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Aims Chronic obstructive pulmonary disease (COPD) negatively impacts the efficacy of heart rhythm control treatments in pa-
tients with atrial fibrillation (AF). Although COPD is recognized as a risk factor for AF, practical guidance about how and
when to screen for COPD is not available. Herein, we describe the implementation of an integrated screening and manage-
ment pathway for COPD into the existing pre-ablation work-up in an AF outpatient clinic infrastructure.

Methods and Consecutive unselected patients accepted for AF catheter ablation in the Maastricht University Medical Center+ were pro-

results spectively screened for airflow limitation using handheld (micro)spirometry at the pre-ablation outpatient clinic supervised
by an AF nurse. Patients with results suggestive of airflow limitation were offered referral to the pulmonologist. Handheld
(micro)spirometry was performed in 232 AF patients, which provided interpretable results in 206 (88.8%) patients. Airflow
limitation was observed in 47 patients (20.3%). Out of these 47 patients, 29 (62%) opted for referral to the pulmonologist.
The primary reason for non-referral was low perceived symptom burden. Using this screening strategy 17 (out of 232; 7.3%)
ultimately received a diagnosis of chronic respiratory disease, either COPD or asthma.

Conclusion A COPD care pathway can successfully be embedded in an existing AF outpatient clinic infrastructure, using (micro)spir-
ometry and remote analysis of results. Although one out of five patients had results suggestive of an underlying chronic re-
spiratory disease, only 62% of these patients opted for a referral. Pre-selection of patients as well as patient education might
increase the diagnostic yield and requires further research.
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Graphical Abstract

Implementation of a screening and management pathway for chronic obstructive
pulmonary disease in patients with atrial fibrillation

To describe the
implementation of a screening
and management pathway for
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A COPD care pathway can successfully be embedded in an existing AF patient clinic infrastructure, using
(micro)spirometry and remote analysis of results.

What’s new?

® One out of five AF patients at the pre-ablation outpatient clinic had
airflow limitation on (micro)spirometry.

® Screening with (micro)spirometry in this patient population is feas-
ible, with 88.8% of patients being able to achieve interpretable
results.

® A screening and management pathway for chronic obstructive pul-
monary disease can successfully be embedded in an existing AF out-
patient clinic infrastructure.

Introduction

Detection and management of comorbidities associated with atrial fibril-
lation (AF) is recommended in the European Society of Cardiology (ESC)
AF guidelines as one of the pillars of the comprehensive Atrial fibrillation
Better Care (ABC) management pathway.' Besides many other co-
morbidities, chronic obstructive pulmonary disease (COPD), present in
approximately 13% of AF patients,”™ has recently been introduced as
an emerging AF risk factor. COPD is associated with higher symptom bur-
den, worse quality of life, worse cardiovascular outcomes, and increased
hospital admissions and all-cause mortality in AF patients.”™ Moreover,
it is also associated with AF progression and reduced efficacy of rhythm
control treatments such as cardioversion and catheter ablation.®~"?
Despite the fact that COPD is highly prevalent worldwide and is re-
cognized as a relevant AF risk factor in international AF management
guidelines, practical guidance as well as recommendations about how
and when to test and screen for COPD are not available.*'*'* Such
screening strategies could identify patients at risk of a poor outcome

and adequate diagnosis and treatment of COPD will likely improve
symptom burden through improvement of overlapping symptoms
such as dyspnoea.’® Nevertheless, whether treatment of COPD im-
proves the outcome of AF therapy has yet to be determined.
Developing and employing screening and diagnostic pathways is neces-
sary to appraise the impact of treatment strategies targeting comorbid-
ities in the aging multi-morbid AF population. A recent survey
performed within the European Heart Rhythm Association
(EHRA)-PATHS project, which is aimed at developing such new care
pathways, demonstrated challenges such as the lack of an integrated
care model, organizational or institutional issues and issues with patient
adherence, and the consortium consequently calls for a systematic, in-
tegrated management of AF-related comorbidities, including
COPD."¢

The aim of this study was to describe the implementation of a
screening and management pathway for COPD into the existing
pre-ablation work-up in an AF outpatient clinic infrastructure and the
integration of the results of the pulmonary assessment within a multi-
disciplinary team.

