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Abstract
A thrice weekly schedule dominates hemodialysis practice today. Inherent in such a schedule is a
72-hour inter-week break over the weekend. A growing body of evidence suggests that this break
may be associated with increased cardiovascular morbidity and mortality. Five recent studies have
linked dialysis session timing to higher cardiovascular event rates and have shed light on possible
underlying physiologic mechanisms. We reviewed outcome data linking the “long break” to
cardiovascular outcomes and suggest physiologic rationale for this relationship while identifying
knowledge gaps that require further study to inform discussions regarding the application and
composition of individualized dialysis prescriptions. Further work is needed to determine the
relative importance of electrolyte perturbations and hemodynamic shifts in the relationship
between the long break and cardiovascular mortality. The evidence suggests that at least in some
at-risk patients, an individualized approach to the dialytic schedule and prescription is warranted.

Chronic hemodialysis (HD) treatment schedules today are divided into the Monday-
Wednesday-Friday (MWF) and the Tuesday-Thursday-Saturday (TTS) routines. Inherent in
these thrice-weekly models are two 48-hour breaks and one 72-hour break between the start
of HD sessions – the latter often referred to as the “long weekend break.” This time interval
occurs before the HD treatment on Monday for MWF patients and before the Tuesday
session for TTS patients. While this structure is advantageous in terms of patient satisfaction
and operational efficiency, the long weekend break has been linked to unintended
consequences, including an increased risk of cardiovascular mortality, particularly sudden
cardiac death (SCD).

Evidence linking the long break and sudden cardiac death
In a retrospective analysis (Table 1), Bleyer and colleagues demonstrated that SCD occur
most commonly following the 72-hour break. They reported that 18.3% of SCD occurred on
Mondays and 15.4% on Tuesdays, compared to the expected daily rates of 14.3%
(p<0.0001).(1) In contrast, deaths in peritoneal dialysis (PD) patients did not demonstrate
clustering by day of the week. In a subsequent analysis, Bleyer and colleagues isolated a
threefold increased risk of SCD to within the 12 hour period prior to the dialysis session at
the conclusion of the long interdialytic interval (p=0.011).(2) These findings support the
assertion that the increased rate of SCD on Mondays and Tuesdays reported in their prior
study was more related to the time elapsed since the last dialysis session rather than to a true
“day-of-week” effect.
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Karnik and colleagues examined patient- and HD-specific factors associated with a higher
risk of cardiac arrest and SCD during dialysis treatments in a 2001 case cohort study.(3) In
their analysis of 5,744,708 HD treatment sessions, there were 400 documented cardiac
arrests, corresponding to an incidence rate of 7 deaths per 100,000 HD sessions; 93 of these
arrests occurred on Mondays, 54 on Wednesdays (p=0.001), and 58 on Fridays (p=0.004).
Interestingly, a similar pattern was not detected for death patterns in TTS patients: 65 deaths
on Tuesdays, 57 on Thursdays, and 68 on Saturdays (p=0.33 and 0.47, respectively).
Characteristics of patients experiencing sudden cardiac arrest included dialysis with a lower
dialysate potassium (0 or 1 meq/L), older age, diabetes, catheter HD access, recent
hospitalization, and intradialytic hypotension (defined as systolic blood pressure drop of 30
mmHg).(3)

Genovesi and colleagues conducted a similar analysis in the European dialysis population in
which they evaluated the incidence of SCD and associated risk factors in a cohort of 476
Italian chronic HD patients, examining risk both before and during HD after the long break.
(4) The cumulative incidence of SCD was 6.9% (SE 1.2) and was significantly (p=0.02)
highest during two 24 hour periods during the week: a) the 24 hours that included the first
weekly dialysis session (consistent with Karnik); and b) the last 24 hours of the long break
(consistent with Bleyer).

