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Introduction: Atrial fibrillation (AF) is common in patients with kidney failure on hemodialysis (KF-HD). We

determined both AF incidence and burden in patients with KF-HD using implantable loop recorder (ILR)

monitoring.

Methods: Patients with KF-HD were enrolled and received an ILR. In 6 monitoring months, the incidence of

AF events lasting $6 minutes was captured. Demographic, clinical, and dialysis characteristics were

collected, and associations with incident AF were estimated using negative binomial regression models

and expressed as incidence rate ratios and 95% CIs.

Results: We enrolled 66 patients with KF-HD (mean age ¼ 56 years, 70% male); 59 (90%) were without

previously diagnosed AF. AF lasting $6 minutes was detected in 18 of 59 subjects (31%) without

previously diagnosed AF and in 5 of 7 subjects (71%) with a previous AF diagnosis. Among the 23 with

detected AF, episodes were present on 16% of patient days. Although 14 of 23 patients (61%) had AF

on <5% of monitored days, the average duration of AF episodes was <1 hour in 13 of 23 patients

(52%). Among patients with AF $6 minutes, 19 of 23 (83%) had a CHA2DS2-VASc score $2. When

investigating individual HD parameters, higher dialysate calcium (>2.5 vs. 2.5 mEq/l: incidence rate

ratio ¼ 0.62; 95% CI, 0.48–0.80) was associated with lower AF risk whereas higher dialysate bicarbonate

concentrations (>35 vs. 35 mEq/l: incidence rate ratio ¼ 3.18; 95% CI, 1.13–8.94) were associated with

higher AF risk.

Conclusion: New AF was detected in approximately one-third of patients with KF-HD. AF affects a sub-

stantial proportion of patient days and may be an underappreciated cause of stroke in KF-HD.
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AF
is the most common arrhythmia and has been
estimated to be present in 3 to 5 million
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Americans and >33 million individuals worldwide. AF
is associated with 4- to 5-fold rates of ischemic stroke
and with increased risks of several other important
health events, including heart failure and mortality,
and a significant burden of health care-related costs.1
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The burden of AF is particularly high in persons with
kidney disease.2 Chronic kidney disease is associated
with an increased incidence of AF, wherein both
reduced estimated glomerular filtration rate and higher
proteinuria associate with AF risk.3 AF is particularly
common in persons with KF-HD, a population in which
both its incidence and its prevalence have been
189
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Figure 1. Overview of the Monitoring in Dialysis study design. The primary outcome was the occurrence of CSAs. Atrial fibrillation data were
collected as a secondary outcome. bpm, beats per minute; CSA, clinically significant arrhythmia; HD, hemodialysis; Hgb, hemoglobin; mo,
month; wk, week.
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increasing.4,5 Patients with KF-HD are also at a dramat-
ically higher risk of hospitalization for hemorrhagic and
ischemic strokes compared with the general popula-
tion,6 and even short durations of AF in this population
can increase stroke risk.7 These data suggest that pa-
tients with KF might have a high incidence of unde-
tected AF, but subclinical AF in the dialysis population
has not been well studied. Previous monitoring studies
identified a significant proportion of patients with new-
onset AF during follow-up,8,9 and the present study
sought to confirm and expand on these observations.

To address the incidence and burden of AF in persons
with KF-HD, we conducted a prospective study using
ILRs in persons with KF undergoing regular-
maintenance HD. We hypothesized that ILR moni-
toring would provide potentially actionable information
by detecting and quantifying AF in patients on HD.

METHODS

Study Design—Patients and Procedures

The Monitoring in Dialysis study was a prospective
multicenter, single-arm observational study designed
to characterize arrhythmias in patients with KF-HD
(Figure 1).10,11 The primary objective was to estimate
the proportion of subjects experiencing clinically sig-
nificant arrhythmias in a 6-month period of continuous
monitoring using an ILR (Reveal XT or LINQ, Med-
tronic USA, Ltd., Minneapolis, MN). Quantification of
atrial arrhythmias, including AF, was a prespecified,
key secondary objective. The study was approved by
the governing institutional review board or ethics
committee at each center, and all eligible patients
190
provide informed consent. Patients $21 years old un-
dergoing HD thrice weekly were enrolled at 10 sites in
the United States and India. Key exclusion criteria
included presence of an implantable defibrillator or
pacemaker, recent infection, or expected survival <6
months.

