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Abstract

Sodium and ultrafiltration profiling are method of dialysis in which dialysate

sodium concentration and ultrafiltration rate are altered during the course of

the dialysis session. Sodium and ultrafiltration profiling have been used, com-

monly simultaneously, to improve hemodynamic stability during hemodialy-

sis. Sodium profiling is particularly effective in decreasing the incidence of

intradialytic hypotension, while ultrafiltration profiling is suggested to

decrease subclinical repeated end organ ischemia during dialysis. However,

complications such as increased interdialytic weight gain and thirst due to

sodium excess have prevented widespread use of sodium profiling. Evidence

suggest that different sodium profiling techniques may lead to different clinical

results, and preferring sodium balance neutral sodium profiling may mitigate

adverse effects related to sodium overload. However, evidence is lacking on

the long-term clinical outcomes of different sodium profiling methods. Opti-

mal method of sodium profiling as well as the utility of sodium/ultrafiltration

profiling in routine practice await further clinical investigation.
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INTRODUCTION

End-stage kidney disease (ESKD) is a major cause of
morbidity and mortality. Over 60% of patients with ESKD
use hemodialysis (HD) as their renal replacement ther-
apy, with a total of more than 500,000 patients receiving
HD in the United States alone.1 While many factors con-
tribute to the high mortality seen in HD patients (165 per
1000 patient-years),1 various HD factors are known to
affect the outcomes in different ways. Intradialytic hypo-
tension (IDH) is a common complication and has a prev-
alence of up to 40%.2 While IDH has a major impact on
quality of life, it has also been associated with cardiovas-
cular events and mortality.2,3 Sodium is the main

extracellular ion and defines osmolality and size of the
extracellular volume. Sodium mass balance in HD is pri-
marily dependent on two factors: dietary salt intake and
sodium removal during dialysis. One of the most impor-
tant goals of the dialysis therapy is to remove exactly the
mass of sodium that has been accumulated in the inter-
dialysis period in order to reach a zero sodium mass bal-
ance. Sodium profiling is a technique in which dialysate
sodium concentration is gradually decreased over the
course of the dialysis session from hypernatremic to hyp-
onatremic dialysate. Such intervention alleviates the
acute decline in intravascular volume during ultrafiltra-
tion (UF) as well as the decline in intradialytic
plasma osmolarity and the consequent disequilibrium
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syndrome.4 Sodium profiling has potential benefits in
terms of intradialytic morbidity and mortality as well as
quality of life and long-term cardiovascular events; never-
theless, it may also predispose to interdialytic hyper-
natremia and increased interdialytic weight gain (IDWG)
and hypertension.5 Another method to avoid intradialytic
hemodynamic instability is UF profiling. In it, a larger
portion of total UF volume is extracted during the first
part of a dialysis session, after which the UF rate is
decreased in order to maintain hemodynamic stability.6

This article reviews the existing evidence on the potential
benefits and drawbacks of sodium and UF profiling.

SODIUM PROFILING

Sodium profiling is a method of dialysis in which dialy-
sate sodium follows a time-dependent gradient. High
sodium dialysate is used to maintain intravascular vol-
ume, which is followed by low sodium dialysate to coun-
teract excess sodium gain. During HD, the accumulated
water and electrolytes are removed by UF and diffusive
clearance. While the fluid mainly accumulates in the
extravascular space, UF primarily removes fluid from

the intravascular space, acutely reducing the circulating
plasma volume and predisposing to hypotension. The
acute drop in plasma osmolarity further decreases fluid
refill from the extravascular space, aggravating hemody-
namic instability. Sodium profiling enhances the internal
plasma refill rate and helps to stabilize the blood
pressure,7,8 thus decreasing the risk of IDH.9–11 It is
imperative to limit or prevent IDH since it does not only
affect the patient’s comfort but also increases the risk of
vascular access thrombosis,12 myocardial fibrosis and
stunning,13 cardiovascular events, and mortality.2,14–17

However, interdialytic complications, particularly IDWG,
fatigue and thirst have been reported with sodium profil-
ing and the resulting sodium overload.18

Several sodium profiling methods are available
(Figure 1). Increasing, decreasing, or alternating sodium
concentrations may be used, although decreasing profil-
ing has been the most accepted. The decrease in dialysate
sodium concentration may be linear, stepwise, or expo-
nential (Figure 2). The stepwise method was shown to be
the most reliable method to decrease both IDH9 and mus-
cle cramps19,20 in various studies. Linear profile was also
reported to reduce IDH19,21,22 and muscle cramps in sev-
eral studies,19 nevertheless not consistently.9,23 Both

F I GURE 1 Methods of sodium profiling. Sodium profiling can broadly be categorized in terms of the change curve of dialysate sodium

concentration. Most commonly, concentrations are decreased linearly, stepwisely or alternatingly. Studies suggest that stepwise profiling is

the most effective method for decreasing the incidence of IDH, while alternating profile may be more effective against symptoms of

disequilibrium syndrome. Sodium profiling can be further categorized according to the net sodium change in the patients. While sodium

balance positive profiling was the generally used profiling method historically, studies have shown that sodium balance neutral or negative

profiles do not cause IDWG, a major concern for sodium profiling. While one cohort has found that sodium profiling was associated with

increased mortality, the profiles used were suggested to be sodium balance positive. Biofeedback models utilizing sodium profiling have

shown to be safe and effective in preventing IDH [Color figure can be viewed at wileyonlinelibrary.com]
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methods have been associated with increased IDWG19,22

and thirst.19 Alternating profile, on the other hand, shifts
between high and low sodium dialysates throughout the
dialysis session, therefore inducing solvent drag and
encouraging elimination of toxins. As a result, alternating
profile was proposed to decrease the occurrence of dis-
equilibrium syndrome.24,25 Among the profiles, stepwise
profiling is the most commonly used method. A cohort
consisted of 2272 HD patients in 24 facilities revealed
that more than 28% used sodium profiling. Among the
profiles used, nearly 60% were stepwise and 40% linear
algorithms.26

