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Abstract

Objectives

Up to 50 % of patients qualified for cardiac resynchronization therapy (CRT) have documented
atrial fibrillation (AF) prior to CRT-implantation. This finding is associated with worse prognosis
but few studies have evaluated the importance of post-implant device-detected AF. This study
aimed to assess the prognostic impact of device-detected atrial high rate episodes (AHRE), as a

surrogate for atrial fibrillation (AF).

Design

Data was retrospectively obtained from consecutive patients receiving CRT. Baseline clinical
data and data from CRT device-interrogations, performed at a median of 12.2 months after CRT-
implantation, were evaluated with regard to prediction of the composite endpoint of death, heart

transplant or appropriate shock therapy. Median follow-up time was 51 months post-implant.

Results

The study included 377 patients. Preoperative AF was present in 49 % and associated with worse
outcome. The cumulative burden of AHRE at 12 months post-implant was an independent
predictor of the primary endpoint. During the first 12 months after CRT-implantation, AHRE
were detected in 25 % of the patients with no preoperative diagnosis of AF. This finding was not

associated with worse outcome.

Conclusions
In CRT recipients, the cumulative burden of AHRE during first year of follow-up was associated
with worse long-term clinical outcome. Prospective trials are needed to determine if a rhythm

control strategy is to be preferred in patients with CRT.
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Introduction

Cardiac resynchronization therapy (CRT) is a well-validated treatment option for patients with
congestive heart failure (HF), widened QRS-complex and signs of electrical dyssynchrony during
sinus rhythm (SR).[1, 2, 3] However, atrial fibrillation (AF) is a common comorbidity to HF, and
up to 50 % of HF patients qualified for CRT have some documented AF prior to CRT-
implantation.[4] This finding is associated with worse prognosis [5, 6] but the prognostic impact

of post-implant device-detected AF is more uncertain in a CRT population.[7, 8, 9, 10, 11, 12]

Automatic mode switching (AMS) algorithms, designed to prevent tracking of rapidly occurring
signals sensed by atrial channels to the ventricles, can be used for the detection of atrial
tachyarrhythmias. Such algorithms have been found to be reliable surrogate markers for atrial
high rate episodes (AHRE) with a high sensitivity and specificity for AF[13]. As CRT devices
are capable of detecting and storing any, even short-lasting AHRE and AMS-events during
follow-up, the prognostic impact of post-implant device-detected AF can be studied in patients

treated with CRT.

We hypothesized that a higher burden of device-detected AHRE early after device implantation is
associated with worse clinical outcomes in CRT patients. The primary objective of the study was
to assess the prognostic impact of AF in HF patients treated with CRT using a composite of
death, heart transplant or appropriate shock therapy (whichever came first) as the primary

endpoint. The secondary objective was to assess the 1-year AF incidence in patients treated with
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CRT and no documented AF prior to implantation and to evaluate if new-onset AF could be

associated with an adverse clinical outcome.

Materials and Methods

Study population

Data was retrospectively obtained from consecutive patients receiving CRT-P or CRT-D at a
large volume tertiary care center in Sweden from 1999 to May 2008. Baseline clinical data as
well as data from the follow-up CRT device-interrogations were evaluated with regard to
prediction of the composite primary endpoint. Patients fulfilling guideline indications for
CRT[14], with a successfully implanted device were included (Figure 1). The local ethics

committee approved the study.

Previous history of AF

The preoperative rhythm diagnosis (no AF, non-permanent AF or Permanent AF) was obtained
by record linkage with The Swedish National Patient Register and by reviewing medical records.
The Swedish National Patient Register is administered by the Swedish National Board of Health
and Welfare and includes data on main and secondary diagnoses at discharge from all public
hospitals in Sweden starting in the year 1987. It also includes information about outpatient visits
to hospitals. The register uses International Classification of Disease (ICD) codes, with the 9th
edition (ICD-9) used between 1987 and 1996, and the 10th edition (ICD-10) used from 1997 and
until today. AF was defined as the presence of any of the following ICD codes: 427D for ICD-9
and 148 for ICD-10. Patients were considered as having AF history if it was documented by either
The Swedish National Patient Register or by medical records at any time prior to CRT-

implantation. The Swedish National Patient Register has previously been validated regarding
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diagnostic accuracy for atrial fibrillation.[15][16]

Assessment of post-operative AF incidence and burden of AHRE

For the purpose of the analysis regarding post-operative AF incidence, AMS episodes retrieved
from device diagnostics were considered as equivalents of AF. When a device turned into AMS
mode this was considered as an episode of AF and patients with no history of AF prior to

implantation were considered as having new-onset AF.

