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Abstract

Aims Inter-atrial block (IAB), a marker of electrical atrial dysfunction, is associated with an increased risk of atrial fibrillation
(AF) and adverse events in various populations. The prognostic impact of IAB in heart failure (HF) with preserved ejection frac-
tion (HFpEF) remains unknown. The aim of this study is to determine the prevalence of IAB and the association of IAB and AF
with adverse events in HFpEF across different healthcare settings.

Methods and results To identify electrical atrial dysfunction, baseline ECG’s and medical history were analysed in HFpEF pa-
tients in an ambulatory setting and after recent HF hospitalisation. Patients were categorised into (i) HFpEFo iag, (i) HFPEF A, OF
(iii) HFpEFAr. Adverse events included HF hospitalisation, cardiac/sudden death and a composite of both. The ambulatory cohort
included 372 patients [mean age 75 + 7 years, 252 (68%) females]. The recently hospitalised cohort included 132 patients [mean
age 81 £ 10 years, 80 (61%) females]. Ambulatory patients included 17 (4%) HFpEF, o as, 114 (31%) HFpEF,Ag and 241 (65%)
HFpEFAr, While recently hospitalised patients included 31 (23%), 73 (55%) and 28 (21%), respectively. After 33 months of
follow-up of ambulatory patients, composite endpoints occurred in 0 (0%) HFpEF, o 1ag, 12 (11%) HFpEF o5 [HR 4.1 (95% CI 0.5—
522.6)] and 59 (24%) HFpEF 4 patients [HR 10.1 (95% Cl 1.5-1270.4), P < 0.001]. Recently hospitalised patients showed a similar
trend, with composite endpoints in 10 (32%) HFpEF o, 31 (42%) HFpEF 55 (HR 1.5 [95% Cl 0.7-3.1]) and 22 (79%) HFpEFAr (HR
3.8 [95% CI 1.8-8.1], P < 0.001).

Conclusions Progressive stages of electrical atrial dysfunction appeared to be prognostic markers of adverse outcomes in
ambulatory and recently hospitalised patients with HFpEF. Ambulatory patients with HFpEF and no early stages of electrical
atrial dysfunction showed to be at very low risk for adverse outcomes. Whether such patients benefit less strict management
remains to be investigated.
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Introduction Atrial fibrillation (AF) commonly co-exists with HFpEF and
may even share part of the underlying pathophysiological
Half of all heart failure (HF) patients suffer from HF with pre- mechanisms. Left atrial (LA) dilation and dysfunction are
served ejection fraction (HFpEF).! HFpEF is associated with a  well-established factors present in both AF and HFpEF, which
high comorbidity burden and decreased quality of life.> De-  negatively affect disease progression in both conditions.>™
spite recent treatment advances, the prognosis for HFpEF pa- Interatrial block (IAB), characterised by a prolonged
tients remains poor.>* P-wave on a 12-lead electrocardiogram (ECG), is a marker of
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electrical atrial dysfunction and is associated with LA struc-
tural and functional remodelling.’®™*? 1AB is relatively com-
mon in the general population and among patients with
cardiovascular disease, with prevalence estimates ranging
from 10% to 60%, increasing drastically with age.***™> |AB
is linked to an increased risk of AF or stroke in the general
population and in patients with HF with reduced ejection
fraction (HFrEF).**®7 |n patients with HFpEF, a prolonged
P-wave duration has been proposed as a predictor of
new-onset AF.'® However, additional prognostic effects of
IAB in HFpEF remain largely unknown.

Improved risk prediction can help to identify patients with
high or very low risk for adverse events and may be used to
guide follow-up and implement more optimised management
strategies. The primary aim of this study is to evaluate the
prevalence of IAB and the prognostic association of electrical
atrial dysfunction severity (no IAB, IAB and AF) in patients
with HFpEF in different healthcare settings (stable ambula-
tory and recently hospitalised).

