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outcomes. This study also found that male predominance of empyema increased with age, and rates
increased in winter and during peaks of influenza. https:/bit.ly/30iJ870
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ABSTRACT Pleural empyema represents a significant healthcare burden due to extended hospital
admissions and potential requirement for surgical intervention. This study aimed to assess changes in
incidence and management of pleural empyema in England over the past 10 years and the potential
impact of influenza on rates.

Hospital Episode Statistics data were used to identify patients admitted to English hospitals with pleural
empyema between 2008 and 2018. Linear regression was used to analyse the relationship between
empyema rates and influenza incidence recorded by Public Health England. The relationship between
influenza and empyema was further explored using serological data from a prospective cohort study of
patients presenting with pleural empyema.

Between April 2008 and March 2018 there were 55530 patients admitted with pleural empyema. There
was male predominance (67% versus 33%), which increased with age. Cases have increased significantly
from 4447 in 2008 to 7268 in 2017. Peaks of incidence correlated moderately with rates of laboratory-
confirmed influenza in children and young adults (r=0.30). For nine of the 10 years studied, the highest
annual point incidence of influenza coincided with the highest admission rate for empyema (with a
2-week lag). In a cohort study of patients presenting to a single UK hospital with pleural empyema/
infection, 24% (17 out of 72) had serological evidence of recent influenza infection, compared to 7% in
seasonally matched controls with simple parapneumonic or cardiogenic effusions (p<0.001).

Rates of empyema admissions in England have increased steadily with a seasonal variation that is
temporally related to influenza incidence. Patient-level serological data from a prospective study support
the hypothesis that influenza may play a pathogenic role in empyema development.
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Background

Pleural empyema is a serious condition defined by the collection of infected fluid around the lung. It
constitutes a considerable healthcare burden given the requirement of chest tube drainage, intrapleural
fibrinolytics or thoracic surgery for resolution. Epidemiological studies have suggested that the incidence
of pleural empyema is increasing [1-3]. No studies have assessed the potential impact of respiratory virus
infections on empyema development.

The link between viral influenza and secondary bacterial pneumonia has been demonstrated in
epidemiological, observational and animal studies [4]. The relationship between influenza and empyema is
less well described, although it has a biological and epidemiological basis [5-7]. Such a link would explain
any seasonal variation seen in empyema incidence and its perceived tendency to affect a younger
population than pneumonia.

The aim of this study was to assess the change in incidence and management of pleural empyema in
England over the past 10 years using Hospital Episode Statistics (HES) data. Using data from Public
Health England (PHE), we compared weekly rates of influenza to empyema admissions. To examine this
relationship further, we analysed a prospectively collected cohort of patients presenting with empyema for
serological evidence of recent influenza A and B and respiratory syncytial virus (RSV) infection.

Methods

Hospital Episode Statistics

Data were extracted from the HES database, which contains information on all acute care hospital
admissions in England. In the HES dataset, each hospital admission contains fields for the principal
reason for the admission, alongside other secondary or subsidiary diagnoses, coded using the International
Classification of Diseases (ICD-10) codes.

For this study, inpatient hospital admissions between April 1, 2008 and March 31, 2018 with the code J86
(pyothorax) in any diagnostic position were requested. This code, appearing in any diagnostic position,
has been previously validated for positive predictive value and sensitivity for true clinical diagnosis of
empyema (86% and 72%, respectively) [8]. We identified codes for pleural surgical procedures performed
during the inpatient hospital admissions (codes validated by the Society for Cardiothoracic Surgery in
Great Britain and Ireland) [9], namely “surgical drain” including open drainage and fenestration of pleura
(T08.1, T08.3, T08.8, T08.9), “excision” including thoracoplasty and decortication (T01.1, T01.3, T07.1)
and “other surgery” including unspecified open operation on the pleura (T09.8, T09.9, T10.8). To avoid
double coding due to re-admissions and transfers, new episodes occurring within a 31-day period from the
original episode were classified to the same admission. Admissions with missing age data or a recorded
age of >100 years were removed from the dataset due to probable coding errors.