After the implant procedure, subjects downloaded
device tracings at each dialysis session for 6 months.
Long-term follow-up continued for a maximum of 12
months or until the last enrolled subject completed the
primary observation period. During long-term follow-
up, devices were downloaded at least once weekly.
Study coordinators and cardiologists reviewed trans-
missions regularly to identify prespecified, potentially
dangerous arrhythmias, which mandated clinical
intervention. The study sponsor reviewed all patient-
marked events and transmissions with ILR-detected
arrhythmia. A core laboratory adjudicated all events
potentially consistent with the prespecified primary
objective; ventricular tachycardia $ 130 beats per
minute for $30 seconds, bradycardia of #40 beats per
minute lasting $6 seconds, asystole $3 seconds, or
patient-marked events with possible arrhythmia.
Outcome—AF

AF episodes, and their duration, were identified using
ILR, which allows detection of AF events that would be
missed with short-term observation. Studies comparing
this technology against Holter monitoring revealed 92%
sensitivity and 80% positive predictive value for ILR-
detected AF episodes of $6 minutes in duration.12 The
utility of this approach was demonstrated by the
Kidney International Reports (2022) 7, 189–199



Table 1. Baseline characteristics according to presence or absence of atrial fibrillation during follow-up
Characteristics All Subjects (N [ 66) No Atrial Fibrillation (n [ 43) Atrial Fibrillation (n [ 23) P value

Age at implant, yrs 56.3 � 12.2 56.6 � 10.8 55.9 � 14.7 0.83

Male sex 69.7% (46/66) 69.8% (30/43) 69.6% (16/23) 1.00

Race 0.05

Asian 34.8% (23/66) 44.2% (19/43) 17.4% (4/23)

Black 53.0% (35/66) 48.8% (21/43) 60.9% (14/23)

Other 1.5% (1/66) 0.0% (0/43) 4.3% (1/23)

White 10.6% (7/66) 7.0% (3/43) 17.4% (4/23)

Systolic blood pressure, mm Hg 140.8 � 23.4 142.7 � 22.2 137.2 � 25.6 0.37

Diastolic blood pressure, mm Hg 80.0 (70.0–84.0) 80.0 (67.0–84.0) 76.0 (70.0–85.0) 0.99

Weight (kg) 81.7 (68.2–95.2) 80.4 (67.6–90.0) 88.7 (68.2–119.6) 0.15

Body mass index, kg/m2 27.2 (24.3–32.5) 26.1 (23.8–31.6) 27.9 (25.4–35.4) 0.16

Presumed cause of KF

Diabetes 42.4% (28/66) 44.2% (19/43) 39.1% (9/23) 0.75

Hypertension 37.9% (25/66) 34.9% (15/43) 43.5% (10/23)

Glomerulonephritis 9.1 (6/66) 11.6% (5/43) 4.3% (1/23)

Other 10.6% (7/66) 9.3% (4/43) 13.0% (3/23)

Time since onset of KF (yrs) 2.4 (1.2–5.3)
(n ¼ 65)

2.2 (1.0–5.2)
(n ¼ 42)

3.8 (1.2–6.6)
(n ¼ 23)

0.28

Previous kidney transplant 13.6% (9/66) 9.3% (4/43) 21.7% (5/23) 0.26

Previous peritoneal dialysis 10.6% (7/66) 7.0% (3/43) 17.4% (4/23) 0.23

Vascular access 0.22

Arteriovenous fistula 69.2% (45/65) 72.1% (31/43) 63.6% (14/22)

Arteriovenous graft 26.2% (17/65) 20.9% (9/43) 36.4% (8/22)

Central venous catheter 4.6% (3/65) 7.0% (3/43) 0.0% (0/22)

Diabetes 63.6% (42/66) 62.3% (27/43) 65.2% (15/23) 1.00

Atrial fibrillation 10.6% (7/66) 4.7% (2/43) 21.7% (5/23) 0.05

Other arrhythmia 31.8% (21/66) 20.9% (9/43) 52.2% (12/23) 0.01

Previous myocardial infarction 9.1% (6/66) 7.0% (3/43) 13.0% (3/23) 0.42

Previous stroke 12.1% (8/66) 14.0% (6/43) 8.7% (2/23) 0.70

Hyperlipidemia 60.6% (40/66) 55.8% (24/43) 69.6% (16/23) 0.30

Hypertension 84.8% (56/66) 86.0% (37/43) 82.6% (19/23) 0.73

Ischemic heart disease 48.5% (32/66) 46.5% (20/43) 52.2% (12/23) 0.80

Heart failure 25.8% (17/66) 20.9% (9/43) 34.8% (8/23) 0.25

Coronary artery bypass surgery 13.6% (9/66) 16.3% (7/43) 8.7% (2/23) 0.48

Smoking 0.84

Current 7.6% (5/66) 7.0% (3/43) 8.7% (2/23)