In the largest study to-date, Foley and colleagues conducted a retrospective analysis of
32,065 participants in the End-Stage Renal Disease Clinical Performance Measures Project,
examining all-cause and specific-cause mortality and hospitalization rates on the final day of
the long interdialytic interval.(5) Compared to death rates on other days, the following
specific-cause related mortality rates were higher on the day after the long break: all-cause
(22.1 deaths vs. 18.0 per 100 person-years, p<0.001), cardiovascular (10.2 vs. 7.5; p<0.001),
infection (2.5 vs. 2.1, p=0.007), cardiac arrest (1.3 vs. 1.0,p=0.004), and myocardial
infarction (6.3 vs. 4.4, p<0.001). The authors were unable to examine the timing of death in
relation to the dialytic procedure (i.e. before, during, or after) and did not report serum or
dialysate potassium or ultrafiltration volume/rate.(5)

Potential mechanisms linking the long break with cardiovascular mortality
The temporal and circadian nature of sudden death in the general population reflects a
similar pattern with increased risk of myocardial infarction on Mondays and in the
mornings.(6–8) The GISSI 2 Study investigators demonstrated a 10% increase in myocardial
infarction on Mondays, while Willich and colleagues found a 33% increase in myocardial
infarction on Mondays among working people.(6,7) Physiologic mechanisms for this pattern
may include the temporal plasma catecholamine surge associated with increased heart rate,
(9) plus the peak and fall in cortisol levels.(10) Increased arterial pressures and
vasoconstriction associated with enhanced activity of the sympathetic nervous system and
decreased left ventricular ejection time related to the increased catecholamine levels may
also contribute.(11,12)

Dialysis patients are particularly susceptible to circadian-related cardiovascular changes as
they often have a high burden of underlying cardiovascular disease, in addition to impaired
vascular compensatory mechanisms. Along with structural cardiac changes associated with a
high prevalence of diabetes and hypertension, many patients also suffer from autonomic
dysfunction, vascular stiffness, and increased levels of circulating inflammatory mediators—
additional factors that impair their ability to counter-regulate surges in catecholamines and
sympathetic activity.(13,14)

The HD procedure itself activates the sympathetic nervous system,(15) exposing a
particularly vulnerable substrate to an additional catecholamine surge – with norepinephrine
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concentration recognized as an independent predictor of fatal and nonfatal cardiovascular
events.(16) In this study by Zoccali and colleagues, the adjusted relative risk for
cardiovascular complications in patients with plasma norepinephrine >75th percentile was
1.92 times (95% confidence interval: 1.20–3.07; p=0.006) greater than in patients with
normal norepinephrine concentrations.(16) Dialysis patients are thus particularly susceptible
to temporal fluctuations in sympathetic nervous system activation and the associated pro-
arrhythmic state.

While findings that dialysis patients experience a disproportionate burden of SCD on
Mondays is consistent with that of the general population, it does not explain the higher
SCD rates observed on Tuesdays among TTS patients. Rather, the overall temporal
association of death to the 12-hour period preceding the week's first HD session points to the
relevance of the interdialytic period.

The intermittent nature of HD creates a unique physiologic milieu that is not shared by
patients undergoing other forms of renal replacement therapy such as PD or renal transplant.
The Peak Concentration Hypothesis put forth in 1989 by Kesheviah may help explain this
point. The original hypothesis focused on the saw tooth pattern of urea levels over a week of
HD and suggested that the “peak” level (at the end of the long weekend break) was the
primary determinant of uremic toxicity.(17) Although this hypothesis was not embraced
universally with regards to uremic toxicity,(18) the principle, as it applies to the
accumulation of fluid and other solutes (particularly potassium), may be relevant to the
etiology of SCD in hemodialysis patients.

Hemodialysis following the long break introduces a kind of “perfect storm” scenario as
patients are subject to many stresses of the procedure when they are most likely to
experience extremes in potassium shifts, sustain the largest amount of interdialytic weight
gain, and require the most aggressive ultrafiltration. Conceptually, these mortality risk
factors may pertain to two separate periods - one right before dialysis after the long break as
well as one during the first weekly HD treatment when dialytic conditions are most stressful.
The overall mechanistic schema describing how the long interdialytic break and its
associated electrolyte and hemodynamic consequences may lead to increased cardiovascular
death is shown in Figure 1. Pathways are discussed in greater detail below.