Sodium profiling can be further classified according
to the net sodium change that occurs in the serum at the
end of the dialysis session: sodium balance positive,
sodium balance neutral, and sodium balance negative
sodium profiling. The profile is called sodium balance
positive if there is a net gain of sodium, and sodium bal-
ance negative if there is a net loss of sodium during the
session. Sodium balance neutral profiling does not alter
the serum concentration and osmolarity and therefore
regarded as the most physiologic form.25 Higher dialysate
sodium is known to increase IDGW,27 hypertension28

with a resulting increased mortality among stable
patients.28,29 Specifically, Mc Causland et al. found that
dialysate sodium >140 mmol/L was associated with
higher IDGW.26 Higher IDWG, in return, requires higher
UF rates in the subsequent sessions and increases the risk
of IDH,27 which renders the efforts for sodium profiling
counterproductive. Furthermore, aggressive UF may lead

to myocardial stunning and cardiac arrhythmias.30

Therefore, the net sodium balance during sodium profil-
ing has been gaining more attention recently. Currently,
there is no consensus on sodium concentrations that
should be used for profiling and various studies use dif-
ferent concentrations (Table 1). While Kidney Disease
Outcomes Quality Initiative (KDOQI) guidelines advise
against using high dialysate sodium concentrations, it
does not provide a specific recommendation of an opti-
mal concentration or a reference sodium profiling
method due to lack of consistent evidence.46

In order to sustain neutral sodium balance in profil-
ing HD, the temporarily high dialysate sodium should be
compensated by a sufficient subsequent decrease, usually
to below 130 mmol/L. For example, alternation of dialy-
sate sodium concentration between 140 and 160 mmol/L
every hour for 5 h without ultrafiltration leads to a net
sodium gain of 26 g, commensurate with more than a
10 mmol/L increase in serum sodium concentration in
an average patient. On the other hand, alternating the
dialysate sodium between 125 and 160 mmol/L would
theoretically lead to no imbalance in serum sodium con-
centrations.18 However, achieving a correct intradialytic
sodium balance is a much more difficult task in clinical
practice. With the advances in technology, automatic
computer-based programs can be used today to calculate
intradialytic sodium removal. These models use real-time
data from patients and are being used to reach end-
dialysis sodium, weight, and blood volume targets. Such
biofeedback systems enable to achieve sodium balance
neutral sodium profile and UF profile automatically.47–49

Currently, there are various commercial dialysis systems
that calculate dialysate and UF profiles with algorithms
based on the prescribed decrease in body weight and
sodium mass.50

EVIDENCE FOR EFFECTS OF
SODIUM PROFILING ON
INTRADIALYTIC AND
INTERDIALYTIC MORBIDITY

To date, large-scale clinical trials to assess the long-term
effects of sodium profiling are lacking. The existing evi-
dence is primarily from small crossover clinical trials and
observational studies (Table 1), where sodium profiling is
compared with conventional HD or particular profiling
methods are compared. For instance, a crossover study
randomizing 22 patients to receive stepwise and linear
sodium profile for 12 consecutive sessions showed that
the incidence of intradialytic adverse effects was 48% in
control while 34% and 36% in stepwise and linear pro-
files, respectively (p < 0.001). Interestingly, IDWG was

F I GURE 2 Graphic presentation of the three different

methods of sodium profiling; linear, stepwise, and exponential

ramping
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not different between the periods, and postdialysis sys-
tolic blood pressure was lower in the linear profile than
both control and stepwise profile. Stepwise profile was
found to be superior in decreasing episodes of symptom-
atic IDH, while patients in the period with linear profile
had fewer cramps.31

In another randomized cross over clinical trial,
32 patients underwent three sessions by conventional
HD, three sessions by linear sodium profile with UF and
three sessions by stepwise sodium profile with UF. The
mean of adequacy of dialysis (Kt/V) scores were 1.12,
1.24, and 1.31 in conventional HD, the stepwise method
and linear method, respectively (p < 0.05). The inci-
dences of HD complications, with IDH being the most
common, were 44%, 26%, and 30% in conventional HD,
stepwise and linear profile methods, respectively. The
dialysate sodium at the beginning of dialysis was
146 mmol/L, which was reduced to 135 mmol/L at the
end of dialysis.32

However, linear sodium profiling has failed to show
clinical benefits in other studies. In a study including
14 patients who were prone to IDH, either linear sodium
profiling alone or in combination with UF profiling failed
to improve the incidence of IDH, mean IDWG, and deliv-
ered dialysis dose.23 A recent study reported no difference
in IDWG or IDH with linear sodium profiling for 3 months,
although significant decreases in ambulatory blood pres-
sure and antihypertensive medication dosage were found.37

Indeed, a recent meta-analysis of 10 studies comparing
stepwise profiling versus linear sodium profiling showed
that stepwise profiling significantly reduced the incidence
of IDH, while linear sodium profiling did not.5

The effects of sodium profiling seem to be directly
related to the net sodium balance in many studies. An
early crossover trial compared the effects of three sodium
profile with different time-averaged concentration of dial-
ysate sodium (TAC): conventional HD with
sodium = 138 mmol/L, sodium profile with sodium rang-
ing from 145 to 135 mmol/L (TAC = 140 mmol/L) and
sodium profile with sodium ranging from 158 to
130 mmol/L (TAC = 147 mmol/L). Both sodium profiles
increased serum sodium concentrations. The sodium pro-
file with TAC 147 mmol/L further increased the
predialysis serum sodium at the end of the 6-weeks
follow-up period. The results demonstrated that net
sodium gain was directly correlated with the sodium
TAC, and using low dialysate sodium at the final hours
could not compensate the high dialysate sodium used at
the beginning of the session.25

Another double blind crossover study of 22 patients
evaluated sodium balance negative linear sodium profile
in which dialysate sodium was reduced from 137 to
128 mmol/L along with UF profiling for seven

consecutive dialysis sessions. As opposed to other sodium
profiles, sodium balance negative profile resulted in
decreased IDWG, thirst and serum sodium levels. Impor-
tantly, it also decreased the incidence of IDH. Self-
reported well-being scores were higher during the inter-
dialytic period of sodium profile.40