Never 69.7% (46/66) 72.1% (31/43) 65.2% (15/23)

Past 22.7% (15/66) 20.9% (9/43) 26.1% (6/23)

Ejection fraction, % 55 (55–60)
(n ¼ 65)

55 (55–60)
(n ¼ 42)

55 (55–60)
(n ¼ 23)

0.83

CHA2DS2-VASc score 3 (2–5) 3 (1–4) 3 (2–5) 0.48

KF, kidney failure.
P value from unpaired t test or Wilcoxon-ranked sum test for continuous variables and c2 or Fisher exact tests for categorical variables.
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Cryptogenic Stroke and Underlying AF trial,13 in which
ILRs identified episodes of AF lasting $30 seconds 6.4
times more often than standard clinical monitoring
techniques. More importantly, it was found that 12.4%
of the patients in the ILR group had newly diagnosed AF
at 12months of monitoring, whereas detection of AFwas
30% at 36 months of follow-up. Conversely, a previous
study revealed that monitor-detected, subclinical AF
was associated with significantly increased risks of
strokes and systemic embolism.14

Patient Characteristics

We recorded patients’ age, sex, race, several comorbid
conditions, and their reported causes of KF. We also
calculated the CHA2DS2-VASc score, a recommended
Kidney International Reports (2022) 7, 189–199
tool to identify persons at elevated stroke risk.15 We
recorded any history of peritoneal dialysis or kidney
transplant and the duration of kidney replacement
therapy (“vintage”). HD parameters included blood
pressure measurements and ion concentrations in the
prescribed dialysate, which were collected each ses-
sion; predialysis and postdialysis serum electrolyte
concentrations were measured at least weekly for 6
months. The primary findings of the Monitoring in
Dialysis study have been reported previously.11

Statistical Analyses

We present baseline demographic characteristics for the
entire study sample and separately for subjects with at
least 1 AF event versus those without. Data are tabulated
191



Table 2. Number and rate of AF events

Parameter
Reveal-detected

AF
Reveal-detected AF of

at least 6 min in duration

Number of events 4419 1710

Subjects with events (% of subjects
with any reveal data)

27 (41%) 23 (35%)

Estimated events per patient
mo [95% confidence bounds]

11.9 [4.9–28.7] 4.6 [1.8–11.5]

AF, atrial fibrillation.
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as count (%), mean (� SD), or median (interquartile
range) as appropriate. Characteristics were compared
between subjects with versus those without at least 1 AF
episode using an unpaired t test or Wilcoxon-ranked
sum test for continuous variables, whereas c2 or Fisher
exact test was used for categorical variables.

Generalized negative binomial mixed effects regres-
sion models with unstructured working correlation
structure and using the SAS default optimization
method of Dual Quasi-Newton were used to evaluate
potential effects of electrolytes on the incidence of AF
during the 12-hour period beginning with the start of
each dialysis session. This interval was chosen because
it is the period of maximal intradialytic fluid and
electrolyte flux and postdialytic re-equilibration. In
addition, AF events were clustered during this time
period. A random intercept was included in the model
to account for repeated measures within subjects. In
the presence of convergence issues or problems with
estimating variance, an alternative optimization method
was used. Associations of AF with hospitalization were
analyzed using univariate Cox regression. A P < 0.05
was considered statistically significant. All analyses
were completed using SAS version 9.3 (The SAS
Institute, Cary, NC; www.sas.com).

