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Abstract

Background Contemporary data regarding the impact
of comorbidities on the clinical presentation and
management of patients with severe aortic stenosis (AS)
are scarce.
Methods Prospective registry of severe patients with AS
across 23 centres in nine European countries.
Results Of the 2171 patients, chronic kidney disease
(CKD 27.3%), left ventricular ejection fraction (LVEF) <50%
(22.0%), atrial fibrillation (15.9%) and chronic obstructive
pulmonary disease (11.4%) were the most prevalent
comorbidities (49.3% none, 33.9% one and 16.8% ≥2 of
these). The decision to perform aortic valve replacement
(AVR) was taken in a comparable proportion (67%, 72%
and 69%, in patients with 0, 1 and ≥2 comorbidities;
p=0.186). However, the decision for TAVI was more
common with more comorbidities (35.4%, 54.0% and
57.0% for no, 1 and ≥2; p<0.001), while the decision
for surgical AVR (SAVR) was decreased with increasing
comorbidity burden (31.9%, 17.4% and 12.3%; p<0.001).
The proportion of patients with planned AVRs that were
performed within 3 months was significantly higher in
patients with 1 or ≥2 comorbidities than in those without
(8.7%, 10.0% and 15.7%; p<0.001). Furthermore, the
mean time to AVR was significantly shorter in patients with
one (30.5 days) or ≥2 comorbidities (30.8 days) than in
those without (35.7 days; p=0.012). Patients with reduced
LVEF tended to be offered an AVR more frequently and
with a shorter delay while patients with CKD were less
frequently treated.
Conclusions Comorbidities in severe patients with AS
affect the presentation and management of patients with
severe AS. TAVI was offered more often than SAVR and
performed within a shorter time period.

Introduction
Aortic stenosis (AS) is the most frequent
native valve disease worldwide, affecting
approximately 3.4% of elderly individuals in
Europe and the USA.1 2 Patients with severe
AS who do not undergo timely aortic valve

Key questions
What is already known about this subject?
►► Current European guidelines recommend that aortic

valve replacement (AVR) be performed in patients
with aortic stenosis (AS) that are symptomatic, experience symptoms/hypotension during exercise
testing and/or that have a left ventricular ejection
fraction (LVEF) <50%. Contemporary data regarding
the impact of comorbidities on the clinical presentation and management of patients with severe AS
are scarce.

What does this study add?
►► IMPULSE is a prospective, multinational registry of

patients with AS across Europe. The present data
suggest an overall relationship between the presence of chronic kidney disease (CKD), reduced LVEF,
atrial fibrillation and chronic obstructive pulmonary
disease with the presentation of patients with severe
AS and their management. Certain comorbidities
appear to have more of an influence over treatment
decisions, with CKD an apparent deterrent and LVEF
<50% an apparent incentive for AVR.

How might this impact on clinical practice?
►► The life-saving AVR- intervention was still denied

in a high proportion of patients, with many of the
planned AVRs not carried out within 3 months. On a
more encouraging note, transcatheter aortic valve
implantation was more frequently assigned to comorbid patients, with such interventions performed
within a shorter time period.

replacement (AVR) face an extremely poor
prognosis; this is particularly true following
symptom onset, at which point average
survival is just 2–3 years.3 Consequently, rapid,
effective management is paramount.
Current European guidelines recommend
that AVR be performed in patients with AS

Rudolph TK, et al. Open Heart 2020;7:e001271. doi:10.1136/openhrt-2020-001271

1

Open Heart: first published as 10.1136/openhrt-2020-001271 on 23 July 2020. Downloaded from http://openheart.bmj.com/ on August 8, 2022 by guest. Protected by copyright.

