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ABSTRACT
Background: Atrial fibrillation (AF) is common in end-stage renal disease patients. Besides the
traditional risk factors, we aimed to find dialysis-specific factors for developing incident AF.
Methods: From March 2017 to August 2018, we retrospectively reviewed all outpatient-based
prevalent hemodialysis patients in our artificial kidney room, and they were followed up until
August 2019. Dialysate calcium concentration (3 versus 2.5 mEq/L), time length (4 versus 3.5 h),
frequency (thrice weekly versus twice weekly), dialyzer size (effective surface area of 1.4m2 ver-
sus 1.8m2), membrane permeability (high flux versus low flux), ultrafiltration rate (mL/kg/hour),
and blood flow rate (mL/min) were evaluated.
Results: Among a total of 84 patients, 15 (17.9%) had newly detected AF with a follow-up
period of 21 (13.3–24) months. By performing multivariate Cox regression analysis, blood flow
rate (mL/min) and ultrafiltration rate (mL/kg/h) were considered significant factors for developing
incident AF (adjusted hazard ratio [HR], 0.977; p¼ 0.011 and adjusted HR, 1.176; p¼ 0.013,
respectively), while dialysis bath, time length, and frequency, dialyzer size, and membrane type
were not considered significant factors. Ultrafiltration cutoff rate of 8.6mL/kg/h was the best pre-
dictive factor for incident AF (area under the curve-receiver operating characteristic [AUC-ROC],
0.746; p< 0.005), while blood flow rate was not considered a significant factor for incident AF in
ROC analysis (AUC-ROC, 0.623; p¼ 0.126). Ultrafiltration rate was largely dependent on interdia-
lytic weight gain (p< 0.005, linear-by-linear association).
Conclusion: Higher ultrafiltration rate was associated with incident AF in hemodialysis patients.
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Introduction

Atrial fibrillation (AF) is common in end-stage renal dis-

ease patients. A previous study revealed that AF preva-
lence was up to 27% in long-term hemodialysis

patients [1]. The morbidity and mortality associated

with AF are substantial. Additionally, the treatment of
AF in dialysis patients has caused a great deal of con-

troversy, whether anticoagulation was performed or

not, in this specific population [2].
Traditionally, age, hypertension, obesity, diabetes,

and preexisting cardiovascular disease are well-known

risk factors for the development of AF [3]. In dialysis

patients, the above-mentioned factors are already
prevalent because they are also considered the com-

mon risk factors in developing renal failure. Data
regarding factors other than the traditional ones

associated with developing AF, such as dialysis prescrip-
tion specific, are scarce.

In a previous report, dialysis itself was regarded as a
risk factor for AF [4], with volume and electrolyte shift
being suggested as the possible mechanisms [5,6]. In
the present study, we determined the dialysis-specific
factors associated with developing incident AF. Various
dialysis prescription-associated details were investi-
gated. Accordingly, we believed that controlling dialysis
prescription might reduce incident AF during
hemodialysis.

Materials and methods

Study population

We retrospectively reviewed the medical records of 84
end-stage renal disease patients. All chronic
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maintenance, outpatient-based hemodialysis patients in
Mediplex Sejong Hospital were included from March
2017 to August 2018 and were followed up until
August 2019. All prevalent hemodialysis patients under-
went dialysis at least 90 days prior to inclusion. The
patients who were lost to follow-up, ended the study,
or died were censored. There was one mortality case.
The following was the exclusion criterion: the presence
of previous history of AF. The study was approved by
the local ethics committee (2019-087).

