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ABSTRACT:

Background: In patients with chronic obstructive pulmonary disease (COPD) and comorbid
cardiovascular disease emerging evidence suggests a benefit in commencing cardioselective beta-
blockers.

Aim: Our objective was to determine the safety of beta-blocker commencement during
hospitalisation for acute exacerbation of COPD.

Methods: A retrospective cohort study of 1,071 patients hospitalised for acute exacerbation of COPD
was conducted across two tertiary hospitals over a 12-month period. We identified 36 patients in
whom beta-blocker therapy was commenced during admission. Primary outcome of the study was
to assess cardiovascular and respiratory adverse events related to the commencement of beta-
blocker therapy.

Results: The most common indications for beta-blockers were atrial fibrillation (53%) and acute
coronary syndrome (36%). Metoprolol was the most commonly prescribed beta-blocker (75%). No
patients suffered clinically significant decline of respiratory function following the commencement
of a beta-blocker, including worsening respiratory symptoms, oxygen, bronchodilator or ventilation
requirements. These results were demonstrable in patients with reversible airways disease and
advanced COPD. Only one patient (2.8%) experienced symptomatic hypotension after 48 hours of
therapy.

Conclusion: The commencement of cardio-selective beta-blockers during acute exacerbations of
COPD appears to be well-tolerated

KEYWORDS:

1. Beta-blocker

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article
as doi: 10.1111/imj.13518

This article is protected by copyright. All rights reserved.


http://dx.doi.org/10.1111/imj.13518
http://dx.doi.org/10.1111/imj.13518

2. Chronic obstructive pulmonary disease
3. Cardiovascular disease

4. Acute exacerbation of COPD

5. Safety

AUTHORS & INSTITUTIONS:

Authors:

1. Dr. Pieter A Neef'

2. Prof. Louise M Burrell

3. Prof. Christine F McDonald **
4. A/Prof. Louis B Irving *>

5. ‘A/Prof. Douglas F Johnson **
6. Dr Daniel P Steinfort *°

Affiliations:

1. Department of General Medicine

e Austin Health, Heidelberg, Victoria, 3084, Australia
2. Department of Medicine and Cardiology

e University of Melbourne, Parkville, 3010, Australia
3. Department of Respiratory and Sleep Medicine

e Austin Health, Heidelberg, Victoria, 3084, Australia
4. Department of Medicine

e University of Melbourne, Parkville, 3010, Australia
5... Department of Respiratory and Sleep Medicine

e Melbourne Health, Parkville, 3010, Australia

Corresponding Author:

Dr Pieter Neef

This article is protected by copyright. All rights reserved.



Department of General Medicine, Austin Health

145 Studley Road Heidelberg, Victoria, 3084, Australia

Email: Pieter.neef@austin.org.au

Phone: +61400213295

This article is protected by copyright. All rights reserved.



TITLE:

Commencement of cardioselective beta-blockers during hospitalisation for

acute exacerbations of chronic obstructive pulmonary disease

Introduction

Chronic obstructive pulmonary disease (COPD) is a disabling chronic lung condition that
encompasses a spectrum of disease, characterised by poorly reversible and progressive airflow
limitation (1). The World Health Organisation estimates over 65 million people worldwide are
affected by moderate to severe COPD, accounting for over 5% of global deaths (2). Only a proportion
of COPD-related mortality is directly related to respiratory disease while death from cardiovascular

complications is frequent among those with mild to moderate COPD (3-5).

The cardiac-related morbidity and mortality has been partly attributed to the chronic inflammatory
state associated with long-term COPD (6-8). Acute exacerbations of COPD are particularly important
periods of increased cardiac stress with observational evidence demonstrating increased risk of
acute myocardial infarction (AMI) during and following these admissions (9-12) Additionally,
pharmacotherapy used to treat COPD may increase the risk of cardiovascular events in those with
pre-existing cardiovascular disease (13). A high proportion of morbidity and mortality up to one-year
following acute exacerbations of COPD (AE-COPD) can be attributed to cardiovascular disease (9, 10,

14).

Interest inthe cardiovascular complications of COPD patients has increased over recent years. Beta-
blockers are of specific interest as they have long been considered contraindicated in COPD due to
concerns of adverse respiratory effects, particularly in those with reversible airways disease (15).
However, beta-blockers are now not only considered relatively safe in stable outpatients with
regards to long-term respiratory function and symptoms, but there is growing evidence of their
potential benefits on exacerbation frequency and mortality outcomes (16-20). Despite this, recent
studies have demonstrated continuing under-prescription in suitable COPD patients with clear

indications for beta-blocker therapy (21, 22).

The safety of introducing beta-blockers during periods of acute respiratory illness, such as an acute
exacerbation of COPD, remains unresolved (8, 23). To examine this, we performed a retrospective

cohort study to assess the safety of beta-blocker initiation in patients admitted to hospital with an

acute exacerbation of COPD. Specifically, we were interested in determining the rates of

cardiovascular and respiratory adverse effects associated with beta-blocker therapy.
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Methods

A retrospective cohort study was conducted across two metropolitan tertiary hospitals, the Royal
Melbourne Hospital and the Austin Hospital, Melbourne Australia. Data collection occurred using
medical records for those admitted to hospital between 1st July 2013 and 30th June 2014. This study

received ethics approval from the Melbourne Health Human Research Ethics Committee.
Study Criteria

Patients were included if admitted to hospital for AE-COPD. Patients were identified using
International Classification of Diseases, Tenth Edition (ICD-10) coding system, including primary
diagnosis of acute exacerbation of COPD- unspecified (J44.9), or primary diagnosis of pneumonia
(J10-16) and/or primary diagnosis of acute respiratory failure (J96) with secondary diagnosis of acute
exacerbation of COPD. These ICD-10 codes were selected to capture all patients admitted to hospital

for AE-COPD.

