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ABSTRACT
Mortality rate has been proposed as a metric of hospital
chronic obstructive pulmonary disease (COPD) care in
light of variation seen in national COPD audits. Using
Hospital Episode Statistics (hospital ‘coding’) we
examined 30-day mortality after COPD hospitalisation in
150 UK hospitals during 2006–2007 and 2007–2008.
Mean and median 30-day mortalities were similar each
year but the coefficient of variation was >20% and
hospitals could change from a low or high quartile to
the median by chance. We could not detect any reasons
for hospitals being at the extremes. 30-day mortality
after COPD hospitalisation is a complex variable and
unlikely to be useful as a primary annual COPD metric.

INTRODUCTION
Guidelines describe best care for people with COPD
and the UK has a national programme to drive care
quality. In stroke care and cardiac thrombolysis
national audits have developed and used metrics, as
part of national strategies, for improving outcomes.1

There are similar examples from outside the UK.
However, finding metrics with which to measure
COPD care has proved difficult.
The 2003 and 2008 National COPD Audits

(NCROP) reported wide variation in hospital and
90-day mortality rates and the 2003 audit showed
lower mortality in hospitals with more consultants
and a better ‘organisational score’.2 Mortality is
undoubtedly an important metric; however, its
utility requires separation of deaths that are poten-
tially ‘preventable’ from the majority that are ‘inev-
itable’ due to more severe disease and this has
previously not proved possible even with the
detailed NCROP dataset.3

The English Hospital Episodes Statistics (HES)
database includes large numbers of COPD cases and
allows examination of variation in mortality rate
between hospitals and factors which contribute to
this. HES data is already being used to assess quality
of care in other diseases and related to certain pro-
cedures. In order to determine whether mortality is
a potentially useful annual metric of hospital COPD
care we examined COPD deaths during and after
hospitalisation in 2006–2007 and 2007–2008 to
quantify how much between hospital variation in
30-day mortality remains after correction for age,
comorbidity and deprivation, the year-on-year vari-
ation and consequently whether all cause 30-day
mortality represents a potentially useful annual
metric of hospital COPD care quality.

METHODS
All National Health Service (NHS) hospitals in
England submit information about each admission.
These anonymised hospital episode statistics contain
a limited clinical dataset including up to 14
International Classification of Diseases-10 diagnosis
codes and the linked alive/dead status (and date of
death) from the Office for National Statistics. We
included all adult (16 years+) emergency admis-
sions to medical specialties in 150 acute hospitals
over 2 years (2006/2007 and 2007/2008).

Data extraction
A clinical algorithm defined when COPD was likely
to be the primary reason for admission based on
the first three codes in the HES diagnoses list. This
included all admissions where a COPD code was
first coded at position 1 (P1= coded at position 1)
plus admissions with COPD coded at P2 or P3 and
either pulmonary infection code(s), pulmonary
symptom code(s) or a combination at P1–2. If
another major diagnostic code, such as myocardial
infarction, was recorded before a COPD code this
was not classified a COPD admission. If coded at
P4 or lower COPD was almost never the primary
reason for admission.

Data corrections
Age, gender and the Index of Multiple Deprivation
are standard fields in HES. Index of multiple
deprivation (IMD) is determined from patient post-
code. The Charlson comorbidity score4 modified
by excluding COPD was determined from the
other International Classification of Diseases-10
codes. Previous admission rate was the number of
COPD hospitalisations in the 12 months prior to
the first admission in 2007–2008. Age and gender
datasets were >99.98% complete but postcode and
therefore IMD was missing in 1% (2536).
We determined the effect of age, deprivation,

comorbidity, gender and previous admission rate
on all cause 30-day mortality and used age, depriv-
ation and comorbidity to correct each hospital’s
data against the national picture. As the univariate
relationships were not linear we calculated mean
‘expected’ 30-day mortality from the full dataset at
patient level, for example for 5-year age categories
(55–59 years, 60–64 years, etc), then applied this
to all admissions to calculate ‘expected’ mortality
for each hospital. This was then compared with the
‘observed’ mortality to determine a correction for
age-adjustment at hospital level which was applied
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to measured 30-day mortality. We followed the same process for
deprivation by ranking scores for each patient, dividing the
dataset into quintiles and applying the correction factor for each
quintile. We used the Charlson index4 to correct for comorbid-
ity by grouping the scores into no (Charlson 0), some (1–2) or
significant comorbidity (3+) and applying the correction.
Where diabetes, liver disease and solid organ tumour were
recorded severity could not be derived so these were scored
according to presence or absence.