Variables

Baseline demographic and clinical data were obtained,
including age, gender, body mass index, dialysis vin-
tage, comorbidity, vascular access type, location, and
pre-dialysis blood pressure and heart rate. Dialysis pre-
scription-related factors were the following: membrane
permeability (high flux versus low flux), session fre-
quency (thrice weekly versus twice weekly), time length
per session (4 versus 3.5 h), dialyzer size (effective sur-
face area of 1.8m2 versus surface area of 1.4m2), ultra-
filtration rate (mL/kg/h), blood flow rate (mL/min), and
dialysate calcium concentration (3 versus 2.5mEq/L).
High-flux dialyzer was defined as KUF (coefficient of
ultrafiltration) >15mL/mmHg or b2 microglobulin
clearance >20mL/min. Single-pool Kt/V and normalized
protein catabolic rate were estimated every 3months
[7,8]. The ultrafiltration volume (pre-dialysis body
weight – post-dialysis body weight) was summated
over the first month after enrollment, and the mean
ultrafiltration rate (mL/kg/h, ultrafiltration volume div-
ided by the dialysis time length and dry body weight)
was calculated. All variables were recorded at the time
of enrollment.

Hemodialysis prescription

In our hospital, routine hemodialysis prescription
included 4h per session, thrice weekly schedule with
biocompatible membranes. Twice weekly, or three and
half hour dialysis per session, was permitted to have
incremental regimens in selected patients with accept-
able residual renal function (estimated glomerular filtra-
tion rate >10mL/min/1.73m2) and individual
preferences. Blood flow rate was maximally adjusted to
achieve optimal dialysis adequacy and was limited
according to the patients’ intolerance. Ultrafiltration
rate was set by interdialytic weight gain and was
adjusted according to the patients’ ultrafiltration rate
tolerance. A calcium bath of 3mEq/L was used initially,
and a low calcium bath (2.5mEq/L) was used when

serum calcium level increased greater than 10mg/dL.
Dialyzer size was dependent on the patients’ body sur-
face area (dialyzer surface area to body surface area
ratio ¼ 0.8–1.0). The type of membrane permeability
was determined by dialysis adequacy to achieve opti-
mal Kt/V (1.2 at a minimum).

Atrial fibrillation

AF had to be diagnosed with either 12-lead or continu-
ous electrocardiographic monitoring for >30 s. AF was
considered paroxysmal in the case of spontaneous reso-
lution, persistent when pharmacological or electrical
cardioversion was needed, and permanent when it
could not be terminated by any method [1]. Routine
12-lead electrocardiography was performed every
6months, and continuous electrocardiography monitor-
ing was performed during hemodialysis depending on
the patients’ subjective symptom complaints or
unstable vital signs.

Statistical analysis

All data were expressed as mean 6 standard deviation
or median and interquartile ranges according to the
distribution. Group difference was analyzed using a
Mann–Whitney test. Pearson correlation and linear-by-
linear association test were used to determine the rela-
tionship between dialysis and incident AF. All dialysis
prescription-related factors were entered as covariates
in a univariate Cox regression analysis. Subsequently, a
multivariate analysis using identified factors that
showed a statistical significance in a univariate analysis
(p< 0.1) was performed to determine the independent
factors associated with incident AF. Adjusted hazard
ratios were calculated. Receiver operating characteristic
(ROC) curve revealed the best cutoff for prediction
using Youden’s index. Survival analysis in a multivariate
Cox regression analysis was plotted between the cutoff.
The number of patients at risk during follow-up was
not applicable in the adjusted survival analysis.
Statistical significance was set at p< 0.05. Statistical
Package for the Social Sciences (SPSS) version 22.0
(SPSS, Chicago, IL, USA) and MedCalc version 14.8.1
(Mariakerke, Belgium) software were used for analysis.

Results

Baseline demographics and incident AF

A total of 84 patients were included in this study
(Table 1). The mean age was 62.1 ± 12.7, 52 (61.9%) of
the 84 patients were male, and the mean dialysis
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vintage was 20 (10–51.8) months. The average follow-
up period was 21 (13.3–24) months.

A total of 15 patients (17.9%) experienced AF epi-
sode. Patients who experienced AF were categorized as
follows: 10 patients (66.7%) had paroxysmal, 2 (13.3%)
had persistent, and 3 (20%) had permanent AF. All par-
oxysmal episodes were detected during hemodialysis
by continuous electrocardiogram monitoring and were
spontaneously terminated during the hemodialysis day
or before the next hemodialysis session. Two persistent
AFs were terminated by diltiazem infusion. One of the
three permanent AF episodes was detected by routine
electrocardiogram screening without symptoms. Two of
the three permanent AF patients underwent
warfarinization.

