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ABSTRACT

BACKGROUND Heartrate control in atrial fibrillation (AF) is typically assessed by 24-hour electrocardiography
(ECG). There are scarce data on the use of 24-hour ECG parameters to predict mortality in patients with AF.
AIMS  We aimed to identify 24-hour ECG parameters that predict mortality in patients with AF.
METHODS We enrolled 280 ambulatory patients (mean [SD] age, 72 [8.7] years; 57.9% men) with permanent
or persistent AF. Data on mortality and pacemaker or defibrillator implantation during follow-up were
collected. Predictors of mortality were assessed using the Cox proportional hazards model and C statistic.
RESULTS Compared with survivors, 78 patients (28%) who died were older, more often had comorbidities,
left bundle branch block (LBBB), reduced left ventricular ejection fraction, lower maximum heart rate,
higher number of ventricular extrasystoles, and the longest R-R interval below 2 seconds. Univariate
analysis showed higher mortality in patients with the longest R-R intervals below 2 seconds compared
with those with R-R intervals of 2 seconds or longer (P <0.001). Independent mortality predictors in
the regression model included older age, renal failure, history of coronary intervention, chronic obstructive
pulmonary disease, LBBB, and a high number (>770) or absence of R-R intervals of at least 2 seconds.
The area under the curve for mortality prediction increased after including ECG parameters (0.748; 95% (I,
0.686-0.81; vs 0.688; 95% CI, 0.618-0.758; P = 0.02).

CONCLUSIONS A high number of R-R intervals longer than 2 seconds or their absence on 24-hour ECG
may predict mortality in patients with AF.

INTRODUCTION Atrial fibrillation (AF) is
the most common sustained cardiac arrhyth-
mia and is known to be an independent predic-
tor of mortalityﬂ'3 Moreover, patients receiving
anticoagulation most often die of cardiovascular
causes.’ It has been also shown that 24-hour am-
bulatory electrocardiography (ECG) can be used
to predict AF°-® and mortality.’ However, there
are scarce data on the use of 24-hour ECG param-
eters, including heart rate variables, in the pre-
diction of mortality in patients with permanent

AF. Although heart rate control is the corner-
stone of AF management,'’ the best parameter
for the assessment of optimal rate control in pa-
tients with AF has not been identified so far. Fur-
thermore, cardiovascular autonomic dysfunc-
tion, which is characterized by increased sym-
pathetic activity, reduced heart rate variability,
and orthostatic hypotension,'" is a known pre-
dictor of AF and all-cause mortality and may
potentially be reflected by 24-hour ECG record-
ing."”" Thus, parameters derived from 24-hour
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WHAT'S NEW?

Cardiovascular autonomic dysfunction, which is characterized by increased
sympathetic activity, is a known predictor of all-cause mortality. In patients
with atrial fibrillation (AF), an increase in sympathetic activity is known to
affect the conduction of electrical impulses of the atria and to shorten the R-R
intervals. Moreover, a high ventricular rate during AF can lead to tachycardia-
-induced cardiomyopathy and is associated with unfavorable prognosis. We
showed that 24-hour electrocardiography parameters such as the duration
and number of R-Rintervals can predict mortality in patients with AF. Survival
was adversely affected by the absence of R-Rintervals lasting at least 2 seconds
as well as by a high number of such intervals. We propose that a moderate
number of R-Rintervals lasting as least 2 seconds in patients with AF on 24-hour
electrocardiography indicates adequate parasympathetic control.
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ECG might be used to identify a subgroup of pa-
tients with AF who could benefit from a more
aggressive treatment and follow-up, including
therapies targeting autonomic nervous system
activity. Therefore, the aim of this study was to
determine whether common 24-hour ECG pa-
rameters may predict mortality in patients with
persistent or permanent AF.

METHODS Study population The study was
retrospective and included a group of 280 pa-
tients with permanent or persistent AF treat-
ed at a cardiac outpatient clinic at 2 locations
(Wroctaw and Krotoszyn, Poland) between 2004
and 2017. Electrocardiography was performed
using the standard 3-channel Holter monitor
(Aspel, Zabierzéw, Poland and Edan Instru-
ments, Shenzhen, China). The mean heart rate
was defined as the average heart rate during
the 24-hour ECG recording. The minimum and
maximum heart rates were defined as the low-
est and highest average heart rates, respectively,
during the 5 consecutive R-R intervals. The fol-
lowing 24-hour ECG parameters were obtained
from outpatients clinics: mean, maximum, and
minimum 24-hour heart rate, the number of ven-
tricular extrasystoles (VESs), the longest R-R in-
terval, and the number of R-R intervals lasting
at least 2 seconds.

