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Individuals with pacemakers are at increased risk of left ventricular systolic
dysfunction (LVSD). Whether screening for and optimizing the medical
management of LVSD in these individuals can improve clinical outcomes is
unknown. Inthe present study, inamulticenter controlled trial (OPT-PACE), we
randomized 1,201 patients (717 men) with a pacemaker to echocardiography
screening or usual care. In the screening arm, LVSD was detected in 201 of
600 (34%) patients, who then received managementin either primary careor a
specialist heart failure (HF) and devices clinic. The primary outcome of the trial
was the difference in acomposite of time to first HF hospitalization or death. Over
31 months (interquartile range = 30-40 months), the primary outcome occurred
in106 of 600 (18%) patients receiving echocardiography screening, which was
not significantly different compared with the occurrence of the primary
outcomein115of 601 (19%) patients receiving the usual care (hazard ratio = 0.89;
95% confidenceinterval = 0.69,1.17). In a prespecified, nonrandomized,
exploratory analysis, patients with LVSD managed by the specialist clinic
experienced the primary outcome event less frequently than those managed
in primary care. Theresults of this trial indicate that echocardiography screening
commonly identifies LVSD in individuals with pacemakers but alone does
notalter outcomes. ClinicalTrials.gov registration: NCT01819662.

Pacemaker implantation for bradycardia improves quality of life and
survival*%. Over a million devices are implanted globally each year®>.
Long-termright ventricular (RV) pacing is associated with an adverse
effect on left ventricular (LV) function and the development of HF,
especially in the presence of other cardiovascular morbidities®’, which
augurs a worse prognosis®°. Routine pacemaker follow-up offers the
opportunity to screen for pacemaker-associated HF. However, peo-
ple with pacemakers were either actively excluded from randomized

controlled trials assessing medical therapies for HF with reduced ejec-
tion fraction (HFrEF) or subgroup analyses of those with pacemakers
were not undertaken. Therefore, asaresult of the lack of evidence, no
medical treatment strategy has been recommended for this group in
current HF or pacing guidelines"”, such that the effects of a pathway,
whichincludes screening followed by patient-centered education and
optimized medical management for people found to have impaired LV
function, are unknown.

A full list of affiliations appears at the end of the paper.
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Fig.1| OPT-PACE CONSORT diagram. Disposition and flow of participants enrolled to OPT-PACE.

OPT-PACE (OPTimizing PACEmaker therapy) was designed to
determine the effect on clinical outcomes of screening for impaired
LV functionin people with pacemakers implanted for bradycardia.

Results

OPT-PACEwas arandomized controlled trialthat recruited patients, not
previously knowntohaveLV dysfunction,implanted withastandard pace-
maker for >12 months, who were attending routine pacemaker follow-up at
three hospitals in the United Kingdom. Consecutive, unselected patients
agreeing to participate were randomly allocated to echocardiography
screening or usual care (Extended Data Fig. 1). Depending on the site,
patients found to have LV systolic dysfunction (LVSD) defined as an LV
ejection fraction (LVEF) < 50% were referred to either their primary care
team for management of this or aspecialized, multidisciplinary, combined
HF and devices service. All patients were followed up for aminimum of
12 months to establish time to a combined primary endpoint of death
or HF hospitalization (HFH). Secondary endpointsincluded attainment
of guideline-directed medical therapy for HF and quality of life. A pre-
specified (nonrandomized) exploratory endpoint compared outcomes
inpatients managed by their primary care service or the specialized clinic.

Patient disposition

Atotal of 1,201 people wererecruited between1June 2013 and 15 Novem-
ber 2016. Of the 1,201, 600 were randomized to echocardiography
screening and 601 to the usual care (Fig. 1).

Demographic and clinical characteristics were balanced across
randomized groups (Tables 1 and 2). More than half (60%) were male
and the mean (s.d.) age of participants was 75 (12) years. Comorbidities
included type 2 diabetes mellitus (21%), a history of myocardial infarc-
tion (18%), coronary artery bypass grafting (9%) and percutaneous
coronary intervention (9%). Mean (s.d.) time since first pacemaker
implantation was 7.2 (6.2) years and mean (s.d.) atrial and ventricular
pacing percentages were 33% (35%) and 40% (42%), respectively.

One participant randomized to echocardiographic screening had
no diagnosticimages obtainable but was neverthelessincludedin their
allocated group. In the 600 people allocated to echocardiography
screening, the mean LVEF was 50% (10%), with 201 (34%) individuals
identified as having LVEF < 50%. The prevalence of LVEF < 50% was simi-
lar across sites such that 101 (34% of those screened) were seen in the
combined HF and devices clinic at site1and 100 (33% of those screened)
received primary-care-led management (sites 2 and 3) (Fig. 1).