The cumulative burden of AHRE during the first year of follow-up was obtained from routine
device-interrogations performed at a median of 12.2 months (IQR 8.9-15.2 months) after CRT-
implantation. Only patients who had available device-detected data after 3 months from CRT-
implantation were included in the analyses regarding 1-year incidence of AF and the prognostic
impact of the cumulative burden of AHRE during the first year post-implant. Manufacturer-

specific nominal settings for detection of AMS and AHRE were used as default.

Statistics

SPSS Statistics for Macintosh, version 22.0 (IBM Corp. Armonk, NY) was used for all statistical
analyses. The Kolmogorov-Smirnov Test, as well as visualization of histograms, was used to
evaluate if continuous data were distributed normally or not. Continuous, normally distributed
variables were reported as mean +standard deviation (SD). Non-continuous and continuous
variables not normally distributed were reported as median +quartiles. The Kruskal-Wallis test
was used to evaluate if the distribution of New York Heart Association Classification of heart
failure (NYHA Class), ECG morphology, type of CRT manufacturer and mortality-cause were
the same across groups. The Pearson chi-square test or Fisher’s exact test were used to compare

categorical variables. A univariate as well as a multivariate Cox-regression analysis was
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performed to calculate possible predictors of the composite primary endpoint. Parameters with p-
values < 0.1 in the univariate analysis were used in the multivariate analysis with stepwise
backward conditional elimination in order to identify independent predictors. Kaplan Meier plots

and log-rank tests were used to compare survival over time between groups.

Study outcome

The primary endpoint was a composite of death, heart transplant and appropriate shock therapy

during follow-up (whichever came first).

Information regarding death dates was retrieved from the Swedish Death and Hospital Discharge
Registries. Information regarding heart transplants was obtained by record linkage with The
Swedish National Patient Register and from medical records, and information regarding
appropriate shock therapies from device-interrogations in medical records. Patients were
followed from the time of CRT-implantation until they reached the primary endpoint, or until 25t"

of May 2013 when data were retrieved from the National Patient Registries.

Results

Study population and data availability

The study included 377 consecutive patients from a large real-world population with CRT-
treatment (n=377, median age 71 years, 85 % male, 62 % LBBB, 170 ms median QRS, 22 %
LVEF, 57 % ischemic etiology). The percentage of CRT without defibrillator (CRT-P) was high

(74 %). Median follow-up time was 51 months (IQR 17-83) from CRT-implantation.

Patient characteristics in regard to pre-implant AF

The baseline characteristics of the patients (Table 1) were similar for those with and without a
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known AF diagnosis prior to implant. The differences were that patients with a history of
permanent AF (PmAF) were slightly older (71 vs. 69 years, p-value 0.001), more symptomatic
(more commonly in NYHA-class Il or 1V than | or Il, p-value 0.02) and more often men (91 %
vs. 81 %, p-value 0.02), compared to patients with no diagnosis of AF prior to implantation. As
expected, antiarrhythmic drugs were most frequently used in patients with non-permanent AF
(non-PmAF) prior to implantation, however these patients used significantly less angiotensin-
converting enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARB) compared to
patients with no diagnosis of AF (88 % vs. 96 %, p-value 0.003). Seventy-one percent of the
patients had a CRT-device from the manufacturer Medtronic (Medtronic, Dublin, Leinster,
Ireland), 17 % from St. Jude Medical (St. Jude Medical Inc, Saint Paul, Minnesota, USA) and 12

% from Biotronik (Biotronik SE & Co. KG, Berlin, Berlin, Germany).