Demographic and clinical data were obtained
from digital patient records. The data includ-
ed age, sex, left ventricular ejection fraction
(LVEF), left atrial size, comorbidities such as
diabetes, hypertension, coronary artery dis-
ease, and chronic obstructive pulmonary dis-
ease (COPD), type of AF (permanent or parox-
ysmal/ persistent), history of pacemaker or de-
fibrillator implantation, and the use of medi-
cations (B-blockers, nondihydropyridine calci-
um channel blockers, amiodarone, or digoxin).
B-Blockers dosages were presented as metopro-
lol equivalent dosages as follows: metoprolol
100 mg = bisoprolol 10 mg = carvedilol 50 mg
= atenolol 100 mg = nebivolol 10 mg = sotalol
160 mg = betaxolol 10 mg,"” and were reported
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as median and interquartile ranges. Left ven-
tricular ejection fraction was considered to be
reduced if the value was lower than 50%. Dia-
betes was defined as a self-reported diagnosis
established by a physician, or the current use
of antidiabetic agents, or a history of hyper-
glycemia (fasting plasma glucose 2127 mg/dl
on 2 occasions or an oral glucose tolerance test
with a plasma glucose level >200 mg/dl). Hy-
pertension was defined as a self-reported di-
agnosis established by a physician, a history of
elevated blood pressure and the use of antihy-
pertensive drugs, or resting blood pressure of
140/90 mm Hg or higher on 2 measurements 1
week apart. A history of ischemic heart disease
was defined as previous myocardial infarction,
percutaneous coronary intervention, or coro-
nary artery bypass grafting or the presence of
significant coronary artery stenosis (>50%). Val-
vular heart disease was defined as the presence
of moderate or severe valvular disease or a his-
tory of surgery for valvular disease. Permanent
AF was diagnosed when there has been a joint
decision by the patient and clinician to cease
further attempts to restore sinus rhythm and
there have been no ECG recordings showing si-
nus rhythm in the previous year. The outcome
was total mortality which was ascertained via
linkage of personal identification numbers (PE-
SEL) to the Universal Electronic System for Reg-
istration of Population.

Data on pacemaker or defibrillator implanta-
tion during the period after index 24-hour ECG
and data regarding survival during follow-up
were obtained from the databases of the Lower
Silesia and Greater Poland divisions of the Pol-
ish National Health Fund.

The study population was stratified according
to the duration of the R-R interval: less than 2
seconds or 2 seconds or longer. Furthermore,
the distribution of pauses lasting 2 to 2.9 sec-
onds and 3 or more seconds was presented. Fi-
nally, the absolute number of intervals lasting
2 seconds or longer was calculated for each pa-
tient. The study was approved by a bioethical
committee (number 39/2019).

Statistical analysis Statistical analysis was
performed using the Statistica 13.3 software
(TIBCO Software Inc., Palo Alto, California,
United States). Categorical variables were pre-
sented as numbers and percentages and com-
pared using the Pearson x? test with Yates cor-
rection, when necessary. Continuous variables
with normal distribution confirmed by the Sha-
piro-Wilk test were presented as means (SD),
and compared with the t test. Finally, contin-
uous variables which were not normally dis-
tributed were presented as medians and in-
terquartile ranges (IQRs) and compared with
the Mann-Whitney test. Kaplan-Meier curves
were generated to visualize associations between



TABLE1 Baseline characteristics of the whole study group as well as deceased patients and survivors at the end of follow-up

Parameter Study group (n=280) Survivors (n=202) Deceased patients (n =78)
Age, y, mean (SD) 72 (8.7) 71.2(8.8) 74(8.3) 0.01
Male sex 162 (57.9) 116 (57.4) 46 (59) 0.82
Follow-up, mo, median (IQR) 54.9 (21-75.7) 53.7(25.4-78.9) 46.1(19.3-65.4) 0.06
Atrial fibrillation type Chronic 246 (87.8) 173 (85.4) 73(93.6) 0.06