Impact of selected comorbidities on the
presentation and management of
aortic stenosis

Open Heart

Methods
The design and rationale of IMPULSE, a prospective,
multinational registry of patients with AS across Europe,
has been previously described.6 9 Briefly, the study formed
part of a quality of care initiative combining observational and interventional elements. In total, patients were
enrolled at 23 centres across nine countries (Austria,
Czech Republic, France, Germany, Italy, the Netherlands,
Spain, Switzerland and the UK) up until April 2017; all
sites offered the full range of treatment options for AS.
Informed consent was obtained prior to patient enrolment.
Patients
Patients aged at least 18 years that had been referred
for echocardiography and were diagnosed with severe
AS (defined as aortic valve area (AVA) <1 cm2, indexed
AVA <0.6 cm2/m2, maximum jet velocity (Vmax) >4 m/s or
mean transvalvular gradient >40 mm Hg) symptomatic or
asymptomatic were consecutively enrolled. We excluded
patients that had previously undergone AVR.
Data collection and definitions
At baseline, we documented data regarding patient
demographics, medical history and symptoms (chest
pain, shortness of breath and dizziness on exertion/
syncope) in an electronic case report form. Angina
(Canadian Cardiovascular Society class III or IV), New
York Heart Association (NYHA) class III/IV and dizziness on exertion/syncope were considered severe symptoms. Details of each patient’s AVA, mean AV gradient,
concomitant mitral/tricuspid regurgitation, LVEF and
left ventricle dimensions were recorded from their
echocardiogram. All treatment decisions (TAVI, SAVR,
balloon aortic valvuloplasty (BAV), watchful waiting and
active decision not to treat) were documented. All data
were subject to automatic checks for plausibility and
completeness.
2

Statistics
As we aimed to assess the impact of comorbidities on
disease presentation and management decisions, we
described the prevalence of and identified the four
most prevalent comorbidities. Patients were then stratified according to baseline comorbidity burden. Three
groups were built, according to the absence, the presence
of one or the presence of at least two of the following
four comorbidities: LVEF <50%; chronic kidney disease
(CKD; defined as creatinine clearance <50 mL/min),
atrial fibrillation (AF; based on physician diagnosis) and
chronic obstructive pulmonary disease (COPD; defined
as per EuroSCORE (ES)). Patients were also grouped
according to the presence/absence of each of these
individual comorbidity types. To serve as a surrogate for
overall comorbidity, patients were also divided into those
with/without a high surgical risk score (defined as ES
I≥10% and/or ES II≥4%).
Data were analysed using descriptive statistics, with
continuous variables presented as means with SD and
categorical variables as absolute values with percentages.
Comparisons across comorbidity-
burden groups were
made using analysis of variance or Kruskal-Wallis test for
continuous and Pearson’s X2 for categorical variables.
Comparisons between patients with/without a particular comorbidity type were made using a Pearson’s X2 or
Fisher’s exact test for categorical variables and a t-test or
Wilcoxon signed-rank test for continuous variables. The
association between each comorbidity of interest and the
presentation of AS symptoms was explored using univariate logistic regression analysis and presented as ORs with
95% CIs. All statistical analyses were performed using
SPSS V.24.0 (IBM), with a p<0.05 considered statistically
significant.
Results
Of the 2171 patients documented, the mean age was
77.9 years, 48.0% were female and 80.3% were symptomatic (51.7% severe). The most common comorbidities were CKD (27.3%), a reduced LVEF <50% (22.0%),
AF (15.9%) and COPD (11.4%), representing 50.7%
(n=1100) of all patients (figure 1). While 1071 patients
(49.3%) had none of the comorbidities of interest, 735
(33.9%) had one comorbidity, and 365 (16.8%) had two
comorbidities or more. A high surgical risk defined as an
ES I≥10% and/or ES II≥4% was documented for 42.9%
of the patients.
Comorbidity and as presentation
When patients were stratified by the number of comorbidities, there was an increase in age (range mean 75.7
up to 81.4 years), the proportion of severely frail patients
(2.5 up to 10.8%), and the surgical risk (ES II mean 2.2 up
to 8.2%) (table 1). Furthermore, mitral (mean 5.2 up to
20.4%) as well as tricuspid (3.9 up to 18.9%) regurgitation
was more prevalent. Similar trends were observed when
comparing patients without a particular comorbidity of
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that are symptomatic, experience symptoms/hypotension
during exercise testing, and/or that have a left ventricular ejection fraction (LVEF) <50%.4 However, despite
the ever-growing availability of transcatheter aortic valve
implantation (TAVI) as a minimally invasive alternative
to surgical AVR (SAVR), studies suggest that up to 40% of
patients with severe AS still do not receive either of these
life-saving interventions.5–7 The reason for this appears
to be multifactorial, though a high comorbidity burden
has been suggested as a key driver.8 Furthermore, certain
comorbidities may have clinical presentations resembling
those of AS. To the best of our knowledge, no formal
investigations into such effects have been carried out to
date.
The aim of this analysis therefore was to assess the
impact of comorbidities on disease presentation and
management decisions in patients with severe AS.