Statistical analysis
Data were analysed using SPSS V.17.0. Analyses were performed
on the whole 2-year cohort unless stated. Pearson’s correlation
coefficient was used to examine the association between para-
meters. Factors associated with 30-day mortality were identified
by univariate analysis and multiple logistic regression models. A
funnel plot was created to illustrate between hospital mortality
variations.

RESULTS
Factors affecting 30-day mortality
There were 125 113 emergency COPD admissions in 2006–
2007 and 123 883 in 2007–2008. There were 27 796 deaths
during 2006–2008 with a mean 93 (SD 52) annual deaths per
hospital and a mean 830 (462) COPD admissions.

Higher age, male gender, lesser deprivation and more
comorbidity were associated with higher 30-day mortality. The
strongest factor was age—21% mortality aged 85+ years versus
2.6%<55 years (mortality OR=8.54 (CI 7.72 to 9.44),
p<0.001). Deprivation (mortality OR=1.15 (CI 1.11 to 1.2),
p<0.001 least deprived vs most deprived quintile), comorbidity
(mortality OR=2.1 (CI 2.03 to 2.17), p<0.001 Charlson score
3+ vs 0) and gender (mortality OR=1.05 (CI 1.02 to 1.08),
p<0.001 male vs female) were all highly significant. Dividing
hospitals into quintiles by the mean IMD of their COPD admis-
sions showed that in hospitals with the most deprived patients
COPD formed 6.3% of all emergency admissions with a lower
mean age of 71.2 years, more admissions per patient (1.72) and
a lower mortality of 9.0% compared with hospitals with the

least deprived patients where the figures were 4.0%, 73.8 years,
1.44 and 12.9%, respectively (all univariate trends p<0.001).

Variation between hospitals
Median 30-day mortality was 11.3% (IQR 9.9–12.6) in 2006–
2007 and 11.4% (IQR 9.7–12.9) in 2007–2008. Despite adjust-
ment for age, deprivation and comorbidity considerable residual
variation remained with 27% (41/150) hospitals having mortal-
ity outside (17 above and 24 below) the 3 SD lines of a funnel
plot (figure 1).5

Between-year variation
The mean difference in 30-day mortality between years is small
(0.1%) and there is a modest correlation (r=0.52, p<0.01) for
hospital rates in 1 year to be similar in the next. However the
coefficient of variation in hospital mortality between years is
20.1%. Sixteen trusts had year-on-year mortality rates that
exceeded 1.67 SDs (3.8% year-on-year variation) with nine
increasing and seven decreasing such that it is possible to be an
extreme outlier in 1 year yet close to the median the next. In
part this reflects the small number of deaths such that for a
majority of hospitals a 3.8% variation represents only 8–30
deaths.

High mortality appeared independent of hospital size,
number and burden of COPD admissions, respiratory specialist
input (specialty of the discharge physician) and length of stay.

DISCUSSION
Death during or within 30 days of a COPD admission is
common and because it is measurable it is a potential quality
indicator. There is wide residual variation between hospitals
even after control for age, deprivation and comorbidity such
that a quarter of hospitals are outliers on a 2-year standard
funnel plot implying factors other than chance at work.
However, while care quality might be a factor there are many
other potential explanations that are either unmeasured (case
severity) or uncontrolled for (admission thresholds) which limits
its value as an indicator.