Potassium
The long interdialytic break coincides with the weekend, a time period often associated with
greater dietary indiscretion, thus placing patients at risk for two adverse phenomena: a
higher absolute pre-dialysis potassium level and a wider serum-todialysate potassium
gradient. Bleyer found that patients dying in the 60–72h period after their last dialysis
session had higher average serum potassium levels than surviving patients (4.86 ± 1.0 vs.
4.47 ± 0.73; p=0.18).(2) Genovesi made a similar observation and also reported a 2.7 fold
increased risk of SCD (95% CI 1.3–5.8) in patients with a pre-dialysis serum potassium
>6mmol/L.(4)

In addition to the serum potassium level, the width of the potassium gradient may also be
important. Karnik observed that dialysis performed with 0 mEq/L potassium dialysate was
associated with an increased risk of death.(3) More recently, Pun and colleagues employed a
case-control study design to identify modifiable risk factors associated with cardiac arrest
during HD.(19) While timing of events were not their primary focus, their findings
paralleled those of Karnik in that patients dialyzed on a low potassium bath (<2 meq/L) were
at higher risk for SCD (p<0.0001).(19)
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Potassium fluxes have been associated with increased cardiac ectopy, a prolonged QT
interval, and an increased QT interval dispersion during the interdialytic period.(20–24) The
use of a low potassium bath against an elevated serum potassium sets up the greatest
potassium gradient at the start of an HD session. This high gradient is present not only in the
serum but also at the cellular level, leading to an atypical intracellular to extracellular
potassium ratio.(25) Such imbalance may lead to intracellular depletion of potassium and
associated membrane hyperpolarization, thus increasing the risk of arrhythmia.(26–28) QT
interval change and QT interval dispersion may represent two of the electrochemical drivers
for these arrhythmias, and both have been linked to a steep potassium gradient.(21,27)

Left Ventricular Hypertrophy
In addition to their relationship to electrolyte shifts inherent to dialysis, ventricular
arrhythmias have also been linked to the electrical remodeling that occurs as a result of left
ventricular hypertrophy (LVH). Dialysis patients have a high prevalence of LVH, a
condition identified as an independent risk factor for SCD.(29,30) Cardiac myofibers
experience the greatest stretch at times of greatest volume overload. Such a time of
enhanced stress naturally occurs after the long weekend break associated with the greatest
cumulative fluid intake and accumulated interdialytic weight gain. LVH leads to many
changes in the electrical conduction system of the heart including an increase in dispersion
of the action potential duration,(31–33) a decrease in action potential upstroke velocity,(34)
and delayed depolarization following the action potential.(35,36) The abnormal electrical
conduction system combines with triggers such as electrolyte shifts, electrolyte imbalances,
sympathetic activation, and underlying fibrosis, small vessel disease, and arterial stiffness to
induce arrhythmias.

Ultrafiltration Rates
Increased interdialytic weight gain during the long weekend break also necessitates more
aggressive ultrafiltration rates during the subsequent HD session. Rapid ultrafiltration has
been linked to increased rates of mortality,(37–40) particularly cardiovascular mortality,(39)
and can induce frank hypotension as well as subclinical cardiac stunning and micro-
ischemia.(41–44) Dialysis patients are particularly susceptible to insults from intravascular
volume depletion due to their impaired counter-regulatory responses and high burden of
LVH, arterial stiffness, and microvascular disease.(45,46) Over time, clinical and subclinical
ischemic insults contribute to adverse cardiac remodeling by worsening underlying LVH
and fibrosis, ultimately predisposing patients to conduction arrhythmias - implicated as a
common cause of SCD.(47)

Indeed, Pun's data showed that patients experiencing SCD during dialysis had greater
ultrafiltration volumes (p=0.0002).(19) Similarly, Karnik and colleagues reported that
intradialytic hypotension (systolic blood pressure drop ≥30 mm Hg) preceded sudden death
in 16% of the cases,(3) providing clinical evidence that fluid shifts and associated
hemodynamic instability may play a role in the underlying pathophysiology of dialysis-
associated SCD.

