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Abstract
BackgroundBackground: Cardiac disease remains the major cause of death among ESRD patients. Indeed, the risk of
cardiovascular events in ESRD is reported to be at least 3.4 fold higher than that of the general population.
Moreover, annual mortality rates among ESRD patients on hemodialysis approximate 20%, with cardio-
vascular disease accounting for almost half of this mortality profile. Despite this knowledge, so far we
have been unable to identify treatable pathogenetic factors among ESRD patients to help reverse these
poor cardiovascular outcomes. The difficulty to prognosticate cardiovascular mortality in ESRD remains
elusive. However, in 2011, our group, for the first time, had demonstrated that cyclic variations of arterial
stiffness as measured by pulse wave velocity (PWV) before and after hemodialysis determined mortality
differences within an ESRD cohort. We have therefore examined the impact of individual patient-level
translational PWV changes over time on mortality outcomes in an Italian ESRD cohort.

StudyStudy designdesign andand settingsetting: Prospective observational study, 2007-2010, in an Italian ESRD cohort who un-
derwent in-center outpatient conventional thrice weekly hemodialysis.

MethodsMethods: PWV was measured by the foot-to-foot method and repeated after six months. Coronary artery
calcification (CAC) was measured at 0, 12 and 24 months. Routine clinical data and patient demographics
were recorded and mortality outcomes were analyzed.

ResultsResults: Between 2007 and 2010, 466 Italian ESRD patients, 229 males and 237 females, age 19-97 (65.6)
years, were followed up for 28.9 months. 128 patients (74M:54F) died. The major causes of death were
acute myocardial infarction (AMI) in 47 (37%) patients (age 70, 26M:21F) and sudden death (SD) in 29 (23%)
patients (age 72, 19M:10F). Paired PWV data was available in 308 surviving patients and in 106 patients
who died. Baseline PWV was lower in surviving vs dead patients – 8.46 +/- 1.8 vs 9.43 +/- 3.75 (p=0.0005).
Repeat PWV values were unchanged in the 308 survivors (8.46 +/- 1.8 vs 8.53 +/- 1.85, p=0.5, NS). Repeat
PWV values increased in the 106 patients who died from 9.43 +/- 3.75 to 12.11 +/- 4.18 (p<0.0001). Of the
29 patients who died from SD, death occurred <12 hours after the last dialysis (ATLD) in 7, >24 hours ATLD
in 20 and >48 hours ATLD in 17. Of the 47 patients who died from AMI, 6 died <12 hours ATLD, 35 died
>24 hours ATLD and 23 died >48 hours ATLD. Of the 14 ESRD patients in the cohort that died from hyper-
kalemia, 3 died <12 hours ATLD, 11 died >24 hours ATLD, and 7 died >48 hours ATLD. CAC data scatter did
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not allow for adequate statistical subgroup analysis but overall, baseline CAC values were higher in the
AMI/SD dead patients vs surviving patients.

ConclusionsConclusions: This is the first report to show a scalable and direct relationship between translational follow
up PWV changes after six months versus observed cardiovascular mortality in an ESRD cohort. We have
shown, for the first time, that penultimate PWV, better than baseline PWV, predicted cardiovascular mor-
tality in this ESRD cohort. Moreover, higher proportions of the ESRD deaths from AMI, SD and hyper-
kalemia occurred during the long inter-dialytic (weekend) period when ESRD patients went for 3 days
without hemodialysis. We propose that PWV be monitored among all new ESRD patients, and be re-
peated after six months of initiation of chronic hemodialysis. Our group had earlier demonstrated in 2012
that daily dialysis reduced PWV in chronic hemodialysis patients. From these study findings, we have
proposed that ESRD patients who exhibit elevated initial PWV values, or more so, ESRD patients who
demonstrate accelerated PWV values after six months on maintenance chronic hemodialysis should be
converted to daily hemodialysis protocol. Furthermore, such patients may require more intense cardio-
vascular analysis by cardiologists. Further research into new preventative or therapeutic options in this
area of ESRD care is warranted.
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Introduction
It is commonly acknowledged that the risk of cardiovascular events in ESRD patients is at
least 3.4 fold higher than that of the general population [1][1] (full text). Besides, annual mor-
tality rates among ESRD patients on hemodialysis approximate 20%, with cardiovascular
disease accounting for almost half of this increased mortality risk [2][2], [3][3], [4][4], [5][5], [6][6], [7][7].
What's more, patients with ESRD have a 10- to 20-fold increased risk of CV events as com-
pared to age-matched subjects with normal renal function [2], [4], [5]. Indeed, this excess
cardiovascular mortality risk among ESRD patients is even higher when left ventricular hy-
pertrophy is present [3]. Despite this common knowledge, so far we as physicians in general
and nephrologists in particular, have been unable to identify any treatable pathogenetic
factors among ESRD patients to help reverse these unfortunate cardiovascular outcomes [8][8].
The difficulty to prognosticate cardiovascular outcomes in ESRD appears elusive and calls
for more research [8].