Patients were excluded if they did not have a primary diagnosis as listed above, or if beta-blocker
therapy was not administered during admission, administered for less than 24 hours, or if it was

documented as a regular medication prior to admission.
Definitions

Patients were classified as having a newly initiated beta-blocker if they received the first dose during

admission and received at least 24 hours of beta-blocker therapy.

COPD was defined according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
spirometry requirements for diagnosis of a post-bronchodilator forced expiratory volume in one
second (FEV-1) to Forced Vital Capacity (FVC) ratio <0.70 (1). Severity of obstructive lung disease was
defined according to the GOLD staging categories: Stage |, FEV-1 280% predicted; Stage Il, FEV-1 50-
79% predicted; Stage Ill, FEV-1 30-49% predicted; Stage IV, FEV-1 <30% predicted. Significant
bronchodilator reversibility was defined as an improvement in FEV-1 of >200ml and at least 12%
with bronchodilator. Acute hypoxaemic and hypercapnic respiratory failure were defined according
to arterial blood gas results (partial pressure of oxygen <60mmHg and partial pressure of carbon

dioxide >50mmHg with pH <7.35, respectively).
Patient Demographics

Patient demographics including age, gender, length-of-stay, smoking status and treating specialty

team were recorded. Spirometric data were recorded for patients if testing was performed within
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one year either side of the date of admission. If more than one set of respiratory function tests
existed within this two-year period, then the results closest to the admission date were used for this

study.
Outcomes

The primary outcome of the study was to assess cardiovascular and respiratory adverse events
related to the commencement of beta-blocker therapy. Bradycardia and symptomatic hypotension
were recorded as cardiovascular adverse effects. Increased oxygen requirement was defined as a
persistent increase in fraction of inspired oxygen for more than 12 hours following the
introduction of beta-blocker therapy. Reduction in oxygen saturation, as determined by pulse
oximetry, was defined as persistent oxygen desaturation of more than 5% from baseline for
greater than twelve hours following introduction of beta-blocker therapy. Increased ventilatory
demand was defined as the introduction of or upgrade to non-invasive ventilation, including
continuous positive airway pressure or bilevel positive airway pressure, or invasive mechanical
ventilation following the introduction of beta-blocker therapy. Increased bronchodilator
requirement was defined as a >25% increase in 24-hour cumulative bronchodilator dose compared

to cumulative dose in the 24 hours prior to introduction of beta-blocker therapy.
Results

From the original cohort of 1,071 patients admitted to hospital for an acute exacerbation of COPD,
we identified 36 patients with COPD in whom beta-blocker therapy was commenced during an
admission-with AE-COPD. Mean age was 77.1 years (£ 8.7) at admission and 52.7% were female. All
patients had previously had a spirometry-confirmed diagnosis of COPD, with mean Forced Expiratory
Ratio (FER) of 48.2% (+ 13.1%). The majority of patients (61%) were admitted under a respiratory
specialist unit with a median length of stay of 7.5 days (interquartile range 5 - 13.75). Table 1

summarises patient characteristics and on-admission medications.
Respiratory and Cardiac Comorbidities

In the 36 patients included in the study, the median FEV-1 as a percentage of predicted value was
47.5%. When categorized by GOLD staging, four patients (11%) had mild airflow limitation (stage I),
11 patients (31%) had moderate airflow limitation (stage Il), 17 patients (47%) had severe airflow
limitation (stage lll), and four patients (11%) had very severe airflow limitation (stage 1V).
Additionally, three patients (8.3%) demonstrated significant bronchodilator reversibility. One-third
of patients were current smokers. At least one pre-existing cardiovascular comorbidity was present

in 32 patients (89%), with the most prevalent being hypertension and hyperlipidaemia (67% and
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56%, respectively). Ischaemic heart disease was present in 14 patients (39%). Of the 13 patients with
chronic heart failure, six (17%) had reduced ejection fraction, four (11%) had preserved ejection
fraction, and three (8%) had unknown echocardiography results. Acute respiratory failure was
present in 12 patients (33%), including five hypoxic (13.9%) and seven hypercapnic (19.4%). Active

cancer was present in four patients, two of whom had primary pulmonary malignancies.
Beta-blocker therapy

As per the exclusion criteria, no patient was receiving long-term beta-blocker therapy prior to
admission was included. Table 2 details the beta-blocker agent and indication in the 36 patients with
prior spirometry-confirmed COPD who were included in this study. In 15 patients (41.7%), beta-
blockers were commenced within 48 hours of admission. The most common indications for beta-
blocker therapy included rate control of atrial fibrillation (19/36, 53%), non-ST segment elevation
myocardial infarction (NSTEMI) (12/36, 33%), and optimisation of medical management of heart
failure (3/36, 8.3%).Cardioselective beta-blockers accounted for 97% of those prescribed in this
study, including metoprolol (27/36, 75%), bisoprolol (5/36, 14%), nebivolol (2/36, 6%) and atenolol

(1/36, 3%), while carvedilol, a non-selective beta-blocker, was prescribed in one patient (3%).
Outcomes

Beta-blockers were continued throughout the admission following initiation of therapy in 35
patients (97%). Following beta-blocker commencement no patients required an increase in
fraction of inspired oxygen; no patients demonstrated persistent oxygen desaturation of more
than 5% from baseline for greater than twelve hours; no patients were initiated on, or upgraded
to non-invasive ventilation or invasive mechanical ventilation, and no patients had increased

bronchodilator requirements (See Table 3).