Methods
Study design and population

From August 2021 until June 2022, all consecutive patients with electrocar-
diogram (ECG)- documented symptomatic AF accepted for AF ablation ac-
cording to local protocol’” in the Maastricht University Medical Center+
(MUMCH+, Maastricht, the Netherlands) were prospectively screened for
COPD during a visit to the AF ablation clinic. Such a visit consists of all ne-
cessary investigations before ablation and a consultation with a specialized
AF nurse and is described in detail elsewhere.'® The screening strategy
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Figure 1 Chronic obstructive pulmonary disease screening and management pathway.

consisted of (micro)spirometry supervised by trained AF nurses and is de-
scribed in more detail below. If patients had airflow limitation on (micro)
spirometry, they were offered a referral to a pulmonologist, and extensive
pulmonary function testing was performed to confirm the diagnosis of
COPD. Patients with previously diagnosed COPD were not excluded
from the pathway but were only referred if the patients had not been sys-
tematically assessed by formal lung function tests according to the criteria
we used in the study, if their last follow-up by a pulmonologist was more
than 2 years ago and/or if they reported uncontrolled dyspnoea as a marker
of potentially uncontrolled COPD.

This implementation study was part of the prospective ‘IntenSive
mOlecular and electropathological chAracterization of patienTs
undergolng atrial fibrillatiOn ablatioN’ (ISOLATION) (ClinicalTrials.gov
identifier: NCT04342312) and ‘clinical electrophysiology registry of
MUMC+ and Radboudumc’ studies."”” The studies were approved by the
ethical review board MUMC+/Maastricht University [UM, NL number:
70787.068.19/METC number: 19-052] and complied with the Declaration
of Helsinki. All participants provided written informed consent.

Chronic obstructive pulmonary disease

screening and management pathway

The COPD screening and management pathway comprises several steps
(Figure 1). During a patient’s visit to the AF outpatient clinic for a pre-
ablation work-up, a specialized AF nurse informed the patient about the
conceivably negative impact of COPD on symptom burden, quality of life,
and the efficacy of rhythm control interventions such as ablation (Step 1).
Subsequently, the AF nurse performed a handheld pre-bronchodilator (mi-
cro)spirometry in each patient according to a standardized protocol as de-
scribed below (Step 2). These results were then uploaded into the hospital’s
electronic patient record and reviewed by a cardiologist (Step 3). In case of
airflow limitation, patients were contacted to discuss the results and refer-
ral to a pulmonologist (Step 4). To avoid referral bias based on a pre-
existing diagnosis, the cardiologist contacted patients solely based on the
(micro)spirometry results without considering pre-existing pulmonary
diagnoses in the patient’s medical history. However, patients with a previ-
ous COPD diagnosis were only referred if one of the predefined criteria
for referral in these patients was met. If the patient opted for a referral,
the cardiologist sent a request to the pulmonology department (Step 5).
The patient was then scheduled for a full pulmonary function test and for
consultation with a pulmonologist to discuss the results and further analysis.
Pulmonary function testing included spirometry before and after broncho-
dilation, testing of diffusion capacity, body plethysmography, and if indicated
methacholine provocation testing.'” If asthma was suspected as the under-
lying cause of airflow limitation, this was further characterized using labora-
tory testing (eosinophils, Immunoglobulin E), airway inflammation
(fractional exhaled nitric oxide), and allergy testing (skin prick or

Phadiatop®). Pulmonary function testing was performed by pulmonary
function analysists who were blinded to the results of the handheld (mi-
cro)spirometry device. The pulmonologist initiated inhaler treatment based
on the GOLD strategy®® and the preferences of the patient, with the pa-
tient actively involved in the decision-making process (Step 6).

Handheld devices for chronic obstructive

pulmonary disease screening

From August 2021 until December 2021 the micro-spirometry Vitalograph
COPD-6 device (Vitalograph, Ireland) was used for COPD screening. From
January 2022 onwards, this was replaced by the handheld spirometry
AioCare device (Healthup, Poland) in order to enable a more digital and re-
mote assessment. Handheld (micro)spirometry was supervised by a specia-
lized AF nurse who had been trained according to the device-specific
instructions beforehand. This training was given once and comprised of a
short introduction to the device and a tutorial on how to perform spirom-
etry adequately. Patients were asked to perform three measurements. If the
device indicated the measurements to be of insufficient quality, the patient
was asked to perform additional measurements up to a maximum of eight
attempts, according to American Thoracic Society guidelines.?’ The best
out of three measurements was used for clinical decision-making. The
micro-spirometry Vitalograph COPD-6 device measures the forced expira-
tory volume (FEV) during the first second (FEV1) and during the first six sec-
onds (FEV6). Subsequently, a ratio between FEV1/FEV6 is calculated. Based
on previous studies, a cut-off value of <0.73 was used.?>%° The AioCare
device is a handheld spirometry device and thus measures FEV1 and forced
vital capacity (FVC) and calculates the FEV1/FVC ratio.?® According to spir-
ometry guidelines, a cut-off value of <0.70 was used. The diagnostic accur-
acy of both devices is good when compared to routine spirometry?**’ and
both devices have Zpreviously been tested for their validity and efficacy to
screen for COPD.**2®

