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dialysate. Nitric oxide production, cytokine activation
as well as neutrophil activation were found to be less
during acetate free biofiltration compared with acetate
dialysis as well as bicarbonate dialysis containing
small amounts of acetate [5,17,18].

Acetate free biofiltration was shown to be of benefit
in the reduction of IDH in some, but not all papers.
However, also the convective principle of acetate
free biofiltration and sodium infusion might influence
haemodynamic stability (see Dialysate and body
temperature), making it difficult to discriminate
between the effects of absence of acetate and the
other effects.

Summarizing, the decline in BP and incidence of
IDH is higher with the use of acetate as dialysate
buffer. Standard bicarbonate concentrations have no
haemodynamic disadvantage compared with low
dialysate bicarbonate concentrations if a dialysate
calcium concentration of 1.50 mmol/1 is used.

Recommendations for research

To investigate the role of acetate-free on-line
haemo(dia)filtration on NO-cytokine synthesis and
IDH.
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3.2.3 Dialysate calcium

e Guideline 3.2.3 The use of a dialysate calcium
concentration of 1.50 mmol/l should be considered in
patients with frequent episodes of IDH, unless contra-
indications are present (Evidence level II).

Rationale

Changes in ionized calcium play a pivotal role in
myocardial contractility during dialysis. Several studies
showed a lower myocardial contractility between
patients treated with a low (1.25mmol/l) compared
with patients treated with a high (1.75mmol/l)
dialysate calcium concentration [1,2]. Moreover, the
change in mean arterial pressure during dialysis was
inversely related to the change in ionized calcium levels
[3] whereas in two studies, one of which was performed
in cardiac compromised patients the decline in BP was
less with the dialysate concentration of 1.75mmol/l
compared with 1.25 mmol/l [2,4]. In another study, no
difference in the BP response was observed between
high- and low-calcium dialysate [5]. On, the other
hand, high-calcium dialysate leads in general to a
positive calcium balance during dialysis, whereas
calcium balance is generally negative with low calcium
dialysate [6]. High calcium dialysate may have short-
term adverse effects on arterial stiffness and cardiac
relaxation [3,8], although another study did not find an
effect of an increase in ionized calcium levels during
high-calcium dialysis on diastolic function of the heart
[9]. The relation between dialysate calcium concentra-
tion and vascular calcifications has not yet been
studied.

A dialysate calcium concentration of 1.50 mmol/l has
less pronounced effects on calcium balance compared
with dialysate calcium concentrations of respectively
1.25 or 1.75mmol/l. In general, also depending on
ultrafiltration, calcium balance is slightly negative with
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a dialysate calcium concentration of 1.50 mmol/l [6],
although in patients with low pre-dialytic plasma
calcium levels, a positive calcium balance may occur
with the use of 1.50 mmol/l and even 1.25 mmol/I [10]

A randomized cross-over study found a lower
incidence of IDH and less decline in BP with the use
of a dialysate calcium concentration of 1.50 mmol/l
compared with low-calcium dialysis. In this study,
dialysate bicarbonate concentration was 26 mmol/l
during low-calcium dialysis and 32mmol/l with the
dialysate calcium concentration of 1.50 mmol/l [11]
(see also dialysate buffer).

Another randomized cross-over study assessed the
effect of calcium profiling on haemodynamic stability
during dialysis in 18 patients. During a 9-week period,
three treatments differing in dialysate calcium con-
centration were applied, respectively 1.25mmol/l,
1.50 mmol/l and a profiled treatment with a calcium
concentration of 1.25mmol/l during the first 2h and
1.75 mmol/l during the remaining 2 h. With the profiled
treatment, intra-dialytic events were reduced compared
with the treatments with dialysate calcium concentra-
tions of 1.25mmol/l and 1.50 mmol/I [12]. No studies
have been performed comparing a dialysate calcium
concentration of 1.50 mmol/l with a dialysate calcium
concentration of 1.75 mmol/l.

It is recognized by the working group that the
K/DOQI Clinical Practice Guidelines for Bone
Metabolism and Disease in Chronic Kidney Disease
advise a routine prescription of dialysate calcium
concentration of 1.25mmol/l [13]. In the opinion of
the working group, the potential benefits of 1.25
dialysate calcium concentrations on vascular calcifica-
tion should be balanced against the negative effects on
haemodynamic stability in patients with frequent
episodes of IDH.

Summarizing, most studies showed a positive effect
of high calcium dialysate on haemodynamic stability
during dialysis compared with low-calcium dialysate.
However, high calcium dialysate may lead to positive
calcium balance in short- and long-term, with the
potential for adverse effects. One study showed a
decline in IDH with the use of a dialysate calcium
concentration of 1.50mmol/l compared with low
calcium dialysis Few other studies compared the
haemodynamic effects of a dialysate calcium concen-
tration of 1.5mmol/l with high- or low-calcium
dialysate.