Methods
Study population

The study consisted of two separate HFpEF cohorts.

Ambulatory cohort (Maastricht, Netherlands)

The ambulatory cohort of this study consisted of HFpEF pa-
tients prospectively enrolled in the Maastricht HFpEF cohort
between January 2015 and June 2021.'° Detailed information
regarding the diagnostic process for HFpEF in this cohort has
been reported previously.° In short, patients underwent a
diagnostic work-up including consultation with a HF-
cardiologist, echocardiography and blood tests. Each patient
case was discussed within the institutional HF team. HFpEF
was diagnosed based on expert consensus of at least two
HF-cardiologists according to the ESC 2016 guidelines for
HF.?* Exclusion criteria for this study were (1) HF was ruled
out during diagnostic work-up; (2) cardiac valvular interven-
tions prior to or within 1 year after the baseline assessment
or valvular heart disease requiring interventions; (3) lack of
retrievable 12-lead ECG recordings at baseline; (4) ECG of in-
sufficient quality to assess rhythm or perform ECG analysis as
described below; and (5) presence of a paced rhythm on the
12-lead ECG at baseline.

Recently HF hospitalised cohort (Badalona, Spain)

The recently HF hospitalised cohort served as a validation co-
hort, to validate our findings from the ambulatory cohort.
This cohort derives from the STOP-HF clinic (Structured
multidisciplinary outpatient clinic for Old and frail
Post-discharge patients hospitalised for HF) at the Germans
Trias i Pujol hospital in Badalona, Spain. This outpatient clinic

was created in 2014 to reduce early readmission rates and fa-
cilitate the transition to primary care among vulnerable pa-
tients with HF. Patients are seen within 1 week after
hospitalisation for decompensated HFpEF and are followed
with a structured and multidisciplinary approach. The first
outpatient visit following a HF hospitalisation was defined
as baseline visit. Detailed information regarding the multifac-
torial intervention has been reported previously.?* The same
exclusion criteria as the ambulatory cohort were applied to
this cohort. Patients with an AF history or AF on the baseline
ECG were only included if follow-up data was already col-
lected during a predefined one-year assessment for study
feasibility reasons, in which follow-up was updated until the
last outpatient visit. Clinical and echocardiographic data
were obtained during the first outpatient visit after HF
hospitalisation.

Both cohort studies comply with the Declaration of Helsinki,
were approved by the local ethics committee (Medical Ethics
Committee University Hospital Maastricht/Maastricht Univer-
sity METC 21-017, Research Ethics Committee Germans Trias |
Pujol University Hospital PI-18-037) and obtained written in-
formed consent from all participants.

Electrical atrial dysfunction assessment

All 12-lead ECG recordings (speed 25 mm/s, 10 s recording)
clinically obtained during baseline visit were exported as PDF
files from clinical electronic ECG reading systems. Baseline visit
was defined as the first ever visit at the HFpEF outpatient clinic
for the ambulatory cohort (Maastricht), and the first outpa-
tient clinic visit after HF hospitalisation for the recently
hospitalised cohort (Barcelona). AF was diagnosed based on
ECG by an analysing physician (J.W., S.M. or H.L.M.), or based
on the medical history. When categorising patients into no
IAB, IAB and AF, all patients with a medical history of AF (par-
oxysmal, persistent of permanent) were categorised as ‘AF’ ir-
respective of the baseline ECG rhythm. Subsequently, sinus
rhythm ECGs from all patients without AF in the medical his-
tory were assessed for IAB presence using AutoCAD software,
blinded to clinical data. P-wave onset and end were
delimitated with vertical ledger lines across all ECG leads to
most accurately determine the overall P-wave duration. Par-
tial IAB was defined as P-wave duration > 120 ms, and ad-
vanced IAB as P-wave duration > 120 ms along with biphasic
P-wave morphology in at least two inferior leads (Il and aVF)
(Figure S1)* The three analysing physicians underwent train-
ing for P-wave duration and morphology assessments to har-
monise the measurements. The final training set included 11
randomly selected sinus rhythm ECGs to assess interobserver
variability of P-wave duration results. In case of uncertainty
about the rhythm or final diagnosis (IAB or no IAB), the ECG
was reassessed by at least one of the other physicians to reach
consensus.
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Outcome measures and follow-up