Limitations of the data and residual gaps in knowledge
While SCD following the long weekend break has been linked to electrolyte shifts and
hemodynamic changes, the underlying physiology and the relative importance of these two
phenomena is not clear. For example, Karnik, Bleyer, Genovesi, and Pun's works all found
that a low potassium dialysate concentration is a risk factor for death, (1–4,19) but Pun's
analysis failed to show a significant association between pre-dialysis serum potassium and
SCD.(19) We can conclude that a low potassium bath is harmful, but we cannot as yet
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implicate the steepness of the serum-dialysate potassium gradient as the firm operative
mechanism. There are also conflicting data regarding the causative role of fluid shifts and
volume removal in the long break-cardiovascular mortality risk relationship. Pun's analysis
found that greater ultrafiltration volumes were associated with SCD,(19) but Bleyer did not
find a significant correlation between interdialytic weight gain (a surrogate for required
ultrafiltration volume) and death.(2) Additional mechanistic studies are needed to identify
the discrete roles of ion shifts (e.g. potassium, calcium) and hemodynamics in cardiac deaths
following the long break. A few other areas of interest are discussed below.

Calcium
Calcium has been shown to exert an effect on cardiac myocytes and vascular smooth muscle
function, thus influencing both myocardial contractility and vascular reactivity.(48–51)
Dialysate calcium influences intradialytic blood pressure stability presumably via effects on
serum calcium levels.(52,53) Pun observed that patients experiencing SCD were more likely
to be exposed to a low calcium dialysate (<2.5meq/L) (11.8% vs. 6.2%, p<0.0001).(19)
While calcium transfer between the serum and dialysate is driven by the serum-dialysate
gradient, it is also influenced by convective losses from ultrafiltration.(54,55) The change in
serum calcium during hemodialysis shows considerable variability among patients. It
remains to be elucidated whether some patients, particularly those with sudden drops in
ionized calcium concentration, may be susceptible to adverse cardiac effects that are
amplified by high ultrafiltration rates and the accentuated potassium and hydrogen ion shifts
often required after the long weekend break. Additionally, the more frequent borderline and
overt hypocalcemia associated with the increased use of calcimimetics may be of particular
interest,(56) particularly during the first weekly HD treatment.

Phosphorus
In addition to cardiovascular mortality, the long break has been linked to changes in
calcium-phosphorus balance and protein metabolism. Sigrist and colleagues showed that
mean serum phosphate was 0.43 mg/dL higher after the 3 day break compared to the 2 day
break in a cohort of patients with well-controlled phosphate levels (<5 mg/dL).(57) There
was no difference in serum albumin and hemoglobin after the long break, suggesting that
hemodilution did not play a significant role. This incremental increase in phosphorus during
the last 24-hours of the long break is likely greater in patients with more liberal phosphorus
control as demonstrated by Ring and colleagues, with mean increase of 0.7±0.1 mg/dL
(0.239±0.022 mmol/L) in the 24 hours preceding dialysis.(58) The impact of
hyperphosphatemia is the subject of intense interest. A weekly spike in serum phosphate on
the last day of the long break may well be a contributing factor towards the panoply of
adverse consequences linked to hyperphosphatemia(59–61). While acute changes in serum
phosphate are not likely to have acute consequences, this weekly spike in serum phosphate
may, nevertheless be of clinical importance. It may, for example, exacerbate large artery
tunica media calcification and alter vascular distensibility potentially contributing to LVH.

Protein Metabolism
In contrast to the numerous ill effects that may be ascribed to the long break, protein
metabolism may benefit from it. In one study, the protein catabolic rate was decreased from
0.96 to 0.82 g/kg/d when the interdialytic period was extended.(62) This work suggests that
longer interdialytic intervals allow the body to resume a more anabolic state. Nevertheless,
bicarbonate levels are lower after the long break,(63) indicating continued buffering and
protein turnover during the additional non-dialysis day. These findings have not been linked
to the observed risk for SCD though the transient deterioration of acid-base status may have
as yet undocumented ill effects.
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>Cardiovascular Hospitalization
To what extent cardiovascular hospitalization contributes to SCD has not been studied.
However, Foley found higher hospitalization rates for myocardial infarction, congestive
heart failure, stroke, dysrhythmia, and any cardiovascular event on the day following the
long break (p<0.001 for all).(5) Similarly, at the 2010 national meeting of the American
Society of Nephrology (Abstract #THPO518, JASN 20:230A, 2010), we reported
hospitalization data from 70,374 patients treated in Fresenius Medical Care North America
(FMCNA) facilities over a 3-month period (January to March, 2009) and found that 36%
disproportionately occurred on Mondays (MWF group) and 37% occurred on Tuesdays
(TTS group). Furthermore, 44% of hospitalizations from fluid-overload conditions
(including congestive heart failure and acute pulmonary edema) occurred on either Monday
or Tuesday, with the proportion increasing to half of these events with the addition of those
occurring during the long weekend break.

