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Sodium ramping reduces hypotension
and symptoms during haemodialysis
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Objectives. To evaluate the effectiveness of sodium ramping (profiling) in
reducing hypotensive episodes and symptoms during haemodialysis.
Design. Prospective study.
Setting. Regional hospital, Hong Kong.
Patients. Thirteen patients who experienced frequent episodes of hypotension
and/or symptoms such as cramps, dizziness, chest pain, nausea, vomiting, and
headache during haemodialysis in the preceding 4 weeks.
Interventions. Each patient was switched from standard haemodialysis with a
constant dialysate sodium concentration of 135 to 140 mmol/L to a ramped sodium
haemodialysis for a period of 4 weeks. During this time the dialysate sodium
concentration was ramped linearly downwards from 150 mmol/L at the beginning
of dialysis to 140 mmol/L at the end of dialysis.
Main outcome measures. Intradialytic hypotensive episodes, intradialytic
symptoms, nursing interventions, systolic and diastolic blood pressures, and
interdialytic weight gain.
Results. A total of 248 haemodialysis sessions undertaken by 13 patients were
analysed. Switching from constant sodium haemodialysis to ramped sodium
haemodialysis resulted in a significant reduction in the number of intradialytic
hypotensive episodes from 5.8 (standard deviation, 6.4) to 2.2 (3.3) [P<0.05],
the total number of intradialytic symptoms from 7.1 (3.4) to 0.9 (1.3) [P<0.01],
and nursing interventions from 11.3 (6.3) to 1.7 (3.9) [P<0.01]. Post-dialysis
systolic and diastolic blood pressures were higher during ramped sodium haemo-
dialysis compared with constant sodium haemodialysis (systolic blood pressure,
139 [standard deviation, 23] vs 133 [22] mm Hg, P<0.001; diastolic blood
pressure, 77 [11] vs 74 [13] mm Hg, P<0.01), and there was a trend towards a
smaller drop in blood pressure after dialysis. The interdialytic weight gain with
sodium ramping haemodialysis was greater compared with constant sodium
haemodialysis (3.1 [standard deviation, 1.0] vs 2.7 [1.1] kg, P<0.001).
Conclusion. Sodium ramping during haemodialysis effectively reduces
hypotensive episodes and intradialytic symptoms. Post-dialysis blood pressure
is better maintained. A side-effect of sodium ramping is a greater interdialytic
weight gain.
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Introduction

Hypotension and dialysis disequilibrium syndrome are the
two major complications that occur during haemodialysis.
Hypotension is often caused by the decreased plasma
volume that results from net fluid loss.1-3 When fluid is
removed from the intravascular compartment, maintenance
of plasma volume is dependent on refill from the interstitium.
Rate of refill is in turn dependent on the plasma osmolality
and hydration of the interstitium.1,3 If the rate of refill
cannot match ultrafiltration, plasma volume falls. Dialysis
disequilibrium syndrome is defined as the occurrence of
muscle cramps, dizziness, nausea, vomiting, and headache
during haemodialysis.4 The theory of a ‘reverse urea effect’
has been proposed to explain the pathogenesis of dialysis
disequilibrium syndrome.5,6 Urea is rapidly removed from
the plasma during haemodialysis. The slow removal of urea
from the brain establishes a brain-to-plasma osmotic
gradient. This gradient causes water influx into the brain
cells, and results in cerebral oedema and acute neurological
dysfunction. A high dialysate sodium concentration com-
pensates for the fall in plasma osmolality caused by the re-
moval of solutes during dialysis. As a result, plasma refill
improves and fall in plasma volume reduces.7 Maintaining
plasma osmolality during dialysis can protect the patient
from dialysis disequilibrium syndrome,8 since it avoids
water influx into the intracellular compartment.9 Nonethe-
less a high dialysate sodium concentration may cause a net
positive sodium balance. Sodium ramping aims to overcome
this problem by varying the dialysate sodium concentration
during dialysis from an initially high level (to offset the
fall in plasma osmolality) to a lower level towards the end
of dialysis to prevent a net sodium gain.10

The results of previous studies of the benefits of sodium
ramping have been inconsistent.11-17 We conducted a
prospective study to evaluate the effectiveness of sodium
ramping in reducing hypotensive episodes and disequilib-
rium symptoms during haemodialysis, and the side-effects
of interdialytic weight gain and hypertension.