Nevertheless, in 2011, our group had demonstrated, for the first time, that cyclic pulse wave
velocity (PWV) variations, a measure of arterial stiffness, recorded before and after dia-
lysis, predicted mortality differences in patients with ESRD who received conventional in-
termittent thrice weekly maintenance hemodialysis [9][9]. Furthermore, our group had also
demonstrated in 2012 that daily dialysis reduced PWV in chronic hemodialysis patients [10][10].

We therefore completed a prospective mortality outcomes analysis of the impact of trans-
lational changes of PWV measured at 0 and 6 months after initiation of chronic hemodia-
lysis, as well as the impacts of changes in coronary artery calcification (CAC) measured at 0,
12 and 24 months, in an Italian ESRD cohort, who dialyzed three hemodialysis sessions of 4
hours per week.

Study design and setting
Prospective observational study, 2007-2010, in an Italian ESRD cohort who underwent in-
center outpatient conventional intermittent thrice weekly hemodialysis.
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Methods
PWV was measured by the foot-to-foot method and repeated after six months. Coronary
artery calcification (CAC) was measured at 0, 12 and 24 months. Routine clinical data and
patient demographics were recorded and mortality outcomes were analyzed.

Results
Between 2007 and 2010, 466 Italian ESRD patients, 229 males and 237 females, age 19-97
(65.6) years, were followed up for 28.9 months. 128 patients (74M:54F) died during this
period of observation. The major causes of death were acute myocardial infarction (AMI)
in 47 (37%) patients (age 70, 26M:21F) and sudden death (SD) in 29 (23%) patients (age 72,
19M:10F). Other causes of death included stroke in 14 patients, hyperkalemia in another 14
patients, malignancy in 7 patients, cachexia in 5 patients, acute lung disease in 2 patients,
and arrhythmia in 1 patient. Paired PWV data was available in 308 surviving patients and in
106 patients who died. Baseline PWV was lower in surviving vs dead patients – 8.46 +/- 1.8
vs 9.43 +/- 3.75 (p=0.0005) (Figura 1). Repeat PWV values were unchanged in 308 survivors
(8.46 +/- 1.8 vs 8.53 +/- 1.85, p=0.5, NS) (Figura 2). Repeat PWV values increased in the 106
patients who died from 9.43 +/- 3.75 to 12.11 +/- 4.18 (p<0.0001) (Figura 2). Of the 29 patients
who died from SD, death occurred <12 hours after the last dialysis in 7 patients, >24 hours
after the last dialysis in 20 patients and >48 hours after the last dialysis in 17 patients (Figura
3). Of the 47 ESRD patients who died from acute myocardial infarction, 6 died <12 hours after
the last dialysis, 35 died >24 hours after the last dialysis, and 23 died >48 hours after the last
dialysis (Figura 4). Of the 14 ESRD patients in the cohort that died from hyperkalemia, 3 died
<12 hours after the last dialysis, 11 died >24 hours after the last dialysis, and 7 died >48 hours
after the last dialysis (Figura 5). Coronary artery calcification data scatter did not allow for
adequate statistical analysis but baseline coronary artery calcification values were higher in
the acute myocardial infarction and sudden death patients versus the other surviving pa-
tients.

Discussion

Figura 1.Figura 1.
Initial PWV values in survivors versus those that died.
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In this prospective observational study of this large Italian ESRD cohort, followed for over
two years, we have demonstrated a scalable and direct relationship between translational
follow up changes in PWV, as repeated after six months versus observed cardiovascular
mortality in an Italian ESRD cohort of 466 patients. We have shown, for the first time,
that penultimate PWV, better than baseline PWV, predicted cardiovascular mortality in
this ESRD cohort. Moreover, a higher proportion of the ESRD deaths that resulted from
acute myocardial infarction, sudden death and from hyperkalemia, all increasingly oc-
curred during the long inter-dialytic (weekend) period when patients went for about 3 days
without hemodialysis treatment.

Foley et al studied 32,065 participants in the End-Stage Renal Disease Clinical Performance
Measures Project, a nationally representative sample of U.S. patients receiving hemodialysis
three times weekly, at the end of calendar years 2004 through 2007 [11][11] (full text). Foley
et al demonstrated that the long inter-dialytic interval on weekends experienced by ESRD
patients who carry out in-center outpatient conventional thrice weekly chronic hemodia-

Figura 2.Figura 2.
Translational changes in PWV at 0 and 6 months among survivors and those that died.

Figura 3.Figura 3.
Frequency of death from sudden death related to inter-dialytic intervals.
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lysis is associated with increased all-cause mortality, higher mortality from cardiac causes,
higher hospital admission rates, increased stroke incidence and dysrhythmia [11] (full text).
The results of our study which showed a correlation between longer inter-dialytic intervals
and ESRD deaths from acute myocardial infarction, sudden death and hyperkalemia only
further strengthen these observations (Figures 3,4,5). As a result, we hypothesize that as
a general principle, daily or near-daily renal replacement therapy arguably would end up
producing better cardiovascular and other outcomes among ESRD patients [11] (full text),
[12][12], [13][13] (full text), [14][14] (full text).