Public Health England

National weekly incidence of influenza (per 100000) between April 1, 2008 and March 31, 2018 were
provided by PHE from the influenza surveillance programme. A variety of data sources are collated to
provide accurate information on circulating influenza strains and estimates of burden on primary and
secondary care [10]. Using an external validated database such as this, which uses multiple sources to
generate incidence figures, was seen preferable to relying on the HES database alone.

Statistical analysis: epidemiological data

Descriptive statistics are presented to provide the overall number and demographics of patients diagnosed
with pleural empyema. We split patients into paediatric and adult populations, with adults further split
into those aged 18-59 years and >60 years to account for age-related differences in empyema and
influenza. To compare rates of viral influenza to rates of empyema, episodes from the HES dataset were
aggregated to make them comparable to the PHE data. Annual statistics were calculated from April 1 to
ensure that each whole UK winter period (defined as months December, January and February) was
reported within the same year. We analysed the relationship between empyema and viral influenza using
linear regression. Quadratic year terms were included to account for the concurrent annual increase in
viral influenza and empyema throughout the study period. To ensure that our results were robust to
potential lag effects, we ran sensitivity analyses with influenza lagged by 1 week behind that recorded by
PHE.

Prospective cohort study: patients

To further evaluate the relationship between viral influenza and pleural empyema we analysed the serum
and pleural fluid from patients recruited to a prospective cohort study for evidence of influenza A and B
and RSV infection. In brief, consecutive patients referred to a single centre pleural service in the South
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West of England between 2009 and 2016 with an undiagnosed effusion were recruited. All patients had a
diagnostic thoracentesis as part of normal clinical care and consented to having their demographic data
recorded, as well as serum and pleural fluid stored (in a —70°C freezer). The final diagnosis was agreed by
two independent consultant respiratory physicians based on all the available clinical, histological and
radiological information at 12 months (refer to supplementary material for pre-specified diagnostic
criteria).

For this research, the stored serum and pleural fluid of 72 patients with a final diagnosis of pleural
infection was analysed en bloc with results compared to controls of simple parapneumonic effusions
(SPPE) (n=29) and effusions secondary to cardiac dysfunction (n=49). Controls were seasonally matched
to empyema cases (presented within the same fortnight) to avoid confounding from background changes
in respiratory virus prevalence.

Prospective cohort study: serum and pleural fluid testing

Complement fixation testing (CFT) was performed on patient serum from a sample taken at the time of
thoracentesis. We used a CFT titre of >1:128 as evidence of recent infection. Differences in the rates
between the diagnostic categories were compared using a Chi-squared test.

Pleural fluid samples were tested for the presence of respiratory viruses, including influenza A and B, RSV
A and B, parainﬂuenzavirus types 1-4, human metapneumoviruses, adenoviruses, rhinoviruses,
enteroviruses, parechoviruses and bocaviruses by real-time PCR using a TagMan low-density array, as
described previously [11].

Results

Hospital Episode Statistics for empyema

Between April 1, 2008 and March 31, 2018, there were 55530 episodes in which patients were admitted to
English hospitals with empyema. The median age was 62 years with a bimodal distribution. There was a
male predominance in empyema across the cohort (67.3% compared to 32.7%), although this only
appeared after the age of 18 years (table 1 and figure 1).

There was an increase in empyema rates across the 10-year period from 2008 to 2018 (table 2). This
increase was mainly due to an increase in the over-60s, with empyema-related episodes in that group
almost doubling across the same timeframe (from 2212 to 4287). In contrast, rates in the paediatric group
(<18 years) fell by a quarter (from 510 to 376) (figure 2). The incidence of empyema, calculated per 100000
hospital admissions, rose throughout the study period from 6.44 per 100000 in 2008 to 8.38 per 100000
in 2017. Mortality and surgery rates among patients with empyema remained consistent throughout the
study period at ~14%. Length of stay for patients with empyema also remained consistent at ~14 days per
episode.

There was seasonal variance in empyema with rates increasing by a quarter overall in winter months
(December, January, February). This was particularly marked in the paediatric and young adult
populations with rates more than doubling in winter months (supplementary material).