Primary outcome measure

Participants were followed for a median of 31 months (interquartile
range (IQR) =30, 40 months) withaminimum follow-up for all patients of
12 months. Univariate and multivariable predictors of the primary outcome
aredemonstratedin Extended Data Tables1and2and included age (odds
ratio (OR) =1.07,95% confidenceinterval (CI) =1.05,1.09), overtischemic
heart disease (IHD; OR=1.52, 95% Cl=1.15, 2.02) and log(N-terminal
pro-brainnatriuretic peptide (NT-proBNP)) (OR =1.69,95% Cl=1.46,1.96).
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Table 1| Patient demographics and characteristics at baseline

Echocardiography No Total
screening echocardiography  (n=1,201)
(n=600) screening
(n=601)
Patient distribution by site
Site 1, n (%) 301(50) 300 (50) 601(50)
Site 2, n (%) 148 (25) 152 (25) 300 (25)
Site 3, n (%) 150 (25) 150 (25) 300 (25)
Patient demographics
Male sex, n (%) 358 (60) 359 (60) 717 (60)
Age (years) 74.9 (12.2) 75.5(11.9) 75.2(12.0)
Height (cm) 167 (13) 166 (14) 167 (14)
Weight (kg) 78 (16) 77017) 78 (17)
Atrial rhythm
Atrial fibrillation, 194 (32) 162 (27) 356 (30)
n (%)
Paced, n (%) 46 (8) 62 (10) 108 (9)
Sinus rhythm, n (%) 359 (60) 6279 (63) 737 (61)
Clinical history data
IHD, n (%) 206 (34) 208 (35) 414 (35)
Diabetes mellitus
Type 2, n (%) 19 (20) 128 (21) 247 (21)
Type 1, n (%) 3(0.5) 3(0.5) 6(0.5)
CVA, n (%) 100 (17) 90 (15) 190 (16)
Haemodynamic data
Resting heart rate 69 (12) 69 (12) 69 (12)
(beats per min)
Resting systolic BP 138 (22) 138 (24) 138 (23)
(mmHg)
Pacing data
Pacing indication
Atrioventricular 212 (35.6) 207 (34.3) 419 (34.9)
block, n (%)
Sinus node 321(53.5) 322 (53.5) 643 (53.5)
disease, n (%)
Other, n (%) 67 (11.1) 76 (12.6) 143 (11.9)
Longevity of 7.2 (6.0) 7.2 (6.4) 7.2 (6.2)
pacing (years)
Atrial fibrillation 30 (45) 28 (43) 29 (44)
burden (%)
Atrial pacing 32(35) 33 (35) 32(35)
burden (%)
Ventricular pacing  41(43) 38(42) 40 (42)
burden (%)
Base rate (beats 56 (8) 56 (8) 56 (7)
per min)
Echocardiographic data
LVEF (%) 50 (10)
LVEDD (mm) 47 (7)

Continuous data are expressed as mean (s.d.) and categorical data as n (%) as indicated. CVA,
cerebrovascular attack; LVEDD, left ventricular end-diastolic diameter.

The primary outcome occurred in 106 of 600 (18%) people ran-
domized to echocardiographic screening and 115 of 601 (19%) in the
usual care group (hazard ratio (HR) = 0.89; 95% Cl = 0.69,1.17) (Fig. 2).
The estimated treatment effect adjusted by statistically significant

Table 2 | Drug and device treatment of surviving patients by
screening arm at baseline and after 12months of follow-up

Medical therapy Echocefrdiography No echf)cardiography

screening screening

(n=600) (n=601)

Baseline Follow-up Baseline Follow-up

(n=600) (n=468) (n=601) (n=435)
-Blocker, n (%) 263 (44) 248 (53) 264 (44) 210 (49)
ACEi or ARB, n (%) 297 (50) 256 (54) 301(50) 213 (49)
Loop diuretic, n (%) 136 (23) 118 (25) 125 (21) 29(18)
MRA, n (%) 97 (16) 25 (5) 99 (16) 11(2.5)
Statin, n (%) 308 (51) 239 (51) 300 (50) 205 (47)
Anti-platelet, n (%) 199 (33) 127 (27) 202 (34) 125 (29)
Anticoagulation, n (%) 210(35) 185 (43) 203 (34) 148 (34)
Digoxin, n (%) 48 (8) 37(8) 38 (6) 30(7)
CRT upgrade, n (%) 0(0) 7(01.2) 0() 4(0.6)

ARB, angiotensin Il receptor blocker.

predictors of outcome (Extended Data Table 1) did not alter the results
(HR gjustea = 0.95;95% Cl = 0.72,1.24).

Secondary outcome measures
Out of 903 participants with complete 12-month medical therapy
data (468 echocardiographic screening, 435 usual care), participants
screened with echocardiography received more medical therapy
optimization (118 diuretic, 247 B-blocker, 255 angiotensin-converting
enzyme inhibitor (ACEi) initiation/titration episodes) than participants
inthe usual care group (79 diuretic, 211 3-blocker, 214 ACEi initiation/
titration episodes). Device system upgrades to cardiac resynchroniza-
tion therapy (CRT) were performed in seven (1.2%) patientsin the echo-
cardiography group and four (0.6%) of those allocated to usual care.
0f 1,201 participants, 1,198 completed quality-of-life question-
naires at baseline (pre-randomization) with 878 (73%) also complet-
ing questionnaires at the 12-month follow-up. The EuroQoL-5D
(EQ-5D) scoreswere similar at baseline (n =1,184,99%) for transthoracic
echocardiogram-guided care (n=591) and usual care (n = 593) (0.77 £ 0.25
and 0.76 + 0.24, respectively). Conditional on survival, the quality of
life described by EQ-5D scores at follow-up (n = 855,71%) did not change
for either echocardiography screening (n=444) or usual care (n=411)
groups (0.76 + 0.24 and 0.73 £ 0.31). Analysis of covariance (ANCOVA),
allowing adjustment for baseline EQ-5D visual analog score (VAS), showed
thatthe meandifferencein VAS of those receivingecho (n=436) to those
receiving no echo (n=406) was 0.85 (95% Cl =-1.38, 3.08).