Valvular heart disease

interest to those with the particular comorbidity (online
supplementary tables 1–5). One exception was gender;
compared with patients without the respective comorbidity, females were more common among patients with
CKD (55.6% vs 45.1%; p<0.001), while males were more
common among those with an LVEF <50% (63.6% vs
49.1%; p<0.001).
The proportion of patients with any symptoms (73.6%,
84.4%, 91.8%; p<0.001) and severe symptoms (40.8%,
58.4% and 70.1%; p<0.001) increased alongside comorbidity burden (table 1). Furthermore, each of the single
comorbidities of interest was significantly associated with
a greater likelihood of being symptomatic (table 2).
Reduced EF and COPD were strongly associated with any
as well as severe symptoms (OR >2.0) while there was a
lesser association of CKD and AF with any symptom class
(OR >1.0 to<2.0). Of note, a high ES was associated with
symptoms throughout all domains whether it be any (OR
2.55; 95% CI 1.9 to 3.31) or severe (OR 2.27; 95% CI
1.88 to 2.74) symptoms and the only who was associated
with chest pain (OR 1.66; 95% CI 1.33 to 2.07). So both,
general and cardiac presentation were worse in patients
with comorbidities.
Treatment decisions according to comorbidity burden
The decision to perform AVR was taken in comparable proportions of patients, regardless of comorbidity
burden (69.0% overall), with 31% not assigned to AVR
(figure 2). However, the decision to perform TAVI was
more common in patients with a greater number of
comorbidities (35.4%, 54.0% and 57.0% for patients
with no, one and at least two comorbidities, respectively;
p<0.001 across groups), while the decision for SAVR was
decreased with increasing comorbidity burden (31.9%,
17.4%, and 12.3%; p<0.001 across groups). The same
trends were observed when the analysis was confined to
Rudolph TK, et al. Open Heart 2020;7:e001271. doi:10.1136/openhrt-2020-001271

Treatment decisions according to comorbidity type
The decision to perform AVR was taken in comparable
proportions of patients with and without AF, and those
with and without COPD. This choice was, however, significantly more frequent in patients with an LVEF ≤50%
compared with those with an LVEF >50% (78.3% vs
66.4%; p<0.001) and significantly less frequent in those
with CKD compared with those without CKD (65.1% vs
71.4%; p=0.011) (figure 2). In general, TAVI was a more
common treatment choice in patients with compared
with without each of the comorbidities of interest, with
the inverse true for SAVR.
Performance of a planned AVR within 3 months of the
treatment decision was more common in patients with
an LVEF ≤50% compared with those with an LVEF >50%
(68.1% vs 53.4%; p<0.001). The mean time to AVR was
significantly shorter in patients with CKD compared with
those without this condition (29.0±29.2 vs 34.3±35.7;
p=0.013) (online supplementary tables 1–5). These
trends were not observed for AF or COPD.
Discussion
In our contemporary cohort of patients with severe AS,
renal impairment, impaired LV function, AF and COPD
were common. Each was found to be associated with
(severe) symptoms. Though the number of comorbidities
did not appear to affect the overall decision to perform
AVR, TAVI was more frequently assigned to patients with
more comorbidities, with interventions being performed
within a shorter time period. Specifically, CKD appeared
to be a deterrent for AVR, with LVEF ≤50% an apparent
third of patients were
incentive. Overall, nearly one-
not assigned to undergo life-saving AVR, with this value
being as high as 35% in patients with CKD in the present
registry.
Comorbidity burden
Approximately half of the patients with severe AS
enrolled in the IMPULSE registry had one or more of the
3
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Figure 1 Prevalence of comorbidities. AF, atrial fibrillation;
CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; LVEF, left ventricular ejection fraction;
light blue bars, those considered for the comorbidity burden
in dark blue; green bars, those not considered for the
comorbidity burden in dark blue.