RESULTS

Baseline Characteristics

A total of 66 patients underwent ILR placement and
were followed for a median of 177 days (range 14–180
days). Baseline demographics are found in Table 1 and
Supplementary Table 1. A previous diagnosis of AF or
atrial flutter was present in 7 subjects (11%): 2 had
paroxysmal AF, 1 had permanent AF, and 2 reported
atrial flutter. The baseline history of AF was unclassified
in the remaining 2 subjects. There were few meaningful
differences between subjects with versus those without
AF during follow-up.Mean age was 56.3 years, and 30%
were of female sex (vs. 30%), both similar between
groups. Nevertheless, history of ischemic heart disease
and history of heart failure were more common in the AF
group, albeit not statistically significant, whereas ejec-
tion fraction did not differ between groups. In contrast,
a history of arrhythmia was more common in subjects in
whom AF was recorded during follow-up than among
192
those without (52% vs. 21%, P ¼ 0.01). In addition,
severe obesity (body mass index $40 kg/m2) was more
prevalent among individuals with AF than those
without (22% vs. 2%, P ¼ 0.02).

AF Episodes and Stroke Risk Factors

During up to 6 months of rhythm monitoring, any AF
was detected in 27 subjects (41%) and AF episodes $6
minutes long were recorded in 23 subjects (35%;
Table 2), Excluding the 7 subjects with a history of AF
(2 of whom did not have AF detected during moni-
toring), 18 of 59 subjects (31%) had de novo detection of
AF episodes lasting $6 minutes during the 6-month
observation period. During 4016 monitoring days,
2967 hours of AF were detected. There were 1710 ep-
isodes lasting $6 minutes, which occurred on 627 pa-
tient days (16%) , with an average ventricular response
rate of 103 beats per minute. In the subgroup of 23
subjects with any AF episodes of $6 minutes in
duration, the median number of days with AF was 7,
ranging from 1 subject with a single AF episode to a
different subject with 161 days with AF (Table 3 and
Figure 2a–c).

The mean CHA2DS2-VASc score in the subjects
without previous AF in whom de novo AF was detected
was 3.2. In addition, 2 patients in this cohort had a
history of a cerebrovascular accident or transient
ischemic attack and were not on baseline anti-
coagulation. Data from individual subjects in the study
with AF detected are found in Table 3.

AF Predictors and Hospitalizations

In unadjusted analyses, no associations with AF were
found between predialysis ion concentrations or their
intradialytic changes, except for a borderline association
between higher predialysis phosphorus concentration
and AF (Table 4). By contrast, there were associations
with AF of ion concentrations in the dialysis bath
(Supplementary Table 2), specifically for dialysate cal-
cium and bicarbonate concentrations. Compared with a
dialysate calcium concentration of 2.5 mEq/l, those in
whom it was >2.5 mEq/l were less likely to have AF.
Compared with persons whose dialysate bicarbonate
concentration was 35 mEq/l, those in whom it was >35
mEq/l had a higher AF risk (Table 4). No episodes of AF
were detected within 8 hours of dialysis performed with
sodium modeling. No associations with AF were found
for dialysate potassium, dialysate temperature, and
intradialytic weight change. Nevertheless, there was
evidence of a significant interaction (Pinteraction ¼ 0.01)
between the intradialytic change in calcium and the
weight change during dialysis such that a greater in-
crease in serum calcium concentration during dialysis
was more strongly associated with increased incidence
Kidney International Reports (2022) 7, 189–199
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Table 3. Atrial fibrillation duration, stroke history, anticoagulation, and CHA2DS2-VASc score in subjects with AF $6 minutes detected during
the observation period

Patient
number

Monitoring
days

Hours
of AF

Days
with ‡6min
of AF (n)

AF
episodes
‡6 min (n)

Mean ventricular
rate during AF (bpm)