Exploratory outcomes

The prespecified exploratory analysis of the echocardiography screen-
ing group, according to the follow-up pathway, suggested that the
groups, although nonrandomized for this comparison, were well
balanced (Extended Data Table 3). Patients with LVEF < 50% were not
randomly allocated to the follow-up care because this was a site-level
pathway and only available at site 1. The rate of the primary outcome
appeared lowerinthe site with access to the specialist clinic thanin the
two sites where the pathway of care included primary-care-led manage-
ment (specialist clinic versus primary-care-led management: 12% versus
24%;HR =0.67,95% Cl = 0.46,0.98) (Fig. 3). This nonrandomized com-
parisonis hypothesis generating and requires further validation. The
difference between these two groups remained significant, even after
adjustment for differences in the baseline variables, which, as shown
in Extended Data Table 3, were atrial rhythm, systolic blood pressure
(BP), resting heartrate, atrial fibrillation (AF) burden, ventricular pac-
ing proportionand LVEF (HR = 0.62;95% Cl = 0.40,0.97). Onthe other
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Fig. 2| Time free of all-cause mortality or HFH by randomization group. Kaplan-Meier curve demonstrating the primary outcome in those allocated screening by

echocardiography (intervention) or no screening (standard care).

hand, there was no difference in outcome between those allocated to
the usual care (no echocardiography) and those who received echo-
cardiography but were not seen in the specialist clinic (HR =1.01; 95%
CI=0.72,1.40), including when the analysis was adjusted for baseline
differences shown in Extended Data Table 3 (atrial rhythm, AF burden,
base rate; HR=0.88;95% Cl = 0.61,1.27).

There were apparent differences in the medical management
of those with impaired LV function at 12 months in participants ran-
domized to echocardiographic screening and subsequently man-
aged in a multidisciplinary HF and devices service compared with
those receiving primary-care-based management. People with
LVEF < 50% managed through the specialist service were almost 3x
more likely at the 12-month follow-up to have undergone initiation
or titration of B-antagonists (OR =2.92, 95% Cl =1.43, 5.99) or a min-
eralocorticoid receptor antagonist (MRA; OR =2.95,95% CI=1.01,
8.61) than people with LVEF < 50% in the echocardiography arm with
primary-care-coordinated management. There were no differences
ininitiation or titration of ACEi therapy (OR =1.64,95% Cl = 0.86, 3.14)
(Extended Data Table 4).

Sensitivity analysis

Exploratory analysis of the primary endpoint within subgroups rel-
evant to outcomes in this population (Extended Data Table 2), and
associated withadverse outcomesin people with HF (diabetes mellitus
and IHD)">", revealed that even in those at higher risk, the effect of
echocardiography screening alone was neutral (Extended Data Fig. 2).

Discussion
OPT-PACE tested whether a screening test, in this case an echocar-
diogram to identify LVSD, in people with arisk factor, in this case a
pacemaker, is sufficient to improve outcomes. The present study
was pragmatically delivered, collating additional information on
two possible pathways of care of people with a positive result. As
patient pathways for enhanced care differed at the site level, it was
not possible to randomize patients between the specialist clinicand
primary care.

OPT-PACE provides three important findings. First, in a contem-
porary populationwith pacemakers implanted for bradycardiabut not
yet known to have HF, routine echocardiographic screeningidentifies

impaired LV function in around a third. Second, simply embedding
echocardiographyinto a pacemaker service does not, initself, lead to
improved clinical outcomes. Third, anonrandomized, planned explora-
tory analysis suggests that a pathway of care thatincludes coordinated
optimization of medical therapy for HF within a multidisciplinary
clinic, screening for and treating pacemaker-associated LV dysfunction
mightimprove clinical outcomes, although this analysis is hypothesis
generating and the results require further validation.

Consistent with our data, previous studies have shown that people
with pacemakersimplanted for bradycardiahave arisk of impaired LV
function (LVEF <50%) or overt HF far higher than the general popula-
tion'. Those with impaired LV function have a lower quality of life,
higher hospitalization rate and poorer prognosis than those with a
pacemaker and normal LV function’. Observational studies in people
with pacemakers have consistently shown that the degree of LV dys-
functionis related to the RV pacing burden”” with alinear relationship
torisk of HF events and cardiovascular death™ and that LVimpairment
ismore frequentin patients with pacemakers who also have underlying
IHD or myocardial fibrosis™”.