Persistent 34(13.2) 29 (14.6) 5(6.4)
Hypertension 219(78.2) 155 (76.7) 64 (82.1) 0.33
Ischemic heart disease 60 (21.4) 33(16.3) 27 (34.6) 0.001
PCI/CABG 44 (15.7) 23(11.4) 21(26.9) 0.001
Myocardial infarction 41(14.6) 24 (11.9) 17 (21.8) 0.04
Diabetes 72(25.7) 50 (24.8) 22(28.2) 0.55
Valvular heart disease 61(21.8) 45(22.5) 16 (20.5) 0.75
COPD 25(8.9) 15(7.4) 10(12.8) 0.16
Any cancer diagnosis 14(5) 7(3.5) 7(09) 0.06
Renal failure grade 4-5 15(5.6) 6(3) 9(11.5) 0.004
LVEF, %, median (IQR) 60 (50-65) 60 (50-65) 57.5 (45-65) 0.009
LVEF <50% 68 (24.1) 43(21.3) 25(32.1) 0.05
Left atrial size, cm, median (IQR) 45 (41-49) 44 (41-48) 45 (42-50) 0.37
History of pacemaker or defibrillator implantation 16 (5.8) 9(4.5) 7(9) 0.15
Pacemaker/defibrillator implantation during follow-up 22 (7.9) 15(7.4) 7(9) 0.67
(TIIE)n;)tO implantation during follow-up, mo, median 12 (2-25) 12 (2-36) 6 (2-11) 0.04
24-hour ECG parameters
Mean heart rate, bpm, median (IQR) 74 (67-84) 75 (68-84) 73 (64-84) 0.59
Minimum heart rate, bpm, median (IQR) 44 (37-51) 44 (37-50) 43.5(37-54) 0.89
Maximum heart rate, bpm, median (IQR) 142 (115-162) 145 (121-166) 133 (106-152) 0.01
LBBB 10(3.6) 4(2) 6(7.7) 0.02
RBBB 22(7.9) 13(6.4) 9(11.5) 0.15
VESs, n, median (IQR) 0(0-200) 0(0-150) 10.5 (0-400) 0.04
The number of VESs >5 115 (41.1) 74 (36.6) 41(52.6) 0.02
The longest R-Rinterval 0-1.9s 103 (36.8) 61(30.2) 42 (53.9) 0.001

2-2.9s 137 (48.9) 107 (53) 30(38.5)

>3s 40 (14.3) 34(16.8) 6(7.7)
R-Rintervals >2 s, n, median (IQR) 4(0-88.5) 10 (0-100) 0(0-35) 0.002

Medication use at the time of 24-hour ECG

B-Blockers 243 (86.8) 171(84.7) 72(92.3) 0.09
B-Blockers equivalent dosages, mg, median (IQR) 50 (50-100) 100 (50-100) 50 (50-100) 0.17
Verapamil 9(3.2) 6(3) 3(3.9) 0.71
Diltiazem 2(0.7) 1(0.5) 1(1.3) 0.93
Digoxin 72(25.7) 48(23.8) 24(30.8) 0.23

Data are presented as number (percentage) of patients unless otherwise indicated.

Abbreviations: CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; ECG, electrocardiography; IQR, interquartile range; LBBB, left bundle
branch block; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; RBBB, right bundle branch block; VES, ventricular extrasystole
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TABLE2 Death and survival rates in patients implanted with a pacemaker or defibrillator during follow-up according to the longest R-R
interval on index 24-hour electrocardiography

R-Rinterval, s Survivors, n Survivors implanted with Deceased Deceased patients implanted with Pvalue
pacemaker or defibrillator, n (%) patients, n pacemaker or defibrillator, n (%)

0-1.9 61 5(8.2) 42 1(2.4) 0.42

2-29 107 3(2.8) 30 3(10) 0.23

3-4.9 33 7(21.1) 6 3(50) 0.44

>5 1 0 0 0 >0.99

TABLE3 Predictors of mortality in the proportional Cox regression model with (full model) and without significant 24-hour
electrocardiographic parameters (adjusted stepwise regression)

Parameter Full model Adjusted stepwise regression  Points in the risk score
HR (95% CT) HR (95% C) pvalue | Ytem "