One patient had their beta-blocker ceased due to symptomatic hypotension. This was a 77-year-old
female (Patient 31 in Table 2) who was commenced on metoprolol (25mg twice daily) following
NSTEMI on presentation for AE-COPD. Hypotension was observed 36 hours following initiation and
the beta-blocker was co-administered with amlodipine, ramipril and sublingual glyceryl trinitrate.
Metoprolol and amlodipine were ceased two days after initiation of the beta-blocker, in order to
improve the hypotension. No other commonly recognised adverse effects of beta-blockers were
reported during admission in the 36 patients, including bradycardia, central nervous system effects

(nightmares, insomnia, hallucinations), or worsening of peripheral vascular disease.

Discussion
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Our study provides evidence that cardioselective beta-blockers can be safely initiated and are well
tolerated in patients during AE-COPD hospitalisations. All patients had experienced exacerbation
severe enough to warrant hospital admission, and a majority of the cohort had severe or very severe
COPD. Despite this, no patients experienced respiratory complications of beta-blocker therapy,
despite beta-blocker therapy being commenced within 48 hours of admission in 41.7% of the cohort.
No patients experienced a deterioration in clinically-important respiratory outcomes, and beta-

blockers were continued until discharge in all but one patient.

No patients.in this study required an increase in bronchodilator dosing following the initiation of
beta-blockers, despite the theoretical pharmacological interaction between beta-agonist
bronchodilators and beta-blockers (13, 24, 25). This supports previous studies demonstrating that
cardioselective beta-blockers may not affect bronchodilator responsiveness in patients with stable
COPD (26-28). Whilst pre- and post-beta-blocker spirometric data were not able to be used to
accurately determine the presence of any beta-blocker induced bronchoconstriction in this cohort,
we believe that increased bronchodilator requirements represent a suitable surrogate clinical
marker. This apparent safety and lack of requirement for an increase in bronchodilator is particularly
reassuring given the known potential for increased cardiac toxicity as a consequence of increased

beta agonist use, notably including tachycardia and myocardial infarction (29).

One patient had beta-blocker therapy ceased following an adverse cardiovascular effect. This
individual (Patient 31, Table 2) experienced symptomatic hypotension following initiation of beta-
blocker therapy, in the setting of being treated with multiple anti-hypertensive agents. This adverse
effect may have been avoided with appropriate patient selection, a lower initiating dosing of
metoprolol, or a reduction in some of the other anti-hypertensive agents the patient was receiving.
Beta-blockers are known to cause bradycardia and hypotension, particularly in elderly patients, and

in combination with other antihypertensive agents (30).

No patients developed worsening hypoxaemia, required an increase in supplemental oxygen
therapy, or were escalated higher levels of ventilation following the commencement of beta-

blockers.

Our findings add to the limited evidence for beta-blocker use during an admission for AE-COPD. A
retrospective study by Kargin and colleagues examined beta-blocker commencement in COPD
patients with respiratory failure in the intensive care unit (ICU) (31). Over 85% of included patients
were admitted for AE-COPD and the authors concluded that beta-blockers were not associated with
increased length of ICU stay, duration of ventilation or mortality compared with other heart rate-

lowering drug use. Although only one of our patients was admitted to ICU, our study provides
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reassurance beta-blockers can be considered for suitable COPD patients with an indication for beta-

blocker therapy in a ward-based (non-ICU) inpatient setting.

In our study, three patients demonstrated significant bronchodilator reversibility on respiratory
function tests performed within two years of the date of admission. These three patients all received
cardioselective beta-blockers during the acute exacerbation of COPD without experiencing any
adverse respiratory outcomes. Whilst no formal respiratory function tests were performed to
confirm this result, we believe a lack of clinical deterioration during the AE-COPD is particularly
pertinent given the growing understanding of the asthma-COPD overlap syndrome(32, 33). This also
contrasts prior small studies reporting acute deterioration in respiratory function following the
initiation of a beta-blocker (26, 28, 34). This is may be due to these studies assessing the effects of
non-selective beta-blockers. Importantly, 41.6% of patients in our cohort had beta-blockers initiated
within 48 hours of admission without significant consequences. This strengthens our suggestion that
these medications may be safe to introduce during AE-COPD, as theoretically the first 48 hours
following admission are the most vulnerable from a respiratory perspective. The vast majority of
beta-blockers used in our cohort were cardioselective (97%). These have previously been shown to
have minimal acute effects on respiratory function (35). Additionally, over half of the patients in the
study had severe to very severe airflow limitation, suggesting that beta-blockers may be safely

introduced during AE-COPD even in patients with advanced lung disease.