Althoughthe adverse effects of RV pacing on LV function, and the
fact that many people with standard pacemakers have LV dysfunction,
have been appreciated for many years''®, the medical management
of pacemaker-associated HF is under-investigated. Optimal care in
patients withimpaired LV functionincludes renin-angiotensin-aldos-
terone system inhibitors'® and B-adrenoceptor antagonists'®*°, with
proven favorable effects on LV remodeling® and patient-oriented
long-term outcomes?. Moreover, a program with a protocol of initia-
tion and titration of medical therapy for people with HFrEF provided
in a specialized setting is associated with better outcomes*. Most of
the phasellltrials of medical therapy for HFrEF did not actively exclude
people with standard pacemakers, but, although around 9% of people
with HFrEF have astandard pacemaker®**, none of the trials reported
analyses for outcomes in this subgroup. Hence, as a result of a lack of
data, guidelines make no particular mention of the investigation and
management of people with pacemakers at risk of, or with proven,
HFrEF except to comment on the use of algorithms to limit RV pacing?®,
and the potential benefits of upgrading standard pacemakers to CRT
inthe presence of symptoms, LV dysfunction and a high requirement
for ventricular pacing'?.
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Fig.3 | Time free of all-cause mortality or HFH by the clinical management pathway. Kaplan-Meier curve demonstrating the exploratory analysis of the primary
outcomein those allocated screening by echocardiography (intervention) divided by management pathway (primary-care-led management or specialist clinic-led

management) or no screening (standard care).

OPT-PACE has confirmed that a coordinated screening program
involving routine echocardiography will detect previously undiag-
nosed impaired LV functioninaround a third of people with pacemak-
ersimplanted for bradycardia. The present study was not designed to
determinetheetiology of the LV dysfunction or whether it was primarily
theresult of RV pacing, but rather to determine whether screening for
LV dysfunction led to improved outcomes in patients with standard
pacemakers. The primary combined outcome of time to first HFH or
death did not differ between those randomized to the usual care and
those randomized to echocardiographic screening.

A prespecified exploratory analysis was included to explore
whether a care pathway, involving a specialized HF and devices clinic
tasked with patient-centered care, education, and initiation and titra-
tion of medical therapy for patients found to have an LVEF <50%, as
proposed in HF guidelines and a recent position paper, could be of addi-
tional benefit®*~°. The present data revealed that those randomized
to the screening arm who received management via the specialized
service had a significantly lower event rate than either of the other
two groups. This outcome could be the result of a combination of
education around HF and the improved provision of medical therapy
for HF, especially titration of -antagonists. Higher doses of neurohor-
monalblockade are associated withimproved outcomes, especially in
people with comorbidities>*. The trial was not, however, designed to
definitively answer this question, which will require further validation.

Hence, OPT-PACE demonstrates that simply embedding echo-
cardiographic screening into routine pacemaker follow-up services
isnot sufficient toimprove patient outcomes, possibly contributed to
by a highly heterogeneous response to the echocardiography result.
It is possible that, to achieve better outcomes, echocardiography
should form an integral part of a coordinated pathway of care that
includes accesstospecialist HF expertise, education and coordinated
patient-tailored initiation and up-titration of medical therapy for
people withastandard pacemaker found to haveimpaired LV function,
as for patients who undergo CRT?, although this hypothesis remains
unanswered.

OPT-PACEisnoteworthy in that studies testing the effects of diag-
nostic and therapeutic interventions in a single trial are uncommon.
One example in the field of HF of a randomized controlled trial that
combines screening with treatment is the randomized controlled

STOP-HF study, which tested the utility of screening for HF in an asymp-
tomatic population using natriuretic peptides, followed by optimiza-
tion of medical therapy in a specialized clinic, on clinical outcomes®.
However, OPT-PACE differs markedly from previous trials in that it
targets an at-risk patient population and then explores two pathways
of care on patient-oriented outcomes for those with the condition,
thereby offering information not only on the effects of screening itself
but also exploratory information on the response toit.

Guidelines recommend natriuretic peptides as an appropriate
method of screening for HF in people with symptoms of breathlessness
or fatigue**°. We have previously explored the use of BNPs to identify
HF ina pacemaker population®, but found modest specificity for LVSD.
Hence, despite data that echocardiographic screening of the asympto-
matic general population has a low positive rate and does not lead to
improvements in outcomes*, the higher rate of LV impairment in the
pacemaker populationand the adverse outcomes associated with this,
alongwith the therapeuticinformation provided by echocardiography,
underpinned our decision to use this as our screening test. Further
analysis of the OPT-PACE dataset, combined with ongoing observa-
tional studies including our previous work’, might serve to identify a
cohort at highest risk of prevalent LV dysfunction in whom a tailored
echocardiographicscreening program mightbe particularly beneficial.