Recommendations for research

To perform further studies on the effects of dialysate
calcium concentration (1.50mmol/l vs high or low
calcium dialysate) on IDH. To perform studies on the
effects of dialysate calcium concentration on vascular
calcification.
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3.2.4 Other dialysate components

e Guideline 3.2.4a In patients with frequent episodes
of IDH, low (0.25 mmol/l) magnesium dialysate
should be avoided, especially in combination with
low-calcium dialysate (Level II).

e Guideline 3.2.4b Glucose-free dialysate concentra-
tions should be avoided in diabetics (Opinion).

Rationale

Also other components of the dialysate may influence
haemodynamic stability during dialysis. In diabetic
patients, one randomized cross-over study found a
reduced incidence of IDH and a reduction of
hypoglycaemic episodes with a higher (11 mmol/l)
compared with a conventional (5.5mmol/l) glucose
concentration of the dialysate [1]. However, the EBPG
working group felt that further research is needed
before definite recommendations regarding dialysate
glucose prescription in diabetic patients could be made,
as the prescription of high (11 mmol/l =2 g/dl) glucose
dialysate only for diabetic patients would necessitate
relatively large changes in the organization of the
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dialysis clinic. At present, it would appear rational to
refrain from the use of glucose-free dialysate in diabetic
patients. No study has assessed the role of dialysate
glucose concentrations in non-diabetic patients.

Also a low magnesium (0.25 mmol/l) concentration
of the dialysate was associated with a larger decline
in BP and higher frequency of IDH compared
with a higher dialysate magnesium concentration
(0.75mmol/l), especially in association with a low-
calcium dialysate [2].

Dialysate potassium concentration was found to
have an effect on inter-dialytic BP, but not on intra-
dialytic BP [3].

Summarizing, there is limited evidence that other
dialysate components, such as glucose (diabetics) and
magnesium may influence the BP response during
dialysis. No effect of dialysate potassium on intra-
dialytic haemodynamics was observed.

Recommendations for research

To perform further studies on the effects of different
dialysate glucose concentrations on the incidence of
IDH in diabetic patients.
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3.3 Dialysis membranes and contamination of
dialysate

e Guideline 3.3 No particular dialysis membranes
should be preferred to prevent IDH (Level II).

Rationale

With unmodified cellulosic membranes, the activation of
mononuclear cells and resulting generation of cytokines
is higher compared with biocompatible membranes. It
has been suggested that this phenomenon might play a
role in the pathogenesis of IDH by impairing the
vascular response to a decline in blood volume [1]. One
multicenter double-blind RCT compared the effects of
high-flux polysulfone with a low-flux cuprophane
membrane on acute intra-dialytic complications [2].
The incidence of IDH was similar with high-flux
polysulfone (23.8%) and low-flux cuprophan mem-
branes. Other prospective randomized cross-over trials
also did not show a difference in IDH between
cuprophane and high- or low-flux synthetic membranes
(19 vs 22%) [3-5]. In one study, an increase in
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intradialytic symptoms, but not of IDH, was observed
with cuprophane compared with polysulfone low-flux
membranes [6]. No study has yet compared the
haemodynamic effects of low- vs high-flux membranes
with the same biocompatibility characteristics.

Contaminated dialysate may stimulate the formation
of vasoactive cytokines through activitation of mono-
cytes. No studies have addressed the effect of dialysate
contamination on IDH. In one study, no difference
in vascular reactivity was observed among patients
treated with ultrapure dialysate or contaminated
dialysate [7]. However, this study did not address
the effect of ultrapure dialysate on IDH per se.

Summarizing, there is no evidence that biocom-
patible membranes have a beneficial effect in the
prevention for IDH. No studies have been
performed assessing the effects of ultrapure dialysate
on IDH.

Recommendations for research

To assess the effect of ultrapure dialysate on IDH.
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3.4 Dialysate and body temperature

e Guideline 3.4.1 Cool dialysate temperature dialysis
(35-36°C) or isothermic treatments by blood
temperature controlled feedback should be prescribed
in patients with frequent episodes of IDH (Evidence
level I).

e Guideline 3.4.2 With cool temperature dialysis,
dialysate temperature should be gradually reduced
in steps of 0.5°C from 36.5°C until symptoms are
controlled (Opinion).

e Guideline 3.4.3 Dialysate temperatures <35°C should
not be used (Opinion).
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Rationale

During haemodialysis with standard dialysis tempera-
tures (>37°C), core temperature increases despite
net energy loss over the extracorporeal system [1-6].
This phenomenon is not fully understood. It may be
partly due to reduced heat loss from the skin resulting
from vasoconstriction in response to a decline in blood
volume [3]. The increase in core temperature leads to
subsequent dilatation of resistance and capacitance
vessels in the skin, antagonizing the physiologic
response to hypovolaemia [7]. However, this hypoth-
esis has recently been challenged [8]. In order to
prevent this increase in core temperature, a significant
amount of thermal energy, amounting to 30% of daily
resting energy expenditure, has to be removed by the
extracorporeal circuit by cooling the dialysate [9].
Various randomized cross-over trials showed that
dialysis with cooler dialysate temperatures (in most
studies 35°C) was associated with improved reactivity
of peripheral resistance and capacitance vessels,
increased myocardial contractility [10], reduced BP
decline and reduced frequency of IDH compared
with dialysis with dialysate temperatures of 37-37.5°
[5,11-20]. Most studies were of relatively short dura-
tion. Only one small study compared cool dialysis with
dialysate temperatures <37°C. In this study, an
improvement in patients perception of haemodialysis
and reduced decline in BP was observed when patients
were dialysed against a dialysate temperature of 35°C
compared with 36.5°C [21].