symptomatic patients only with 41.8%, 57.4% and 58.8%
of patients being assigned to TAVI and 36.5%, 18.0% and
13.0% being assigned to SAVR (p<0.001). An active decision not to treat (5.8%, 9.5% and 12.6%; p<0.001) was
more frequently chosen in those with a higher comorbidity burden.
The proportion of patients with planned AVRs that
were performed within 3 months was significantly higher
in patients with one or at least two comorbidities than
in those with no comorbidities (15.7%, 10.0% and
8.7% respectively; p<0.001) (figure 2). This was mostly
performance in
observed based on the rates of non-
patients scheduled to undergo surgery and none of the
comorbidities of interest (p<0.001), while there was no
such trend among patients scheduled for TAVI.
Furthermore, the mean time to AVR was significantly
shorter in patients with one (30.5±33.6) or at least two
comorbidities (30.8±32.3 days) than in those without
(35.7±36.1 days; p=0.012 across groups) (table 1).
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Age (years)
Female gender

All patients
(n=2171)

0 comorbidities*
(n=1071)

One comorbidity*
(n=735)

≥2 comorbidities*
(n=365)

P value
across
comorbidity
groups

77.9±10.0
48.0

75.7±10.7
48.0

79.4±9.0
50.2

81.4±7.8
43.3

<0.001
0.097

Severe frailty†

5.1

2.5

6.1

10.8

<0.001

EuroSCORE I (%)

15.6±13.9

9.5±8.2

17.9±12.8

26.8±18.5

<0.001

EuroSCORE II (%)

4.0±5.0

2.2±3.0

4.7±4.7

8.2±7.2

<0.001

Echocardiographic valve
parameters

 

 

 

 

 Indexed AV area (cm2/m2) 0.40±5.0

0.41±0.11

0.39±0.10

0.37±0.11

<0.001

 Mean AV gradient (mm
Hg)

50.0±13.3

45.4±14.8

42.2±16.3

<0.001

 Mitral regurgitation grade 10.7
III/IV

5.2

13.6

20.4

<0.001

 Tricuspid regurgitation
grade III/IV

7.9

3.9

8.1

18.9

<0.001

 Indexed LV mass (g/m2)

132.6±40.9

126.7±38.0

134.4±41.1

147.6±44.7

<0.001

Symptomatic status‡ (%)

80.3

73.6

84.4

91.8

<0.001

Severe symptomatic status§ 51.7
(%)

40.8

58.4

70.1

<0.001

47.1±14.7

Decision to perform AVR

69.0

67.2

71.5

69.3

0.186

 AVR performed within
3 months

56.3

51.5

61.5

60.5

<0.001

 Time to intervention (days) 33.0±34.7

35.7±36.1

30.5±33.6

30.8±32.3

Decision to perform TAVI

45.0

35.4

54.0

57.0

<0.001

 TAVI performed within
3 months

38.0

28.3

47.0

50.5

<0.001

 Time to intervention (days) 29.2±34.2

30.0±36.4

29.2±33.6

27.5±31.0

Decision to perform SAVR

24.0

31.9

17.4

12.3

<0.001

 SAVR performed within
3 months

18.3

23.3

14.4

10.0

<0.001

42.4±34.7
29.1

34.5±33.4
25.7

46.5±34.4
26.5

0.037
<0.001

 Time to intervention (days) 40.7±34.5
Decision not to perform AVR 27.6

0.012

0.755

*LVEF <50%, CKD, AF or COPD.
†Defined as an inability to walk 5 m in ≤6 s and/or to perform activities of daily living.24
‡Defined as chest pain, shortness of breath and/or dizziness on exertion/syncope.
§Defined as CCS class III or IV angina, NYHA class III/IV and/or dizziness on exertion/syncope.
AF, atrial fibrillation; AV, aortic valve; AVA, aortic valve area; AVR, aortic valve replacement; CCS, Canadian Cardiovascular Society; CKD,
chronic kidney disease ; COPD, chronic obstructive pulmonary disease; LV, left ventricular; LVEF, left ventricular ejection fraction; NYHA, New
York Heart Association; SAVR, surgical AVR; TAVI, transcatheter aortic valve implantation .