The safety of beta-blockers in patients with stable COPD has been established (16) with associated
mortality benefits suggested in retrospective studies in patients with comorbid cardiovascular
disease (30,36, 37). In addition, some studies indicate a reduced rate of AE-COPD in this cohort
receiving beta-blocker therapy (18, 38, 39). Despite this, under-prescribing of beta-blocker therapy
in COPD patients with comorbid cardiac disease is common and has been independently
demonstrated in a number of cohorts (21, 22, 40). The reasons for this are not known and are likely
multifactorial, but include prescriber caution (41, 42), reflecting previous concerns that beta-

blockers were harmful in COPD patients.

The burden of cardiac morbidity across all severities of COPD is significant and often underdiagnosed
(25, 43-45).0ver a third of patients in this study had a history of ischaemic heart disease and/or
heart failure. International guidelines recommend the use of beta-blocker in patients with heart
failure with reduced ejection fraction and in those with a history of prior AMI (46, 47).
Contemporary reviews have emphasized the relationship between COPD and cardiovascular disease,
and the importance of optimal management in patients with these comorbid diseases (23, 25, 48).

Cardiac comorbidity is highly prevalent in the COPD population and our study suggests that an
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admission for AE-COPD may provide an opportunity to safely optimise its medical management (4,

11, 49).

As well as serving as a good window of opportunity for commencement of beta-blockers in COPD
with mortality-reducing cardiac indications, there is potential for significant short-term benefit.
Experimental research indicates that both stable COPD and acute exacerbations of COPD are
associated with systemic and airway inflammation (6, 7). It is also well-established that systemic
inflammation leads to endothelial dysfunction, atherosclerotic plaque instability, platelet activation
and altered cardiac electrophysiology; increasing the risk of coronary artery disease, acute coronary
syndrome and cardiac arrhythmias (49-52). AE-COPD is also a period of increased known risk factors
for arrhythmogenesis, including hypercapnia, oxidative stress and systemic inflammation (53-55).
Furthermore, cardiac biomarkers are commonly elevated during AE-COPD and are associated with
increased mortality both in-hospital and following discharge (56-58), demonstrating the implications
of cardiac stress in AECOPD. Increased mortality following AE-COPD is observed beyond 60 days,
with most of these deaths being cardiac in nature (5). The impact of beta-blocker prescription on
such complications during the post-AECOPD period is not known and is an area for future

prospective studies.

Cardiac comorbidity is frequently underappreciated in patients with COPD and represents a
significant area for improvement in clinical management (23). The introduction of beta-blockers to
manage and potentially prevent these recognised complications of AE-COPD may become common
practice. Of note, experimental animal models have suggested that chronic beta-blocker use may
provide additional benefits in pulmonary physiology and COPD pathophysiology, including increasing
pulmonary B,-adrenoreceptor density, attenuating inflammatory cell infiltration and cytokine levels,
and decreasing mucous hypersecretion (59-61); proposing a therapeutic role for beta-blockers in
COPD independent of comorbid cardiovascular disease states. Further research must be focused on

transforming these experimental results into clinical outcomes.
Limitations

A number of limitations were identified in this study. As is inherent in a retrospective study design
such as our own, it is difficult to ensure all patients have the clinical tests and observations
performed that allow for an objective, quantitative comparator. Hence we have had to rely on the
accurate recording of clinical signs and outcomes occurring during admission. We have chosen these
objective and categorical outcomes to represent clinical surrogate markers in place of spirometry
and arterial blood gas results. Biases are inherent in all retrospective studies, including the inability

to account for all underlying confounders. Selection bias may also be present as those patients who
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were significantly unwell during the admission, and potentially more likely to have adverse events,
were less likely to have received a beta-blocker due to the unknown safety of these medications
during an AE-COPD. Some adverse effects are likely to be underestimated in our study, including
erectile dysfunction and central nervous system effects, due to lack of reporting and under-

recording of adverse effects of this nature during an acute admission.
Conclusion

Our study demonstrates that the commencement of beta-blocker therapy during an acute
exacerbation of COPD may be safe with regards to respiratory outcomes. Appropriate patient
selection will minimise potential adverse effects, and given the high incidence of cardiac morbidity
and mortality during these periods of acute respiratory distress, beta-blockers may confer benefits.

These observations require confirmation in prospective studies.
References

1. Global Initiative for Chronic Obstructive Lung Disease (GOLD). Global strategy for the
diagnosis, management and prevention of COPD: Revised 2017. 2017.

2. World Health Organisation (WHO). Chronic Obstructive Pulmonary Disease (COPD)- Burden
of COPD. 2014 2014. Contract No.: 20 September 2014.

3. Anthonisen N, Connett J, Enright P, Manfreda J. Lung Health Study Research Group.
Hospitalisations and mortality in the Lung Health Study. American Journal of Respiratory and Critical
Care Medicine. 2002;166(333-9).

4, Wise R, Mcgarvey L, John M, Anderson J, Zvarich M. Reliability of cause-specific mortality
adjudication in a COPD clinical trial. . Progam and abstracts of the American Thoracic Society 2006
International Conference; San Diego, California2006.

5. Suissa S DAS, Ernst P. Long-term natrual history of chronic obstructive pulmonary disease:
severe exacerbations and mortality. Thorax. 2012;67:957-63.

6. Wedzicha J, Seemungal T. COPD Exacerbations: defining their cause and prevention. Lancet.
2007;370:286-796.

7. Wedzicha J, Singh R, Mackay A. Acute COPD Exacerbations. Clinical Chest Medicine.
2014;35:157-63.

8. Baker J, Wilcox R. B-Blockers, heart disease and COPD: current controversies and
uncertainties. Thorax. 2017;72:271-6.