Questionnaires and classifications

The EHRA classification was used to assess and quantify AF-related symp-
toms.?? Several dyspnoea and COPD-related questionnaires were incorpo-
rated into the pre-ablation AF clinic to test a posteriori different screening
scenarios (either only handheld (micro)spirometry or handheld (micro)
spirometry with questionnaires). The modified Medical Research Council
(mMRC) dyspnoea scale was used to measure the impact of dyspnoea on
daily activities on a scale from 0 to 4, with a mMRC score of 0 meaning
‘breathlessness only on strenuous exercise’ and a mMRC score of 4 mean-
ing ‘too breathless to leave the house, or breathless when dressing or un-
dressing’.® A Respiratory Health Screening Questionnaire (RHSQ) from
the Dutch Lung Foundation, also named ‘COPD risk test’, was used to as-
sess the risk of COPD.?" This validated questionnaire contains 10 simple
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questions about age (0, 4, or 8 points), smoking history (0, 2, 3, or 7 points),
body mass index (0, 1, or 5 points), and five different respiratory complaints
(0 or 3—4 points each). The risk of COPD is then calculated by adding the
points of the individual items (score 0-36), with <16.5 points being low risk,
16.5-19.5 points being medium risk, and >19.5 points being high risk. The
COPD assessment test (CAT) was used to quantify potential
COPD-related symptoms.®? It consists of eight items presented as a six-
point scale, with a minimum score of O (‘this symptom is not present at
all’) and a maximum score of 5 (‘this symptom is very disabling’) per item.
Total scores may range from 0 to 40 points. Scores of <10 points indicate
mild clinical impact, whereas scores of >10 points indicate moderate to
more severe clinical impact.®®

Clinical diagnosis of chronic obstructive

pulmonary disease

We defined airflow limitation as the pathological reduction in airflow from
the lungs that leads to a reduced FEV1/FEV6 or FEV1/FVC ratio, depending
on the device."” Since screening (micro)spirometry only included pre-
bronchodilator spirometry without any clinical evaluation, only a presump-
tive diagnosis of ‘obstructive pulmonary disease’ or ‘airflow limitation’ could
be given after abnormal (micro)spirometry results.

Patients received a final diagnosis of COPD after full pulmonary function
testing and clinical evaluation by a pulmonologist. A diagnostic strategy for
pulmonary function interpretation was followed according to international
guidelines." Following GOLD recommendations, COPD was defined as an
FEV1/FVC ratio below 0.7 after bronchodilation in a patient with persistent
respiratory symptoms, a history of smoking (or other relevant exposure),
and the absence of other known causes of obstructive pulmonary disease
(such as asthma or bronchiectasis).”° The severity of the airflow obstruction
was defined as the percentage predicted and divided into mild (>80%),
moderate (50-80%), severe (30-50%), and very severe (<30%) airflow ob-
struction.”® Though initially set up to screen for COPD, other lung diseases
such as asthma were also considered as a part of pulmonology work-up.
Asthma was diagnosed following international guidelines.®***

Statistical analysis

The primary outcome was the percentage of patients with airflow limitation
that could be identified using the abovementioned single (micro)spirometry
screening strategy. Feasibility of the screening strategy was defined as the
percentage of patients who were able to perform at least one correct
measurement. Diagnostic yield of the care pathway was defined as the per-
centage of patients with airflow limitation on handheld (micro)spirometry
correctly identified with a definite clinical diagnosis of obstructive pulmon-
ary disease. A sensitivity analysis was performed a posteriori to evaluate
whether different screening questionnaires could enhance the detection
of underlying obstructive pulmonary disease.

All continuous variables were tested for normality with the Shapiro—Wilk
test. Continuous normally distributed variables were presented as mean
(standard deviation, SD), whereas continuous non-normally distributed
variables were presented as median (interquartile range, IQR).
Categorical variables were presented as counts (no.) with percentages
(%). Continuous variables were analysed using an independent samples
t-test or a Mann—-Whitney U test, as appropriate. Categorical variables
were analysed with a chi-square test or a Fisher’s exact test, as appropriate.
A P-value of <0.05 was considered statistically significant. All analyses were
conducted using IBM SPSS version 28.