Influenza rates from PHE and empyema admission

When compared on a week-by-week basis, empyema and influenza rates per 100000 during the study
period were moderately correlated (r=0.24 for empyema counts; r=0.30 for empyema incidence per 100 000).
Results from the regression analyses of empyema counts shows that each one case increase in influenza

TABLE 1 Patient demographics for empyema (J86) admissions from April 2008 to April 2018

Age All
0-17 years >18 years

Cases 4473 51057 55530
Age years 4 (2-9) 64 (51-75) 62 (46-74)
Male 2397 (53.6) 34945 (68.5) 37342 (67.3)
Outcomes

Hospital length of stay days 12 (7-17) 15 (6-28) 14 (7-27)

Surgical management 371 (8.3) 7409 (14.5) 7780 (14.0)

Inpatient mortality 41 (0.9) 7601 (14.9) 7642 (13.8)

Data are presented as n, median (interquartile range) or n (%).
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FIGURE 1 Age distribution of empyema episodes split by sex.

per 100000 people was associated with an additional f=0.25 (95% CI 0.16-0.34) empyema cases in the
HES. Converted to incidence rates, which are more robust to changes in recording practices over the study
period, each one case increase in influenza per 100000 people was associated with an additional increase
in empyema of B=0.076 (95% CI 0.051-0.102) per 100000 people. As indicated by the R? statistics, most
of the variation in empyema was attributable to week and year differences (70.6% for counts; 68.8% for
incidence per 100000), although influenza rates provided some additional explanatory power (1.86% for
counts; 2.22% for incidence per 100000). For nine of the 10 years studied, the highest annual point
incidence of influenza nationally coincided with the highest admission rate for empyema (within 2 weeks)
(figure 3).

Decomposing these total population associations into age groups reveals differing patterns by age.
Correlations between empyema counts and influenza rates per 100000 were stronger for children (r=0.52)
than for adults aged 18-59 years (r=0.33) and those aged >60 years (r=—0.019). The R? statistics from the
models reveal that rates of influenza per 100000 explain a greater proportion of additional variance over
and above week and year trends for children (8.49%) than adults (4.77%) and the elderly (0%).

The results of the sensitivity analysis investigating the lag effects (supplementary material) are consistent
with our main results; each one case increase in influenza per 100000 people is associated with an
additional 0.27 (95% CI 0.18-0.35) counts of influenza cases, while each one case increase in influenza per
100000 people is associated with an additional increase in empyema of 0.082 (95% CI 0.056-0.107) per
100000 people.

Prospective cohort study

Baseline characteristics of patients included in the cohort study, including viral testing results, are
presented in table 3. There was strong evidence of a difference in influenza infection rates between groups;
out of the 72 patients who presented with empyema, 17 (24%) had serological evidence of recent influenza
infection compared to two (7%) and two (4%) in the SPPE and cardiogenic effusion groups, respectively
(p=0.0017). Patients presenting with cardiogenic effusions had a higher rate of RSV positivity, compared
to the empyema and SPPE groups.

There was no evidence of respiratory viruses detectable by real-time PCR within any of the pleural fluid
samples themselves (not shown).

Discussion
This study assessed the changes in rates of pleural empyema in England over the past decade and possible
association with influenza. Data from HES have shown a significant increase of empyema rates over the
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TABLE 2 Yearly changes in empyema incidence, management and mortality

Year®

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Total empyema count
All ages L4447 4573 5002 4812 5087 5314 5697 6415 6811 7268
<18 years 510 573 591 423 438 336 372 448 393 376
18-44 years 794 808 898 699 806 830 855 992 953 1082
45-59 years 931 907 1019 1048 1021 1089 1170 1338 1472 1523
>60 years 2212 2285 2494 2642 2822 3059 3300 3637 3996 4287
Empyema per 100000 hospital admissions 6.4 6.3 6.7 6.4 6.7 6.8 7.0 7.7 8.0 8.4
Mortality % of total count of empyema 13.7 14.0 14.0 13.5 13.7 14.8 15.2 13.2 14.2 12.7
Surgery % of total count of empyema 15.1 14.4 14.3 14.0 14.1 13.8 14.2 12.8 13.2 14.5
Hospital LOS for empyema cases 14.2 14.5 14.6 14.1 14.3 14.5 14.8 14.23 14.2 13.6