9. Donaldson G, Hurst J, Smith C, Hubbard R, Wedzicha J. Increased risk of myocardial
infarction and Stroke following Exacerbation of COPD. Chest. 2011;137(5):1091-97.

This article is protected by copyright. All rights reserved.



10. Halpin D, Decramer M, Celli B, Kesten S, Leimer I, Tashkin D. Risk of Nonlower Respiratory
Serious Adverse Events Following COPD Exacerbations in the 4-year UPLIFT Trial. Lung.
2011;189(4):261-8.

11. Lim K, Loughrey S, Lavender M, Musk M, Wrobel J. Cardiovascular and cerebrovascular
events occur frequently in acute exacerbations of COPD and are associated with poor outcomes.
Respirology. 2015;20:15.

12. Meier C, Jick S, Derby L, Vasilakis C, Jick H. Acute respiratory-tract infections and risk of first-
time acute myocardial infarction. The Lancet. 1998;351(9114):1467-71.

13. Lahousse L, Verhamme K, Stricker B, Brusselle G. Cardiac eff ects of current treatments of

chronic obstructive

pulmonary disease. Lancet Respiratory Medicine. 2016(4):149-64.

14. Groenewegen K, Schols A, Wouters E. Mortality and mortality-related factors after
hospitalisation for acute exacerbation of COPD. Chest. 2003;46:12-7.

15. Salpeter S, Ormiston T, Salpeter E, Wood-Baker R. Cardioselective beta-blockers for
reversible airway disease. Cochrane Database of Systematic Reviews. 2002(4).

16. Salpeter S, Ormiston T, Salpeter E. Cardioselective beta-blockers for chronic obstructive
pulmonary disease (Review). Cochrane Database of Systematic Reviews. 2005;2005(4).

17. Dransfield M, Rowe S, Johnson J, Bailey W, Gerald L. Use of B-blockers and the risk of death
in hospitalised patients with acute exacerbations of COPD. Thorax. 2008;63:301-5.

18. Bhatt S, Wells J, Kinney G, Washko Jr G, Budoff M, Kim Y, et al. B-Blockers are associated
with a reduction in COPD Exacerbations. Thorax. 2016;71(1):8-14.

19. Short P, Lipworth S, Elder D, Schembri S, Lipworth B. Effect of B blockers in treatment of
chronic obstructive pulmonary disease: a retrospective cohort study. British Medical Journal.
2011;342.

20. Stefan M, Rothberg M, Priya A, Pekow P, Au D, Lindenauer P. Association between b-blocker
therapy and outcomes in patients hospitalised with acute exacerbations of chronic obstructive lung
disease with underlying ischaemic heart disease, heart failure or hypertension. Thorax. 2012;67:977-
84.

21. Neef P, McDonald C, Burrell L, Irving L, Johnson D, Steinfort D. Beta-blockers are under-
prescribed in patients with chronic obstructive pulmonary disease and co-morbid cardiac disease.
Internal Medicine Journal. 2016;48(11):1336-40.

22. Lipworth B, Skinner D, Devereux G, Thomas V, Ling Zhi Jie J, Martin J, et al. Underuse of B-

blockers in heart failure and chronic obstructive pulmonary disease. Heart. 2016;0:1-6.

This article is protected by copyright. All rights reserved.



23. Lipworth B, Wedzicha J, Devereux G, Vestbo J, Dransfield M. Beta-blocker in COPD: time for
reappraisal. European Respiratory Journal. 2016;48:880-8.

24. Zeng LH. HY, Liu L., Zhang M., Cui H. Impact of beta2-agonists, beta-blockers, and their
combination on cardiac function in elderly male patients with chronic obstructive pulmonary
disease. Clinical Interventions in Aging. 2013;8:1157-65.

25. Macdonald M, Shafuddin E, King P, Chang C, Bardin P, Hancox R. Cardiac dysfunction during
exacerbations of chronic obstructive pulmonary disease. Lancet Respiratory Medicine.
2016;4(2):138-48.

26. Chang C, Mills G, McLachlan J, Karalus N, Hancox R. Cardio-selective and non-selective beta-
blockers in chronic obstructive pulmonary disease: effects on bronchodilator response and exercise.
Internal Medicine Journal. 2010;40:193-200.

27. Hawkins N, Macdonald M, Petrie M, Chalmers G, Carter R, Dunn F, et al. Bisoprolol in
patients with heart failure and moderate to severe chronic obstructive pulmonary disease: a
randomized controlled trial. European Journal of Heart Failure. 2009;11(7):684-90.

28. Van der Woude H, Zaagsma J, Postma D, Winter T, Van Hulst M, Aalbers R. Detrimental
Effects of Beta-blockers in COPD: A Concern for Nonselective Beta-blockers. Chest. 2005;127:818-24.
29. SR. S, Ormiston T, Salpeter E. Cardiovascular effects of beta-agonists in patients with asthma
and COPD: a meta-analysis. Chest. 2004;125:2309-21.

30. Chen J, Radford M, Wang Y, Marciniak T, Krumholz H, et al. Effectiveness of beta-blocker
therapy after acute myocardial infarction in elderly patients with chronic obstructive pulmonary
disease or asthma. Journal of American College of Cardiology. 2001;37(7):1950-56.