The primary endpoints of the study included all-cause mortal-
ity, cardiac or sudden death, HF hospitalisation, or a compos-
ite of HF hospitalisation (HFH) and cardiac/sudden death.
Sudden death was defined as a non-traumatic, unexpected
fatal event occurring within 1 h of the onset of symptoms
(or within 24 h if not witnessed). Details of endpoints during
follow-up were mainly collected from the hospital electronic
health records (EHR), with general practitioner contact in
case the cause of death was unclear. The follow-up time
was defined as the number of days between the baseline visit
at the HFpEF outpatient clinic of both cohorts and the occur-
rence of a primary endpoint event. If no study endpoint
occurred, patients were censored on 1 October 2022 (ambu-
latory cohort) and 1 May 2023 (recently hospitalised cohort).

Statistical analysis

Descriptive data were reported as mean = SD, median (inter-
quartile range), or counts (percentages), as appropriate.
Baseline differences between groups (no IAB, IAB and AF)
for continuous variables were assessed by one-way ANOVA
or Kruskal-Wallis test depending on the distribution of data
tested by the D’Agostino skewness test.?* The chi-square test
or Fisher—Freeman—Halton exact test were employed for cat-
egorical variables, respectively. Baseline analyses comparing
two groups for continuous variables were performed by inde-
pendent t-test or Mann—Whitney U test and for categorical
variables by chi-square or Fisher’s exact. The same principles
were applied to evaluate baseline differences in the recently
hospitalised cohort. Survival analyses for clinical outcome dif-
ferences between groups were visualised using Kaplan—Meier
curves and tested by Cox regression with Firth’s penalised
maximum likelihood bias reduction (FLR) due to zero events
in the no IAB group.”® Regular Cox regression analysis was
done in the recently hospitalised cohort between no IAB
and IAB. Given the small group of no IAB and the absence
of relevant clinical differences at baseline, multivariable Cox
regression analyses were only performed with interaction
for sex in both cohorts to explore sex-dependency of the
combined outcome. Inter-observer variability of P-wave dura-
tion assessment (J.W., S.M. and H.L.M) was evaluated
(n = 11) by intraclass correlation coefficient (ICC) estimates
using a single-rating, absolute-agreement, two-way mixed-
effects model. In addition, P-wave measurement bias be-
tween observers was evaluated by Bland—Altman analyses
and corresponding plots.?® The ICC estimate was excellent
[0.92 (95% Cl 0.82—0.97)], and the mean bias between ob-
servers was low (0.9—4.1 ms) (Figure S2). A two-sided P-value
of <0.05 was considered significant. All analyses were per-
formed with R version 4.1.2 (R Foundation for Statistical
Computing).

Results
Clinical characteristics in the ambulatory cohort

In total, 372 ambulatory patients were included in this study
(Figure 1). The median age was 75 years and approximately
two-thirds was female (Table Z). A high prevalence of comor-
bidities such as AF, hypertension and renal dysfunction was
observed among these patients with HFpEF.

Prevalence of electrical atrial dysfunction in the
ambulatory cohort

Electrical atrial dysfunction emerged as a prominent feature
in the ambulatory cohort with 241 (64.8%) cases of AF, 114
(30.6%) cases of I1AB, and only 17 (4.6%) without IAB. The
prevalence of comorbidities was comparable among these
three groups (Table 7). The IAB group consisted of 76 patients
(67%) with partial IAB and 38 (33%) with advanced IAB. Nota-
bly, none of the patients without IAB had experienced any
prior HFH at baseline. HFpEF patients with IAB appeared to
have more left ventricular (LV) hypertrophy compared to
those without IAB, while patients with AF had higher New
York Heart Association (NYHA) class, N-terminal pro B-type
natriuretic peptide (NT-proBNP) values, LA volumes, and esti-
mated right ventricular pressures, along with lower LV and LA
strain values.