Different characteristics between incident AF and
non-AF patients

There were no significant differences in comorbidity,
follow-up period, vascular access type, location, pre-dia-
lysis blood pressure, and heart rate, while there was an
insignificant difference in dialysis vintage (p¼ 0.064).

Between the two groups, non-dialysis-related factors
such as age, the prevalence of diabetes, hypertension,
and coronary artery disease were comparable. However,
interdialytic weight gain and ultrafiltration rate were
significantly different (2.2 ± 0.9 kg versus 3.3 ± 1.0 kg,

p< 0.005 and 8.7 ± 3.2mL/kg/h versus 11.6 ± 2.9mL/kg/
h, p¼ 0.003, respectively, Figure 1). There is a significant
correlation between interdialytic weight gain and ultra-
filtration rate using linear-by-linear association
(p< 0.005) and Pearson correlation (r¼ 0.812, p< 0.005,
Figure 2). Membrane type, frequency, time length, dia-
lyzer size, and dialysate calcium concentration were not
significantly different.

Next, we determined the independent factors associ-
ated with incident AF. Among all the clinical variables,
blood flow rate (mL/min) and ultrafiltration rate (mL/
kg/h) were considered significant factors in a univariate
Cox regression analysis (hazard ratio [HR], 0.977
(0.960–0.995); p¼ 0.011 and HR, 1.195 (1.041–1.372);
p¼ 0.011, respectively). Moreover, two factors remained
to be significant in a multivariate analysis (adjusted HR,
0.977 (0.959–0.995); p¼ 0.011 and adjusted HR, 1.176
(1.036–1.335); p¼ 0.013, respectively, Table 2).

Predictive performance of the identified factors
and AF-free survival curve

ROC curve of blood flow rate and ultrafiltration rate
showed an area under the curve of 0.623 (0.511–0.727,
p¼ 0.126) and 0.746 (0.639–0.835, p< 0.005), respect-
ively (Figure 3). The best ultrafiltration cutoff of 8.6mL/
kg/h, which was considered a predictive factor of

Table 1. Baseline characteristics.
No AF (n¼ 69) AF (n¼ 15) p-value

Follow-up (months) 20 (14–24) 24 (14.5–24) 0.334
Age (years) 61.4 ± 12.7 65.1 ± 12.4 0.317
Male 44 (63.8%) 8 (53.3%) 0.645
Body mass index (kg/m2) 23.1 ± 3.0 22.7 ± 3.9 0.631
Dialysis vintage (months) 18 (8–48) 27 (20.5–78) 0.064
Comorbidity
Diabetes 36 (52.2%) 8 (53.3%) 1.000
Hypertension 65 (94.2%) 15 (100.0%) 0.774
Chronic glomerulonephritis 12 (17.4%) 2 (13.3%) 1.000
Coronary artery disease 23 (33.3%) 8 (53.3%) 0.246
Cerebrovascular disease 5 (7.2%) 1 (6.7%) 1.000

Vascular access type
(native versus graft versus catheter)

48 (69.6%) versus
16 (23.2%) versus

5 (7.2%)

8 (53.3%) versus
6 (40.0%) versus

1 (6.7%)

0.402

Access location (excluding catheter) (upper arm versus lower arm) 8 (12.5%) versus
56 (87.5%)

2 (14.3%) versus
12 (85.7%)