Patient Preferences
An updated formal assessment of patients' informed opinions and willingness to adopt
alternative treatment schedules is needed.(64)

Implications for practice
Alterations aimed at reducing the impact of electrolyte and fluid shifts may be beneficial to
reducing cardiovascular death and hospitalizations associated with the long interdialytic
break. Apart from obviating the long break, potential practice modifications should include
attenuating accumulation of solute and fluid and/or individualizing dialysis prescriptions for
the first treatment thereafter.

There exists considerable interest in more frequent HD schedules that eliminate the long
break. The Frequent Hemodialysis Network Trial on short daily HD demonstrated favorable
changes in the composite outcomes of death, left ventricular mass, and physical functioning
among patients dialyzed six times per week compared to three times per week.(65) Patients
in the six times a week HD group had substantially lower IDWG with average UF volumes
of 2.12 ± 0.74L per treatment compared to 3.06 ± 0.99L in the conventional group
(p<0.001); this likely reduced cardiac strain from interdialytic volume accumulation. There
was improved phosphorus control with daily HD (p<0.002). The study did not follow serum
potassium and calcium levels.

In an earlier evaluation, Mastrangelo and colleagues reported on their 20 year experience
with “Lecce dialysis”, a dialysis protocol characterized by shorter interdialytic periods and
HD sessions and fewer dietary restrictions.(66) From 1978 to 1993, they assigned 224
patients to dialytic protocols based on body size: patients with body surface area >1.55m2

underwent HD four sessions per week and patients with body surface area <1.55m2

underwent HD every other day; no patient experienced >48 hours between HD sessions.
While the study design did not include a control group, results showed improved mortality,
nutritional parameters, and hemoglobin parameters when compared to European rates and
pre-Lecce schedule measurements. Of interest, only 69 patients (30.8%) died during a 17
year period and, of these, only 6 patients (8.6%) died of SCD.(66)

More recently, the Australian model (N=145) focused on home dialysis, including alternate
night HD.(67,68) Excellent fluid, blood pressure, and phosphorus control were reported.
Similar results were noted in Hong Kong (N=14).(69) Unfortunately, more prospective trials
showing the benefit of every-other-day or more frequent HD are required before changes to
the Medicare reimbursement policy can occur given the cost associated with additional
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therapy (particularly for in center treatment). Cost effectiveness analyses evaluating the cost
tradeoff of additional therapy and decreased disease complications are also needed.

However, Medicare policy does allow for additional treatment sessions if medically
justified. Justifications include large interdialytic weight gain and associated compromising
fluid burden, intolerance of ultrafiltration, and intradialytic hypotension.(70) Physicians
should consider documenting the medical necessity of an additional treatment for
appropriate patients and providing such treatment to optimize the cardiovascular outcomes
of these high risk patients.

Notwithstanding reimbursement, there are logistical challenges to converting to every-other-
day outpatient dialysis. Facilities would need to operate seven days per week, and this would
be challenging within the current context of a nursing shortage and difficulties in
recruitment and training of patient care technicians. In addition, more frequent equipment
maintenance will be required due to greater use, and scheduling maintenance work (e.g.
disinfecting pipes or regenerating the water systems often performed in the evenings or on
Sundays) would be challenging, particularly for facilities with 3rd shifts or nocturnal
programs. Finally, in a bi-weekly calendar, there is potential for confusion among patients,
caregivers, and transportation agents with regards to which cycle they are on: M-W-F-Su vs.
a T-Th-S schedule, especially for new admissions and following hospital discharges.