Results

Study population

From August 2021 until June 2022, a total of 232 patients were
screened using handheld (micro)spirometry devices. In total, 92
(39.7%) patients were screened using the Vitalograph COPD-6 device,
whereas the remaining 140 (60.3%) patients were screened using the
AioCare device. The baseline characteristics of these patients are pre-
sented in Table 1. There were no significant differences in patient

characteristics between the patients who used the COPD-6 device
and those who used the AioCare device.

Handheld (micro)spirometry in the AF
outpatient clinic

An overview of the results of the handheld (micro)spirometry is pre-
sented in Figure 2.

The majority of patients (n = 206, 88.8%) were able to perform the
handheld (micro)spirometry measurements correctly at least once and
thus had interpretable results. Twenty-six patients did not have any
correctly performed measurements and were therefore excluded
from further analysis, resulting in feasibility of this diagnostic care path-
way of 88.8%. Characteristics of these patients are presented in
Supplementary material online, Table S1.

In 47 patients (22.8% out of 206), the best-out-of-three value on
handheld (micro)spirometry was below the cut-off value and thus sug-
gestive of airflow limitation. Thirty-five of these patients were identified
using the AioCare device. Characteristics of patients with vs. patients
without airflow limitation on (micro)spirometry are presented in
Table 2. Except for the fact that patients with airflow limitation were
more likely to have persistent AF (51.1% vs. 32.3%, P =0.019), there
were no significant differences in characteristics.

Patients with airflow limitation on screening (micro)spirometry
showed a significant respiratory-related disease burden. On average,
they had dyspnoea when hurrying or walking up a slight hill at one’s
own pace [median mMRC = 1, (0—1)] and their respiratory symptoms
had a significant impact on quality of life [mean CAT=11.6 (7.2)
points], although this respiratory-related symptom burden was equally
elevated in patients without airflow limitation (Table 2), confirming that
dyspnoea is a common symptom in most AF patients.” At the time of
questionnaire completion, 63 patients were in AF, 120 were not in AF
and in 21 the AF status was unknown. Although the proportion of pa-
tients who had an mMRC score >1 did not differ between the group of
patients in AF compared to the group of patients not in AF (41.9% vs.
40.9%, P =0.107), patients in AF more often scored >10 points on the
CAT score (69.4% vs. 40.4%, P = 0.004). Further analysis of the inde-
pendent categories of the mMRC score did not show a correlation be-
tween the severity of dyspnoea and the risk of airflow limitation.

Of the 47 patients with airflow limitation, only 29 (61.7%) chose to
be referred to the pulmonologist for further testing and a final clinical
diagnosis. The other 18 patients (38.3%) did not wish to undergo fur-
ther investigations, mainly because of a low perceived disease burden
(11, 61.1%). Other reasons were a preoccupation with AF treatment
(3, 16.7%), not wanting to undergo a further consultation for other un-
known reasons (3, 16.7%), or already having a pulmonary diagnosis and
not wanting to undergo re-analysis (1, 5.6%) (Figure 3). Of the 18 pa-
tients who did not wish to undergo further testing and who had scores
available, nine had a mMRC score of 0, and 12 had a CAT score of <10
points, indeed suggesting a low disease burden. If selection for referral
to a pulmonologist had been done based on any dyspnoea present
(mMRC > 1) referral would have been advised in 20 patients, whereas
in 18 patients referral would not be advised and in nine patients the
mMRC score was unknown.

Final results and clinical consequences of
the pulmonary assessment

In total, 29 of all 232 included patients were referred for pulmonary as-
sessment. Of these referred patients, 8 had a pre-bronchodilator FEV1/
FVC ratio of >0.7 on routine spirometry, of whom 1 was diagnosed
with asthma and the others had no obstructive pulmonary disease.
The remaining 21 patients indeed also had a pre-bronchodilator
FEV1/FVC ratio of <0.7 on routine spirometry. Of these patients, three
had a post-bronchodilator FEV1/FVC ratio of >0.7 and no signs of
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Table 1 Baseline characteristics of included patients