There are several limitations to the present study. OPT-PACE
recruited people from three hospitals within a single region in the
United Kingdom. Although this may limit generalizability compared
with international models of care, the baseline demographic data
suggest that our study is representative of a population treated with
pacemakers for bradycardia. We utilized digital data extraction for
follow-up. Hospitalization data were not available through a single
system at the time of the study, such that patient admissions to other
hospitals may be incomplete. However, the distribution of hospital
facilities across the United Kingdom means that care is usually deliv-
ered by asingle organizationina particular locality, making it unlikely
that participants would be hospitalized elsewhere. Moreover, we do not
envisage any ascertainment bias for one or other group owingto this.
UK national mortality data are updated daily across the entire country,
so the mortality data are reliable. There is an appreciable delay to the
clinical effects of medical therapy for LV dysfunction that is longer for
people who are less symptomatic®°. Hence, longer follow-up might
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have shown greater effects on patient-oriented outcomes. OPT-PACE
was designed and largely completed before the routine use of sacubi-
tril-valsartan and sodium glucose transport protein 2 inhibitors for
HFrEF. It is reasonable to propose that the effects of the specialized
clinic are likely to have been greater with these agents as additional
standard therapy.

Although allocation to echocardiography was randomized, it
was not possible to randomize allocation to the follow-up pathway
within the present study, given that this was a site-level pathway
available in only one site. Hence, the results of the prespecified
exploratory analysis describing the effect of the specialist clinic are
hypothesis generating and require further research to provide
independent validation.

In conclusion, the present study has shown that a third of people
witha pacemakerimplanted for bradycardia haveimpaired LV function.
Implementing a pathway of care that includes only echocardiographic
screening does notimprove clinical outcomes. Further research willbe
required to determine whether aspecialist clinic combining device and
medical management improves outcomes.

Online content
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Methods

Trial design and ethical approval

The study design and protocol have been published previously.
OPT-PACE was amulticenter, randomized, open-label, parallel group
trial conducted in three hospitals in the United Kingdom?¥. The trial
design set out to test the clinical effects of screening echocardiog-
raphy for impaired LV function in a population at risk, using a ran-
domized controlled methodology. A prespecified, nonrandomized
exploratory analysis to explore the effects of two different pathways of
care for those identified as having impaired LV function wasincluded.
All participants provided written, informed consent and the trial
was conducted according to principles outlined in the Declaration
of Helsinki, having received full ethical approval from the Health
Research Authority (South Yorkshire Research Ethics Committee:
no.12/YH/0487).

Trial participants

Participants were eligible to take part if they had a pacemaker
implanted for bradycardia at least 12 months previously due to any
indication, according to the clinical guidelines in place at the time*®,
and were attending routine follow-up at three centers in the United
Kingdom. People were ineligible if they were known to have HFrEF,
had implantable cardioverter defibrillator or cardiac resynchroniza-
tion devices, were <18 years old, pregnant, already under the care of
HF services or awaiting heart transplantation, or had an anticipated
life expectancy of <1 year due to comorbidity or significant cognitive
impairment.

Trial procedures
All participants were approached by their clinical team at a routine
appointment and all provided written, informed consent before any
trial activities. At baseline (pre-randomization) each patient under-
went a standard pacemaker interrogation, the medical history was
recorded, blood was tested for full blood count, renal function and
NT-proBNP, and quality of life was assessed using the EQ-5D question-
naire. Quality-of-life questionnaires during the follow-up period were
sent by mail.

The trial design included two phases. First, after the completion
of baseline procedures, participants were randomly allocated on a
one-to-one basis to echocardiographic screening for LV dysfunction or
the usual care (Fig.1and Extended Data Fig. 1), using arandomization
schedule derived by an independent statistical service and accessed
through a web-based system. Those allocated to echocardiographic
screening underwent an assessment of LV function according to Euro-
pean Society of Cardiology criteria using Simpson’s biplane measures
to determine the LVEF*.

Intervention

Participants allocated the usual care and those in the echocardio-
graphic screening arm with an LVEF > 50% continued with standard
pacemaker follow-up. For those found to have impaired LV function
(LVEF < 50%), two pathways of care were applied in anonrandomized
fashion, accordingto center-level practice.Intwo of the three centers,
the results of the echocardiogram were forwarded to the patient’s
primary care physician. Subsequent treatment, including onward
referral, was at their discretion, accepting that this approach would
include considerable heterogeneity. In the third center, patients with
anLVEF <50% were referred directly to aspecialized multidisciplinary
cliniccombining HF and devices therapy, where medical therapy opti-
mization was led by a team of HF nurse specialists and cardiac physi-
ologistsinacoordinated program of patient-centered care, education
and titration visits, as outlined in HF guidelines and a recent position
paper®®* . In all three centers, the usual care included programming
to avoid unnecessary RV pacing where appropriate, as previously
published*.

Outcomes

Long-termsurvival, hospitalization and medical therapy were assessed
using hospital and primary care digital patient records, including
National Health Service (NHS) national and local systems.

The primary outcome was a composite of the time to first HFH or
death comparing those randomized to echocardiographic screening
or the usual care. A prespecified analysis of the primary outcome was
included to enable an exploratory assessment of the effects of a care
pathway that included screening for impaired LV function and medi-
cal optimization delivered through amultidisciplinary specialized HF
and devices service or the patient’s primary care physician. Secondary
outcome measures were the provision of guideline-directed medical
therapy for HFrEF and quality of life, measured at 12 months.