During the first year of follow-up, the median percentage of achieved BiVP was significantly
lower among patients with a history of PmAF compared to patients with no pre-implant AF and
those with a history of non-PmAF, however even in the PmAF group the median BiVP was high.
No significant difference regarding achieved BiVP was found when comparing patients with no

diagnosis of AF before CRT implantation with patients with a history of non-PmAF.

Prognostic impact of the pre-implant AF history

A preoperative diagnosis of AF was found in 183 (49 %) patients and this was associated with a
worse outcome (Figure 2, p-value < 0.001). No significant difference regarding outcome was
found when comparing patients with a history of non-PmAF with patients with a history of
PmAF (Figure 2, p-value 0.64). Patients with a history of PmAF, as well as patients with non-Pm
AF preoperatively, had a significantly worse outcome compared to patients with no diagnosis of

AF preoperatively (Figure 2, p-values 0.001 and 0.02 respectively). No difference was found



Jacobsson

regarding mortality causes between groups. Heart failure was the most common mortality cause

in all the preoperative rhythm diagnoses (Table 4).

Prognostic impact of new-onset AF during the first year after CRT-implantation

Among the 194 patients without a preoperative AF diagnosis, 132 patients qualified for the
analysis of the new-onset AF first year post-implant due to the device interrogation data
availability and did not reach the primary endpoint before the control device-interrogation (10
received appropriate shock therapy prior to the chosen ICD control and were excluded from the
analysis). The definition of AMS did not differ among the different manufacturers and the
distribution of manufacturers did not differ between the different categories of preoperative
rhythm diagnosis (Kruskal-Wallis test, p-value 0.66). Thirty-three (25 %) of the included 132
patients had one or more AMS events during first year of follow-up and were considered as
having new-onset AF during the first year post-implant. The patients with no preoperative
diagnosis of AF who did not have documented AF during the first year post-implant did not have
a superior outcome compared to those who had new-onset AF detected during the first year post-
implant (Figure 3, p-value 0.67). Among these 33 patients with new-onset AF, the total burden of
AHRE during the first year post-implant was low, ranging from seconds up to 1 % of the total

time. Nine of these 33 patients had clinically recognized AF during follow-up.

If only mortality and heart transplant were considered as endpoint, 142 patients were included in
the analysis and 36 (25 %) were, based on AMS events, considered as having new-onset AF
during the first year post-implant. These patients did not have an inferior outcome compared to
those who did not have new-onset AF (p-value 0.54). Among the 36 patients with new-onset AF,

the total burden of AHRE was relatively low, ranging from seconds up to 5 % of the total time.
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Device-derived data from the first year after CRT-implantation
A total of 220 patients were included in the analysis of the effect of the cumulative burden of
AHRE on the outcome (Figure 1). The median burden of AHRE during the first year is presented

in Table 1.

In the multivariate Cox regression analysis, the cumulative burden of AHRE during the first year
of follow-up was an independent predictor of the composite primary endpoint; HR 1.1 for each
10 % increase in post-implant burden of AHRE (Table 3). Other independent predictors were
LVEF before CRT-implantation and ischemic etiology of HF. None of the other parameters
significantly differing among the preoperative rhythm diagnoses turned out as independent

predictors of the composite primary outcome.

Discussion

In HF patients treated with CRT a preoperative diagnosis of AF was associated with a worse
long-term outcome, thus supporting earlier observations. [4, 5, 6, 17, 18] New-onset AF during
the first year post-implant was found in 25 % of the patients with no previous history of AF
before CRT-implantation. New-onset AF was not related to an inferior outcome, and the
prognostic impact of the short device-detected AHRE first observed after device implantation
remains unclear. However, in patients treated with CRT, cumulative burden of AHRE during the
first year of follow-up rather than mere presence of pre-implant AF history may improve risk

stratification.