Methods

Patients
Patients were selected from the Haemodialysis Unit of the
Princess Margaret Hospital, Hong Kong. Thirteen Chinese
patients on maintenance haemodialysis who experienced
frequent episodes of hypotension and/or frequent symptoms
during haemodialysis treatment in the preceding 4 weeks
were recruited. There were four female and nine male

patients with a mean age of 49.6 (standard deviation [SD],
10.5) years. Eight patients were receiving haemodialysis
2 times a week and the remaining five were receiving haemo-
dialysis 3 times a week. The length of dialysis treatment
ranged from 4 to 5.5 hours with a mean of 4.7 (SD, 0.5)
hours. Ten patients used the Gambro AK 200 haemodialysis
machine (Gambro, Lund, Sweden), two patients used the
Gambro AK 100 (Gambro, Lund, Sweden), and one patient
used the Fresenius 4008B (Fresenius Medical Care, Bad
Homburg, Germany). Dialysate sodium concentrations were
140 mmol/L in 11 patients and 135 mmol/L in two patients
throughout dialysis. Hollow-fibre dialysers and bicarbonate-
containing dialysate were used in all patients and the mean
dialysate bicarbonate level was 30.8 (SD, 3.4) mmol/L. The
mean ultrafiltration coefficient of the dialysers was 11.2 (SD,
11.7) mL/h·mm Hg.

Treatment protocol
Each patient was switched from conventional haemodialysis
with a constant dialysate sodium concentration to a ramped
sodium haemodialysis. The dialysate sodium concentration
was ramped from 150 mmol/L at the beginning of dialysis
to 140 mmol/L at the end of dialysis (linear sodium ram-
ping) [Fig]. The linear sodium ramping setting was pre-
programmed in the haemodialysis machine. Ultrafiltration
was maintained at a constant rate throughout dialysis. The
type of dialyser, dialysate bicarbonate concentration, and
length of dialysis were unchanged during the study period.
The patients were followed up for 4 weeks after conversion
to sodium ramping.

Outcome measures
Supine blood pressure was recorded before and after each
dialysis. Intradialytic blood pressure was monitored every
15 minutes to 1 hour depending on the haemodynamic state
of the patient. Hypotensive episodes were recorded. A
hypotensive episode was defined as an abrupt decrease in
systolic blood pressure to lower than 100 mm Hg or diastolic
blood pressure to lower than 60 mm Hg. Intradialytic
symptoms including cramps, dizziness, chest pain, nausea,
vomiting, and headache were also noted, along with
consequent nursing interventions. An intervention was
defined as any one of the following: an infusion of normal
saline, a bolus injection of 5.85% hypertonic saline,
reduction in blood flow rate, reduction or halting of
ultrafiltration, and discontinuation of haemodialysis. The
total number of hypotensive episodes, each individual
symptom, and each type of nursing intervention were
counted during the 4-week period of ramped sodium dialysis
and the preceding 4-week period of constant sodium dialysis.
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The variables for each mode of dialysis were then
compared. Data obtained during the preceding 4 weeks of
constant sodium dialysis served as the patients’ historical
control.

The interdialytic weight gain between two consecutive
haemodialysis sessions and the intradialytic weight loss
during a single dialysis treatment were recorded. Pre-dialysis
and post-dialysis serum sodium and blood urea levels were
checked during the last session of constant sodium dialysis
and during the period of ramped sodium dialysis. The urea
reduction ratio (URR) and single-pool Kt/V (spKt/V) of the
dialysis session were calculated using the pre-dialysis and
post-dialysis blood urea levels.