31. Kargin F, Takir H, Salturk C, Goksenglu N, Karabay C, Mocin O, et al. The safety of beta-
blocker use in chronic obstructive pulmonary disease patients with respiratory failure in the
intensive care unit. Multidisciplinary Respiratory Medicine. 2014;9(8).

32. Postma D, Reddel H, ten Hacken N, van den Berge M. Asthma and Chronic Obstructive
Pulmonary Disease: Similarities and Differences. Clinics in Chest Medicine. 2014;35:143-56.

33. Postma D, Rabe K. The asthma-COPD overlap syndrome. New England Journal of Medicine.
2015;373:1241-9.

34. Mainguy V, Girard D, Maltais F, Saey D, Milot J, Senechal M, et al. Effect of Bisoprolol on
Respiratory Function and Exercise Capacity in Chronic Obstructive Pulmonary Disease. American
Journal of Cardiology. 2012;110:258-63.

35. Short P, Williamson P, Anderson W, Lipworth B. Randomised placebo-controlled trial to
evaluate chronic dosing effects of propranolol in asthma. American Journal of Respiratory and

Critical Care Medicine. 2013;187:1308-14.

This article is protected by copyright. All rights reserved.



36. Angeloni E, Melina G, Roscitano A, Refice S, Capuano F, Lechiancole A, et al. b-Blockers
Improve Survival of Patients With Chronic Obstructive Pulmonary Disease After Coronary Artery
Bypass Grafting. Annals of Thoracic Surgery. 2013;95:525-32.

37. Mentz R, Wojdyla D, Fiuzat M, Chiswell K, Fonarow G, O'Connor C. Association of Beta-
Blocker Use and Selectivity With Outcomes in Patients With Heart Failure and Chronic Obstructive
Pulmonary Disease (from OPTIMIZE-HF). American Journal of Cardiology. 2013;111:582-7.

38. Rutten F, Zuithoff N, Hak E, Grobbee D, Hoes A. B-Blockers May Reduce Mortality and Risk of
Exacerbations in Patients With Chronic Obstructive Pulmonary Disease. Archives of Internal
Medicine. 2010;170(10):880-7.

39. Farland M, Peters C, Williams J, Bielak K, Heidel R, Ray S. b-Blocker Use and Incidence of
Chronic Obstructive Pulmonary Disease Exacerbations. Annals of Pharmacotherapy. 2013;47:651-6.
40. Egred M, Shaw S, Mohammed B, al e. Under-use of beta-blockers in patients with ischaemic
heart disease and concomitant chronic obstructive pulmonary disease. Quarterly Journal of
Medicine. 2005;98:493-7.

41. Swennen M, Rutten F, Kalkman C, Van der Graaf Y, Sachs A, Van der Heijden G. Do general
practitioners follow treatment recommendations from guidelines in their decisions on heart failure
management? A cross-sectional study. BMJ Open. 2013;3.

42. Jones T, Ruffin R, Arstall M. Cardiologists are more willing to prescribe B-Blockers than
respiratory physicians: an Australasian clinical scenario study. Internal Medicine Journal.
2013;43(5):507-12.

43, Mullerova H, Agusti A, Erqgou S, Mapel D. Cardiovascular comorbidity in COPD: systematic
literature review. Chest. 2013;144:1163-78.

44, Brekke P, Omland T, Smith P, Soyseth V. Underdiagnosis of myocardial infarction in COPD -
cardiac infarction injury scoe (CIIS) in patients hospitalised for COPD exacerbation. Respiratory
Medicine. 2008;102:1243-7.

45, Wang C, Fitzgerald J, Schulzer M, Mak E, Ayas N. Does this dyspneic patient in the
emergency department have congestive heart failure? Journal of the American Medical Association.
2005;294:1944-56.

46. Steg G, James S, Atar D, Badano L, Blomstrom-Lundqvist C, Borger M, et al. ESC Guidelines
for the management of acute myocardial infarction in patients presenting with ST-segment
elevation. European Heart Journal. 2012;33:2569-619.

47. McMurray J, Adamopoulous S, Anker S, Auricchio A, Bohm M, Dickstein K, et al. ESC
Guidelines for the diagnosis and treatment of acute and chronic heart failure 2012. European Heart

Journal of Heart Failure. 2012;14:803-69.

This article is protected by copyright. All rights reserved.



48. Lopez-Campos J, Marquez-Martin E, Casanova C. Beta-blockers and COPD: the show must go
on. European Respiratory Journal. 2016;48(3):600-3.

49, Finkelstein J, Cha E, Scharf S. Chronic obstructive pulmonary disease as an independent risk
factor for cardiovascular morbidity. International Journal of COPD. 2009;4:337-49.

50. Luis A. Atherosclerosis. Nature. 2000;407:233-41.

51. Sin D, McAllister F. The effects of beta-blockers on morbidity and mortality in a population-
based cohort of 11,942 elderly patients with heart failure. American Journal of Medicine.
2002;113(8):650-6.

52. Hu Y-F, Chen Y-J, Lin Y-J, Chen S-A. Inflammation and the pathogenesis of atrial fibrillation.
Nature Reviews Cardiology. 2015;12:230-43.

53. Kirkham P, Barnes P. Oxidative Stress in COPD. Chest. 2013;144:266-77.

54. Guo'Y, Lip G, Apostolakis S. Inflammation in atrial fibrillation. Journal of American College of
Cardiology. 2012;60:2263-70.

