical Implications

The current UK adult pneumococcal vaccine policy appropriately identifies
clinical at-risk patient groups who benefit from PPV23 vaccination.
However, there is a suggestion, consistent with data from other studies,
that protection more than 15 years after vaccination is low (228). In many
countries, the vast majority of adults who receive PPV23 vaccination do so
at, or before, the age of 65 years, while the median age of adults
hospitalised with CAP is around 75 years (17). This raises questions
regarding the timing of adult pneumococcal vaccination and the role and
value of revaccination in the context of an ageing population (229, 230).
Absolute antibody levels against PPV23 vaccine serotypes decline
following vaccination but persist at levels above those of vaccine naive
comparisons for up to ten years post vaccine (231, 232). As with initial
immunogenic response to vaccine, duration of protection may vary with
serotype; Musher et al. reported a return to baseline levels for serotype 3
IgG antibodies within two years of vaccination compared to up to 10 years
in 7 other serotypes studied (231). Revaccination of older adults with
PPV23 induces immunogenic responses similar to that of the primary
vaccination; no evidence of immune hypo-responsiveness following is
reported (231-237). It is well tolerated and associated with only mild self-
limiting reactions lasting on average 5 days (232-234, 237).

Revaccinations produces a response in older age groups; Kawakami et al.
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demonstrated an immunogenic response to revaccination even in those
over 80 years of age (235). In Japan, revaccination of older adults
vaccinated over 5 years prior was recommended in 2017, however in

practice revaccination rates remain very low (3.5%) (238).

As yet, minimal data on the effectiveness of PPV23 revaccination at
preventing clinical disease are available with limited studies assessing
clinical outcomes (232, 239). In their study of IPD in a high-risk population
of Indigenous Australian adults, Takashima et al. reported no benefit of
revaccination with PPV23 against IPD (240). No studies to date have
assessed the impact of revaccination on all pneumococcal disease,
including NIPP. Well conducted RCTs using clinical outcomes
encompassing both IPD and NIPP to estimate the public health benefit of
revaccination of older people are required, however are likely to be costly
and labour intensive. Linkage of IPD national surveillance datasets to HES
and GP databases might provide an alternative method for assessing the
effect of revaccination but would be limited to examining IPD only. In
addition, newer multivalent PCV vaccines are coming to market and may

provide alternative options to consider (241, 242).

8.3.3 Further research

National respiratory infection surveillance centres providing comprehensive
aetiological investigation of patients admitted with both invasive and non-
invasive pneumonia, including analysis of pneumococcal serotype, are
required. These centres would allow monitoring of changes in predominant
serotypes in adult disease resulting from any changes in childhood
pneumococcal vaccine policies. They would allow further study of viral co-
infection with pneumococcal disease, particularly seasonal influenza and

SARS-CoV-2. They would provide an opportunity for research to inform
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public health policies including a randomised control trial examining the
benefits of pneumococcal revaccination in adults 5-10 years following the

initial PPV23 vaccination.
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8.4 Conclusion:

This thesis describes variation in healthcare outcomes in adults admitted to
hospital in the UK with all-cause CAP in reference inter-Trust variation,
socio-economic deprivation and time of presentation to hospital. In
addition, it demonstrates the effectiveness of PPV23 vaccination against
hospitalisation with PPV23 serotype pneumococcal pneumonia in adults.
Suggestions for further work include the role of repeat adult pneumococcal
vaccination and a prospective study to examine the short-term effects of
pneumonia on adults following discharge from hospital. The methodology
used in this thesis might be used in the future to identify institutions with
outlying results from routinely collected data, triggering local quality

improvement initiatives.
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Chapter 10 Appendix

10.1 Search terms used for Ovid Medline:

1. exp PNEUMONIA/ or pneumonia.mp.

2. exp Respiratory Tract Infections/

3. lower respiratory tract infection.mp.

