
Reducing the risk of atrial fibrillation in ESKD: is the devil in
the dialysis?

Mark Canney , Manish M. Sood and Gregory L. Hundemer

Department of Medicine, University of Ottawa and the Ottawa Hospital Research Institute, Ottawa, Ontario, Canada

Correspondence to: Mark Canney; E-mail: mcanney@toh.ca

When it comes to managing cardiovascular risk in the hemodi-
alysis unit, clinicians frequently find themselves at a crossroads
trying to make therapeutic decisions with imperfect evidence.
While recent years have witnessed an encouraging expansion in
the recruitment of patients with kidney disease to cardiovascu-
lar interventional studies, nephrologists cannot readily draw on
decades’ worth of high-quality evidence to inform their practice
[1]. One can go down the route of extrapolating findings from
clinical trials conducted predominantly in the general popula-
tion to patients receiving dialysis, without truly knowing
whether the studied interventions are likely to be successful.
Alternatively, it could equally be argued that the hemodialysis
population is so unique that the data simply do not apply to
them and that the balance of risk and benefit cannot be safely
determined. A prime example of this conundrum is the decision
to start anticoagulation in hemodialysis patients with atrial fi-
brillation (AF). The desire to mitigate the risk of a severe stroke
is tempered by concerns regarding potential lack of efficacy and
excessive bleeding risk. Even if one decides that the benefits of
anticoagulation outweigh the risks, the therapeutic options are
very limited due to a lack of high-quality evidence [2]. Of
course, it would be better to avoid arriving at this crossroads al-
together, which begs the question: is it possible to prevent AF?

Such is the burden of traditional risk factors among patients
with end-stage kidney disease (ESKD), one might be forgiven
for thinking that AF is nearly inevitable in this population.
Non-modifiable risk factors that accrue over time in patients
with kidney disease include older age, longstanding hyperten-
sion, ischemic heart disease and underlying structural heart
disease, all of which contribute to a vulnerable cardiac substrate
(Figure 1). The prevalence of AF in patients receiving hemo-
dialysis has been estimated at 11.6% [3], however the true
prevalence is almost certainly much higher than this. In studies
of loop recorders performed in hemodialysis units, AF was
detected in some 40% of participants. In contrast to the timing
of bradyarrhythmia events, the frequency of AF was highest
during the dialysis session and reached a nadir 24–36 h after the
third dialysis session of the week [4]. This finding was intrigu-
ing because it suggests that there are dialysis-specific factors
that may be contributing to the development of AF among
patients receiving hemodialysis.

In the general population, an enhanced understanding of the
pathophysiological mechanisms that promote AF has led to the
concept of ‘upstream therapy’ to prevent the final common
pathway of electrical and structural remodeling, the latter char-
acterized by tissue fibrosis and enlargement of the atria [5].
In select populations, investigated therapies include renin–an-
giotensin–aldosterone system blockade, statins and polyunsatu-
rated fatty acids as a means of modifying the arrhythmia
substrate [6]. So, what might upstream therapy look like in a he-
modialysis patient? During each hemodialysis session, there are
multiple changes occurring simultaneously, many of which
could plausibly affect the already vulnerable heart and increase
a patient’s predisposition to developing intra-dialytic AF
(Figure 1). These dynamic factors include rapid transmembrane
shifts in potassium and calcium, abrupt changes in blood vol-
ume, and possibly a reduction in intra-atrial conduction veloc-
ity and alterations in autonomic balance [7]. There may also be
indirect mechanisms at play that increase the likelihood of de-
veloping AF during dialysis. Myocardial blood flow is reduced
during hemodialysis and is associated with regional wall motion
abnormalities. This has led to the concept of myocardial stun-
ning, whereby transient myocardial ischemia can result in left
ventricular dysfunction that persists even after normal perfu-
sion is restored [8]. One aspect of the hemodialysis prescription
that changes frequently is the patient’s target weight, with
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FIGURE 1: Conceptual diagram of the interplay between traditional
and dialysis-specific risk factors for AF. ANS, autonomic nervous
system; BP, blood pressure .
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associated changes in the volume and rate of ultrafiltration. If
we are trying to avert a ‘perfect storm’ of AF risk factors during
dialysis, one might very reasonably ask what role the rate of ul-
trafiltration has in the development of AF.