In a randomized controlled crossover study including
264 dialysis sessions from 11 HD patients who were prone
to IDH, Song et al. compared conventional HD to sodium
balance positive stepdown sodium profiling HD, sodium
balance positive stepdown sodium profiling HD with UF
profiling and sodium balance neutral stepdown sodium
profiling with UF profiling. Prescribed sodium concentra-
tions were 143 and 138 mmol/L and starting sodium con-
centrations were 148 and 145 mmol/L for sodium balance
positive and sodium balance neutral sodium profiling,
respectively. After 6-week maintenance of each treatment,
diffusive sodium gain and postdialysis sodium concentra-
tion as well as IDWG were significantly increased in
sodium balance positive profiling protocols compared to
conventional HD and neutral sodium balance profiles
regardless of UF profile. The incidence of intradialytic
complications was decreased with all treatment protocols
compared with conventional HD. However, this benefit
was offset by significantly increased subjective discomfort
and weight gain in the interdialytic period in the sodium
balance positive profiling, with or without UF profiling. It
is important to underline that these undesired side effects
were not seen in sodium balance neutral sodium profiling
HD while intradialytic hemodynamic benefits of sodium
profiling were maintained.51

Other studies have also supported that sodium bal-
ance neutral sodium profiling is effective in decreasing
the risk of IDH without increasing the dialysate sodium
concentration. In a study of eight HD patients and a total
of 320 dialysis sessions, sodium balance neutral linear
sodium profiling combined with linear UF profile was
significantly associated with decreased incidence of IDH
and higher stability of stroke volume variation and pres-
ervation of mean blood pressure. The sodium with UF
profiling group also had significantly reduced postdialysis
body weight with higher UF volume compared with the
control, while no difference was seen in either sodium or
UF profiling alone.21

It should be noted that, in most of these studies, the
target in sodium profiling was achieving the preset
sodium balance. Nevertheless, dialysate sodium concen-
trations were not patient tailored in such cases. Biofeed-
back systems, which will be discussed in the subsequent
sections, were mainly used to automatically profile dialy-
sate sodium concentrations based on individual plasma
sodium level, although some also profiled total dialysate
conductivity.34,41
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EVIDENCE FOR EFFECTS OF
SODIUM PROFILING ON LONG-
TERM OUTCOMES

Most of the research on sodium profiling has focused on
the efficacy of profiling in limiting intradialytic adverse
effects, while its impact on long-term outcomes, includ-
ing cardiovascular morbidity and mortality are of utmost
importance to determine whether sodium profiling
should be adopted in routine practice. Some facilities
have already adopted the use of sodium profiling in their
routine dialysis practice to limit or prevent IDH. Never-
theless, evidence is currently lacking on the benefits of
such routine use. The analysis of data from 10,898 HD
patients obtained from the Dialysis Outcomes and Prac-
tice Patterns Study (DOPPS) cohort study assessed the
long-term effects of routine use of sodium profiling in a
median follow-up time of 1.4 years. Medical directors
from 10 different dialysis facilities answered to a ques-
tionnaire to evaluate the practices of each facility. Results
showed that routine use of sodium profiling was associ-
ated with higher cardiovascular (HR 1.34. 99% CI, 1.04–
1.73) and all-cause mortalities (HR 1.36, 99% CI 1.14–
1.63) as well as higher cardiovascular events (HR 1.21,
99% CI 1.03–1.43).44 However, it is crucial to note that
the study did not establish which sodium profiling
methods were used and the extend of the practice due to
the intrinsic limitation of the study design. As the
authors also have implicated, the widespread use of
sodium balance positive sodium profiling may have led
to increased IDWG,33 which is independently associated
with fluid overload-related hospitalization, cardiovascu-
lar events, and mortality.52

Another cohort consisting of 2272 patients with a
median follow up time of 2.4 years did not find a signifi-
cant difference in mortality between patients receiving
sodium profiling and patients receiving fixed higher dial-
ysate sodium (>140 mmol/L), although mortality was
trended to be lower in profiled patients. The study ana-
lyzed sodium profiling within the overall higher dialysate
sodium subgroup, since it was assumed that most of the
sodium profiling would be sodium balance positive.
Given that sodium profiling may be prescribed selectively
to hemodynamically instable patients, it should be noted
that patients with sodium profiling had a similar survival
to those who had a fixed higher dialysate at baseline.28

While assessing the effects of sodium balance in pro-
filing, the possible long-term benefits as well as side
effects of low and high sodium dialysates independent of
sodium profiling should also be mentioned. Dialysate
sodium appears to have an alternating interaction with
mortality. The evidence shown by Mc Causland et al.
indicated that higher dialysate sodium (>140 mmol/L)

was associated with increased mortality in high
predialysis serum sodium concentrations, while no asso-
ciation was seen at lower predialysis serum sodium.26

Furthermore, the results of a recent meta-analysis suggest
that low dialysate decreased IDWG and interdialytic
blood pressure, which are known to be associated with
better outcomes. However, the concomitant increased
incidence of IDH and reduced serum sodium concentra-
tions may also lead to increased mortality risk.53

An earlier analysis of 29,593 eligible patients from the
DOPPS study also investigated the association of dialy-
sate sodium concentration with IDWG, hospitalization
and mortality. The analysis revealed that the dialysate
sodium prescription did not correlate with baseline
serum sodium concentration, indicating that the dialy-
sate prescription was not tailored individually in the
960 facilities. Analysis showed that dialysate sodium pre-
scriptions over 142 mmol/L were associated with signifi-
cantly higher IDWG. IDWG increased by 0.17% of
postdialysis body weight per 2 mmol/L increase in dialy-
sate sodium concentration (95% CI, 0.15%, 0.20%).45

Although the authors did not find a correlation between
higher dialysate sodium and mortality, other studies have
associated higher IDWG with higher mortality risk.54 As
such, the prevalence of high dialysate sodium prescrip-
tion among facilities using sodium profile should be
assessed before a hard conclusion can be reached.

Sodium profiling was also suggested to modulate the
renin-angiotensin system activation. Papasotiriou et al.
investigated the impact of sodium profiling on plasma
renin levels during HD and HDF. Results showed that
plasma renin levels significantly increased during con-
stant sodium dialysate and decreased during sodium pro-
filing, which was independent of UF volume.
Additionally, the plasma renin reduction seen with
sodium profiling was more pronounced in the HDF
group.55 Unfortunately, the abstract did not report on
intradialytic hemodynamics and IDH incidences.