Total (N =232) Vitalograph COPD-6 (N =92) AioCare (N = 140) P-value

Age (years) 66 [59-71] 66 [59-71] 65 [59-71] 0.907
Male 158 (68.1) 60 (65.2) 98 (70.0) 0.445
BMI (kg/m?) 27.8 [25.4-30.5] 27.7 [25.4-30.3] 27.8 [25.3-31.1] 0.614
Hypertension 106 (45.7) 42 (45.7) 64 (45.7) 0.993
Diabetes mellitus 21 (9.1) 8 (8.7) 13 (9.3) 0.878
Hypercholesterolemia 55(23.7) 17 (18.5) 38 (27.1) 0.129
Coronary artery disease 30 (12.9) 13 (14.1) 17 (12.1) 0.659
Heart failure 36 (15.7) n=229 12 (13.0) 24 (171) n =137 0.362
Thromboembolic events 26 (11.2) 10 (10.9) 16 (11.4) 0.895
COPD (previously diagnosed) 14 (6.0) 7 (7.6) 7 (5.0) 0414
Smoking—currently or previously 88 (39.1) n=225 31(33.7)n=288 57 (40.7) n=137 0339
CHA,DS,-VASc score 2 [1-3] 2 [1-3] 2 [1-3] 0.974
AF characteristics
AF type Paroxysmal—146 (63.5) Paroxysmal—60 (65.9) Paroxysmal—=86 (61.9) 0.531

Persistent—84 (36.5) n =230 Persistent—31 (34.1) n= 91 Persistent—53 (37.9) n=139
EHRA classification -12 (5.2) -6 (6.5) -6 (4.3) 0.750

1167 (72.0) 11-65 (70.7) [-102 (72.9)

lI-53 (22.8) 1-21 (22.8) 132 (22.9)
Self-reported dyspnoea 78 (33.6) 31 (33.7) 47 (33.6) 0.938
Cardiovascular medication
Beta-blockers 104 (44.8) 45 (48.9) 59 (42.1) 0.310
Digitalis 18 (7.8) 9(9.8) 9 (6.4) 0.350
Antiarrhythmic drugs® 117 (50.4) 45 (48.9) 72 (514) 0.708
NCCB 13 (5.6) 5(54) 8(5.7) 0.928
RAS inhibitors 92 (39.7) 39 (424) 53 (37.9) 0.490
MRA 1(04) 0 1(0.7) 1.000
Diuretics 39 (16.8) 15 (16.3) 24 (17.1) 0.867
DCCB 20 (8.6) 8 (8.7) 12 (8.6) 0.974
Statins 85 (36.6) 34 (37.0) 51 (364) 0.935
Vasodilators 12(5.2) 3(3.3) 9 (6.4) 0.287
VKA 3(1.3) 0 321 0.279
NOAC 221 (96.5) n=228 88 (96.7) n=91 133 (96.4) n=137 1.000

Number provided in italics indicates the total number of patients available for that variable. Data is presented as no. (%) or median [IQR].

Abbreviations: AF, atrial fibrillation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; DCCB, dihydropyridine calcium channel blocker; EHRA, European Heart
Rhythm Association; MRA, mineralocorticoid receptor antagonist; NOAC, non-vitamin K antagonist oral anticoagulant; NCCB, non dihydropyridine calcium channel blocker; RAS,

renin—angiotensin system; VKA, vitamin K antagonist.
?Either flecainide, amiodarone, or sotalol.

obstructive pulmonary disease, nine patients were diagnosed with
COPD, seven with asthma, and two with another type of pulmonary
disease. Thus, pulmonary analysis of patients with abnormal (micro)
spirometry revealed an underlying obstructive pulmonary disease in
17 patients (36.2%) (9 COPD, 8 asthma), of whom 11 were newly di-
agnosed (Figure 3). In conclusion, the diagnostic yield of this care path-
way for diagnosing obstructive pulmonary disease was 36% (17 out of
47), mainly caused by non-referral. When including only referred pa-
tients, this rose to 59% (17 out of 29). In all but two patients, treatment
with inhalation medication was recommended by the treating pulmo-
nologist. Details on treatment are provided in Supplementary
material online, Table S2. Of the previously diagnosed patients, one
was found to be unstable, whereas, in the others, treatment adaptation

was not necessary. In 7 of the 11 newly diagnosed patients (63.6%),
treatment with inhalation medication was initiated.

There were no differences in clinical characteristics nor symptoms
(CAT, mMRC) between patients with and patients without obstructive
pulmonary disease (see Supplementary material online, Table S3). Had
only the 20 patients with signs of airflow limitation and a mMRC score
>1 been referred, 12 patients (70.6%) would have been correctly iden-
tified with obstructive pulmonary disease and 4 patients (23.5%) would
have been false negative (in one patient score was unknown). Since the
majority (14 out of 17, 82%) had a moderately or highly increased
COPD risk score, and combining the two scores would have resulted
in only two false negative patients, applying such a score might have
helped in preselecting patients for referral.
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232 patients used the
handheld device
92 (39.7%) COPD-6 device
140 (60.3%) AioCare device

26 (11.2%) had only measurements

of insufficient quality
11 (12.0%*) COPD-6 device
15 (10.7%*) AioCare device

y

206 (88.8%) patients had
interpretable results
81 (88.0%*) COPD-6 device
125 (89.3%*) AioCare device

v

v

159 (77.2%) had a normal
handheld

47 (22.8%) patients had
abnormal results

69 (85.2%*) COPD-6 device
90 (72.0%*) AioCare device

12 (14.8%*) COPD-6 device
35 (28.0%*) AioCare device

Figure 2 Flowchart of handheld (micro)spirometry screening for chronic obstructive pulmonary disease. *percentages per device.