Incidence of AF during the first year after CRT-implantation

As a diagnosis of AF may alter treatment, AF is important to diagnose, especially in patients with

high CHA2DS2-VASc scores and thus high risk of stroke. In our study, AF was detected in 25 %
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of patients with no diagnosis of AF prior to CRT-implantation and in total 57 % of all patients

had documented AF by the end of the first year of follow-up.

Prior to this study, several have studied device-detected data to assess the incidence and/or the
clinical importance of AF in CRT-patients[7, 8, 9, 10, 11, 12]. However, the monitoring periods,
as well as the definitions of AF have varied, why it is difficult to make comparisons and

conclusions.

There is a strong correlation between the prevalence of AF and the severity of HF[19]. In patients
with less advanced HF, the incidence of AF has been found to be lower compared to the results of
our study. In the MADIT-CRT sub-study only including patients in NYHA class | or Il, AF
incidence ranged from 3 to 9 %, within an average of 2.9 years of monitoring[20]. As 90 % of the
patients included in our study were in NYHA class 1l or 1V, it is not surprising that we found a
higher AF incidence. Another study on patients in NYHA Class 11-1V and mean LVEF of 23 %,
new-onset AF was found in 25 % within 32 months of follow-up.[12] Even though the baseline
characteristics of these patients did not differ greatly from ours, the AF incidence was lower,
which may reflect the difference between patients in randomized trials such as the MADIT-CRT
being less affected by comorbidity compared to an all-comer population such as the patients in

our registry based study cohort.

New-onset AF has been associated with more cardiac adverse events and worse
echocardiographic response to CRT [9, 12]. In our study patients with new-onset AF did not have
an inferior outcome compared to those where no AF was found during the first year of follow-up,
but the cumulative burden of AHRE was very low in general. It remains unclear whether short

episodes of device-detected AHRE should be considered to be of clinical importance and if such

10
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detections should alter treatment strategies. Only nine of the 33 patients with AHRE during first
year of follow-up had clinically recognized AF during follow-up, according to medical records,
suggesting that most patients were asymptomatic and that short episodes of AHRE seldom result

in AF as a diagnosis.

A recently published prospective study demonstrated that short episodes of device-detected AF
were not associated with a higher risk of clinical events, such as heart failure, stroke,
hospitalization, or mortality over the course of two years of follow-up[21]. These findings are in
line with our results, suggesting that clinicians should not overreact to short device-detected
episodes of AF. However, the study only included patients with conventional pacemakers with or
without ICD: s, and it is important to recognize that demographics differed significantly from a

typical CRT-population such as ours.

The prognostic aspect of the device-detected burden of AHRE
Our findings provide further insights into the clinical importance of device-detected AHRE in
CRT recipients and show that the cumulative burden of AHRE during the first year of follow-up

turned out as an independent predictor in the multivariate analysis.

The reason for the negative impact of AF on prognosis in patients receiving CRT-therapy is
believed, at least in part, to be related to the reduction of the time in biventricular pacing (BiVP).
In our study, however, BiVP did not qualify as a predictor of the composite primary outcome in
neither uni- nor multivariate analysis. The reason for that could be that even though we observed
differences in regard to BiVP between AF groups, the percent of BiVP was very high in all
groups thus fulfilling minimal requirements for the BiVP to be effective contributor for

improving the outcome in HF.

11
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Current AF guidelines regarding rate- vs. rhythm-control are to a great extent based on
multicenter, randomized studies with patients differing significantly from a normal CRT-
population.[22, 23, 24, 25]. These studies have not shown any advantage of a rhythm-control

strategy.

Patients fulfilling standard CRT-indications represent a special population and one may speculate
if CRT recipients could benefit from a rhythm-strategy after all. It is also important to recognize
CRT-implantation as an intervention that potentially changes hemodynamics. Changed
hemodynamics can result in myocardial remodeling over time,[26] making it very difficult to
compare patients treated with CRT to others. As a diagnosis of AF is very frequent among
patients qualified for CRT it is crucial to assess if this very special category of patients could

benefit from spending less time in AF.