55. Stevenson |, Roberts-Thomson K, Kistler P, Edwards G, Spence S, Sanders P, et al. Atrial
electrophysiology is altered by acute hypercapnia but not hypoxemia: Implications for promotion of
atrial fibrillation in pulmonary disease and sleep apnea. Heart Rhythm. 2010;7:1263-70.

56. Marcun R SA, Brguljan PM et al. Cardiac biomarkers predict outcome after hospitalisation for
an ecute exacerbation of chronic obstructive pulmonary disease. International Journal of Cardiology.
2012;161(3):156-59.

57. Martins C, Rodrigues J, Miranda V, Nunes J. Prognostic value of cardiac troponin | in patients
with COPD acute exacerbation. The Netherlands Journal of Medicine. 2009;67(10):341-49.

58. Harvey M, Hancox R. Elevation of cardiac troponins in exacerbation of chronic obstructive
pulmonary disease. Emergency Medicine Australiasia. 2004;16(3):212-15.

59. Zhou Y. XM, Zhang Y., Guo Y., He B. Effect of Long-Term Application of Metoprolol and
Propranolol in a Rat Model of Smoking. Clinical and Experimental Pharmacology and Physiology.
2014.

60. Zhou Y. ZY, Guo Y., Zhang Y., Xu M., He B. b2-Adrenoceptor Involved in Smoking-Induced
Airway Mucus Hypersecretion through b-Arrestin-Dependent Signaling. PLOS ONE. 2014;9(6).

61. Rinaldi B, Capuano A, Gritti G, Donniacuo M, Scotto Di Vettimo A, Sodano L, et al. Effects of
chronic administration of b-blockers on airway responsiveness in a murine model of heart failure.

Pulmonary Pharmacology & Therapeutics. 2014;28.

This article is protected by copyright. All rights reserved.



Table 1: Summary of patient characteristics and on-admission medications

Demographics

Respiratory Function

Mean Age (SD)

77.1 years

(+/-8.7)

Mean FEV-1

(% predicted; SD)

51.9% (+/- 18.4%)

Female

19/36 (52.7%)

Mean FER (SD)

48.2% (+/-13.1%)

Mean LOS (SD)

11.2 days (+/- 8.9)

BD Reversibility

3/36 (8.3%)

Median LOS

7.5 days

Cardiovascular Medications

Treating Team

ACE-inhibitor/ARB

15/36 (41.7%)

Respiratory

22/36 (61.1%)

Antiplatelet

20/36 (55.6%)

General Medicine

14/36 (38.9%)

Anticoagulant

15/36 (41.7%)

Current/Former Smokers

12/24

Statin

27/36 (75%)

Acute Respiratory Failure

12/36 (33.3%)

Loop diuretic

14/36 (38.9%)

Hypoxic

5/36 (13.9%)

Aldosterone antagonist

3/36 (8.3%)

Hypercapnic

7/36 (27.8%)

Respiratory

Medications

Comorbidities

Short-acting

beta-agonist

35/36 (97.2%)

Hypertension

24/36 (66.7%)

Short-acting
antimuscarinic

12/36 (33.3%)

Hyperlipidaemia

20/36 (55.6%)

Long-acting

beta-agonist

31/36 (86.1%)

Diabetes Mellitus

11/36 (30.6%)

Long-acting
antimuscarinic

30/36 (83.3%)

Ischaemic Heart Disease

14/36 (38.9%)

Inhaled corticosteroid

32/36 (88.9%)

Heart Failure

13/36 (36.1%)

PVD

10/36 (27.8%)

Pre-existing AF

11/36 (30.6%)

Cerebrovascular Disease

3/36 (8.3%)

Current Malignancy

4/36 (11.1%)

ACE, angiotensin-converting enzyme; AF, atrial fibrillation; ARB, angiotensin Il receptor blocker; BD,
bronchodilator reversibility; FER, forced expiratory ratio; FEV-1, forced expiratory volume in one second; LOS,
length of stay; PVD, peripheral vascular disease; SD, standard deviation
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Table 2: Detailed description of the demographics and admission for all patients with spirometry-confirmed COPD included in the study

Patient Age Gender Indication Beta-blocker and initial Day of FEV-1 FVC FER | Bronchodilator Comments
(years) dose admission Reversibility
initiated/LOS
1 59 M AF Metoprolol 25mg BD 2/6 0.77 3.67 21 No -
(25%) (27%)
(95%)
2 91 M NSTEMI Metoprolol 12.5mg BD 4/21 0.48 1.50 32 No -
(33%) (66%)
(46%)
3 91 M AF Metoprolol 25mg BD 1/24 0.95 2.03 65 No -
(43%) (66%)
(47%)
4 87 M AF Bisoprolol 1.25mg daily 1/5 1.06 2.17 49 No -

(53%) (74%) | (70%)

5 71 M AF Metoprolol 12.5mg BD 1/2 1.60 3.18 50 No -
(80%) | (120%) | (66%)

6 54 F NSTEMI Metoprolol 12.5mg BD 4/11 0.56 1.91 37 No -
(24%) (65%) | (51%)

7 71 M AF Metoprolol 12.5mg BD 1/8 0.94 1.48 64 No -
(34%) (41%) | (83%)

8 81 M NSTEMI Nebivolol 1.25mg daily 5/7 2.01 3.19 63 No -
(75%) (88%) | (85%)