SODIUM PROFILING AS A PART OF
DIALYSIS MODALITIES AND
BIOFEEDBACK

As different sodium profiling methods may have distinct
impacts, different dialysis modalities may also affect the
outcome of profiling. Although not as commonly used,
hemodiafiltration (HDF), which utilizes convective clear-
ance in addition to diffusion, may change the results of
sodium profiling. As HDF predisposes to additional
sodium retention by infusing sodium through substitu-
tion fluid and boosting the Donan effect induced by high
UF rates, which decreases the sodium concentration
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available for diffusion, higher the transmembrane
sodium gradients are required to counterbalance these
effects and reach the target sodium balance.56

As the biofeedback dialysis systems has become more
available, the algorithms provide individual computation
of sodium and UF profiling. Many studies showed the
efficacy of such dialysis models in decreasing intradialysis
adverse effects and benefits.50 Using the “Profiler” algo-
rithm to calculate the sodium and UF profiling57 in
55 patients with IDH for 6 months, Colì et al. showed
that the use of automatic dialysis system was associated
with a marked decrease in IDH (from 59% to 0.9%,
p < 0.001) and other disequilibrium symptoms including
headache and nausea. Importantly. IDWG and
predialysis serum sodium levels were not changed during
the 6-months follow-up period.57 Another study by Colì
et al. also showed that profiled HD performed with “Pro-
filer” led to significant reduction in IDH, cramps and sig-
nificant increase in heart index in a 8-month period.58 In
a single-arm trial assessing their latest modification of
Profiler, the automatic adaptive system dialysis (AASD),
Coli et al. reported a profound decline in the incidence of
IDH from 59% to 1% without any changes in IDWG or
presession plasma sodium levels.50

The application of real-time sodium sensor (Natrium
sensor) in biofeedback further enables recalculation and
adjustment of the sodium profile and ultrafiltrate conduc-
tivity during the dialysis session. The system that uses
sodium sensor in hemofiltration with endogenous reinfu-
sion is called hemodiafiltration Aequilibrium (HFR-
Aeq).47 In a randomized crossover multinational study,
Locatelli et al. reported that significantly less symptom-
atic IDH was seen in HFR-Aeq, and the effect was signifi-
cantly greater in unstable patients. No evidence of
sodium or water overload was detected with the
intervention.41

Coli et al. utilized their mathematical model to auto-
matically determine the dialysate sodium and ultrafiltra-
tion profiles based on the sodium mass to be removed
during the session, which is assessed via two methods. In
majority of the patients, sodium mass to be removed was
given a priori depending on the cumulative evaluation of
many clinical variables including IDWG, intra and inter-
dialytic BP and intradialytic symptoms. In the alternative
method, AAD calculated the mass as a function of the
natremia target (end-session natremia), which was set as
the mean plasma sodium concentration in the last 12 dial-
ysis sessions using standard dialysis.50 For HFR-Aeq, the
natremia target was similarly defined as the mean plasma
natremia observed during the previous 1 month of stan-
dard dialysis.41 In both strategies, the main goal is
obtaining the natremia target consistently at the end of
each session. A major objective of hemodialysis is to keep

the total body water volume and total plasma water
sodium concentrations, which are the two determinants
of total sodium mass, constant at the end of each session
to maintain a neutral sodium balance.59 By persistently
achieving constant end-dialysis weight and plasma
sodium concentrations at the end of the dialysis sessions,
end-dialysis sodium mass can be ensured to be con-
stant.60 Via calculating the dialysate sodium concentra-
tion needed to obtain the natremia target and
ultrafiltration to obtain target weight, these mathematical
models help to preserve the neutral sodium balance.

Other biofeedback systems using sodium and UF pro-
filing were also shown to be effective in decreasing
intradialytic complications and improving hemodynamic
stability without compromising IDWG and blood
pressure.42,43,49,61

Using plasma conductivity controlled feedback as a
surrogate for plasma sodium, Moret et al.34 investigated
the effects of profiling through adjustments of dialysate
conductivity adjustments rather than direct
dialysate sodium. In this randomized crossover study, the
target of profiling was to achieve a plasma conductivity
of 14.0 mS/cm at the end of the dialysis. The results
showed that neither plasma conductivity- nor blood
volume-controlled feedbacks significantly altered the fre-
quency of symptomatic hypotensive episodes. These feed-
back treatments did not affect IDWG or predialytic blood
pressures as well, suggesting their safety.

Individual on-line prescription of electrolytes in bio-
feedback may also compensate for the interindividual
and intraindividual differences in serum sodium levels
without requiring frequent blood sampling.62 Since the
effects of dialysate sodium level seem to be partially
dependent on predialysis serum sodium levels, such
intervention may prevent the development of excess
sodium gain because of profiling.

UF PROFILING

Rapid intravascular fluid removal via UF has been associ-
ated with higher all-cause and cardiovascular
mortality,63,64 possibly due to end-organ damage by
hemodynamic instability.65,66 Repeated subclinical ische-
mia leads to myocardial stunning and predispose to heart
failure in long-term HD patients.65 UF profiling is a prac-
tice to remove the greatest amount of fluid at the begin-
ning of a HD session and gradually decrease the UF rate.
UF profiling is a potential method to prevent UF-
associated hemodynamic instability and consequent end-
organ ischemia. UF profiling is often used concomitantly
with sodium profiling due to their intrinsic connection.
The two determinants of the change in plasma sodium
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are the diffusive flux, which depends on the dialysate
sodium controlled by sodium profiling, and the convec-
tive flux, which depends on the UF rate controlled by UF
profiling. As a main component of osmolality, plasma
sodium regulates the vascular refilling rate, which in
return limits the UF rate. Sodium profiling with a higher
dialysate sodium at the beginning of the session ensures
an adequate vascular refill, which enables safe UF profil-
ing. Therefore, UF profiling is most useful when used
concurrently with sodium profiling and trials studying
the effects of UF profiling independent of sodium profil-
ing are sparse.