Previous
CVA or TIA

Previous
AF

Anticoagulation
at baseline

CHA2DS2-VAS
score

1 168 1304.4 55 3 111 � � þ 2

2 177 868.1 161 620 86 � þ � 6

3 161 423.4 133 564 86 � � � 5

4 177 150.8 22 154 67 � þ þ 5

5 177 64.7 32 60 106 � � � 5

6 179 55.7 98 180 62 þ � � 6

7 177 26.2 40 54 72 � � þ 6

8 178 24.8 4 3 120 � � þ 2

9 177 16.3 9 9 104 � � � 4

10 168 5.9 3 4 150 � � þ 3

11 177 5.3 18 9 125 þ � � 5

12 158 5.2 13 19 117 � � � 2

13 179 4.6 4 4 110 � � � 3

14 177 4.1 2 2 166 � þ � 4

15 175 1.8 7 4 113 � � � 1

16 177 1.7 6 3 135 � � � 1

17 179 1.5 7 7 99 � þ þ 1

18 177 0.9 5 4 89 � þ þ 2

19 177 0.5 2 2 137 � � � 2

20 178 0.5 2 1 79 � � � 5

21 179 0.3 2 2 109 � � � 1

22 177 0.3 1 1 81 � � � 3

23 167 0.2 1 1 39 � � � 2

Total/mean: 4016 2967.2 627 1710 103 2 5 7 3.3

AF, atrial fibrillation; bpm, beats per minute; CVA, cerebrovascular accident; TIA, transient ischemic attack.
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of AF as the volume of fluid removed during dialysis
increased (Figure 3a). There was also suggestion of a
borderline significant interaction between the intra-
dialytic change in sodium concentration and weight
change during dialysis (Pinteraction ¼ 0.06, Figure 3b).
There was no evidence of interaction between the
intradialytic weight and change in magnesium, potas-
sium, or bicarbonate. We found that CHA2DS2-VASc
score (continuous) was associated with number of AF
episodes among patients with AF. Nevertheless, episode
duration was not associated with CHA2DS2-VASc score.

There were 18 hospitalizations during the follow-up.
The number of AF episodes >6 minutes was signifi-
cantly associated with hospitalization (hazard ratio per
0.1 event/d ¼ 1.06; 95% CI, 1.01–1.11). Having AF > 6
minutes during the last 7 days (hazard ratio ¼ 3.17;
95% CI, 1.02–9.86) had a borderline association with
hospitalization, and more remote episodes within the
last 14 (hazard ratio ¼ 1.64; 95%CI, 0.46–5.38) or 21
days (hazard ratio ¼ 1.39; 95% CI, 0.39–4.94) were not
associated with hospitalization risk.
DISCUSSION

Patients with KF requiring dialysis continue to have
unacceptably high mortality (18% per year), with
roughly 1 quarter of deaths attributed to sudden
Kidney International Reports (2022) 7, 189–199
(cardiac) death.16 Less is known on the incidence of
nonfatal arrhythmias, especially using modern heart
rhythm monitoring technologies. In our prospective
study of patients with KF on HD who were equipped
with an ILR to capture both symptomatic and asymp-
tomatic arrhythmias, we found that 35% of the pa-
tients had at least 1 sustained AF episode lasting at least
6 minutes in a 6-month monitoring period. Among
patients not previously diagnosed with having AF, the
proportion of newly diagnosed patients was 31%.

This incidence of AF likely underestimated the true
population incidence because we monitored patients
for only 6 months, but it is nevertheless significantly
higher than what has previously been reported using
other means of AF ascertainment.4,17 One study used
diagnostic codes in Medicare-insured US patients on
HD (1995–2006) and estimated the prevalence of diag-
nosed AF to be 13%, 19%, and 23% in those aged 65 to
74, 75 to 84, and $85 years, respectively.5 More
recently, using electrocardiogram and electronic health
record review, 27% of patients on HD in the greater
Vienna, Austria metropolitan area were found to have
AF, or a history of AF, in 2014/2015.18 The high inci-
dence in the Monitoring in Dialysis cohort is remark-
ably similar to that of a recent French study of 71
patients with KF on HD of whom 12 (17%) had pre-
viously diagnosed AF or flutter. When using ILR, the
193
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Figure 2. AF burden detected in MiD subjects who experienced at least 1 AF episode lasting $6 mins during the monitoring period. (a) Number
of days with at least 6 mins of AF detected. (b) Percentage of days with AF episodes$ 6 mins detected. (c) Total duration of AF in hours on days
with at least 1 episode of AF $ 6 mins. AF, atrial fibrillation; ID, identification; min, minute; MiD, Monitoring in Dialysis.
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overall AF prevalence was 37% and de novo AF was
detected in 20% during a mean follow-up of 21
months.8 Similarly, an Australian study of 50 patients
with KF on HD found new-onset paroxysmal AF in
28% of patients over a mean follow-up of 18 months.9

These high AF rates are likely explained by the
194
continuous nature of the longer-term monitoring in
these studies and the ability to pick up asymptomatic
events which had previously not been feasible. These
findings suggest that the already high prevalence of AF
previously documented in this population has under-
estimated the true prevalence of this condition.
Kidney International Reports (2022) 7, 189–199



Table 4. Associations of electrolytes and dialysis parameters with
atrial fibrillation rate from the beginning of each dialysis session to
8-hour postdialysis
Parameter IRR (95% CI) P Value