Statistical analysis

OPT-PACE was powered to detect an absolute reductionin the primary
outcomeevents from15%inthe usual care group to 9% inthe echocardi-
ographyscreening group. A primary event rate of 15% was anticipated
in people randomized to usual care***"**? and it was assumed that
a third of people in both arms would have LVEF < 50% (ref. 7). Based
on contemporary data of combined medical therapy in people with
impaired LV function'>?, alarger reduction in clinical events, from15%
t07.5%, was assumed in people with LVEF < 50%, which would be diluted
by people with LVEF > 50%. To detect areductionin events from15%to
9% (equivalent to an HR of 0.58, based on the effects of combination
therapy for HFrEF'>**"**) using log(rank analysis) with an overall type
lerror rate of 0.05 (two-sided analysis) and a power of 0.90, a total of
146 events were required to be observed in at least 1,070 participants
(nQuery Advisor v.3.0, assuming 18-month recruitment and 12-month
follow-up). The target recruitment was increased to 1,200 participants
inanticipation of adrop-out rate of 10%.

Time to first HFH or death was calculated from the date of ran-
domization to the date of the first event or the date of censor set at
October 2017, when all participants had had a minimum of 12 months
of follow-up. Event-free survival estimates were calculated using the
Kaplan-Meier method compared across randomized groups using
log(rank testing) in an intention-to-treat analysis.

Exploratory descriptive analysis in those allocated echocardi-
ography, specified a priori in the statistical analysis plan, reported
outcomes in the group with access to the specialist clinic and those
treated by their primary care physician.

Multivariable analysis of the primary outcome assessed the
influence of patient baseline characteristics using Cox’s propor-
tional hazards regression modeling. Variables considered for selec-
tion were those previously reported in this population’ and included
age, previous history of overt coronary artery disease, atrial rhythm,
log(NT-proBNP), ventricular pacing burden, sex and the presence of
diabetes mellitus. Adjusted treatment effects are reported.

Primary data storage was on Microsoft Excel (v.15) and primary
analyses were performed using SAS. Exploratory analyses used SPSS
statistical software. The attainment of medical therapy was assessed
using Pearson’s y*analysis. Quality-of-life databetween the randomized
groups were reported descriptively and analyzed using ANCOVA. The
statistical analysis planis available as a Supplementary Note.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Individual participant data that underlie the results reported in this
article willbe available after de-identification (text, tables, figures and
appendices) beginning 9 months and ending 36 months after article
publication. Investigators requesting access will require amethodolog-
ically sound proposal approved by anindependent review committee
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identified for this purpose to achieve the aims in their approved pro-
posal. Data will be provided within 3 months of a request. Proposals
should be directed to the corresponding author (K.K.W.).
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Extended Data Fig. 1| Screening for heart failure and optimizing pathways of care in people with pacemakers: The OPT-PACE randomized controlled trial.
Graphical abstract describing study design, study flow, data collection time points, outcome sources and endpoints.
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Extended Data Fig. 2| Time Free of All-Cause Mortality or Heart Failure Hospitalisation According to Prespecified Subgroup. Forest plot describing the primary
outcome by relevant prespecified clinical subgroups showing no difference in primary outcome between those allocated screening by echocardiography and those
allocated standard care.
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Extended Data Table 1| Univariate estimates to event-free survival

Variable Parameter Standard Wald 2 p Hazard Ratio N
Estimate Error Value (95%Cl)

Echocardiogram

Yes -0.112 0.135 0.688 0.89 (0.69-1.17) 1201
Group

Usual Care 0.000 - 1.00 1201

Primary care 0.067 0.152 1.07 (0.79-1.44)

Device + HF service -0.399 0.194 0.67 (0.46-0.98)
Age 0.081 0.009 < 0.001 1.08 (1.07-1.10) 1201
Ischaemic Heart Disease 0.635 0.135 < 0.001 1.89 (1.45-2.46) 1201
Diabetes Mellitus

None 0.000 - 0.045 1.00 1201

Type 1 0.113 1.003 1.12 (0.16-8.00)

Type 2 0.389 0.151 1.48 (1.10-2.00)
Statin -0.084 0.135 0.532 0.92 (0.71-1.20) 1199
Calcium Antagonist -0.296 0.197 0.133 0.74 (0.51-1.09) 1199
Antiplatelet Therapy

None 0.000 - 0.284 1.00 1198

Aspirin 0.157 0.150 1.17 (0.87-1.57)

Aspirin + Clopidogrel 0.911 0.456 2.48 (1.02-6.08)

Aspirin + Ticagrelor 0.239 0.584 1.27 (0.40-3.99)

Clopidogrel 0.523 0.303 1.69 (0.93-3.06)