Statistical analysis
The non-parametric Wilcoxon signed rank test was used to
compare the means of the total number of hypotensive
episodes, individual intradialytic symptoms, each type of
nursing intervention, pre-dialysis and post-dialysis serum
sodium levels, URR, and spKt/V between the constant and
ramped sodium dialysis. The paired Student’s t test was
used to compare the means of the pre-dialysis and post-
dialysis systolic and diastolic blood pressures, the percent-
age decrease in systolic and diastolic blood pressures after
dialysis, the interdialytic weight gain, and the intradialytic
weight loss between the two modes of dialysis. A P value
of less than 0.05 was regarded as statistically significant.

Results

A total of 248 haemodialysis sessions undertaken by 13
patients were analysed. There was a 62% reduction in
intradialytic hypotensive episodes and an 87% reduction in
total intradialytic symptoms after switching to ramped
sodium dialysis (Table 1). All symptoms, including cramps,
dizziness, chest pain, nausea, vomiting, and headache were

significantly reduced. All nursing interventions required to
manage these complications were also significantly fewer
during ramped sodium haemodialysis (Table 2). Overall,
total nursing interventions were reduced by 85%. There
was no significant difference in the pre-dialysis systolic and
diastolic blood pressures between constant and ramped
sodium dialysis. However, the post-dialysis systolic and
diastolic blood pressures were significantly higher follow-
ing ramped sodium dialysis (Table 3). The percentage
decrease in systolic and diastolic blood pressures after
haemodialysis was smaller during sodium ramping but not
statistically significant (Table 3). The interdialytic weight
gain between two consecutive dialysis sessions was signifi-
cantly greater with ramped sodium haemodialysis. Intra-
dialytic weight loss was also significantly greater (Table 4).

There was no significant difference in pre-dialysis and
post-dialysis serum sodium level between constant and
ramped sodium dialysis (Table 5). No statistical difference
in URR and spKt/V between the two types of dialysis was
observed (Table 5).

Discussion

This study focused on the effect of sodium ramping on
intradialytic complications and events during haemodialysis.
There was a 62% reduction in hypotensive episodes, an 87%
reduction in intradialytic symptoms, and an 85% reduction
in nursing interventions after sodium ramping. The reduction
was marked for intradialytic symptoms and nursing
interventions. Certain symptoms such as chest pain, nausea,
vomiting, and headache virtually disappeared after sodium
profiling. Muscle cramps, previously the most common
intradialytic symptom, also showed a marked reduction. The
post-dialysis systolic and diastolic blood pressures were
higher during ramped sodium dialysis and there was a
smaller percentage decrease in both after dialysis although
statistically insignificant. Nonetheless there was no increase
in the pre-dialysis systolic and diastolic blood pressures.
Thus, sodium profiling does not seem to result in an increase
in pre-dialysis hypertension.

Sodium ramping was associated with some side-effects.
Interdialytic weight gain was greater although no patient
experienced any severe sequelae of fluid overload such
as congestive heart failure or pulmonary oedema. The
intradialytic weight loss also increased during the period of
sodium ramping reflecting greater intradialytic fluid
removal. There was no change in the pre-dialysis and post-
dialysis serum sodium concentration or dialysis adequacy
indices.

Previous studies of the benefits of sodium profiling
during haemodialysis have shown inconsistent results.11-17

Some studies showed a decrease in the incidence of
intradialytic hypotension and the need for nursing interven-
tions during profiled dialysis,11-14 but other studies showed
no such reduction.15,16 Sadowski et al15 demonstrated
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Fig. Linear sodium ramping used in this study
Dialysate sodium concentration was ramped down linearly from
150 mmol/L at the beginning of haemodialysis to 140 mmol/L at
the end of dialysis
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an improvement in cramps, headaches, and nausea; and
Levin and Goldstein17 showed an improvement in 70%
of lightheadedness or cramps and 100% of headaches

with sodium profiling. Nonetheless two other studies
demonstrated no such benefits.12,16 A greater interdialytic
weight gain after sodium profiling was observed in some

Table 1.  Hypotensive episodes and intradialytic symptoms during constant and ramped sodium haemodialysis

Constant sodium Ramped sodium P value
haemodialysis, n=13* haemodialysis, n=13*

Hypotensive episodes 5.8 (6.4) 2.2 (3.3) <0.05
Cramps 4.8 (3.1) 0.6 (1.0) <0.01
Dizziness 1.5 (1.9) 0.3 (0.6) <0.05
Other symptoms† 0.8 (1.2) 0 <0.05
Total symptoms 7.1 (3.4) 0.9 (1.3) <0.01