Electrolyte concentration

Predialysis potassium 0.76 (0.40–1.44) 0.40

Intradialytic potassium change 1.10 (0.80–1.50) 0.56

Predialysis calcium 0.98 (0.64–1.51) 0.93

Intradialytic calcium change 0.82 (0.51–1.33) 0.43

Predialysis magnesium 0.94 (0.15–5.67) 0.94

Intradialytic magnesium change 0.32 (0.05–2.00) 0.22

Predialysis phosphorus 1.18 (1.01–1.37) 0.04

Intradialytic phosphorus change 0.80 (0.63–1.02) 0.08

Predialysis bicarbonate 1.02 (0.92–1.14) 0.70

Intradialytic bicarbonate change 1.06 (0.93–1.21) 0.40

Sodium predialysis 0.99 (0.84–1.16) 0.87

Intradialytic sodium change 1.05 (0.87–1.26) 0.64

Dialysis prescription parameters

Dialysate temperature $37 vs. 36–36.9 �C 1.83 (0.04–81.0) 0.76

Dialysis potassium 3 vs. 2 mEq/l 1.22 (0.92–1.64) 0.17

Dialysate calcium — —

<2 vs. 2.5 mEq/l 0.03 (0.001–1.18) 0.06

2.0–2.4 vs. 2.5 mEq/l 5.04 (1.11–22.9) 0.04

>2.5 vs. 2.5 mEq/l 0.62 (0.48–0.80) <0.001

Dialysate sodium — —

>135–139 vs. 140 mEq/l 0.15 (0.01–3.49) 0.24

#135 vs. 140 mEq/l 4.52 (0.31–65.6) 0.27

Dialysate bicarbonate — —

#28 vs. 35 mEq/l 21.32 (0.08–5927) 0.29

>28–34 vs. 35 mEq/l 3.41 (0.12–96.4) 0.47

>35 vs. 35 mEq/l 3.18 (1.13–8.94) 0.03

Intradialytic weight change (per % of weight) 0.93 (0.75–1.16) 0.51

CHA2DS2-VASc score (per unit) 2.59 (1.99–3.37) <0.001

IRR, incidence rate ratio.
Unadjusted associations of characteristics with presence of any atrial fibrillation
episode of >6 minutes in duration for the 8-hour time window from the start of the
dialysis session using negative binomial regression. All sessions were included; ana-
lyses accounted for repeated measures within subjects.
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Furthermore, when comparing our findings with pre-
vious data evaluating the incidence of AF in a general
population (with largely normal kidney function) at
similar age ranges, the incidence of AF in this cohort of
persons with KF on HD was >10-fold higher.19

There are important public health implications to the
possibility that approximately 31% to 42% of patients
on HD without known AF experience sustained sub-
clinical episodes during a relatively short period of
follow-up and that the burden of time spent in AF in
many of these patients is high. Monitor-detected AF
has been associated in other populations with sub-
stantially increased risks of ischemic stroke,14 and a
high incidence of subclinical AF has been identified in
individuals with otherwise cryptogenic stroke.13,20

Although we did not detect any strokes during a
relatively short-term observation period, we did find a
potential association of these monitor-detected AF
events and hospitalization. Moreover, our findings
raise the possibility that the extraordinarily high stroke
Kidney International Reports (2022) 7, 189–199
incidence in patients on chronic HD (4 to 10 times that
of age- and sex-matched non–end-stage renal disease
individuals) may at least partly be explained by a high
prevalence of asymptomatic or undiagnosed AF that
may only become clinically apparent at the time of
cerebral embolism.6

Even using conservative estimates of the range of AF
detection after 6 months (i.e., no further AF detection
after 6 months), our data suggest that surveillance with
continuous monitoring technology has potential value
in identifying patients on HD at risk for ischemic
stroke in whom chronic anticoagulation may be bene-
ficial in suitable patients. Indeed, CHA2DS2-VASc
scores, which help identify patients at elevated
ischemic stroke risk in the general population with AF
and in patients on dialysis, were above the threshold in
which anticoagulation is recommended in the general
population with AF according to standard guide-
lines.21–23 Thus, a strategy of routine ILR insertion
followed by anticoagulation based on monitoring re-
sults may have potential as a novel strategy for
improving outcomes in the population on HD by pre-
venting ischemic stroke. Previous studies have strug-
gled to enroll patients for ILR placement and
subsequent observation. Modern devices such as
external patches that allow several weeks of monitoring
and smart watches have additional convenience and
may carry promise for broader use but have not yet
been validated, and studies in persons on HD are
needed. Future research will need to elucidate the
relationship between subclinical AF and AF burden on
stroke and embolic events in patients with KF on
dialysis, including to provide more solid evidence in
stronger support of net-benefit from oral anti-
coagulation in these patients.23