In this issue of the Nephrology Dialysis Transplantation,
Flythe et al. investigate the relationship between ultrafiltration
rate and the incidence of AF among 15 414 incident hemodialy-
sis patients aged >67 years in the USA [9]. Time at risk started
at day 121 after initiation of dialysis, and ultrafiltration rate was
treated as a time-varying exposure using the average delivered
rate calculated across successive 30-day exposure intervals.
During the 4.5-year follow-up, the incidence of AF was 15/100
person-years. In the unadjusted analysis, an ultrafiltration rate
>13 mL/kg/h was associated with a 21% higher risk of develop-
ing AF, compared with a rate of �13 mL/kg/h (hazard ratio
1.21, 95% confidence interval 1.10–1.31). After multivariable ad-
justment, a higher ultrafiltration rate was associated with a 15%
higher risk of incident AF (hazard ratio 1.15, 95% confidence in-
terval 1.04–1.25). It could be argued that this represents a rea-
sonably modest difference in relative risk. Nonetheless, the study
findings are important for a number of reasons. First, the devel-
opment of AF is a significant event for a patient on dialysis and
contributes to substantial morbidity and mortality. Second, a
link between higher ultrafiltration rates and AF is biologically
plausible, and the relationship between ultrafiltration rate as a
continuous exposure and AF demonstrated a dose-dependent
relationship. Third, the findings are consistent with prior studies
that have demonstrated associations between higher ultrafiltra-
tion rates and adverse outcomes [10]. This study also serves to
highlight the methodological challenges involved in disentan-
gling risk associations in the hemodialysis population, particu-
larly the dynamic nature of both the treatment and the clinical
status of the patients. The investigators employed a thoughtful
study design in an attempt to account for these factors, including
the use of time-updated covariates and imposing a 30-day inter-
val between exposure and outcome to mitigate the possibility of
reverse causation.

Several important questions remain. Although higher ultrafil-
tration rates correlated with the development of AF, the underly-
ing reason why these patients required higher ultrafiltration
rates could not be determined. It could reflect extracellular fluid
volume expansion despite completing all hemodialysis treat-
ments (and therefore a population at high risk of cardiovascular
events), loss of residual kidney function, or a shorter hemodialy-
sis treatment time indicative of suboptimal treatment. By design,
patients with <10 or >16 hemodialysis treatment in the 30 days
prior to the index date were excluded. This was a sizeable group
of patients, representing 17% of the 18 670 patients who other-
wise met inclusion criteria for the cohort. These patients would
be expected to have substantial variability in inter-dialytic weight
gain and could therefore be at even higher risk of AF from fluc-
tuating ultrafiltration rates. Similarly, patients had to survive the
first 4 months of starting hemodialysis and the potential
contribution of high ultrafiltration rates to the risk of developing
AF ought to be studied during this critical early period of

hemodialysis initiation. Finally, if the association between higher
ultrafiltration rates and AF is in fact causal, what action can we
take to prevent more patients from developing AF? To reduce
the rate of ultrafiltration requires longer treatment time or more
frequent treatments, neither of which would be palatable to most
patients. This reinforces the need to engage our patients in
discussions about measures they can take to avoid excessively
high inter-dialytic fluid gains.

It seems clear that the more we look for AF in the hemodial-
ysis unit, the more we will find it. Therapeutic decisions at that
juncture are notoriously difficult. Should we accept that AF is
inevitable in this patient population, or is there a role for pri-
mary prevention? The rate of ultrafiltration is just one part of
a complex series of events experienced by a patient during
hemodialysis, events that are inherently dynamic and inter-
dependent. By changing a single parameter, we are unlikely to
substantially alter the high rates of adverse cardiovascular out-
comes in this population. Rather, an improved understanding
of how intra-dialytic factors individually and collectively con-
tribute to the development of AF could inform and refine our
approach to the hemodialysis prescription. Flythe et al. provide
us with a timely reminder that there are potential upstream
measures that are within our compass to combat the risk of
AF in patients receiving hemodialysis.
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