Male sex 1.65(0.98-2.79) 0.06

Age>70y 2.17 (1.23-3.85) 0.008 1.9(1.1-3.3) 0.02 2

Renal failure grade 4-5 8.4(3.43-20.5) <0.001 8.8(4-9.1) <0.001 8

Ischemic heart disease 0.55(0.16-1.87) 0.34

PCI/CABG 4.36 (1.49-12.7) 0.007 2.7 (1.6-4.5) <0.001 3

COPD 2.27 (1.04-5) 0.04 2.96 (1.46-5) 0.003 3

Myocardial infarction 1.19(0.46-3.11) 0.72

Cancer 1.7(0.7-4.14) 0.24

Diabetes 0.5(0.19-1.34) 0.17

LVEF <50% 1.26 (0.69-2.29) 0.45

History o of pacemaker or 0.41(0.14-1.2) 0.1

defibrillator implantation

Persistent atrial fibrillation 0.5(0.18-1.33) 0.17

LBBB 3.06(1.14-8.2) 0.03 2.51(1.94-6.09) 0.04 3

RBBB 1.41(0.57-3.51) 0.46

Maximum heart rate >142 bpm 0.69 (0.41-1.16) 0.16

Pacemaker or defibrillator 0.76 (0.31-1.82) 0.53

implantation during follow-up

VESs >5 per 24 hours 1.37(0.84-2.24) 0.2

The longest R-Rinterval >2s 0.31(0.18-0.52) <0.001 0.38(0.24-0.62) <0.001 -3(1/0.38 rounded) means
the presence of the factor
decreases the risk of death

R-Rintervals >2 s more than 770 per 4.6 (1.2-17.6) 0.03 5.98 (2.1-17.34) 0.01 6

24 hours, n

For each case, the score was calculated by adding the number of points for variables such as age, sex, PCI/CABG, LBBB, COPD, and renal failure grade 4 or 5 and compared
using the receiver operating characteristic curves with the score calculated with the same variables and additionally variables derived from 24-hour ECG: an interval
lasting 2 seconds or longer, and the number of intervals exceeding 770 per 24 hours.

Abbreviations: HR, hazard ratio; others, see TABLE 1
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the duration of the longest R-R intervals and
mortality as well as to assess the proportional
hazards assumption, which was not violated.
The proportional hazards Cox regression analysis
was performed to identify factors related to long-
-term survival. The model was built on the basis
of a comparison between deceased patients and
survivors. The parameters that differed between
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the groups at a significance level of a P value of
less than 0.15 were included in the model. More-
over, data on pacemaker or defibrillator implan-
tation after the index 24-hour ECG and during
follow-up as well as on the presence of diabetes
and COPD were included in the analysis.

The receiver operating characteristic (ROC)
curves were constructed using the Youden



index to determine the cutoff points for age,
the number of VESs during 24-hour ECG, max-
imum heart rate, and the number of ventricu-
lar pauses to distinguish between deceased pa-
tients and survivors. These variables were di-
chotomized according to the cutoff points and
included in the multivariable analysis.

Subsequently, a scoring system was developed
based on the results of the multivariable mod-
el. A weight was assigned to each independent
predictor of mortality by rounding to the near-
est whole number, hazard ratio (HR) greater
than 1, and for HR less than 1, the inverse of HR
was also rounded to the nearest whole number.
The individual score was obtained by summa-
rizing the weights of predictors with HR greater
than 1 and subtracting the weights with HR less
than 1 for each patient. Performance (area un-
der the ROC curve [AUC], sensitivity, and speci-
ficity) was then calculated for the full model in-
cluding 24-hour ECG parameters and compared
with the model without these parameters using
the Hanley algorithm. A P value of less than 0.05
was considered significant.

RESULTS The baseline characteristics of
the study group are presented in 8Lt 1. The mean
(SD) age was 72 (8.7) years and there were 162
men (57.9%). The median (IQR) follow-up was
4.5 (0.1-13.4) years. During the follow-up, there
were 78 deaths after a median (IQR) time of 3.5
(1.6-5.4) years. Reduced LVEF was reported in
about 25% of patients. Most patients received
medications that potentially affected the heart
rate (1aBLE1). B-Blockers were used by 243 (87%)
patients: bisoprolol 108 (38.5%), metoprolol 83
(30%), carvedilol 30 (11%), nebivolol 18 (6%), at-
enolol 1 (0.3%), sotalol 5 (2%), betaxolol (3%).
The difference of equivalent doses of 3-blockers
between deceased patients and surviving pa-
tients was not statistically significant. Only
10.4% of patients did not take B-blockers, cal-
cium channel blockers, or digoxin.