The cumulative burden of device-detected AHRE post-implant has previously been found to have
an independent and prognostic rule in patients treated with CRT.[8] Lenarcyk et al. recently
studied device-collected data on AF episodes during 24 months and found that for each additional
per-cent of time spent in AF mortality increased by 5 %. Even though Lenarcyk et. al’s study
population was younger at CRT-implantation and only 13 % had a preoperative diagnosis of AF
vs. 49 % in this study, the etiology of HF, median LVEF and QRS-duration were similar to the

population we studied.

As a dichotomized variable, the AHRE burden in pacemaker patients has been identified to
increase the risk of death or stroke.[11, 27, 28] Yet, pre-specified cut-points as well as the
analyzed variables differed. Our data show that the relative risk of reaching the composite

primary endpoint is elevated by 10 % for each additional 10 % of time with AHRE during first

12
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year after CRT-implantation.

AF in patients with advanced HF may be a marker of a more severe disease or the co-morbidity
that directly worsens prognosis. Even though plausible, the causality link between AF burden and
poor outcome has not been proven. The strong association of AF burden with poor clinical
outcome justifies further research aimed at assessing the effect of aggressive rhythm-control
strategies in patients with advanced HF and recurrent AF. Anti-arrhythmic drugs are associated
with adverse effects and may not be suitable for all patients. For CRT recipients with systolic HF,
the availability of indicated anti-arrhythmic drug options is limited to amiodarone, the use of
which is associated with significant side-effects, thus making rhythm-control in this patient

category challenging.[23]

More studies are required to assess if rhythm-control could improve clinical outcome in patients
treated with CRT. Device-diagnostics are easily assessable but until now published studies in this
area have differed considerably regarding study-design. It is appealing that data from standard
device-interrogations at regular follow-up visits may add prognostic value but an issue is that it is
not yet established what time-duration of AHRE is needed to significantly have an effect on the

outcome.

Limitations

This study was an observational, single-center retrospective study, with the inherent risk of bias
in patient selection. All patients were covered by the Swedish state health insurance and all cases
were referred to the same clinic, making a socio-economic bias unlikely. There was no
standardized way in which physicians record kept device-stored data and we did not study intra-

cardiac electrograms why some documented AHRE might be false and not represent true AF. The

13
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study would have been more robust if intra-cardiac electrograms had been reviewed especially as
short device-detected AHRE have been found to be more unreliable[29]. However, AMS
algorithms and AHRE detected by CRT-devices have in general been found to be trustworthy
surrogate markers for atrial tachyarrhythmias with a high sensitivity and specificity for AF[13,

30].

Conclusions

In patients treated with CRT, the incidence of AF is high and a preoperative diagnosis of AF is
associated with worse long-term clinical outcome. In patients with no preoperative history of AF,
the clinical consequence of new-onset device-detected AF episodes remains uncertain but the
results of this study corresponds well to recent findings and implies that such episodes are of
minor importance. In our cohort, the cumulative burden of AHRE during first year of follow-up
was an independent predictor of the composite primary outcome and our findings suggest that the
burden of AHRE during early follow-up, rather than mere presence of pre-implant AF history,
may improve risk stratification. However, it remains debatable if AF simply is a marker of a
more severe disease or if patients with CRT treatment could benefit from spending less time in
AF and prospective trials are needed to determine if a rhythm control strategy is to be preferred in

this group of patients.

14
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Table 1. Baseline characteristics of the patients stratified for known rhythm diagnosis

preoperatively.

NOAF T hon.
VS. 0

Parameter All (n=377) |No AF (n=194) Non-?m AF PT AF Non- |vs. Pm|PT VS

(n=70) (n=113) Pm

pm AF AE
AF

Male 321 (85 %) | 158(81%) | 60(86%) | 103(91%) | 0.42 | 0.02 | 0.25

Age (years, median, IOR) | 71 (63-76) | 69 (60-75) | 70 (65-76) | 71(67-77) | 0.07 | 0.001 | 0.38

NYHA Class

Class | 3(09%) | 3(L8%) 0 (0 %) 0 (0 %)