comorbidities of interest, with a sixth having two or more.
In line with the observations of prior studies, those with
a greater number of comorbidities were older and more
commonly frail.10 They also had worse left ventricular
function accompanied by lower AV gradients but smaller
indexed effective orifice area, indicating a certain proportion of patients with ‘low-gradient’ AS.11 The predictive
value of effective orifice area and LV parameters for
symptom onset has been previously reported.12 13 As such,
the observed increase in the prevalence of symptoms

alongside increasing comorbidity burden is unsurprising.
Nevertheless, the decision to perform AVR was taken
in a similar proportion of patients with 0, 1 or at least 2
comorbidities.
This likely reflects a balance between the lower disease
severity in patients with fewer comorbidities, increasing
the tendency towards watchful waiting, and the deterring
influence of a higher age and greater surgical risk in
those with a higher comorbidity burden, increasing
the frequency of decisions not to treat the patient or to

4
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Table 1 Baseline patient characteristics, echocardiographic parameters and treatment decisions by number of comorbidities

Valvular heart disease

CKD
(n=2171)

Low LVEF
(n=1071)

AF
(n=735)

COPD
(n=365)

High ES
(n=795)

Symptomatic status
 Chest pain

1.99 (1.50–2.65)
1.10 (0.87–1.39)

2.58 (1.85–3.58)
1.25 (0.98–1.59)

1.45 (1.04–2.02)
0.98 (0.73–1.31)

2.85 (1.80–4.52)
1.26 (0.92–1.73)

2.55 (1.97–3.31)
1.66 (1.33–2.07)

 Shortness of breath

1.91 (1.49–2.46)

2.99 (2.20–4.05)

1.53 (1.13–2.07)

3.25 (2.12–4.97)

2.53 (2.01–3.19)

 Dizziness/syncope

1.19 (0.93–1.51)

1.53 (1.20–1.97)

1.33 (1.00–1.77)

1.49 (1.09–2.05)

1.48 (1.19–1.85)

Severe symptomatic status*

1.98 (1.62–2.44)

2.39 (1.92–2.98)

1.49 (1.17–1.90)

2.06 (1.56–2.73)

2.27 (1.88–2.74)

 Angina class III/IV
 NYHA class III/IV

2.33 (1.47–3.70)
2.26 (1.85–2.78)

1.58 (0.98–2.55)
2.77 (2.23–3.44)

0.94 (0.50–1.75)
1.43 (1.12–1.83)

1.46 (0.80–2.69)
2.34 (1.78–3.08)

2.13 (1.34–3.40)
2.67 (2.20–3.24)

*Includes dizziness/syncope, as listed under symptomatic status.
AF, atrial fibrillation; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ES, EuroSCORE; LVEF, left ventricular
ejection fraction; NYHA, New York Heart Association.

perform BAV instead. Given that guidelines recommend
against the performance of AVR in patients with severe
comorbidities when it is unlikely to improve quality of
life or survival,4 the latter trend may be appropriate.
However, the observed reluctance to perform AVR in
one-third of patients with none of the comorbidities of
interest, who had severe AS and a less-than-high surgical
risk may indicate a tendency towards undertreatment.4
Even in the subset of these latter patients that were
assigned to AVR, nearly a quarter did not undergo the
procedure within 3 months. Furthermore, the overall rate
of patients denied AVR was approximately comparable to
that reported by the Euro Heart Survey in 2005, before
the advent of TAVI. Encouragingly, TAVI was assigned
more often to patients with higher comorbidity burdens,
with more SAVR planned in those with fewer comorbidities. This is in line with current guidelines,4 and reflects
the widespread recognition of TAVI as a safer alternative
to SAVR in patients at higher surgical risk.

Figure 2 Treatment decision by number and type of
comorbidities. P<0.001 for TAVI planned overall, SAVR
planned overall and no AVR planned overall; p<0.001 for
AVR planned but not performed and SAVR planned
but not performed; †ES I ≥10% or ES II ≥4%. *P<0.05;
**p<0.01; ***p<0.001. AF, atrial fibrillation; AVR, aortic valve
replacement; BAV, balloon aortic valvuloplasty; CKD, chronic
kidney disease; COPD, chronic obstructive pulmonary
disease; LVEF, left ventricular ejection fraction; ES,
EuroSCORE; SAVR, surgical aortic valve replacement; TAVI,
transcatheter aortic valve implantation;
Rudolph TK, et al. Open Heart 2020;7:e001271. doi:10.1136/openhrt-2020-001271