Outcome of no IAB, IAB and AF in the ambulatory
cohort

During the median follow-up of 33 (18-49) months, 71 pa-
tients (19%) reached the composite endpoint of HFH or car-
diac mortality. Remarkably, the no IAB group exhibited zero
events during the observation period. The IAB group and AF
group exhibited 12 (11%) and 59 (24%) events respectively.
The survival analysis indicated distinct survival trends across
the three patient groups. Specifically, a gradient of declining
survival was observed from the no IAB group to the IAB
group, with the poorest survival outcomes recorded in the
AF group [hazard ratio IAB 4.1 (95% CI 0.5-522.6) and AF
10.1 (95% Cl 1.5-1270.4), P < 0.001] (Figure 2). No clear ef-
fect of sex was observed for these results (Pinteraction = 0.619).
For HFH this trend was seen after approximately 1 year of
follow-up, whereas for cardiac mortality the survival differ-
ence became evident after 2 to 3 years. Differences in
all-cause mortality between patient groups were less appar-
ent (P = 0.273, Figure S3), although no events were observed
before 3 years follow-up in patients without IAB. Excluding
patients with a previous HF hospitalisation up until 6 months
prior to baseline (n = 5 with IAB, n = 16 with AF) showed
similar results (Figure S4). Among the patients without prior
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Figure 1 Study flow diagram. Study flow for the ambulatory cohort and the recently hospitalised cohort. AF, atrial fibrillation; HFpEF, heart failure with

preserved ejection fraction; IAB, inter-atrial block.
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history of stroke, nine patients experienced incident stroke
during follow up. One patient was in the no IAB group (8%),
two in the IAB group (2%), and six were in the AF group
(3%) (P = 0.414).

Findings in recently hospitalised patients

In our recently hospitalised cohort, 132 patients were in-
cluded. Clinical characteristics during the first outpatient visit
are summarised in Table 2. This cohort had a median age of
84 years, which is 9 years older than the ambulatory cohort.
The sex distribution was comparable between the ambula-
tory and recently hospitalised cohorts. This cohort included
28 patients (21%) with AF, which were selected based on
available follow-up data and do not allow for relative preva-
lence comparisons with IAB status. In patients in SR, electrical
atrial dysfunction was also highly prevalent in the recently
hospitalised cohort entailing 73 patients (70%) with IAB and
31 patients (30%) without IAB. The IAB group consisted of
40 patients (55%) with partial IAB and 33 (45%) with ad-
vanced IAB. Compared with patients without IAB, patients
with IAB had more often NYHA class >3, and patients with
AF had more often NYHA class >3, signs of congestion and
higher NT-proBNP values.

During the median follow-up of 1 months, 62 pa-
tients (47%) reached the composite endpoint of HFH or
cardiac death. The survival analysis revealed a consistent
trend of increasing event rates from patients without IAB,
to those with IAB, and peaking in patients with AF [hazard
ratio IAB 1.5 (95% CI 0.7-3.1) and AF 3.8 (95% CI 1.8-8.1),
P < 0.001] (Figure 2). This result was not sex-dependent

6-34
5

(Pinteraction = 0.364). All-cause mortality was similar among
patients regardless of the presence of IAB or AF (Figure S3).

Discussion

The present study reveals a high prevalence of electrical atrial
dysfunction in patients diagnosed with HFpEF. In ambulatory
patients with HFpEF, a gradual risk emerged for HFH or car-
diac mortality, from patients without IAB, to patients with
IAB, and peaking among patients with AF. This gradual prog-
nostic effect was comparable but less pronounced in patients
with HFpEF after recent HFH (Graphical abstract), as the latter
group had higher event rates in all patient categories.