9 93 F NSTEMI Metoprolol 25mg BD 2/10 0.98 2.09 47 No -
(45%) (65%) | (68%)
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10 81 AF Metoprolol 12.5mg BD 6/11 0.86 1.96 44 No -
(49%) (82%) | (59%)
11 77 STEMI Metoprolol 25mg BD 4/16 0.99 2.04 49 No -
(47%) (73%) | (65%)
12 83 NSTEMI Metoprolol 12.5mg BD 3/5 0.70 1.57 45 No -
(49%) (78%) | (61%)
13 76 AF Metoprolol 25mg BD 2/5 0.89 1.99 44 No -
(42%) (74%) | (75%)
14 83 SVT Metoprolol 25mg BD 2/5 0.69 1.71 40 Yes -
(41%) (76%) | (55%)
15 89 AF Metoprolol 12.5mg BD 4/19 1.00 1.64 61 No -
(59%) (71%) | (84%)
16 76 NSTEMI Metoprolol 25mg BD 14/37 0.97 1.69 52 No -
(46%) (60%) | (69%)
17 74 HF Optimisation Carvedilol 3.125mg BD 7/8 2.4 3.7 65 -
(78%) | (90%) | (88%) No
18 84 AF Bisoprolol 2.5mg daily 10/20 1.8 3.97 45 -
(50%) (81%) | (63%) No
19 71 AF Metoprolol 25mg BD 1/2 1.3 2.0 66 -
(62%) (78%) | (85%) No
20 70 NSTEMI Bisoprolol 2.5mg daily 2/24 Intubated for T2-RF
refractory to NIV.
0.44 1.72 NSTEMI while intubated
(23%) (73%) 26 No in ICU, and commenced

on beta-blocker.
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Extubated two days
later without issue

21 74 AF Metoprolol 25mg BD 20/34 1.2 2.8 43 -
(40%) (75%) | (41%) No

22 83 AF Bisoprolol 2.5mg daily 4/8 0.89 34 -
(55%) 2.63 (47%) No

23 84 HF Optimisation Metoprolol 25mg BD 2/6 1.3 2.4 54 -
(93%) | (116%) | (77%) No

24 80 AF Metoprolol 25mg BD 3/7 0.72 1.93 37 No -
(44%) (87%) | (50%)

25 72 HF Optimisation Metoprolol 12.5mg BD 6/8 1.46 2.14 68 No -
(98%) | (116%)

26 67 AF Bisoprolol 2.5mg daily 3/7 0.9 2.4 38 -
(39%) (87%) | (50%) Yes

27 78 AF Metoprolol 12.5mg BD 8/28 0.8 2.1 38 -
(48%) | (99%) | (40%) No

28 66 AF Metoprolol 12.5mg BD 2/5 1.46 3.75 39 -
(47%) (89%) | (53%) No

29 79 NSTEMI Metoprolol 12.5mg BD 1/5 1.22 2.00 61 -
(82%) (99%) | (82%) No

30 66 NSTEMI Nebivolol 1.25mg daily 3/3 1.95 3.05 63 -
(71%) | (85%) | (80%) No

31 77 NSTEMI Metoprolol 25mg BD 1/13 0.93 39 Beta-blocker ceased
(46%) 2.39 (53%) No after two days
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secondary to
symptomatic
hypotension

32 76 NSTEMI Metoprolol 25mg BD 3/6 1.05 2.20 47 -
(47%) (78%) | (74%) No

33 77 AF Metoprolol 25mg BD 4/6 1.05 1.47 63 No -
(56%) (60%) | (82%)

34 84 AF Atenolol 25mg daily 2/5 1.49 2.54 57 Yes -
(63%) (74%) | (80%)

35 69 AF Metoprolol 25mg BD 3/5 0.83 3.82 22 No -
(28%) (98%) | (29%)

36 75 NSTEMI Metoprolol 25mg BD 5/10 1.42 2.46 58 No -
(56%) (69%) | (79%)

AF, atrial fibrillation; BD, twice-daily; FEV-1, forced expiratory volume in one-second; FER, forced expiratory ratio; FVC, forced vital capacity; HF, heart failure; ICU, intensive care unit;
LOS, length-of-stay; NIV, non-invasive ventilation; NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction; SVT, supraventricular

tachycardia; T2RF, type-2 respiratory failure
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Table 3: Summary of beta-blocker therapy and adverse outcomes

Beta-blocker Indication

AF

19/36 (52.7%)

NSTEMI

12/36 (33%)

HF Optimisation

3/36 (8.3%)

SVT (other than A

F)

1/36 (2.8%)

STEMI 1/36 (2.8%)
Beta-blocker Prescribed
Metoprolol 27/36 (75%)
Bisoprolol 5/36 (13.9%)
Nebivolol 2/36 (5.6%)
Carvedilol 1/36 (2.8%)
Atenolol 1/36 (2.8%)

Adverse effects following beta-blocker commencement

Increased oxygen requirement 0/36 (0%)

Reduction in oxygen saturation 0/36 (0%)

Increased ventilatory demand 0/36 (0%)

Increased bronchodilator 0/36 (0%)

requirement

Hypotension 1/36 (2.8%)

Bradycardia 0/36 (0%)

AF, atrial fibrillation; HF, heart failure; NSTEMI, non-ST segment elevation
myocardial infarction; STEMI, ST-segment elevation myocardial infarction; SVT,
supraventricular tachycardia
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