Class Il 2989%) | 19(11%) | 6(10%) | 4(40% | o0l 0or | st

Class 11l 262 (80 %) | 133(79%) | 45(75%) | 84(85%) | 1| " '

Class IV 33(10%) | 13(7.7%) | 9(15%) | 11 (11%)

QRS duration ms (IQR) | 170 (154-184)| 168 (154-184) |171 (156-184)| 168 (150-185)| 0.66 | 0.95 | 0.69

LVEF (IQR) 22 (20-25) | 24(20-25) | 22 (17-25) | 22(20-25) | 056 | 0.80 | 0.70

Ischemic etiology 216 (57 %) | 109 (56%) | 46(66%) | 61(54%) | 017 | 0.81 | 053

ECG Morphology

LBBB 232 (62%) | 135(70%) | 42 (61%) | 55 (49 %)

RBBB A(11%) | 2(10%) | 1(14%) | 1(0.9%)

Atypical 29(13%) | 23(12%) | 9(13%) | 17(15%) | o-1° |<0-001] 009

Paced 00 (24%) | 33(17%) | 17(25%) | 40 (35 %)

ACEi or ARB use 345 (94 %) | 182(96%) | 59 (88%) | 104(95%) | 0.01 | 0.47 | 0.12

B-Blocker use 301(82%) | 155(82%) | 56(82%) | 90(82%) | 0.95 | 0.97 | 0.93

Loop diuretic use 337(93%) | 173(92%) | 63(94%) | 101(93%) | 059 | 0.84 | 0.73

gr:?izsrr'h‘;/;h':r'“c - 52(14%) | 20(11%) | 17(25%) | 15(14%) |0.003| 0.42 | 0.05

Hypertension 134 (36 %) | 71(37%) | 22(31%) | 41(36%) | 0.44 | 0.96 | 050

Diabetes 128(34%) | 67(35%) | 18(26%) | 43(38%) | 0.18 | 0.54 | 0.09

Digoxin use 129 (35%) | 54(29%) | 26(38%) | 49 (45%) | 0.15 | 0.005 | 0.38

CRT-Pacemaker 278 (14%) | 142(73%) | 45(64%) | 91(81%) | 0.8 | 0.14 | 0.02

Creatinine (g/L) (IQR) | 110 (90-138) | 110 (89-136) | 114 (91-150) | 114 (89-140) | 0.63 | 0.95 | 0.70

Hemoglobin (g/L) (SD) | 134 (17) 135(17) 132 (17) 13312172)0 & 1027 | 073 | 051

?I/'S‘g{'f‘” BiVPfirstyear | 99 97.100) | 100 (98-100) | 99 (97-100) | 97 (88-100) | 0.56 |<0.001| 0.03

?.”é?'yaelf’?fgi?) OFAHRE | 0 0-100) | 0(0-0) 0(0-98) |100 (100-100) [<0.001]<0.001|<0.001
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Abbreviations: ACEi=Angiotensin Converting Enzyme inhibitor, AF=Atrial Fibrillation,
AHRE=Atrial High Rate Episodes, ARB=Angiotensin II Receptor Blocker, BiVP=Biventricular
Pacing, CRT-Pacemaker=Cardiac Resynchronization Therapy without implantable
cardioverter defibrillator, ECG=Electrocardiography, ICD=Implantable Defibrillator,
LBBB=Left Bundle Branch Block, LVEF=Left Ventricular Ejection Fraction, NYHA=New York
Heart Association classification of heart failure, Pm=Permanent atrial fibrillation,

RBBB=Right Bundle Branch Block, SR=Sinus Rhythm.
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Table 2. Univariate Cox-regression analysis.