Additional findings from this study raise important
questions regarding modifiable aspects of the dialysis
prescription that may serve to reduce the incidence and
burden of AF in patients undergoing HD. Although we
found that high dialysate calcium was associated with
lower and high bicarbonate concentrations with higher
AF incidence, these results were unadjusted and can
only generate hypotheses motivating more targeted
studies focusing on elements of dialysis prescription
that may affect AF incidence. Furthermore, although
unadjusted, these results are consistent with previous
investigations using signal-averaged electrocardio-
grams that revealed significant associations between
intradialytic electrolyte changes or fluid removal and
P-wave morphology.24–26

Several limitations of this study merit discussion.
We enrolled prevalent patients with KF undergoing
HD and may miss the period of highest AF incidence,
which is during the first few months after dialysis
195
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Figure 3. Interactions of intradialytic weight gain with intradialytic changes in calcium and sodium. Rate of atrial fibrillation during dialysis
through 8 hours after dialysis according to intradialytic weight change in kilograms and (a) serum calcium or (b) sodium.
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initiation.27 Although 7 subjects (10%) had been
previously diagnosed with having AF, several others
may have had AF episodes that would have remained
asymptomatic, undetected, or undiagnosed. The study
used a convenience sample of patients that may not be
generalizable to the overall population of patients
with KF on HD in either country. In particular, certain
racial/ethnic groups were not represented in our
study, including Hispanic or Native American pa-
tients. In addition, the average dialysis vintage was
relatively high and it would be useful to conduct a
similar study in patients with incident KF
commencing dialysis. A larger cohort size and/or
longer follow-up time are necessary to perform sub-
group analyses and to determine the association be-
tween the occurrence or time-burden of subclinical
196
AF and subsequent ischemic stroke risk and other
health outcomes. Reporting of concurrent symptoms
during AF episodes was poor, which precludes
reporting this information with confidence. Finally, it
is conceivable that if we had continued to monitor the
patients for the duration of the implantable recorder’s
battery life (3 years), more silent AF would have been
diagnosed.

In conclusion, our data demonstrate that there is a
higher rate of AF in patients on HD than previously
appreciated. In many, the burden of AF regarding the
number of events and duration of time spent in AF was
high. These data suggest the possibility that unrecog-
nized AF is an important cause of stroke in the popu-
lation on HD and that personalizing fluid removal or
dialysate electrolyte prescription, or alternatively a
Kidney International Reports (2022) 7, 189–199
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strategy of continuously monitoring for arrhythmia
and anticoagulating patients with detected AF, may
have the potential to reduce stroke and mortality in
this vulnerable population.

APPENDIX

List of Monitoring in Dialysis (MiD) Investigators

and Committees

Affiliations at the time of study.

Nephrology Investigators

Don Williamson, MD (Southeastern Clinical Research
Institute, Augusta, GA, Augusta, GA), Prabir Roy-
Chaudhury, MD, (University of Cincinnati Medical
Center, Cincinnati, OH), James Tumlin, MD (Georgia
Nephrology Clinical Research Institute, Atlanta, GA),
Vijay Kher, MD (Medanta – The Medicity- Kidney &
Urology Institute, Gurgaon, India), Vikranth Reddy,
MD (CARE Hospital Hyderabad, India), Kowdle Chan-
drasekhar Prakash, MD, (Apollo Hospitals –Chennai,
India), David Charytan, MD MSc (Brigham & Women’s
Hospital, Boston, MA), Suresh Chandra Tiwari, MD
(Fortis Vasant Kunj Hospital Delhi, India), Saurabh
Pokhariyal, MD (Fortis Memorial Research Institute
Gurgaon, India), Amber Podoll, MD (University of
Texas-Houston, Houston, TX), Sanjeev Jasuja, MD
(Apollo Hospitals – Delhi, Delhi, India).