(6.6-27.58) (6.90-27.0) (6.8-27.07) (6.6-26.9) (6.4-27.0) (6.6-27.4) (6.7-27.4) (6.3-26.6) (6.4-26.6) (6.4-25.0)

Ratio of winter versus rest of year 1.4 1.1 1.5 1.1 1.3 1.1 1.4 1.1 1.3 1.3

Data are presented as n or median (interquartile range). LOS:

length of stay. #: years start April 1.
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FIGURE 2 Trend of incidence of empyema April 2008 to April 2018 (split by age categories).

study period, as well as average seasonal increases in winter months of ~25%. The year-on-year increases
were driven by rising rates among the elderly; rates were stable among the middle-aged and fell among
children. Influenza rates were associated with empyema over and above seasonal changes among the
paediatric and middle-aged populations. Accompanying patient-level data from a prospective study of
adults presenting with pleural effusions found serological evidence of recent influenza A infection in a
quarter of patients presenting with empyema.
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FIGURE 3 Influenza incidence per 100000 and empyema count, April 2008 to April 2018.
https://doi.org/10.1183/13993003.03546-2020 6



PLEURAL DISEASE | D.T. ARNOLD ET AL.

TABLE 3 Baseline characteristics and serological results of the 72 patients with empyema and
78 controls

Empyema SPPE Cardiac effusions

Patients 72 29 49
Age years 59 (43-72) 68 (53-80) 75 (67-82)
Male/female % 49/23 16/13 34/15
Right/left % 40/32 17/12 38/11
Symptom duration days 10 (4-16) 4 (2-6) 35 (10-78)
Serum complement fixation testing

Influenza all 17 (24) 2 (7) 2 (4)

Influenza A 14 (20) 1(3) 2 (4)

Influenza B 3 (4) 1(3) 0(0)

RSV 2(3) 2(7) 6(12)
Age range of serology-positive patients years 38-90 41-85 49-87

Data are presented as n, median (interquartile range) or n (%). SPPE: simple parapneumonic effusions;
RSV: respiratory syncytial virus.

FiNiey et al. [1] used the Canadian Discharge Abstract Database to identify hospital admissions with
empyema (ICD-10 code J86) from 1995 to 2003. They demonstrated a significant increase in empyema
rates especially in the paediatric population with a marked 463% increase in 1-4-year-olds during the
study period. They hypothesised that due to the introduction of the eight-valent pneumococcal vaccine
during the study period there had been a serotype shift to more invasive strains of pneumococcus
alongside a reduction in overall pneumococcal infections. Other paediatric studies from Scotland and
Spain have shown a similar increase following the introduction of the pneumococcal vaccine [12, 13].
Another North American based study used pleural empyema hospital discharge codes between 1996 and
2008 [3]. Similarly, they found that the rates increased during the study period by two-fold. Although the
most marked increase was not in the paediatric population, but in 40-64-year-olds, despite examining the
same study period in countries with a similar pneumococcal conjugate vaccine (PCV) vaccination
introduction. SoGaARD et al. [14] assessed rates of pleural empyema in Denmark between 1997 and 2011
(excluding the paediatric population) and found that rates rose steadily across the study period in the
elderly, although absolute numbers were small (<500 cases per year).

This current study has shown that, in England, overall rates of pleural empyema have shown a
year-on-year increase from 4447 in 2008 to 7268 in 2017. However, this increase is most marked in the
population aged >60 years, which showed a 194% increase over the decade. By contrast, in children, rates
began to fall after 2010 from 591 to 376 per year. This reassuring trend may be related to the 2011
introduction of the PCV13 vaccine for children in the UK, which has an extended coverage compared to
PCV7 and most importantly now covers more invasive strains that are more likely to cause invasive
pneumococcal disease (e.g. serotype 1). The increase in adults age >60 years is worrying and has several
potential explanations. Firstly, the ageing population within England is likely to be increasing susceptibility
to respiratory infections. There has been a slight increase in the average age of the cohort over the past
decade, so although a likely contributing factor, it is unlikely to be the primary explanation. Secondly,
there has been an increased prescribing of immunosuppressive agents and a rise in the prevalence of
diabetes mellitus, both of which are well-recognised risk factors for pleural empyema [15]. Finally, there
could be an overdetection bias with the more widespread use of computed tomography imaging in
hospitals leading to the detection of parapneumonic effusions that would previously not have been
identified as empyema and managed as pneumonia. Although overdetection is a possibility, the
management and outcomes of pleural empyema have altered little in a decade. There was no significant
change in the proportion of inpatient mortality or surgical rates (both between 12% and 14%). Hospital
length of stay was consistent at 14 days, which is marginally longer than previous estimates which are
based on randomised trials and are therefore likely to exclude particularly unwell patients with more
extended length of stays.