4. community acquired infection.mp. or exp Community-Acquired Infections/
5. exp "OUTCOME AND PROCESS ASSESSMENT (HEALTH CARE)"/
6. exp MORTALITY/ or mortality.mp.

7. exp Hospitalization/

8. exp "Quality of Health Care"/

9. exp spatial analysis/

10. exp GEOGRAPHY, MEDICAL/

11. geographic varia*.mp.

12.1or2o0r3

13. 4 and 12

14.5o0r6o0r7or8

15. exp "Length of Stay"/

16. 14 or 15

17.13 and 16

18. limit 17 to "all adult (19 plus years)"
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19. exp RESPIRATORY TRACT DISEASES/
20.90r100r11

21.19 and 20

22. limit 21 to "all adult (19 plus years)"
23.18 or 22

24.17 or 21

10.2 Newcastle-Ottawa Quality Assessment Form for
Cohort Studies — Modified

Modified Newcastle-Ottawa Quality Assessment Form for Cohort

Studies

Note: A study can be given a maximum of one point for each numbered
item within the Selection and Outcome categories. A maximum of two

points can be given for Comparability.

Selection

1) Are the subunits compared (eg hospital, region) representative?
a) Truly representative (one point)
b) Somewhat representative (one point)
c) Selected group

d) No description of the derivation of the cohort
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2) Are the patient populations within the hospitals/regions representative

and comparable?

a) Truly comparable (one point)
b) Somewhat comparable (one point)
c) Selected group

d) No description of the derivation of the cohort

3) Ascertainment of process of care measures:

point)

a) Medical record notes review by an independent assessor (one

b) Recorded from recognised database (one point)
c) Self report
d) No description

e) Other

4) Adequacy of process of care measure data recorded:

221

a) Complete data - all subject accounted for (one point)

b) Subjects without process of care data unlikely to introduce bias-
number lost less than or equal to 20% or description of those lost

suggested no different from those followed. (one point)
c) Follow up rate less than 80% and no description of those lost

d) No statement
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5) Are any missing process of care measure or outcome data points

accounted for?

a) The authors make a statement addressing reasons for missing

outcome and process of care data (one point)

b) The authors do not make a statement accounting for missing data

points.

Comparability

1) Has the study compared hospital/regional characteristics and adjusted

for differences in statistical analysis?:

a) The study analyses and controls for hospital/regional

characteristics in its analysis (one point)

b) The study analyses hospital/regional characteristics but does not

control for them (half point)

c) Hospital characteristics not compared or adjusted for

2) Has the study compared patient cohort characteristics at each

hospital/region and adjusted for differences in statistical analysis?:

a) The study controls for age and severity of illness in the

populations in each area (one point)
b) Study controls for the above and other factors (one point)

If so, which factors:

c) No attempt recorded to compare cohort characteristics or adjust

accordingly.
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Outcome
1) Assessment & recording of outcome measures:
a) Patient or proxy interview (one point)
b) Medical record review or linkage (one point)
c) Self report
d) No description

e) Other

3) Adequacy of outcome data recorded:
a) Complete outcome data - all subject accounted for (one point)

b) Subjects without outcome data unlikely to introduce bias- number
lost less than or equal to 20% or description of those lost suggested

no different from those followed. (one point)
c) Follow up rate less than 80% and no description of those lost

d) No statement

3) Were the authors transparent regarding affiliations and financial

incentives?
a) Yes both (one point)
b) Yes — one only (half point)

c) No comment on either
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SCORE:

Thresholds for converting the Newcastle-Ottawa scales to AHRQ

standards (good, fair, and poor):

Good quality: 3 or 4 points in selection domain AND 1 or 2 points in

comparability domain AND 2 or 3 points in outcome/exposure domain

Fair quality: 2 points in selection domain AND 1 or 2 points in comparability

domain AND 2 or 3 points in outcome/exposure domain

Poor quality: 0 or 1 points in selection domain OR 0 points in comparability

domain OR 0 or 1 points in outcome/exposure domain
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