1.000

Pre-dialysis systolic blood pressure (mmHg) 146.0 ± 21.4 145.9 ± 18.5 0.980
Pre-dialysis diastolic blood pressure (mmHg) 69.2 ± 15.0 64.9 ± 16.2 0.316
Pre-dialysis heart rate (rate/min) 70.5 ± 10.3 74.7 ± 13.0 0.176
Dialysis prescription
Membrane (ahigh flux versus low flux) 8 (11.6%) versus 61 (88.4%) 0 (0.0%) versus15 (100.0%) 0.374
Thrice weekly versus twice weekly 62 (89.90%) versus 7 (10.0%) 13 (86.7%) versus 2 (13.3%) 1.000
Dialysis length (4 versus 3.5 h) 66 (95.7%) versus 3 (4.3%) 15 (100.0%) versus 0 (0.0%) 0.956
Dialyzer size (effective surface area of 1.8 m2 versus surface area of 1.4 m2) 7 (10.0%) versus 62 (95.70%) 0 (0.0%) versus 15 (100.0%) 0.439
Interdialytic weight gain (kg) 2.2 ± 0.9 3.3 ± 1.0 <0.001
Ultrafiltration rate (mL/kg/hour) 8.7 ± 3.2 11.6 ± 2.9 0.003
Normal calcium bath versus low calcium bath (3 versus 2.5 mEq/L) 55 (79.4%) versus 14 (20.6%) 14 (93.3%) versus 1 (6.7%) 0.358
Blood flow rate (mL/min) 250 (250–260) 250 (200–255) 0.116

Single-pool Kt/V 1.5 ± 0.2 1.4 ± 0.1 0.149
Normalized protein catabolic rate (g/kg/day) 0.9 (0.8–1) 0.9 (0.9–1.1) 0.334
aKUF (Coefficient of ultrafiltration) >15mL/mmHg or b2 microglobulin clearance >20mL/min.
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Figure 2. Scatter plot of the relationship between interdialytic weight gain and ultrafiltration rate.

Figure 1. The difference in ultrafiltration rate between the groups.
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incident AF, showed a sensitivity of 100% and a specifi-
city of 50.7%.

We plotted the multivariate Cox regression survival
curve divided by the ultrafiltration rate greater than
8.6mL/kg/h and ultrafiltration rate less than 8.6mL/kg/

h. The curve showed a significant difference in AF-free
survival between the two groups (p¼ 0.023) (Figure 4).

Discussion

In this study, we showed that 17.9% of the mainten-
ance dialysis patients experienced at least one episode
of AF during less than 2-year follow-up period. All docu-
mented AFs were recorded during hemodialysis ses-
sions, except one AF with routine electrocardiogram
screening. Most of the AFs (66.7%) were paroxysmal,
and 20% of patients had a permanent AF. Higher ultra-
filtration rate was significantly associated with incident
AF. We also demonstrated that ultrafiltration rate was
generally dependent on interdialytic weight gain.

AF is more frequently observed in end-stage renal
patients and leads to higher risk of stroke than that in
the general population. Although AF could induce high
morbidity and mortality in dialysis patients, its treat-
ment is a matter of debate as prophylactic anticoagula-
tion put those patients at higher risk of major bleeding
compared to non-dialysis population [9]. The risk of
hospitalization because of bleeding is also high [10].
The risk and benefit balance is difficult in dialysis
patients. In this context, prevention and effort to iden-
tify the risk factors of AF other than the well-known
conventional risk factors are warranted.

There is a shared etiology in AF development and
chronic kidney disease occurrence [11]. Dialysis patients
already had prevalent risk factors and were susceptible

Table 2. Variables associated with incident atrial fibrillation.

Variables
Adjusted hazard ratio

(95% confidence interval) p-value

Blood flow rate (mL/min) 0.977 (0.959–0.995) 0.011
Ultrafiltration rate (mL/kg/hour) 1.176 (1.036–1.335) 0.013

Figure 3. Receiver operating characteristic curve of ultrafiltra-
tion rate in predicting incident atrial fibrillation.

Figure 4. Adjusted survival analysis between above cutoff (�8.6mL/kg/h) and below cutoff ultrafiltration rates (<8.6mL/kg/h).
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to AF. In our study, non-dialysis-related factors such as
age, the prevalence of diabetes, and coronary artery
disease were comparable between the groups.