Both epidemiological studies and randomised trial data on pleural empyema have found it to be a
male-predominant disease. In the Multicenter Intrapleural Sepsis Trial (MIST) 1 and 2 studies combined,
the ratio of males to females was 2.37 (450:190), and in the Canadian epidemiological study discussed
earlier the ratio was 2.23 [16, 17]. Despite being well recognised, this phenomenon has never been
explained. Hypotheses range from different health-seeking behaviours of males compared to females (with
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males delaying presentation with pneumonia), or poorer dental hygiene in males leading to bacterial
translocation. This study has again confirmed the male predominance, but has shown that the ratio
increases significantly with patient age. Boys and girls aged <15 years are affected roughly equally (1.13:1).
After adolescence, the ratio rises gradually to a peak of 2.36:1 in the over-60s.

This is the first epidemiological study to demonstrate the increase in pleural empyema rates during winter
months. The increased rates were particularly marked in the <18-years and 19-60-years age groups that
had a ~1.3 and ~1.8 increase in cases, respectively. Given the seasonality of viral influenza as well as
historic associations with empyema we correlated weekly rates of the two conditions. Using linear
regression, there was significant positive association between incidence rates, which was stronger in the
younger age groups. Most strikingly, the highest annual point incidence of influenza each year coincided
with the highest annual admission rate for empyema (within 2 weeks) for nine of the 10 years studied,
with the 2009 summer influenza pandemic being the only exception. The patient-level data from the
cohort study of patients presenting with pleural effusions has shown patients presenting with empyema
had significantly higher seroprevalence of recent influenza A infection. Although serological testing at a
single time point should not be used as a diagnostic tool for the presence of active or recent viral infection
the significant difference in titres between seasonally matched groups is of note and adds weight to the
hypothesis that influenza is leading to a proportion of empyema cases [18].

This study has multiple data sources in an attempt to provide assurance of its conclusions. However, there
are several limitations to consider. First, due to a lack of individual level data measuring both empyema
and influenza, our analysis relied upon aggregated statistics. It is therefore possible that our results reflect
common processes that underlie rates of empyema and influenza. There is also a risk of inaccuracy in the
HES coding of pleural empyema. However, given the severity of the condition, requirement for hospital
admission, pleural instrumentation and extended inpatient stays, we anticipated that it would be relatively
robust. We have previously published a validation study which demonstrated that the positive predictive
value and sensitivity of the J86 code for pleural empyema within HES was 86% and 72%, respectively
(analysis published separately) [8]. Therefore, it is more likely that the figures reported in this study are an
underestimate of the true burden of this condition. Given the lack of change over time in the
demographics, mortality and management of empyema within HES (which is in keeping with data from
prospective trials of the condition), there is no evidence to suggest that coding practice has changed over
time. Data on the incidence of influenza was provided by PHE, which uses multiple sources to generate an
estimate of disease burden [10]. This is widely seen as the most accurate assessment nationally, and given
that two completely separate data sources correlated so closely this supported our hypothesis of a causative
role of influenza. Finally, the prospective study used to further investigate the role between influenza and
empyema is single-centre and the numbers are relatively small for epidemiological assessment. However,
given that the stored serum and pleural fluid analysed is from the largest known prospective study of
pleural effusions worldwide, this was seen as the best possible validation cohort available.

In conclusion, this is the first epidemiological assessment of pleural empyema in England which has
demonstrated that incidence is rising in the elderly. The male predominance of the condition increases
with age for reasons that remain unclear. In addition, this is the first study to show the marked increase in
empyema incidence in winter months which is temporally associated with influenza. The relationship
between influenza and empyema is an important finding and should be investigated further.
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