Ticagrelor -7.942 171.816 (0-.)
Single/Dual Chamber -0.736 0.150 <0.001 0.48 (0.36-0.64) 1201
Serum Na* (*) -0.092 0.025 0.001 0.91 (0.87-0.96) 872
Serum K* -0.027 0.061 0.658 0.97 (0.86-1.10) 870
Serum Urea 0.002 0.002 0.346 1.00 (1.00-1.07) 871
Serum Creatinine (*) 0.005 0.001 <0.001 1.01 (1.00-1.01) 871
Log Plasma NT-proBNP 0.000 0.000 <0.001 1.00 (1.00-1.00) 1108
Pacing Base Rate 0.002 0.000 <0.001 1.02 (1.01-1.03) 1201
Ventricular Pacing Burden 0.005 0.002 0.002 1.00 (1.00-1.01) 1195
Atrial Fibrillation Burden 0.008 0.001 <0.001 1.01 (1.01-1.01) 1197

HF; Heart failure, MI; myocardial infarction, Na; sodium, K; potassium, Ur; Urea, NT-ProBNP;
Brain Natriuretic Peptide. Non-linear transformations were explored for continuous covariates.*
These variables were deemed significant but due to the high number of missing values, it was
decided to not carry these variables forward. All tests were two-sided.
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Extended Data Table 2 | Multivariable analysis (Cox’s regression, adjusted for randomization to echocardiography) for time
to survival from HFH or death

Variable Parameter Standard Wald y2 P-Value Hazard Ratio
Estimate Error (95% ClI)
Echo* -0.040 0.087 0.768 0.96 (0.74-1.25)
Age 0.069 0.010 <0.001 1.07 (1.05-1.09)
IHD 0.420 0.145 0.004 1.52 (1.15-2.02)
Log NT-pro BNP 0.527 0.075 <0.001 1.69 (1.46-1.96)

Values are expressed as mean (95% Confidence Interval). IHD; Ischaemic Heart Disease, NT-
ProBNP; Brain Natriuretic Peptide, AF; atrial fibrillation. * Included as a stratification factor. All
tests were two-sided.
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Extended Data Table 3 | Patient demographics at baseline by care pathway

Screening + Screening + No Total
Specialist Primary Care Echocardiographic

Clinic Physician Screening

(n=301) (n=299) (n=601) (n=1201)
Patient Distribution by Site
Site 1 301 (50%) 0 (0%) 300 (50%) 601 (50%)
Site 2 0 (0%) 148 (25%) 152 (25%) 300 (25%)
Site 3 0 (0%) 150 (25%) 150 (25%) 300 (25%)
Patient Demographics
Male sex [n](%) 173 (58) 185 (62) 359 (60) 717 (60)
Age (years) 76 (12) 73(12) 75.5 (11.9) 75.2 (12.0)
Height (cm) 166 (16) 168 (10) 166 (14) 167 (14)
Weight (kg) 78 (16) 78 (16) 77 (17) 78 (17)

Atrial Rhythm
Atrial Fibrillation

106 (36%)°

87 (32%)2°

162 (27%)?

356 (30%)

Paced 34 (11%) 12 (4%) 62 (10%) 108 (9%)
Sinus Rhythm 158 (53%) 202 (67%) 62.79 (63%) 737 (61%)
Clinical History Data
Myocardial Infarction No.(%) 54 (18%) 51 (17%) 110 (18%) 215 (18%)
Diabetes Mellitus No.(%)

Type 2 62 (21%) 57 (19%) 128 (21%) 247 (21%)
Type 1 1(0.7%) 2 (0.7%) 3 (0.5%) 6 (0.5%)
CABG No.(%) 21 (7%) 27 (9%) 57 (9%) 105 (9%)
PCI No.(%) 27 (9%) 30 (10%) 50 (8%) 107 (9%)
CVA No.(%) 58 (20%) 42 (14%) 90 (15%) 190 (16%)

Haemodynamic Data
Resting Heart Rate (bpm) 71 (11)¢ 67 (13)° 69 (12) 69 (12)
Resting Systolic BP(mmHg) 133 (19)° 143 (24) 138 (24)° 138 (23)
Pacing Data
Pacing indication
Atrioventricular block 99 (33%) 114 (38%) 206 (34%) 419 (35%)
Sinus Node Disease 173 (57%) 147 (49%) 322 (54%) 642 (53%)
Other 29 (10%) 38 (13%) 73 (12%) 140 (12%)
Atrial Fibrillation burden (%) 33 (46%)° 16 (34%)2° 28 (43%)? 29 (44%)
Atrial Pacing burden (%) 36 (37%) 29 (35%) 33 (35%) 32 (35%)
Ventricular Pacing burden (%) 41 (42%)Pe 37 (44%)° 38 (42%)° 40 (42%)
Base Rate (bpm) 59 (8)° 53 (9)2 56 (8)ab 56 (7)
Echocardiographic Data
LVEF (%) 48 (9)° 51 (11)¢
LVEDD (mm) 47 (7) 47 (7)

Continuous data are expressed as mean (SD) and categorical data as n (%) as indicated.