Besides the traditional risk factors for incident AF,
dialysis patients showed unique clinical features in
developing AF. Hemodialysis itself induced intradialytic
AF, which generally terminated without intervention
after the dialysis session [12]. Continuous implantable
cardioverter–defibrillator telemonitoring revealed that
AF occurred more frequently during the dialysis day
than during non-dialysis days. Similarly, we found that
AF frequently occurred during hemodialysis. We also
found that high ultrafiltration rate was associated with
intradialytic AF development. Kim et al. reported that
rapid ultrafiltration rate was associated with left atrial
remodeling [13]. In that study, a cutoff of 10mL/kg/h
was considered a predictive factor of pathological incre-
ment in the left atrial volume index per year, which was
comparable with our study. Even high ultrafiltration
rate up to 13mL/kg/h was associated with all-cause
death in the Western population [14]. Left atrial size
was significant not only in AF development but also in
stroke, congestive heart failure, and cardiovascular
death [15]. The left atrial volume was also an independ-
ent predictor of mortality in continuous ambulatory
peritoneal dialysis patients [16]. It is assumed that a
decreased intravascular volume by iatrogenic ultrafiltra-
tion affects atrial physiology and increases the risk of
subsequent AF.

We also found that ultrafiltration volume was well
correlated with interdialytic weight gain. Interdialytic
weight gain is generally used as a basis for fluid and
salt intake recommendation, and it guides the physi-
cians in educating the patients about fluid and salt
restriction [17]. Increased weight gain is associated with
salt excess, high blood pressure, and left ventricular
hypertrophy [18]. However, tighter control of volume
expansion should be balanced with nutritional
adequacy, especially in elderly patients. Obviously, the
ultrafiltration rate is prescribed considerably based on
interdialytic weight gain and patients’ maximal ultrafil-
tration tolerance. High ultrafiltration volume could
induce muscle cramp, hypotension, and post-dialysis
fatigue [19]. Dry weight could not be obtained with a
single dialysis session in an overly hydrated state. For
those patients, volume fluctuation between dialysis ses-
sion by large fluid intake and high ultrafiltration rate
could result in cardiovascular injury. A lower fluctuation
of volume gain and loss caused less renin-angiotensin-
aldosterone system activation and catecholamine
release [20]. Benefits of extended hemodialysis with

lengthier and more frequent sessions were suggested
to reduce myocardial stress [21].

Among the dialysis-specific factors other than ultra-
filtration rate, dialyzer size, membrane type, frequency,
and time length were not considered as risk factors
for incident AF. Although all of the above factors are
associated with dialysis adequacy, they were not asso-
ciated with incident AF. A lower dialysate calcium con-
centration was suggested to improve cardiovascular
stability with increased risk of sudden cardiac death
[22]. In our study, dialysate calcium concentration was
not associated with incident AF. Lower blood flow rate
was found to be a significant factor associated with
AF in the regression analysis, but it was not a signifi-
cant factor associated with AF in the receiver operat-
ing characteristic analysis. We believe that inevitable
confounding factors might have led to the use of low
blood flow rate at the cost of dialysis adequacy such
as presence of a central catheter (7.1%, 6/84), poor fis-
tula maturation, or preexisting heart failure [23].
Among the traditional risk factors, lower pre-dialysis
blood pressure was associated with a high incidence
of AF [24], with the included population older than
those of our study. Inadequate ultrafiltration owing to
low blood pressure and extracellular volume overload
was a suggested mechanism.

This study has several limitations. First, this retro-
spective, small population study has an inherent bias.
Second, AF was only detected by an electrocardiogram
that was dependent on the patients’ complaints or
unstable vital signs. An unrecognized paroxysmal AF
episode might be detected during Holter monitoring or
event recording, although electrocardiographic screen-
ing every 6months was performed. Third, we did not
investigate the echocardiographic parameters that
could provide additional information such as the
change in left atrial volume. The use of medication
such as beta blockers or antiarrhythmic agents that
could influence the incidence of atrial fibrillation was
also missing.

In summary, we showed that ultrafiltration rate was
a significant factor in developing AF in hemodialysis
patients, irrespective of patient characteristics and
underlying comorbidity. Higher ultrafiltration rate,
which is dependent on higher interdialytic weight gain,
with their association not surprising, is a physician-
dependent order. Education to restrict fluid intake while
maintaining nutritional adequacy is highlighted to pre-
vent the occurrence of burdensome arrhythmia.
Additionally, extended hemodialysis with a lower ultra-
filtration rate might be considered in patients with high
interdialytic weight gain.
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