Jacobsson

Parameter n=377 | p-value HR Cl
Male 341 0.28 0.81 0.56-1.2
Age, median years 341 <0.001 1.0 1.0-1.0
Ischemic etiology or not 341 <0.001 1.6 1.2-2.1
NYHA Class I-1l compared to I1I-1V 287 0.22 0.71 0.41-1.2
QRS Duration, ms 333 0.40 1.0 1.0-1.0
Myocardial infarction 336 0.001 1.6 1.2-2.1
Hypertension 341 0.53 11 0.83-14
Diabetes 341 0.32 1.1 0.88-1.5
LVEF 330 0.002 0.97 0.95-0.99
B-Blocker use 333 0.27 0.83 0.60-1.2
ACEi or ARB use 332 0.29 0.76 0.46-1.3
Loop diuretic use 330 0.08 1.7 0.93-3.0
Class I or Il antiarrhythmic use 330 0.14 1.3 0.91-1.9
Digoxin use 331 0.17 1.2 0.92-1.6
Anticoagulant use 338 0.02 1.4 1.0-1.8
LBBB on ECG 339 0.06 0.77 0.59-1.0
Creatinine (g/L) 252 0.29 1.0 1.0-1.0
Haemoglobin (g/L) 236 0.42 1.0 0.99-1.0
AF diagnosis before CRT-implantation 341 <0.001 1.6 1.2-21
Previous pacemaker or ICD 338 0.10 1.3 1.0-1.7
CRT-P compared to CRT-D 341 0.68 0.93 0.67-1.3
Cumulative burden of AHRE per 10 % during 220 0.007 1.1 1.0-1.1
the first year

Achieved BiVP during the first year 219 0.10 0.99 0.97-1.0

Abbreviations: ACEi=Angiotensin Converting Enzyme inhibitor, AF=Atrial Fibrillation,
AHRE=Atrial High Rate Episodes, ARB=Angiotensin 1l Receptor Blocker, BiVP=Biventricular

pacing, ECG=Electrocardiography, ICD=Implantable Cardioverter Defibrillator, LBBB=Left
Bundle Branch Block, LVEF=Left Ventricular Ejection Fraction, NYHA=New York Heart

Association classification of heart failure.

23




Jacobsson

Table 3. Multivariate Cox-regression analysis. Independent predictors of the primary outcome.

Parameter p-value HR Cl
Cumulative burden of AHRE per 10 % during 0.003 1.1 1.0-1.1
the first year

Ischemic etiology <0.001 2.0 1.4-3.0
LVEF 0.01 0.97 0.94-0.99

Abbreviations: AHRE=Atrial High Rate Episodes, LVEF=Left Ventricular Ejection Fraction.
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_ Non-pm No AFvs. | NoAF | Non-pm
Mortality cause No AF AF Pm AF non-pm vs.Pm | AFvs. Pm
AF AF AF
Heart failure 41 (42 %) | 25 (61 %) |33 (45 %)
Cardiac arrest 19(20%)| 2(5%) |20 (27 %) 0.16 0.40 0.41
Other 37 (38 %) | 14 (34 %) |21 (28 %)

Abbreviations: AF=Atrial Fibrillation, Pm=Permanent
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20 reached endpoint
before chosen
device-interrogation

110 with no
follow-up data 3 months
after CRT-implant

377 patients available
for analysis

247 patients with available
follow-up data
3 months after CRT-implant

Jacobsson

27 with missing data

regarding AF-burden

during the first year
of follow-up

220 patients included
in the analysis regarding
AF-burden during the
first year of follow-up.

132 of these patients
had no preoperative
diagnosis of AF

Figure 1: Flowchart of included patients.

Abbreviations: AHRE=Atrial High Rate Episodes, CRT= Cardiac Resynchronization Therapy.
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100%]
No AF vs. AF (non-permanent or permanent AF), p<0.001
No AF vs. non-permanent AF, p=0.02
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Figure 2. Kaplan Meier plot stratified for "AF diagnosis pre-operatively”.

Abbreviations: AF=Atrial Fibrillation, CRT=Cardiac Resynchronization Therapy.
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Figure 3. Kaplan Meier plot stratified for “new-onset AF or not within the first year after CRT-
implantation”. Only patients with available data from device-interrogations 3 months after CRT-

implantation and no preoperative diagnosis of AF included.

Abbreviations: AF=Atrial Fibrillation, CRT=Cardiac Resynchronization Therapy.
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