Intradialytic effects of different UF profiling methods
were compared by Donauer et al. in a study including
53 patients. The study compared five different UF pro-
files, including linear, stepwise, as well as three other
profiles with intermittent high UF rates interrupted by
UF pauses. Compared to the control, all UF profiles
except linear UF profile caused significant increases in
IDH incidence (17%, 42%, and 36% in control, stepwise
and other profile, respectively). The increased occurrence
of IDH was possibly related to using a UF rate 1.5 times
higher than standard UF at the beginning of the sessions
in these UF profiles, as the hypotensive episodes were
associated with a rapid decline in relative blood volume
in the first 20 min of the dialysis session. Furthermore,
UF profiles with intermittent high UF rates caused signif-
icantly more fatigue after the dialysis session, while no
fatigue was reported in control and linear UF profile
groups. While the study was limited by the small number
of patients and assessment of each profile only once, the
linear UF profile showed a trend toward less hypoten-
sion, although not statistically significant.38

Another study including 10 patients by Morales-
Alvarez et al. compared the hemodynamic response to
decreasing UF profiling with the response to increasing
UF profiling. The study showed that the alterations in
mean values of blood pressure monitoring, echocardio-
graphic changes, heart rate, cardiac output, and periph-
eral vascular resistance were similar in the two UF
profiles. Furthermore, IDWG did not differ significantly
between the profiles. Nevertheless, increasing UF profile
led to a more gradual reduction in blood volume, while
decreasing UF profile caused a marked drop in blood vol-
ume in the first portion of the session.67

Mancini et al. have developed a blood pressure-
controlled biofeedback system for UF profiling to prevent
severe IDH episodes. The system utilizes BP monitorization
at 5-min intervals to control the UF rate instantaneously
but does not provide sodium profiling. Implementation in
patients prone to IDH showed a significant reduction in
the frequency of severe but not mild IDH episodes.68

There is an ongoing crossover trial that will compare
the incidence of IDH, predialysis and postdialysis
troponin T, left ventricular systolic function and develop-
ment of intradialytic left ventricular stunning between
conventional UF and UF profiling (ClinicalTrials.gov
Identifier: NCT03301740).69

EVIDENCE FOR EFFECTS OF
SODIUM AND UF PROFILING ON
QUALITY OF LIFE

Improvements in HD techniques have increased survival,
although the quality of life in patients on chronic HD has
not improved substantially, largely due to the extensive
symptom burden.70 While the extend of intradialytic and
interdialytic complications may provide an indirect indi-
cator of quality of life, no studies have assessed the
impact of profiling on quality of life directly until today.
To address the lack in literature, Gerrish et al. compared
conventional HD with sodium profiling and UF profiling
in 27 patients by a quantitative and qualitative crossover
study. The study showed no significant difference
between the mean arterial pressure, delta value between
pre- and post-dialysis blood pressures, IDWG or IDH
among the treatments, although IDH showed a not sig-
nificant increase in UF profiling and a not significant
decrease in sodium profiling. The latter caused a signifi-
cant increase in the incidence of intradialytic cramps.
Nevertheless, some patients reported less cramps during
sodium profiling in the self-reported questionnaire. Inter-
estingly, the analysis of total scores for the perceived pos-
itive and negative side effects of different interventions
recorded on the questionnaires indicated that respon-
dents showed widely conflicting opinions. While a group
of participants reported that sodium profiling increased
adverse effects and disliked it, others reported to find it
beneficial. Interestingly, sodium profiling scored the
highest for all positive as well as all negative effects but
scored the lowest in the “no change noticed” question.
These answers indicated that patients were noticeably
affected by sodium profiling, in either a positive or nega-
tive way. The authors noted that the range of predialysis
serum sodium levels varied greatly between 131 and
143 mmol/L, whereas the base dialysate sodium concentra-
tion was constant at 135 mmol/L which could account for
some of the interpersonal differences in response. Notably,
although the reported scores for positive and negative
effects changed greatly, sodium profiling scored more than
two times higher than UF profiling and more than three
times higher than conventional HD for an improvement in
“feeling well” between dialysis sessions.71
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Further studies are needed to examine the factors that
change the subjective effects of profiling in HD patients and
individualize HD treatments to maximize patient comfort.

RECOMMENDATIONS

As many studies have shown, sodium profiling is a
potentially effective and safe method to limit or prevent
intradialytic adverse effects, while these results are not
free of uncertainty. The traditional methods of sodium
profiling have a high risk of leading to increased IDWG
and subsequent long-term complications. More
research is needed to establish whether specific profil-
ing methods are more efficacious in preventing specific
symptoms and which profiling method has the most
utility in routine clinical practice. Furthermore, more
qualitative data is warranted for subjective analysis of
quality of life and personal well-being. Sodium profiling
should only be used in sodium balance neutral or nega-
tive profiles; otherwise excess sodium appears to coun-
teract the benefits of profiling. Biofeedback systems
using profiling may guide in correctly arranging the
sodium balance and avoiding complications of profil-
ing. Further research is needed to determine the utility
of sodium profiling in biofeedback systems and in
patients receiving HDF. While UF profiling has been
widely used along with sodium profiling in clinical
practice, its value by itself is questionable. Large-scale
double blind clinical trials are needed to verify the clin-
ical benefits of sodium/UF profiling, its associations
with quality of life and mortality.

CONCLUSIONS

Sodium and UF profiles have been shown to be effective
in improving intradialytic hemodynamic stability and
limit adverse effects (Figure 3). Although such interven-
tions can lead to increased IDWG and associated compli-
cations, a careful sodium balance can mitigate such
effects. Intradialytic monitoring systems and biofeedback
models may help with optimization of profiling. Extra
care should be given to prevent positive sodium balance,
as high sodium dialysate levels have been shown to result
in negative long-term consequences including mortality.

ACKNOWLEDGMENTS
Mehmet Kanbay gratefully acknowledges use of the services
and facilities of the Koc University Research Center for Trans-
lational Medicine (KUTTAM), funded by the Presidency of
Turkey, Presidency of Strategy and Budget. The content is
solely the responsibility of the authors and does not necessar-
ily represent the official views of the Presidency of Strategy
and Budget.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

ETHICS STATEMENT
This article does not contain any studies with human par-
ticipants or animals performed by any of the authors.