Our group, Di Iorio et al, had previously demonstrated that cyclic pulse wave velocity (PWV)
variations, a measure of arterial stiffness, measured before and after dialysis for individual
ESRD patients, predicted mortality differences in patients with ESRD on conventional thrice
weekly maintenance hemodialysis [9], [15][15]. Furthermore, the same group had subsequently
demonstrated in 2012 that daily dialysis reduced PWV in chronic hemodialysis patients
[10]. It therefore stands to reason for us to propose that, according to the results of this
new translational changes in PWV study, that ESRD patients who exhibit elevated initial
PWV values, or more so, ESRD patients who demonstrate accelerated PWV values repeated
after six months while on maintenance thrice weekly chronic hemodialysis, should be con-
verted to a daily hemodialysis protocol. This switch from intermittent to daily RRT may

Figura 4.Figura 4.
Frequency of death from acute myocardial infarction related to inter-dialytic intervals.

Figura 5.Figura 5.
Frequency of death from hyperkalemia related to inter-dialytic intervals.
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ameliorate the poor cardiovascular mortality outcomes associated with ESRD patients. Also,
such ESRD patients with high initial PWV values and those with accelerated PWV values
after six months demand to be more critically evaluated by cardiologists. It remains un-
clear what other preventative or therapeutic options will be available to the cardiologists to
further improve cardiovascular outcomes in this very vulnerable patient group [8].

In a recent review of the ESRD literature on mortality outcomes and therapeutic options, we
had concluded that there was no quick simple solution to the high cardiovascular mortality
among hemodialysis patients [8]. Cardiovascular mortality among ESRD patients, clearly
very high, is under the influence of just too many confounding factors and variables [8].
Therefore, only through a concerted multifaceted approach, targeting all the plausible va-
riables, and most importantly, with significant flexibility to individualize and tailor the-
rapies as they are applicable and tolerated by each individual ESRD patient, would we even
begin to dent the high cardiovascular mortality among hemodialysis patients [8].

Finally, we submit, from our study findings, that a switch to some daily or near-daily renal
replacement therapy modality for selected ESRD patients with elevated initial PWV values
and more so for ESRD patients with rapidly accelerating PWV values after six months
of starting hemodialysis may help reduce cardiovascular mortality [11] (full text), [12],
[13] (full text), [14] (full text). The daily or near-daily therapies would include home peri-
toneal dialysis, home hemodialysis, or in-center frequent daily or nocturnal dialysis the-
rapies [11] (full text), [12], [13] (full text), [14] (full text). Clearly, more studies of this our
hypothesis are urgently warranted as there are newer studies that dispute the findings of
improved patient survival with daily dialysis among ESRD patients [16][16], [17][17].

Epilogue
Maduell et al, on behalf of the for the On-Line Hemodiafiltration Survival Study, or Estudio
de Supervivencia de Hemodiafiltración On-Line (ESHOL) Study Group just recently pu-
blished the results of a multicenter, open-label, randomized controlled trial in which as-
signed 906 chronic hemodialysis patients either to continue conventional hemodialysis
(n=450) or to switch to high-efficiency post-dilution On-Line Hemodiafiltration (OL-HDF)
(n=456) [18][18]. The mean follow-up was 1.9161.10 years (median 2.08 years; interquartile range
[IQR], 0.86–3.00) [18]. Compared with patients who continued on hemodialysis, those as-
signed to OL-HDF had a 30% lower risk of all-cause mortality (hazard ratio [HR], 0.70; 95%
confidence interval [95% CI], 0.53–0.92; P=0.01), a 33% lower risk of cardiovascular mortality
(HR, 0.67; 95% CI, 0.44–1.02; P=0.06), and a 55% lower risk of infection-related mortality (HR,
0.45; 95% CI, 0.21–0.96; P=0.03) [18]. The estimated number needed to treat suggested that
switching eight patients from hemodialysis to OL-HDF may prevent one annual death [18].
The incidence rates of dialysis sessions complicated by hypotension and of all-cause hospi-
talization were lower in patients assigned to OL-HDF [18]. The ESHOL study had concluded
that high-efficiency post-dilution OL-HDF reduces all-cause mortality compared with con-
ventional hemodialysis.

Given these impressive findings on mortality reduction with high-efficiency post-dilution
OL-HDF, we have posited that ESRD patients who demonstrate rapidly increasing 6-month
follow up repeat PWV evaluations represent a high CV-risk group and, where the modality
is available, should then be switched from conventional thrice weekly intermittent HD to
the online-HDF modality.

There are no conflicts of interests to be declared for all the authors.
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