Time investment

The time investment to train the specialized AF nurses was small, and
compromised of two training sessions of half an hour each, one for
the COPD-6 device and one for the AioCare device. Since the
AioCare device is a digital device, the exact time of the measurements
was stored in the device. Patients performed a median of four (IQR 3—
5) measurements, which took patients a median of 1 min 58 s (IQR
1 min 27 s—2 min 57 s). Although the exact time from the COPD-6 de-
vice is not available, it is expected to be similar. A review of the results
could be done very quickly and took less than a minute per patient.
With 10 patients visiting the pre-ablation clinic on a weekly basis, this
corresponded to a maximum of 10 min per week.

A telephone consultation with a patient to discuss abnormal results
took the cardiologist 5-10 min, depending on the amount of questions.
Since 47 patients corresponded to on average one patient per week,
this was an additional 5-10 min per week.

Discussion

Herein we describe the implementation of a multidisciplinary inte-
grated screening and management care pathway for COPD, which
was embedded in the existing AF clinic infrastructure. Primarily, the re-
sults of our study show that implementation of such a pathway into the
infrastructure of the cardiology department is feasible, with AF nurses
being able to supervise the handheld (micro) spirometry and achieving
valid results according to device standards in 89% of patients, compar-
able to conventional spirome‘cr*)/.21'35'36 Moreover, airflow limitation
was identified in one out of five patients.

The ongoing EHRA-PATHS project aims to develop generic, multi-
disciplinary, and evidence-based care pathways for multi-morbid AF pa-
tients, targeting AF-related comorbidities through systematic,
integrated management.'*'® The herein presented COPD screening
and management pathway may contribute to more structurally imple-
mented and uniform care of COPD; an under-recognized comorbidity

potentially impacting symptom and AF burden in patients scheduled for
AF ablation. It includes an interdisciplinary care component for the
comprehensive treatment of AF patients and can be implemented in
existing infrastructures, overcoming organizational issues. Moreover,
our care pathway has been designed in such a way that remote diagnos-
ing and management of patients is attainable.

The diagnostic yield was lower than anticipated potentially due to the
fact that 1 out of 3 patients with detected airflow limitation refrained
from further pulmonological investigations. This could be a potential
risk to the cost-effectiveness of such a screening strategy. Since non-
referral was mainly caused by a lack of (perceived) symptoms, the per-
formance of this pathway could be enhanced by performing handheld
(micro)spirometry only in those with respiratory symptoms. Indeed, al-
most all patients with chronic respiratory diseases exhibited symptoms.
We would therefore suggest a stepwise approach, first assessing re-
spiratory symptoms in each AF patient and subsequently performing
screening handheld (micro)spirometry at the AF clinic. Previous
meta-analysis suggests that such a combination reduces the need for
diagnostic assessment.>” However, one should keep in mind that pa-
tients in AF more often have higher CAT scores and that AF-related
symptoms might therefore impact the CAT score, unrelated to respira-
tory disease. In addition, it is known that AF patients can present with
respiratory-related symptoms such as dyspnoea and chest discomfort
and our results give credence to the hypothesis that screening with
symptoms alone will likely be insufficient to diagnose respiratory dis-
eases in an AF population.”® The presence of (respiratory) symptoms
should therefore be seen as complimentary to (micro)spirometry,
but likely cannot in itself replace it.

An alternative explanation could be the unawareness of patients of
the importance of screening for respiratory diseases. Although the ini-
tial education provided by the AF nurse, presumably in combination
with the immediate availability of the screening test, persuaded all in-
vited patients to perform handheld (micro)spirometry, some patients
did not recognize the potential benefits of a more time-consuming re-
ferral. Therefore, more extensive patient education, and therewith
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Table 2 Characteristics of patients with vs. without airflow limitation on (micro)spirometry and characteristics of patients with a final diagnosis

of obstructive pulmonary disease

Normal screening
(micro)spirometry (N = 159)

Age (years)