* Values are expressed as mean number of episodes (SD)
† Other symptoms include chest pain, nausea, vomiting, and headache

Table 2.  Nursing interventions during constant and ramped sodium haemodialysis

Constant sodium Ramped sodium P value
haemodialysis, n=13* haemodialysis, n=13*

Normal saline infusion 12.2 (2.1) 0.5 (1.2) <0.01
Hypertonic saline (5.85%) 13.8 (2.4) 0.4 (1.0) <0.01
Reducing blood flow rate 11.8 (1.3) 0.3 (0.9) <0.05
Reducing or stopping ultrafiltration 12.5 (2.2) 0.5 (1.2) <0.01
Stopping haemodialysis 11.0 (1.0) 0.2 (0.4) <0.05
Total interventions 11.3 (6.3) 1.7 (3.9) <0.01

* Values are expressed as mean number of interventions (SD)

Table 3.  Systolic and diastolic blood pressures during constant and ramped sodium haemodialysis

Constant sodium Ramped sodium P value
haemodialysis, n=124* haemodialysis, n=124*

Systolic blood pressure (mm Hg)
QPre-dialysis 155 (20) 159 (25) 0.053
QPost-dialysis 133 (22) 139 (23) <0.001
Q% Decrease 14 (13) 11 (15) 0.069
Diastolic blood pressure (mm Hg)
QPre-dialysis 83 (11) 85 (13) 0.056
QPost-dialysis 74 (13) 77 (11) <0.01
Q% Decrease 10 (15) 8 (13) 0.197

* n=number of haemodialysis treatments; values are expressed as mean (SD)

Table 4.  Body weight during constant and ramped sodium haemodialysis

Constant sodium Ramped sodium P value
haemodialysis, n=124* haemodialysis, n=124*

Interdialytic weight gain (kg) 2.7 (1.1) 3.1 (1.0) <0.001
Intradialytic weight loss (kg) 2.7 (1.0) 3.0 (1.0) <0.001

* n=number of haemodialysis treatments; values are expressed as mean (SD)

Table 5.  Pre-dialysis and post-dialysis serum sodium levels, and haemodialysis adequacy during constant and ramped sodium
haemodialysis

Constant sodium Ramped sodium P value
haemodialysis, n=7* haemodialysis, n=7*

Pre-dialysis serum sodium level (mmol/L) .137 (2)0. .137 (3)0. 0.683
Post-dialysis serum sodium level (mmol/L) .137 (4)0. .138 (1)0. 0.671
Urea reduction ratio (%) .175 (7)0. .175 (8)0. 0.735
Single-pool Kt/V 11.8 (0.3) 11.8 (0.4) 0.612

* Values are expressed as mean (SD)
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reports,13,14 but not others.11,12,15-17 The techniques of sodium
profiling and the dialysate sodium concentrations used
in these studies were quite heterogeneous. Different
ramping methods—linear, stepwise, and exponential—
have been used and the dialysate sodium concentration
used at the beginning of dialysis ranged widely from 145 to
160 mmol/L. It remains unclear whether different methods
of sodium profiling and different dialysate sodium con-
centrations at the beginning of dialysis will have different
effects on intradialytic morbidity. A significant elevation
of serum sodium level after both linear and stepwise so-
dium ramping dialysis has been demonstrated.13 This study,
however, demonstrated no change in serum sodium level
after ramping dialysis although there was a greater
interdialytic weight gain.

Sodium ramping (from 150 to 140 mmol/L, linear)
effectively reduced intradialytic hypotensive episodes and
disequilibrium symptoms. Post-dialysis blood pressure was
better maintained and there was a trend towards a lesser
drop in blood pressure after dialysis. As to side-effect,
sodium ramping resulted in a greater interdialytic weight
gain. Large-scale studies to compare different types of
sodium profiling (linear, stepwise, and exponential) and
different dialysate sodium concentrations, and their effect
on haemodynamic stability and individual intradialytic
symptoms are required.
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