CABG; coronary artery bypass grafting, PCI; percutaneous coronary intervention, CVA; cerebrovascular
attack, BP; blood pressure, LVEF; left ventricular ejection fraction, LVEDD,; left ventricular end diastolic
diameter. Post-hoc testing to explore differences between the groups: @ denotes significance at p<0.05
between screening followed by primary care physician-led management vs no screening, ® denotes
significance at p<0.05 between screening followed by specialist clinic management vs no screening, ¢ denotes
significance at p<0.05 between screening followed by primary care management vs screening followed by
specialist clinic management.
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Extended Data Table 4 | Drug therapy of patients with LVSD at baseline and after a 12-month follow-up by care pathway

Medical Therapy Specialized HF and Primary care Odds Ratio
Device Service Physician (95% CI)
Baseline Follow-up Baseline Follow-up
(n=101) (n=83) (n=100) (n=73)
Beta blocker 65 (65%) 67 (81%) 45 (45) 43 (59%)  2.92(1.43, 5.99)
ACEi or ARB 61 (61%) 58 (70%) 50 (50%) 40 (55%)  1.87 (0.96, 3.59)
Loop Diuretic 33 (33%) 31 (37%) 33 (33%) 23 (32%) 1.27 (0.65, 2.47)
MRA 12 (12%) 15 (19%) 16 (16%) 5(7%) 2.95(1.01, 8.61)
Statin 58 (58%) 46 (46%) 57 (57%) 37 (37%) 1.18 (0.62, 2.22)
Anti-platelet 32 (32%) 27 (33%) 36 (36%) 19 (27%) 1.34 (0.67, 2.70)
Amiodarone 0 (0%) 2 (2%) 0 (0%) 2 (3%) 0.86 (0.12, 6.30)
Anticoagulation 49 (49%) 35 (43%) 38 (38%) 34 (47%) 0.85(0.45, 1.61)
Digoxin 10 (10%) 8 (10%) 7 (7%) 5(7%) 1.41 (0.44, 4.52)

Data are presented as n (%).
HF; heart failure, ACEi; Angiotensin-converting-enzyme inhibitor, ARB; Angiotensin Il receptor
blocker, MRA; mineralocorticoid receptor antagonist.
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Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

O0OX O O00000%

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No specific software or code was utilised to collect the data. Data preparation was performed in SPSS version 28 (IBM, New York, USA)

Data analysis Commercially available software, SPSS version 28 (IBM, New York, USA)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Individual participant data that underline the results reported will be available after de-identification (text,tables, figures and appendices) beginning 9 months and
ending 36 months following article publication. Investigators requesting access will require a methodologically sound proposal approved by an independent review
committee, identified for this purpose to achieve the aims in their approved proposal. Proposals should be directed to the corresponding author




(K.K.Witte@Leeds.ac.uk) and any data that can be shared will be released with Sponsor approval via a data use agreement.
Responses will be aimed to be given within 3 months.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Sex and gender distributions of the datasets have been reported and were collected based on self report.

Reporting on race, ethnicity, or | Race was collected based on self-report. Analyses of primary or secondary outcomes by race or ethnicity were

other socially relevant not planned a priori. Sex was included as a covariate in secondary analyses.
groupings
Population characteristics Participants were recruited in 3 sites in the United Kingdom and were eligibile if they had a pacemaker implanted for

bradycardia at least 12 months prior, had capacity to consent, and were over 18 years of age.
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Recruitment Consecutive, unselected potential participants were sent written information prior to their routine pacemaker follow-up and
were approached for consent on the day of their appointment by the study team. Written informed consent was gained from
all participants.

Ethics oversight Ethical approval was given by the Health Research Authority (South Yorkshire Research Ethics Committee: 12/YH/0487)

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size A total of 1201 participants were included and randomised. The sample size was calculated to detect a reduction in clinical events from 15%
to 9% based on previous evidence, using a log-rank analysis with an overall type 1 error rate of 0.05 (two-sided analysis), and a power of 0.90.
A total of 146 events were required to be observed in at least 1070 participants assuming an 18month recruitment period (nQuery Advisor
V3.0). Recruitment was increased to allow for a 20% drop-out rate.

Data exclusions  Exclusions from analysis were based on data completeness, numbers included are presented per analysis.

Replication Not applicable as this is the first study to assess the utility of introducting echocardiography screening into a pacemaker follow-up service and
to assess subsequent pathways of care.

Randomization  Participants were randomised in a 1:1 allocation to echocardiography or usual care. Subsequent management pathway was stratified by
recruiting centre.

Blinding No blinding was performed. This was an open label parallel randomised group trial.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.




Materials & experimental systems Methods

Involved in the study n/a | Involved in the study

|:| Antibodies |Z |:| ChiIP-seq

|:| Eukaryotic cell lines |:| Flow cytometry

|:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging

|:| Animals and other organisms
Clinical data

|:| Dual use research of concern
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Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ClinicalTrials.gov identifier NCT01819662
Study protocol Full study protocol is available via Nature Medicine.

Data collection Data were collected on-site by clinical research associates. Patients were recruited from June 2013 to November 2016 in 3 centres in
the UK. Follow-up data were censored at on October 31st 2017. Data were collected from 1 tertiary and 2 district hospitals in paper
format and entered onto a single digital database.

Qutcomes The primary outcome was time to first heart failure hospitalisation or all-cause death compared between intervention arms.
Prespecified subanalysis included assessment of the effects of the subsequent care pathway. Secondary outcomes included the
provision of guideline-directed medical therapy and quality of life.
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