Previous findings of prognostic effect of IAB

The prognostic implications of electrical atrial dysfunction
have been investigated in diverse patient populations, using
varying P-wave indices and yielding inconsistent results. A
prospective observational registry focusing on elderly pa-
tients with structural heart disease did not find a significant
association between IAB and mortality. However, P-wave du-
ration was associated with all-cause mortality (HR 1.04 per
millisecond of P-wave duration).?” In a general study popula-
tion of over 6000 individuals, IAB was not associated with
all-cause mortality.** Nevertheless, P-wave duration emerged
as a potential mortality predictor in this demographic as
well.?® In line herewith, the association between IAB and
all-cause mortality in  our ambulatory and recently
hospitalised cohort was confined. Additionally, a previous ret-
rospective study in more than 1 million individuals without
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Figure 2 Survival curves of ambulatory and recently hospitalised patients with HFpEF. For the ambulatory cohort, panel (A) displays the composite
endpoint of cardiac/sudden death or heart failure hospitalisation (HFH) for each stage of electrical atrial dysfunction (no IAB, IAB and AF), panel (B)
displays cardiac/sudden death, and panel (C) displays HFH. For the recently hospitalised cohort these survival curves are shown in panels (D), (E)
and (F) respectively. Follow up for recently hospitalised patients with AF was recorded up till 1 year after initial outpatient visit. AF, atrial fibrillation;
FLR, Firth’s penalised maximum likelihood bias reduction; IAB; inter-atrial block.
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previous history of AF or atrial flutter has shown that IAB is
associated with stroke, even after adjusting for incident AF
and CHA2DS2-VASc score.?® Due to the limited number of in-
cident stroke events in our study population (n = 2 in the IAB
group), this association could not be verified in our cohort.

IAB is a marker for advanced disease

The impact of IAB on HFH seems to be present in other HF
phenotypes as well. Similar to our findings, a single-centre
observational study conducted in an outpatient cohort of
110 patients with HFrEF found an elevated HF hospitalisation
rate in patients with IAB compared to without IAB (62% vs.
38%, P = 0.019) after 1 year of follow up.3° Interestingly, both
IAB and non-IAB groups in their study manifested significantly
higher hospitalisation rates compared to our cohorts, likely
attributable to a higher NYHA class and a higher HF
hospitalisation risk in HFrEF versus HFpEF.>

IAB may be a marker of advanced stage of HF, regardless of
phenotype, although different underlying mechanisms lead to
different clinical manifestations of advanced disease. IAB has
previously been identified as a predictor for severe arrhyth-
mias in dilated cardiomyopathy patients.®* Notably, previous
research has shown a low incidence of ventricular tachyar-
rhythmias in HFpEF.>? This distinction suggests that for pa-
tients with HFpEF, the manifestation of advanced disease is
not primarily severe arrhythmias but rather HFH. Conse-
quently, in our HFpEF cohort, IAB may stand out predomi-
nantly as a prognostic marker for HFH rather than cardiac
mortality.

Potential mechanisms of IAB in HFpEF

Leading drivers for the high IAB prevalence are suggested to be
advancing age, hypertension and coronary artery disease,* of
which the first two factors were applicable in most patients
with HFpEF in our study. Previous studies have shown a signif-
icant delay in LA conduction in the presence of IAB, subse-
quently impacting LA contraction and ejection fraction.**>3
The structural and functional atrial abnormalities associated
with IAB may serve as precursors to AF, and they may worsen
prognosis even in the absence of AF, possibly through
pro-thromboembolic effects.>* The relevance of atrial function
and failure has been extensively investigated, and both struc-
tural and functional atrial dysfunction are also thought to
aggravate the HF syndrome.®® A small cross-sectional echocar-
diographic study found poor LA contractility, lower LA stroke
volume and LA ejection fraction in 24 ambulatory patients
with various cardiac diagnoses and with IAB, compared with
16 controls without IAB.3® Yet we did not observe larger left
atrial volumes in HFpEF patients with IAB compared with
those without, but LA reservoir strain was numerically lower