Figure 1 A funnel plot of mean 30-day mortality plotted against mean annual number of COPD admissions for all hospitals in England during
2006–2008.
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The 2003 NCROP audit suggested a lower death rate in
larger units with more staff and facilities implying potentially
avoidable deaths. Between 2006–2007 and 2007–2008 there
had been no major initiatives expected to alter care and no
change in HES coding so we might have expected some consist-
ency in mortality rates. However, while national mean values
for years 1 and 2 are similar and individual hospital values cor-
relate statistically there is high variance of between-hospital
values with as many rising as falling. For a given hospital to be
considered statistically different from 1 year to the next a 3.8%
change in mortality rate (1.67 SD) or a more than 40% shift
from the mean is necessary. That alone makes year-on-year data
challenging to interpret.

While many COPD deaths are inevitable the proportion that
is preventable remains unknown and may vary with non-medical
care factors. Thus, good practice such as admission prevention
schemes could perversely increase hospital per cent mortality by
not admitting those more likely to survive; although absolute
death numbers for the population would remain similar.
Conversely a hospital that succeeded in keeping patients with
the most severe disease alive would look ‘good’ in that year, but
the natural history cannot be radically changed and those ill
patients will be added to the next few years’ mortality data.
Assessment of mortality over a 3–5 years period would have less
variability and might identify a few hospitals with persistently
high mortality but could still not correct for the balance
between community and hospital while defeating the intent to
have an annual metric. Additionally it is vital that attempts to
reduce mortality do not contribute towards failure to provide
adequate end-of-life care to patients where death is inevitable.

Strengths of the HES database are inclusion of all emergency
admissions and our case selection algorithm was designed to
include all inpatients that clinicians would recognise as having
COPD. Thus COPD coded at positions 2 or 3 with a respiratory
infection (bronchitis or pneumonia) at position 1 would have
been entered by respiratory clinicians into the 2008 NCROP
audit as a COPD exacerbation. Omission of cases where COPD
was second or third excludes 19% of COPD admissions and
40% of deaths resulting in a mortality rate considerably lower
than NCROP or death certification. While our coding defini-
tions are new they have been presented, discussed and agreed
with UK COPD specialists and match national audit data. Using
linked 30-day mortality creates an outcome not dependent on
length of stay, collected robustly by the Office for National
Statistics, comparable for all hospitals and includes all-cause
deaths including cardiovascular disease. However our analyses
have been repeated using inhospital and 90-day mortality with
similar results.

Limitations of HES are that we have no specific measures of
COPD severity (spirometry or blood gases) and diagnosis
depends on coding; an area we have tried to improve upon by
using three rather than only the first diagnosis code. The uni-
variate analysis (confirmed in logistic regression) showing the
most deprived patients had lesser mortality was a surprise but
there are pointers that the most deprived patients are younger
and have more admissions per year suggesting that the case mix
within the denominator may vary with deprivation. Deprivation

is not a significant predictor if the logistic regression is repeated
using only last admission for each patient but UK hospital indi-
cators are based on analysis by admissions rather than by
individuals.

In conclusion 30-day mortality after hospitalisation is too
variable to be a reliable annual metric of hospital COPD care as
there appears to be considerable year-on-year variation related
to case mix rather than care delivery. Due to an absence of
disease severity markers it is impossible to distinguish avoidable
from inevitable deaths and the analyses provide no indication of
what aspect of healthcare should be changed. Moreover
even when a death is avoided disease progression continues
unchanged so, unlike asthma or a revascularised heart, the bene-
fits are not long lived. More worryingly if it were to be adopted
we would need to understand the reasons for variability and
what a hospital should do to improve or much effort might
have no detectable benefit. It might also mean that obvious
good practice, such as admission prevention schemes, could be
unsupported. This is not to argue that metrics should not be
applied rather that annual mortality is a poor COPD metric;
something which would also be true for certain other chronic
diseases. Use of specific therapy such as non-invasive ventilation
might represent a useful hospital metric but it is not reliably
coded (only 30% coding in our institution). A metric we have
suggested previously is bed days per unit population controlled
for prevalence. This reflects patients’ desire to be managed at
home, the state’s desire to reduce hospitalisation and requires a
joint community hospital approach; however, there may be
others.
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