Chronic kidney disease
CKD was a highly prevalent comorbidity in the IMPULSE
population, affecting over a quarter of patients. In addition to predicting overall symptomatic or severe symptomatic status, CKD was the only comorbidity of interest
that was significantly associated with angina class III/IV.
The relationship between renal impairment and coronary artery disease (CAD) is well established, explained
by their numerous shared risk factors.14 However,
the principal mechanism underlying angina in AS is
increased left ventricular demand, rather than coronary
artery stenosis.15 Consequently, angina may have been
interpreted as a symptom of CAD in patients with CKD,
rather than of AS. Whether right or wrong, this is likely
to have impacted on treatment decision; speculatively, it
is possible that some patients with CKD may have been
denied TAVI due to misattribution of AS-related angina
symptoms to CAD. This merits further investigation.
CKD appeared to be a deterrent for AVR, which was
assigned significantly less frequently in patients with this
comorbidity. The observed trend may be justified in the
context of the aforementioned benefit considerations
5

Open Heart: first published as 10.1136/openhrt-2020-001271 on 23 July 2020. Downloaded from http://openheart.bmj.com/ on August 8, 2022 by guest. Protected by copyright.

Table 2 Association of the most frequent comorbidities with AS symptoms and severity
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Left ventricular ejection fraction
Just over a fifth of patients had an LVEF <50%. In line with
previously reported trends, a larger proportion of these
were male.16 As with the other comorbidities of interest,
a reduced LVEF was predictive of overall symptomatic
status, shortness of breath and NYHA class III/IV, but
was also one of the only comorbidities specifically predictive for dizziness on exertion/syncope. This is consistent
with the idea that patients with impaired LVEFs are
less tolerant to rapid heart rhythms.17 Given that LVEF
<50% is an independent criterion for AVR according to
European guidelines,4 it is no surprise that the choice
to perform AVR was significantly more common in
patients with a low compared with a preserved LVEF.
These individuals were also assigned to TAVI much more
frequently with this decision reinforced by the increased
surgical risk and by the evidence for a more rapid and
complete recovery of LV function after TAVI compared
with SAVR.18 As such, LVEF appears to have a strong and
logical influence on both AS symptoms and treatment
decisions.

Atrial fibrillation
Though AF was a fairly common comorbidity among
IMPULSE patients, it appeared to have very little influence on the presentation and management of severe AS.
This may be surprising, given that AF has been associated
with a higher risk of all-cause and cardiac mortality in
patients undergoing TAVI.21 22 However, a recent study
suggests that the protective effect of AVR is relatively
stronger in patients with AF than in those with normal
sinus rhythm.23 Thus, it is reasonable that the comorbidity is not a direct deterrent.
Limitations
The major limitation of the present analysis was the lack
of adjustment for confounding factors, including other
comorbidities that may have influenced AS presentation
and treatment decisions. As such, unequivocal identification of independent associations between the comorbidities of interest and symptoms/management strategies is problematic. Nevertheless, the consistency of the
observed trends with published data and clinical logic
supports the value of our findings, which form a strong
basis for further exploration.
Conclusions
The present data suggest an overall relationship between
the presence of CKD, reduced LVEF, AF and COPD with
the presentation of patients with severe AS and their
management. Certain comorbidities appear to have more
of an influence over treatment decisions, with CKD an
apparent deterrent and LVEF<50% an apparent incentive for AVR. However, this life-saving intervention was
still denied in a high proportion of patients, with many
of the planned AVRs not carried out within 3 months.
On a more encouraging note, TAVI was more frequently
assigned to comorbid patients, with such interventions
performed within a shorter time period.

Chronic obstructive pulmonary disease
COPD was present in approximately 11% of patients.
While the majority of the trends in patient characteristics
across increasing comorbidity burdens were also observed
for patients without compared with with COPD, the values
for echocardiographic parameters were strikingly similar
between these two subsets, indicating similar AS stages.
This similarity is largely consistent with another study that
reported baseline data for patients with AS stratified by
the presence/absence of COPD.19 As such, the observed
higher likelihood of dizziness on exertion/syncope associated with COPD is probably attributable to the lung
disease itself, rather than as a direct consequence of AS.20
Furthermore, the fact that AVR was performed in approximately equivalent proportions of patients with/without
COPD may also be explained by largely comparable heart
disease states. Nevertheless, TAVI was again favoured in
patients with COPD, consistent with the higher overall ES
in those with this comorbidity.
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