Home HD and its associated flexible treatment schedule is a highly recommended option
that should be explored for appropriate patients, along with a modality shift to PD in eligible
patients. In-center nocturnal HD albeit performed thrice weekly, is another alternative
treatment regimen that decreases the long break from 72 hours to <65 hours and allows for
lower ultrafiltration rates and greater solute removal, including phosphorus.(71) In a limited
FMCNA cohort of 746 patients treated with in-center nocturnal dialysis, two-year mortality
rate was low at 19% and there was no pattern of increased mortality on either Mondays or
Tuesdays (unpublished data). However, patients opting for this therapy differed (e.g.
younger, larger body size, etc.) from the general HD population.

Since patients may be resistant to the use of more intensive therapies or alternative treatment
schedules,(64) physicians should have a heightened sense of awareness with regards to
selectively addressing patients at higher risk for solute and fluid accumulation during the
long break. For example, targeting increased colonic excretion of potassium during the long
break may blunt potassium peaks in hyperkalemic patients. Potential therapies include
fludrocortisone administration (demonstrated to lower the interdialytic potassium increase
by 0.7mEq/L)(72) and the use of non cathartic doses of bisacodyl(73). Glycyrrhetinic acid
food supplementation has also been shown to decrease hyperkalemia,(74) but toxicity
studies are needed prior to clinical implementation given its association with hypertension.
(75,76) Converting from sevelamer hydrochloride to lanthanum carbonate may lower mean
potassium levels (4.99 ± 0.75 to 4.70 ± 0.65 mEq/L; p<0.001).(77) Patients dialyzing with a
lower sodium dialysate (138 vs. 143 mmol/L) show a decrease in the post-dialysis potassium
rebound(78), a potential strategy for the week's final session (Friday or Saturday) to
minimize potassium rebound over the long break. Of course, implementing a low dialysate
sodium for all treatments is also justified as a general intervention to decrease interdialytic
weight gain.(79–81)

Finally, given the predominance of SCD during the first HD session after the extended
break, modifications to the first weekly HD session may be of benefit. Extending HD
treatment time may alleviate high ultrafiltration requirements while ameliorating the need
for very low potassium dialysate in eligible patients. Individualized prescription of
potassium dialysate baths, tailored to more frequently monitored serum levels when
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appropriate, may also be helpful. In practice, some physicians have abandoned 0 and 1 meq/
L potassium baths in the outpatient setting, while others have time-limited the use of 1 meq/
L potassium baths with instructions to draw pre-HD serum potassium before the following
treatment. Looking to the future, potassium profiling (i.e. adjusting dialysate potassium bath
to maintain a constant plasma-dialysate potassium concentration gradient) has been shown
to decrease premature ventricular contractions.(82)

Conclusions
A growing body of evidence suggests that the 72-hour weekend dialysis interval is
associated with increased all-cause and cardiovascular risk among HD patients. Possible
physiologic mechanisms for this relationship include electrolyte and ion concentration
changes and unfavorable hemodynamic shifts that ultimately predispose patients to fatal
cardiac arrhythmias. Further studies are needed to better delineate the relative importance of
these proposed mechanisms and to identify practice pattern alterations that may improve
patient cardiovascular outcomes. Such changes may require a new approach to dialysate
make-up and concentration and/or increased frequency or duration of dialysis. Physicians
should consider prescribing a 4th HD or hemofiltration treatment during the week in eligible
patients. In patients with increased risk for complications during the long interdialytic
period, options for PD or home HD should definitely be explored.
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Figure 1.
Mechanistic pathway linking the interdialytic “long break” to cardiovascular mortality.
K+, potassium; Phos, phosphorus; Ca++, calcium; RAAS, renin angiotension aldosterone
system; SNS, sympathetic nervous system; mTOR, mammalian target of rapamycin; AP,
action potential
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Table 1

Published associations between the long interdialytic break and death.

K+, potassium; UF, ultrafiltration; SCD, sudden cardiac death; Wed, Wednesday; Th, Thursday; HD, hemodialysis

a
Cardiac death

b
12h period: starting with hemodialysis session; 60–72h period: 12h period before HD at end of weekend interval

c
During dialysis treatment preceding sudden death

d
Sudden death

e
Values presented as absolute number (N= 228 deaths for Bleyer and N=32 for Genovesi)
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f
Values presented as mean and standard deviation

g
Values presented as absolute number (N= 400 cardiac deaths)

h
All-cause death

i
Values presented as rate per 100 person-years
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