Male

BMI (kg/m?)
Hypertension

Diabetes mellitus
Hypercholesterolemia
Coronary artery disease
Heart failure
Thromboembolic events
Smoking—currently or previously
CHA,DS,-VASc score
AF characteristics
AF type

EHRA classification

Self-reported dyspnoea
Questionnaires
mMRC score >1

CAT score >10
COPD risk score

64 [58-71]

104 (65.4)

28.0 [25.5-30.8]
71 (44.7)

15 (9.4)

42 (26.4)
21 (1322)
24 (15.4) n=156
23 (14.5)

60 (39.0) n=154
2 [1-3]

Paroxysmal—107 (67.7)
Persistent—51 (32.3) n=158
-7 (4.4)

[-118 (74.2)

l11-34 (21.4)

57 (35.8)

47 (452) n=104
56 (50.9) n=110
Moderate risk—31 (27.4)

High risk—16 (14.2) n= 113

Airflow limitation P-value Obstructive pulmonary
(N=47) disease (N =17)
68 [63-72] 0.056 66 [62-72]
36 (76.6) 0.149 12 (70.6)
27.4 [25.3-30.5] 0.537 29.4 [25.1-31.0]
20 (42.6) 0.799 9 (529)
4 (8.5) 1.000 1(5.9)
9 (19.1) 0.311 5(294)
9 (19.1) 0.310 3(17.6)
9 (19.1) 0.540 3(17.6)
3(64) 0.210 1(5.9)
21 (45.7)n=46 0417 9 (529)
2 [1-3] 0.579 2 [1-3]
Paroxysmal—23 (48.9) 0.019 Paroxysmal—7 (41.2)
Persistent—24 (51.1) Persistent—10 (58.8)
-3 (6.4) 0.380 -1 (5.9)
[1-30 (63.8) 112 (70.6)
l-14 (29.8) -4 (23.5)
17 (36.2) 0.991 7 (41.2)
20 (52.6) n=38 0.432 12 (75.0)n=16
22 (55.0) n=40 0.657 12(80.0)n=15
Moderate risk—14 (35.9) 0.002 Moderate risk—>5 (29.4)

High risk—14 (35.9) n=39 High risk—9 (52.9)

Bold values indicate P-values of <0.05. Number provided in italics indicates the total number of patients available for that variable. Data is presented as no. (%) or median [IQR].
Abbreviations: AF, atrial fibrillation; BMI, body mass index; CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; EHRA, European Heart Rhythm Association;

mMRC, (modified) Medical Research Council Dyspnoea questionnaire.

increased patient empowerment and involvement, might also help to in-
crease screening efficacy. A third hurdle might have been that patients
had to revisit the hospital for final pulmonary diagnostics. Remote diag-
nostic systems, such as the AioCare device, might assist in home diagnosis
and mitigate the hindrance of repeated hospital visits.

Work-up of the remaining patients revealed an underlying chronic
respiratory disease in 36%. This diagnosis was of clinical importance
since respiratory-related disease burden was moderate to high and
treatment was indicated in most of these patients. Two findings should
be noted here. First, the yield of COPD in our study population was
lower than expected. In previous population studies, the prevalence
of COPD in AF patients is estimated to be around 13%, with a wide
range of 1%-35%," whereas we found COPD in 4% of our study popu-
lation. Several factors may explain this difference. First, our study should
not be seen as a true prevalence study since we adopted a hierarchical
approach (first screening, then diagnosis) to diagnose COPD. Thus,
some patients with COPD might have been missed due to false negative
results on the (micro)spirometry measurements. Moreover, our study
population consisted of patients referred for catheter ablation who
overall had fewer comorbidities compared to patients from general
AF regis‘cries.384'0 Finally, although previous literature on the accuracy
of both (micro)spirometry devices, in general, showed good and com-
parable results for both devices,*>?® the fact that three out of four pa-
tients with airflow limitation were identified with the AioCare device

suggests that there might be a difference in accuracy between the de-
vices, which should be evaluated in follow-up studies.

Second, one unexpected yet important finding was the relatively fre-
quent occurrence of (undiagnosed) asthma found through our screen-
ing strategy. Although this finding could be merely a coincidence since
asthma is highly prevalent worldwide,*' studies have shown an associ-
ation between asthma, especially poorly controlled, and the incidence
of AF, suggesting a causative role of (under-recognized) asthma.***®
Since we did not systematically screen for asthma and only included pa-
tients with abnormal (micro)spirometry results, whereas asthma pa-
tients can have normal spirometry, the actual prevalence of asthma in
our population might even be higher than currently found. Moreover,
patients with asthma—particularly elderly patients—can present with
similar symptoms as AF patients, such as paroxysmal dyspnoea or chest
discomfort, and uncontrolled asthma might even lead to palpitations
due to increased inhaler use.> It, therefore, merits further investigation
to evaluate if screening for (uncontrolled) asthma might be beneficial
for patients with AF and if treatment of asthma can also improve the
AF symptom burden.