ORCID
Atalay Demiray https://orcid.org/0000-0001-5503-5305
Mehmet Kanbay https://orcid.org/0000-0002-1297-0675

F I GURE 3 Knowns and unknowns about sodium profiling. Sodium profiling can be classified in two different categories. Sodium profiling

has been associated with decreased incidence of IDH, muscle cramps and increased IDWG in various studies. No effect on IDWGwas seen in sodium

balance neutral and negative profiling. To date, there has been only one study on the association of mortality and sodium profiling. Nevertheless, IDH

and IDWG, which are profoundly affected by profiling, are known to be associated with mortality, implicating that sodium profiling maymodify

long-term outcomes. Future studies should assess the relationship with mortality, compare different sodium profiling methods and confirm the utility

of sodium profiling in biofeedback models [Color figure can be viewed at wileyonlinelibrary.com]

SODIUM PROFILING IN HD 443

https://orcid.org/0000-0001-5503-5305
https://orcid.org/0000-0001-5503-5305
https://orcid.org/0000-0002-1297-0675
https://orcid.org/0000-0002-1297-0675
http://wileyonlinelibrary.com


REFERENCES
1. Saran R, Robinson B, Abbott KC, Bragg-Gresham J, Chen X,

Gipson D, et al. US renal data system 2019 annual data report:
epidemiology of kidney disease in the United States.
Am J Kidney Dis. 2020;75(1 Suppl 1):A6–7.

2. Kanbay M, Ertuglu LA, Afsar B, Ozdogan E, Siriopol D,
Covic A, et al. An update review of intradialytic hypotension:
concept, risk factors, clinical implications and management.
Clin Kidney J. 2020;13:981–93.

3. Chou JA, Kalantar-Zadeh K, Mathew AT. A brief review of
intradialytic hypotension with a focus on survival. Semin Dial.
2017;30:473–80.

4. Stiller S, Bonnie-Schorn E, Grassmann A, Uhlenbusch-
Körwer I, Mann H. A critical review of sodium profiling for
hemodialysis. Semin Dial. 2001;14:337–47.

5. Dunne N. A meta-analysis of sodium profiling techniques and the
impact on intradialytic hypotension. Hemodial Int. 2017;21:312–22.

6. Flythe JE, Tugman MJ, Narendra JH, Assimon MM, Li Q,
Wang Y, et al. Effect of ultrafiltration profiling on outcomes
among maintenance hemodialysis patients: a pilot randomized
crossover trial. J Nephrol. 2021;34(1):113–23.

7. Brummelhuis WJ, van Geest RJ, van Schelven LJ, Boer WH.
Sodium profiling, but not cool dialysate, increases the absolute
plasma refill rate during hemodialysis. ASAIO J. 2009;55:
575–80.

8. Coli L, La Manna G, Dalmastri V, De Pascalis A, Pace G,
Santese G, et al. Evidence of profiled hemodialysis efficacy in
the treatment of intradialytic hypotension. Int J Artif Organs.
1998;21:398–402.

9. Acchiardo SR, Hayden AJ. Is Na+ modeling necessary in high
flux dialysis? ASAIO Trans. 1991;37:M135–7.

10. Oliver MJ, Edwards LJ, Churchill DN. Impact of sodium and
ultrafiltration profiling on hemodialysis-related symptoms.
J Am Soc Nephrol. 2001;12:151–6.

11. Colì L, Bonomini M, La Manna G, Dalmastri V, Ursino M,
Ivanovich P, et al. Clinical use of profiled hemodialysis. Artif
Organs. 1998;22:724–30.

12. Chang TI, Paik J, Greene T, Desai M, Bech F, Cheung AK,
et al. Intradialytic hypotension and vascular access thrombo-
sis. J Am Soc Nephrol. 2011;22:1526–33.

13. McIntyre CW. Effects of hemodialysis on cardiac function.
Kidney Int. 2009;76:371–5.

14. Stef�ansson BV, Brunelli SM, Cabrera C, Rosenbaum D,
Anum E, Ramakrishnan K, et al. Intradialytic hypotension
and risk of cardiovascular disease. Clin J Am Soc Nephrol.
2014;9:2124–32.

15. Chou JA, Streja E, Nguyen DV, Rhee CM, Obi Y, Inrig JK,
et al. Intradialytic hypotension, blood pressure changes and
mortality risk in incident hemodialysis patients. Nephrol Dial
Transplant. 2018;33:149–59.

16. Flythe JE, Xue H, Lynch KE, Curhan GC, Brunelli SM. Associ-
ation of mortality risk with various definitions of intradialytic
hypotension. J Am Soc Nephrol. 2015;26:724–34.

17. Shoji T, Tsubakihara Y, Fujii M, Imai E. Hemodialysis-associated
hypotension as an independent risk factor for two-year mortality
in hemodialysis patients. Kidney Int. 2004;66:1212–20.

18. Stefanidis I, Stiller S, Ikonomov V, Mann H. Sodium and body
fluid homeostasis in profiling hemodialysis treatment. Int J
Artif Organs. 2002;25:421–8.

19. Sang GL, Kovithavongs C, Ulan R, Kjellstrand CM. Sodium
ramping in hemodialysis: a study of beneficial and adverse
effects. Am J Kidney Dis. 1997;29:669–77.

20. Levin A, Goldstein MB. The benefits and side effects of ramped
hypertonic sodium dialysis. J Am Soc Nephrol. 1996;7:242–6.

21. Zhou YL, Liu HL, Duan XF, Yao Y, Sun Y, Liu Q. Impact of
sodium and ultrafiltration profiling on haemodialysis-related
hypotension. Nephrol Dial Transplant. 2006;21:3231–7.

22. Tang HL, Wong SH, Chu KH, Lee W, Cheuk A, Tang CM,
et al. Sodium ramping reduces hypotension and symptoms
during haemodialysis. Hong Kong Med J. 2006;12:10–4.

23. Hamzi AM, Asseraji M, Hassani K, Alayoud A, Abdellali B,
Zajjari Y, et al. Applying sodium profile with or without ultra-
filtration profile failed to show beneficial effects on the inci-
dence of intradialytic hypotension in susceptible hemodilaysis
patients. Arab J Nephrol Transplant. 2012;5:129–34.

24. Petitclerc T, Trombert JC, Coevoet B, Jacobs C. Electrolyte
modelling: sodium. Is dialysate sodium profiling actually use-
ful? Nephrol Dial Transplant. 1996;11(Suppl 2):35–8.

25. Kim MJ, Song J, Kim G, Lim H, Lee S. Optimization of dialy-
sate sodium in sodium profiling haemodialysis. Nephrology
(Carlton). 2003;8(Suppl):S16–22.

26. Mc Causland FR, Brunelli SM, Waikar SS. Dialysate sodium,
serum sodium and mortality in maintenance hemodialysis.
Nephrol Dial Transplant. 2011;27:1613–8.