A comparison between patients who died and
those who survived is presented in TaBLE1. Com-
pared with survivors, deceased patients were
older, more frequently had a history of isch-
emic heart disease, lower left ventricular ejec-
tion fraction, renal failure grade 4-5, a greater
number of VESs, and more frequently R-R in-
terval less than 2 seconds during 24-hour ECG.

In univariate Cox regression analysis, patients
with AF during the 24-hour ECG and no R-Rin-
tervals lasting 2 seconds or longer had a higher
mortality rate than those with such intervals
present (HR, 2.56; 95% CI, 1.63-4.03; P <0.001).

Pacemaker or defibrillator implantation dur-
ing follow-up Pacemaker or defibrillator im-
plantation during follow-up was reported in 22
patients (8%), of whom 7 (32%) died and 15 (68%)
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survived. Detailed outcomes are presented in
BLE2. Pacemaker or defibrillator implantation
had no impact on survival.

The ROC curve analysis revealed the follow-
ing cutoff points for the prediction of mortality:
for age, 70 years or older (AUC, 0.609; 95% CI,
0.536-0.682; P = 0.003); for the number of VESs,
more than 5 (AUC, 0.579; 95% CI, 0.5050-0.654;
P = 0.037); for the maximum heart rate, more
than 142 bpm (AUC, 0.591; 95% CI, 0.517-0.665;
P = 0.02), and for the number of R-R intervals
lasting 2 seconds or longer, more than 770 (AUC,
0.616; 95% CI, 0.538-0.693; P = 0.004). These
parameters were included in the multivariable-
-adjusted Cox regression analysis.

As presented in TsLE3, Cox regression analy-
sis revealed the following parameters to be inde-
pendent predictors of mortality: older age (270
years), history of renal failure grade 4 or 5, his-
tory of percutaneous coronary intervention or
coronary artery bypass grafting (or both), COPD,
LBBB, and a high number (>770) or the absence
of R-R intervals lasting 2 seconds or longer. In
FIGURE1, Kaplan-Meier curves for survival accord-
ing to the longest duration of the R-R interval
less than 2 seconds and 2 seconds or more were
presented.

The AUC for the model without the signifi-
cant ECG predictors of mortality (a high num-
ber or the absence of R-R intervals >2 s) was
0.688 (95% CI, 0.618-0.758), and improved to
0.748 (95% CI, 0.686-0.81; P = 0.02) after inclu-
sion of the ECG predictors. In FIGURE2, receiver op-
erating characteristic curves of the model with
and without significant 24-hour electrocardio-
graphic parameters were presented.

DISCUSSION The main finding of our study is
that either a very high number or total absence
of ventricular pauses lasting longer than 2 sec-
onds during AF predicts long-term mortality.
The ventricular response during AF is typ-
ically characterized by irregular R-R inter-
vals.'"7 The duration of R-R intervals during
AF depends on intrinsic and extrinsic fac-
tors affecting the atrioventricular (AV) node.
The intrinsic factors include concealed conduc-
tion, refractoriness, and excitability of the AV
node, a higher rate of atrial impulses through
the node, variations in autonomic nervous sys-
tem tone, use of drugs, and the presence or ab-
sence of AV nodal disease. As R-R intervals are
controlled by the activity of the autonomic sys-
tem, the parasympathetic branch of which is
more active at night, the pauses are more prev-
alent at night than during the day.”® In a study
by Sairaku et al,'® atrioventricular conduction
parameters assessed after AF ablation did not
differ between patients with no pauses, moder-
ate pauses (<3 s), and those with longer pauses
during AF. However, a disease of the AV node
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FIGURE1 Kaplan-Meier curves for survival according to the longest duration of the R-R interval

or the His-Purkinje system may result in third-
-degree AV block during AF with slow ventric-
ular rate.”? There is no clear definition of a too

long R-R interval in AF. Neither European nor
American guidelines define any threshold for
the duration or number of pauses as an indica-
tion for pacemaker implantation.?%?!

Different risk scores have been developed to
predict mortality in AF, such as the ABC risk
score, which includes age, biomarkers, and clin-
ical history of heart failure but no markers of
cardiovascular autonomic dysfunction or ECG-

-based parameters.”? Hayano et al"® reported that
circadian rhythm of AV conduction predicted

long-term survival in patients with chronic AF;

however, they used parameters that are not easi-
ly available in daily clinical practice. In the pres-
ent study, we found a strong association between

the presence of a moderate number of ventricu-
lar pauses and better survival.