Cardiology Investigators

G. Leslie Walters, MD (Augusta Cardiology Clinic,
Augusta, GA), Kraig Wangsnes, MD (Cardiovascular
Associates, Augusta, GA), Alexandru Costea, MD
(University of Cincinnati Medical Center, Cincinnati,
OH), Selcuk Tombul, MD (Diagnostic Cardiology
Group, Chattanooga, TN), Balbir Singh, MD (Medanta –
The Medicity- Heart Institute, Gurgaon, India), Brajesh
Mishra, MD (Medanta – The Medicity- Heart Institute,
Gurgaon, India), Sachin Yalagudri, MD (CARE Hospi-
tal, Hyderabad, India), Abhijeet Shelke, MD (CARE
Hospital Hyderabad, India), Calambur Narasimhan, MD
(CARE Hospital, Hyderabad, India), A.M. Karthigesan,
MD (Apollo Hospitals – Chennai, Chennai, India),
Abraham Oomman, MD (Apollo Hospitals – Chennai,
Chennai, India), K P Pramod Kumar, MD (Apollo Hos-
pitals – Chennai, Chennai, India), Bruce Koplan, MD
(Brigham & Women’s Hospital, Boston, MA), Upendra
Kaul, MD (Fortis Vasant Kunj Hospital, Delhi, India),
Tapan Ghose, MD (Fortis Vasant Kunj Hospital, Delhi,
India), Ripen Gupta, MD (Fortis Vasant Kunj Hospital,
Delhi, India), Arvind Sethi, MD (Fortis Escorts Hospi-
tal, Delhi, India), Nikhil Kumar, MD (Fortis Memorial
Research Institute, Gurgaon, India), Ramesh Hariharan,
MD, (University of Texas-Houston, Houston, TX),
Rajnish Sardana, MD (Apollo Hospitals – Delhi, Delhi,
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India), Arif Wahab, MD (Apollo Hospitals – Delhi,
Delhi, India) N.N Khanna, MD (Apollo Hospitals –
Delhi, Delhi, India)

Nephrology Coinvestigators

Mark Smith, MD (Southeastern Clinical Research
Institute, Augusta, GA), Suresh Kamath, MD (Univer-
sity of Cincinnati Medical Center, Cincinnati, OH),
Claude Galphin, MD (South East Renal Research Insti-
tution (SERRI), Chattanooga, TN), Puneet Sodhi, MD
(Medanta – The Medicity- Heart Institute, Gurgaon,
India), Rajsekara Chakravarthy, MD (CARE Hospital,
Hyderabad, India), Subba Rao Budithi, MD (Apollo
Hospitals – Chennai, Chennai, India), Finnian
McCausland, MB, MMSc (Brigham & Women’s Hospi-
tal, Boston, MA), Sanjeev Gulati, MD (Fortis Vasant
Kunj Hospital, Delhi, India), Munawer Dijoo, MD
(Fortis Vasant Kunj Hospital, Delhi, India), Upendra
Singh, MD (Fortis Escorts Hospital, Delhi, India), Salil
Jain, MD (Fortis Memorial Research Institute, Gurgaon,
India), Vishal Saxena, MD (Fortis Memorial Research
Institute, Gurgaon, India), Gaurav Sagar, MD (Apollo
Hospitals – Delhi Delhi, India)

Advisory Committee

David Charytan, MD, MSc, (Brigham & Women’s
Hospital, Boston, MA), Rachel Fissell, MD (Vanderbilt
University, Nashville, TN), Robert Foley, MD (Henne-
pin County Medical Center, Minneapolis, MN), Charles
A. Herzog, MD (Hennepin County Medical Center,
University of Minnesota, Minneapolis, MN), Peter A.
McCullough, MD (Baylor University Medical Center,
Baylor Heart and Vascular Institute, Baylor Jack and
Jane Hamilton Heart and Vascular Hospital, Dallas),
John D. Rogers, MD (Scripps Clinic-Torrey Pines, La
Jolla, CA), James A. Tumlin, MD (South East Renal
Research Institution (SERRI), Chattanooga, TN), Peter
Zimetbaum, MD (Beth Israel Deaconess Medical Center,
Boston, MA)

Adverse Events Committee

Manish Assar, MD (Baylor University Medical Center,
Dallas, TX), Mark Kremers, MD (Mid Carolina Cardi-
ology Charlotte, North Carolina), Wolfgang C. Win-
kelmayer, MD, ScD (Baylor College of Medicine,
Houston, TX)
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