27. Davenport A, Cox C, Thuraisingham R. The importance of
dialysate sodium concentration in determining interdialytic
weight gains in chronic hemodialysis patients: the PanThames
renal audit. Int J Artif Organs. 2008;31:411–7.

28. Mc Causland FR, Waikar SS, Brunelli SM. Increased dietary
sodium is independently associated with greater mortality among
prevalent hemodialysis patients. Kidney Int. 2012;82:204–11.

29. Hussein WF, Schiller B. Dialysate sodium and intradialytic
hypotension. Semin Dial. 2017;30:492–500.

30. Morfin JA, Fluck RJ, Weinhandl ED, Kansal S,
McCullough PA, Komenda P. Intensive hemodialysis and
treatment complications and tolerability. Am J Kidney Dis.
2016;68(5s1):S43–s50.

31. Meira FS, Figueiredo AE, Zemiarcki J, Pacheco J, Poli-de-
Figueiredo CE, d’Avila DO. Two variable sodium profiles and
adverse effects during hemodialysis: a randomized crossover
study. Ther Apher Dial. 2010;14:328–33.

32. Hamidi M, Roshangar F, Khosroshahi H, Hassankhani H,
Ghafourifard M, Sarbakhsh P. Comparison of the effect of lin-
ear and step-wise sodium and ultrafiltration profiling on dialy-
sis adequacy in patients undergoing hemodialysis. Saudi J
Kidney Dis Transpl. 2020;31:44–52.

33. Song JH, Lee SW, Suh CK, Kim MJ. Time-averaged concentra-
tion of dialysate sodium relates with sodium load and inter-
dialytic weight gain during sodium-profiling hemodialysis.
Am J Kidney Dis. 2002;40:291–301.

34. Moret K, Aalten J, van den Wall BW, Gerlag P, Beerenhout C,
van der Sande F, et al. The effect of sodium profiling and feed-
back technologies on plasma conductivity and ionic mass bal-
ance: a study in hypotension-prone dialysis patients. Nephrol
Dial Transplant. 2006;21:138–44.

35. Meira FS, Poli de Figueiredo CE, Figueiredo AE. Influence of
sodium profile in preventing complications during hemodialy-
sis. Hemodial Int. 2007;11(Suppl 3):S29–32.

444 ERTUGLU ET AL.



36. Straver B, de Vries PM, Donker AJ, ter Wee PM. The effect of
profiled hemodialysis on intradialytic hemodynamics when a
proper sodium balance is applied. Blood Purif. 2002;20:364–9.

37. Zhai L-H, Zhang Y-Y, Xu Y, Yin W-J, Li L, Yuan G-L. Impact
of sodium profiling on ambulatory blood pressure in patients
on maintenance hemodialysis. Srpski arhiv za celokupno
lekarstvo. 2017;145:22.

38. Donauer J, Kölblin D, Bek M, Krause A, Böhler J. Ultrafiltra-
tion profiling and measurement of relative blood volume as
strategies to reduce hemodialysis-related side effects.
Am J Kidney Dis. 2000;36:115–23.

39. Shahgholian N, Ghafourifard M, Shafiei F. The effect of
sodium and ultra filtration profile combination and cold dialy-
sate on hypotension during hemodialysis and its symptoms.
Iran J Nurs Midwifery Res. 2011;16:212–6.

40. Dominic SC, Ramachandran S, Somiah S, Mani K,
Dominic SS. Quenching the thirst in dialysis patients. Neph-
ron. 1996;73:597–600.

41. Locatelli F, Stefoni S, Petitclerc T, Colì L, Di Filippo S,
Andrulli S, et al. Effect of a plasma sodium biofeedback system
applied to HFR on the intradialytic cardiovascular stability.
Results from a randomized controlled study. Nephrol Dial
Transplant. 2012;27:3935–42.

42. Franssen CF, Dasselaar JJ, Sytsma P, Burgerhof JG, de
Jong PE, Huisman RM. Automatic feedback control of relative
blood volume changes during hemodialysis improves blood
pressure stability during and after dialysis. Hemodial Int.
2005;9:383–92.

43. Santoro A, Mancini E, Basile C, Amoroso L, Di Giulio S,
Usberti M, et al. Blood volume controlled hemodialysis in
hypotension-prone patients: a randomized, multicenter con-
trolled trial. Kidney Int. 2002;62:1034–45.

44. Dasgupta I, Thomas GN, Clarke J, Sitch A, Martin J, Bieber B,
et al. Associations between hemodialysis facility practices to
manage fluid volume and intradialytic hypotension and
patient outcomes. Clin J Am Soc Nephrol. 2019;14:385–93.

45. Hecking M, Karaboyas A, Saran R, Sen A, Inaba M, Rayner H,
et al. Dialysate sodium concentration and the association with
interdialytic weight gain, hospitalization, and mortality. Clin J
Am Soc Nephrol. 2012;7:92–100.

46. Daugirdas JT, Depner TA, Inrig J, Mehrotra R, Rocco MV,
Suri RS, et al. KDOQI clinical practice guideline for hemodial-
ysis adequacy: 2015 update. Am J Kidney Dis. 2015;66:
884–930.

47. Donati G, Ursino M, Spazzoli A, Natali N, Schillaci R,
Conte D, et al. Sodium prescription in the prevention of
intradialytic hypotension: new insights into an old concept.
Blood Purif. 2018;45:61–70.

48. Ronco C, Brendolan A, Milan M, Rodeghiero MP, Zanella M,
La Greca G. Impact of biofeedback-induced cardiovascular sta-
bility on hemodialysis tolerance and efficiency. Kidney Int.
2000;58:800–8.

49. Basile C, Giordano R, Vernaglione L, Montanaro A, De
Maio P, De Padova F, et al. Efficacy and safety of
haemodialysis treatment with the hemocontrol biofeedback
system: a prospective medium-term study. Nephrol Dial Trans-
plant. 2001;16:328–34.

50. Colì L, La Manna G, Comai G, Ursino M, Ricci D, Piccari M,
et al. Automatic adaptive system dialysis for hemodialysis-

associated hypotension and intolerance: a noncontrolled mul-
ticenter trial. Am J Kidney Dis. 2011;58:93–100.