There are several biologically plausible mech-
anisms that may explain the association be-
tween longer ventricular pauses and survival.
First, inadequate rate control may directly af-
fect cardiac health, although this hypothesis
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was not supported but the results of the RACE II

(the Rate Control Efficacy in Permanent Atri-
al Fibrillation II) study, in which lenient and

strict rate control strategies were associated with

a similar risk of death.? However, in the RACE II

study, mainly resting ECG recordings were used

to determine rate control, while our study clear-
ly suggested that there may be other parameters

of heart rate in patients with AF that may have

a closer relation to mortality. Second, the ab-
sence of ventricular pauses may be a marker of

cardiac autonomic dysfunction and a higher hy-
peradrenergic drive, which might be causally re-
lated to mortality. Finally, a high minimum heart

rate and absence of ventricular pauses may in-
dicate poor general health, without any causal

relationship to mortality.

The sympathetic nervous system innervates
the interventricular groove of the heart?; there-
fore, an increased sympathetic drive, regardless
of the cause, can result in an elevated minimum
heart rate and the absence of ventricular paus-
es through sympathetic innervation of the AV
node. This could have a direct effect on cardi-
ac morbidity and mortality, because it has been
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FIGURE2 Receiver operating characteristic curve of the model with and without significant
24-hour electrocardiographic (ECG) parameters

proposed that a high resting heart rate is linked
to atherosclerosis and ischemic heart disease as
well as to reduced LVEF.? This hypothesis may
be also supported by the reports on the associ-
ation between increased resting heart rate and
mortality both in the general population' %26
and in patients with heart failure.”

Apart from contributing to cardiac autonomic
dysfunction, a high sympathetic drive could also
indicate poor general health status. Therefore,
the association between 24-hour ECG parame-
ters related to sympathetic drive and mortality
could be due to poorer general health manifest-
ing as a higher minimum heart rate and shorter
ventricular pauses.

In recent years, there has been growing in-
terest in therapies aiming at cardiac autonomic
modulation, such as cardiac sympathetic dener-
vation, ablation, or modulation of the ganglion-
ated plexi, carotid body stimulation, and spinal
cord stimulation. However, the results reported
thus far have been conflicting,* except for gangli-
onated plexi ablation, which shows some promise
in AF control.?® Our study raises the question of
whether 24-hour ECG parameters might be use-
ful in identifying a subgroup of AF patients who
might benefit from these interventions.

Another significant finding of our study is
that a moderate number of ventricular pauses
may not be an indication for pacing. On the other
hand, a high number of ventricular pauses is re-
lated to increased mortality; therefore, it consti-
tutes a more important indication for pacemaker

ORIGINAL ARTICLE

implantation than pause duration. It is possible
that a high minimum heart rate and the absence of
ventricular pauses may be related to heart failure
with preserved ejection fraction, because reduced
cardiac functional reserve may induce compensa-
tory mechanisms including a higher heart rate.

The importance of activity of the parasympa-
thetic nervous system may be different in dif-
ferent populations. In almost 20-year younger
population of patients with lower incidence of
comorbidities than in our group, the parasym-
pathetic nervous system promoted recurrence
of AF after pulmonary vein isolation.?*

This study has several limitations that should
be considered when interpreting the results. First,
this was a single-center study including a small
population of patients recruited over a long peri-
od of time and thus cannot be seen as a represen-
tative for the general population. Second, 24-hour
ECG measurements were obtained in the routine
clinical practice setting; therefore, some of the pa-
rameters may be subject to a measurement error,
particularly the frequency of VESs, which can be
difficult to distinguish from beats with aberrant
conduction. Also we could not exclude errors in
pause duration measurement and pause counting
Moreover, narrow complex ventricular beats may
have been missed. These possible measurement er-
rors may have biased the results towards null for
the association between VESs and mortality. Other
24-hour ECG parameters, such as heart rate vari-
ables and the presence of ventricular pauses, can be
assumed to be more robust, because they are main-
ly derived directly from the ECG analysis software
and are therefore less prone to human interpreta-
tion error. Finally, some clinical characteristics of
the participants were lacking, such as the dura-
tion and changes of medical therapy and severity
of comorbidities such as COPD and hypertension.

In conclusion, 24-hour ECG parameters may
predict mortality in patients with permanent
or persistent AF. Presence of maximal ventric-
ular intervals lasting more than 2 seconds dur-
ing atrial fibrillation may indicate better surviv-
al, while a very high number of such ventricular
pauses represents a risk factor for death.
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