Future perspectives

In the next step of the pathway, the specialized AF nurses could be
trained to integrate review of results and referral into the AF outpatient
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47 patients with a presumptive diagnosis of COPD |

18 (38.3%) refrained from further

A 4

pulmonary function testing

29 (61.7%) underwent pulmonary
function testing

8 (17.0%) had a pre-bronchodilator
FEV1/FVC ratio of 20.7

A 4

27.6% of the tested patients

of <0.7

21 (44.7%) had a pre-bronchodilator FEV1/FVC ratio

72.4% of the tested patients

v

1 diagnosed
with asthma

v

|
v

3 (6.4%) had no diagnosis of
obstructive pulmonary disease

17 (36.2%) got a final diagnosis of
COPD or asthma
2 (4.3%) had another type of
pulmonary disease

Figure 3 Flowchart of the clinical evaluation part of the chronic obstructive pulmonary disease screening and management pathway.

clinic in order to further optimize the pathway, which would spare time
for the cardiologist and therewith costs. In addition, most patients with
a previously diagnosed lung disease were found to be stable and no
treatment adaptation was necessary. Therefore, these patients could
in the future likely be excluded from the pathway.

Our screening and management pathway has the potential for re-
mote and digital care by the pulmonologist when using the AioCare de-
vice. Comparable to and learning from previously integrated care
pathways for the management of AF, we propose a remote approach
using the cloud-based AioCare spirometry solution.*** Remote diag-
nostics with bronchodilation response performed by pulmonary func-
tion technicians and analysed afterward by the pulmonologist via the
cloud might change screening for COPD into remote diagnosis of
COPD. This would have the additional benefit of synchronizing
COPD screening with AF work-up, so optimal treatment can be dis-
cussed during the multidisciplinary meetings without any delay in AF
management. In addition, these novel remote pathways may contribute
to patient convenience and subsequently to patient acceptance and in-
volvement in their own AF management. Whether this proposed digital
remote pathway is feasible and whether structured testing for ob-
structive pulmonary disease and earlier initiation of treatment is also
cost-effective and improves AF outcomes needs to be investigated in
further studies.

Strengths and limitations

This is the first study in AF evaluating an implementation strategy to
screen for COPD. In addition, owing to the integration of a pulmonol-
ogist in the care pathway, a final diagnosis of COPD could be provided
with certainty, whereas asthma was uncovered as an important coinci-
dental finding. This study also has several limitations. First, selection bias
may occur due to the fact that a significant proportion of patients re-
fused to undergo full lung function testing. Second, this pathway was im-
plemented in a pre-ablation AF outpatient clinic. Naturally,
implementation into general AF clinics with the potential for diagnosis
and treatment initiation at an earlier stage, as well as the inclusion of
non-ablation AF patients who may have more comorbidities overall

may be more beneficial, but whether this pathway can be implemented
in a general AF outpatient clinic in the same way, warrants further study.
Third, no patient surveys on e.g. the user-friendliness of the handheld
devices were applied. However, previously collected patient experi-
ences were found to be positive.* Fourth, setting up such a screening
strategy necessitates financial and infrastructural resources. This might
be challenging given the fact that it is not yet proven that this screening
and management pathway is cost-effective or results in better out-
comes of rhythm control strategies. Indeed, in this study, the pathway
existed parallel to the ablation trajectory, without influencing the AF
treatment. Follow-up data on outcomes was not part of this study
but needs to be investigated in further studies. Moreover, this study
presents only one screening approach using (micro)spirometry.
Whether other screening strategies would yield similar results was cur-
rently not investigated. Finally, the study incorporated two screening
devices with potentially different sensitivity and specificity, which could
impact the screening results.

Conclusions

Implementation of handheld (micro)spirometry into the pre-existing
pre-ablation AF outpatient clinic is feasible with patients being able
to perform handheld (micro)spirometry measurements. Airflow limi-
tation was detected in one out of five patients. In order to ensure pa-
tient acceptance of the complete screening and management
pathway, patient education and involvement are of utmost import-
ance. Whether pre-selection of patients based on COPD and dys-
pnoea questionnaires further improves patient acceptance and the
yield of the screening pathway and whether this screening and man-
agement pathway results in better rhythm outcomes warrants further
study.
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