in patients with 1AB (respectively 30.9% vs. 38.5%,
P = 0.122). However, we did find more LV hypertrophy in
HFpEF patients with IAB than no IAB, which has been reported
before to be associated with declining LA reservoir strain in
HFpEF.3” Although merged data is scarce,*>*%3° we postulate
underlying increased fibrosis cooccurring in the LV and LA may
partially explain the correlations between both cardiac cham-
bers. A previous study in 100 patients at high risk for AF,
predominantly without HF, found a significant association be-
tween the presence of advanced IAB and LA reservoir strain
<26%, suggesting a potential link between LA electrical dys-
function and impaired LA reservoir function.’

The precise correlation between LA electrical dysfunction
in the context of IAB and worsening HFpEF remains an area
warranting more investigation. A case study showed atrial
emptying against an already closed mitral valve in patients
with 1AB.*° If occurring, this may lead to increased LA
afterload and decreased LV filling, eventually worsening the
HFpEF syndrome because of increased pulmonary capillary
pressures and decreased cardiac output in conjunction with
the existing increased myocardial stiffness in HFpEF.**

Clinical relevance

The finding of the current study may help to identify ambula-
tory patients with HFpEF but without IAB as a very low risk
population. Considering the high prevalence of HFpEF, the
low proportion of ambulatory HFpEF patients without I1AB still
accounts for a high absolute number of patients. Further re-
search is needed to explore whether patients without IAB
might benefit from a less strict and more personalised man-
agement strategy, considering that the absence of IAB is asso-
ciated with a notably low risk of HFH or death. As such, we
speculate that especially those patients without I1AB would
be manageable in a primary care setting after a relevant HF
diagnostic work-up has been performed and treatments initi-
ated, aiming to decrease the currently high healthcare con-
sumption and costs, and alleviate the burden on patients by
circumventing the necessity for hospital visits.>*? The inher-
ent higher risk for readmission or death associated with the
period immediately following a HFH**™** does not support
the use of IAB to risk-stratify patients at very low-risk for ad-
verse outcomes during the post-HFH period. IAB is easy to
asses using a standard 12-lead ECG, making it accessible dur-
ing outpatient visits.

Limitations

Certain limitations should be taken into account. First, the
study’s retrospective design, conducted in two tertiary hospi-
tals, might introduce a selection bias. Second, the low inci-
dence of no IAB precluded the possibility of a multivariable
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analysis or adequate power for pairwise analysis, and may
contribute to an overestimation of the survival time of pa-
tients without IAB compared to the IAB and AF groups. For
example, LV hypertrophy was an independent predictor for
worse outcome in previous HFpEF research, and our ambula-
tory patients without IAB had less signs of LV hypertrophy
compared with those with IAB.>” Furthermore, patients in
the recently hospitalised cohort may have had not only re-
cent, but also multiple prior hospitalisations, increasing co-
hort heterogeneity. In addition, the study population was
without background SGLT2i therapy, which may reverse atrial
remodelling and decrease adverse outcomes.*®*’ Finally, be-
cause ECGs were only available at baseline, the progression
of electrical atrial dysfunction could not be tracked, such as
from no IAB to IAB, or IAB to AF, leaving the temporal impact
on prognosis unclear.

Conclusions

Progressive stages of electrical atrial dysfunction appeared to
be prognostic markers of adverse outcome in ambulatory pa-
tients with HFpEF as well as in patients with a recent HFH.
Ambulatory patients with HFpEF and no early stages of elec-
trical atrial dysfunction, although with low incidence, showed
to be at very low risk for adverse outcomes after 3 years of
follow-up. This underscores the potential clinical utility of
assessing electrical atrial dysfunction as a prognostic marker
in ambulatory patients with HFpEF.
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