51. Song JH, Park GH, Lee SY, Lee SW, Lee SW, Kim MJ. Effect of
sodium balance and the combination of ultrafiltration profile
during sodium profiling hemodialysis on the maintenance of
the quality of dialysis and sodium and fluid balances. J Am
Soc Nephrol. 2005;16:237–46.

52. Wong MM, McCullough KP, Bieber BA, Bommer J,
Hecking M, Levin NW, et al. Interdialytic weight gain: trends,
predictors, and associated outcomes in the international dialy-
sis outcomes and practice patterns study (DOPPS).
Am J Kidney Dis. 2017;69:367–79.

53. Dunlop JL, Vandal AC, Marshall MR. Low dialysate sodium
levels for chronic haemodialysis. Cochrane Database Syst Rev.
2019;1:Cd011204.

54. Kalantar-Zadeh K, Regidor DL, Kovesdy CP, van Wyck D,
Bunnapradist S, Horwich TB, et al. Fluid retention is associ-
ated with cardiovascular mortality in patients undergoing
long-term hemodialysis. Circulation. 2009;119:671–9.

55. Papasotiriou M, Georgopoulou G, Ntrinias T, Mpratsiakou A,
Diamanti N, Goumenos D, et al. SP474 impact of sodium pro-
filing in hemodialysis and hemodiafilteration on renin lelvels
of patients with end stage renal disease. Nephrol Dial Trans-
plant. 2019;34(Supplement_1):SP474.

56. Pedrini L, Ponti R, Faranna P, Cozzi G, Locatelli F. Sodium
modeling in hemodiafiltration. Kidney Int. 1991;40:525–32.

57. Colì L, Ursino M, Dalmastri V, Volpe F, La Manna G,
Avanzolini G, et al. A simple mathematical model applied to
selection of the sodium profile during profiled haemodialysis.
Nephrol Dial Transplant. 1998;13:404–16.

58. Colì L, Baraldi O, Soverini ML, Fosco B, Cristino S, Ursino M,
et al. Long-term use of profiler in patients with dialysis intoler-
ance: 8 months follow-up. G Ital Nefrol. 2004;21:Suppl 30:
S133-8.

59. Pozzoni P, DIF S, Pontoriero G, Locatelli F. Effectiveness of
sodium and conductivity kinetic models in predicting end-
dialysis plasma water sodium concentration: preliminary
results of a single-center experience. Hemodial Int. 2007;11:
169–77.

60. Paolini F, Bosetto A. Biofeedback systems architecture. Adv
Ren Replace Ther. 1999;6:255–64.

61. Nacca R, Fini R, Vezza E, Simeoni P, Porcu M,
Bartolomucci M, et al. HFR-AEQUILIBRIUM and intradialytic
cardiovascular stability: results of the first multicenter study in
Lazio. G Ital Nefrol. 2013;30(5).

62. Sharma MK, Wieringa FP, Frijns AJ, Kooman JP. On-line
monitoring of electrolytes in hemodialysis: on the road
towards individualizing treatment. Expert Rev Med Devices.
2016;13:933–43.

63. Flythe JE, Kimmel SE, Brunelli SM. Rapid fluid removal dur-
ing dialysis is associated with cardiovascular morbidity and
mortality. Kidney Int. 2011;79:250–7.

64. Assimon MM, Wenger JB, Wang L, Flythe JE. Ultrafiltration
rate and mortality in maintenance hemodialysis patients.
Am J Kidney Dis. 2016;68:911–22.

65. Burton JO, Jefferies HJ, Selby NM, McIntyre CW. Hemodialy-
sis-induced repetitive myocardial injury results in global and
segmental reduction in systolic cardiac function. Clin J Am
Soc Nephrol. 2009;4:1925–31.

SODIUM PROFILING IN HD 445



66. Assimon MM, Flythe JE. Rapid ultrafiltration rates and out-
comes among hemodialysis patients: re-examining the evi-
dence base. Curr Opin Nephrol Hypertens. 2015;24:525–30.

67. Morales-Alvarez R, Martínez-Memije R, Becerra-Luna B,
García-Paz P, Infante O, Palma-Ramírez A, et al. Hemody-
namic response to hemodialysis with ultrafiltration rate pro-
files either gradually decreasing or gradually increasing. Artif
Organs. 2016;40:684–91.

68. Mancini E, Mambelli E, Irpinia M, Gabrielli D, Cascone C,
Conte F, et al. Prevention of dialysis hypotension episodes
using fuzzy logic control system. Nephrol Dial Transplant.
2007;22:1420–7.

69. Tugman MJ, Narendra JH, Li Q, Wang Y, Hinderliter AL,
Brunelli SM, et al. Ultrafiltration-profiled hemodialysis to
reduce dialysis-related cardiovascular stress: study protocol for
a randomized controlled trial. Contemp Clin Trials Commun.
2019;15:100415.

70. Bossola M, Pepe G, Marzetti E. Health-related quality of life of
patients on chronic dialysis: the need for a focused effort.
Semin Dial. 2017;30:413–6.

71. Gerrish M, Little J. The effect of profiling dialysate sodium and
ultrafiltration on patient comfort and cardiovascular stability dur-
ing haemodialysis. Edtna erca j. 2003;29: 61, 5–6, 8–70 passim.

How to cite this article: Ertuglu LA, Demiray A,
Basile C, Afsar B, Covic A, Kanbay M. Sodium and
ultrafiltration profiling in hemodialysis: A long-
forgotten issue revisited. Hemodialysis
International. 2021;25:433–446. https://doi.org/10.
1111/hdi.12952

446 ERTUGLU ET AL.

https://doi.org/10.1111/hdi.12952
https://doi.org/10.1111/hdi.12952

	Sodium and ultrafiltration profiling in hemodialysis: A long-forgotten issue revisited
	INTRODUCTION
	SODIUM PROFILING
	EVIDENCE FOR EFFECTS OF SODIUM PROFILING ON INTRADIALYTIC AND INTERDIALYTIC MORBIDITY
	EVIDENCE FOR EFFECTS OF SODIUM PROFILING ON LONG-TERM OUTCOMES
	SODIUM PROFILING AS A PART OF DIALYSIS MODALITIES AND BIOFEEDBACK
	UF PROFILING
	EVIDENCE FOR EFFECTS OF SODIUM AND UF PROFILING ON QUALITY OF LIFE
	RECOMMENDATIONS
	CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	ETHICS STATEMENT
	REFERENCES