Cool temperature dialysis was found to be equally
effective in the prevention of IDH compared with
sodium profiling [12] and use of midodrine [22]. In a
recent systematic review, 22 studies comprising 408
patients were assessed (in 16 studies, the effects of a
fixed low dialysate temperature were assessed, whereas
six studies addressed blood temperature controlled
treatments). Pooling all these studies, IDH occurred
7.1 times less frequently with cool or blood tempera-
ture controlled dialysis, whereas post-dialysis mean
arterial pressure was 11.3 mmHg higher compared with
standard dialysate temperature [23].

Cool dialysis may lead to shivering. Moreover,
in two [1,4], but not in other studies [2,18], the decline
in blood volume was significantly larger during cool
dialysis, possibly due to reduced refill of blood volume
from the interstitium due to peripheral vasoconstric-
tion. Still, even in the study in which the decline
in blood volume was larger during cool dialysis,
haemodynamic stability was improved compared
with standard temperature dialysis [4]. No effect on
urea kinetics was observed during cool dialysis [15,18].

It is not well known whether it is sufficient to
prevent the increase in core temperature or whether
better results are obtained when the core temperature
of the patient is decreased. Moreover, the optimal
dialysis temperature is not known, and may depend
upon the pre-dialytic core temperature of the patient
[24]. As cool dialysis may occasionally lead to
shivering, the working group advises to gradually
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lower dialysate temperature from 36.5°C downwards
during different dialysis sessions in order to achieve
the best clinical result in individual patients. In order to
reduce potential side effects and because of limited
experience and unproven benefit of dialysate tempera-
tures <35°C, the working group felt that dialysate
temperatures <35°C should not be used.

The increase in core temperature during dialysis may
be prevented without cooling the patient by feedback
technology. One randomized cross-over multicentre
study showed a markedly reduced incidence (—50%)
of IDH with controlled extracorporeal blood cooling
by feedback technology, by which the increase in core
temperature was prevented (isothermic treatments) [1].
However, at present temperature controlled feedback
is not yet an option present on the majority of dialysis
modules.

Summarizing, cool temperature dialysis and
temperature controlled feedback are effective in
preventing IDH without clinically significant side
effects. In order to reduce side effects such as shivering,
the panel advises to reduce dialysate temperature from
36.5°C downward until an optimal effect is reached.
There is limited evidence and unproven benefit of
reducing dialysate temperatures <35°C.

Recommendations for research

To compare the effects of cool temperature dialysis
and temperature controlled feedback on IDH and
side effects.
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3.5 Convective techniques and isolated
ultrafiltration

e Guideline 3.5.1 Haemo(dia)filtration techniques
should not be considered a first-line option for the
prevention of IDH, but as a possible alternative to
cool dialysis (Evidence level IT).

Rationale

Various randomized and non-randomized cross-over
trials found a reduced incidence of IDH and lesser
decline in BP during convective therapies compared
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with HD. This holds true for (on-line) haemofiltration,
haemodiafiltration and acetate-free biofiltration [1-5].

However, other studies did not find a reduction in
IDH with haemodiafiltration or acetate-free biofiltra-
tion compared with bicarbonate dialysis [6,7]. Also, a
recent systematic review, in which only a limited
number of studies were included, did not show
differences in IDH between haemodialysis and con-
vective treatments [8]. Still, the reactivity of resistance
and capacitance vessels during convective therapies
is superior compared with standard haemodialysis
sessions [1,9].

There has been discussion about the physiologic
mechanisms of the improved vascular response during
convective therapies. Some studies showed different
effects of haemodialysis and haemofiltration on
sodium balance [10,11]. Although an increased
removal of vasodepressor substances has been
hypothesized [9], extracorporeal cooling during
haemofiltration is larger compared with haemodialysis
[12,13], which has a profound effect on vascular
reactivity [14] (see Dialysis and body temperature).
This even holds true for on-line haemodiafiltration,
because of additional energy loss from the substitution
line [15,16]. When matched for thermal energy transfer,
the decline in BP or incidence of IDH was found to be
comparable to dialysis and haemo(dia)filtration
[15,17-19]. Thus, it appears that with cooling of the
dialysate, the same haemodynamic response can be
obtained during haemodialysis as compared with
convective treatments. However, except from [15],
all of the studies performed on this subject were
short-term. Trials comparing haemodynamic tolerance
between different convective techniques are scarce.
In one cross-over trial, the incidence of IDH was less
during on-line haemofiltration compared with on-line
haemodiafiltration [20]. However, extracorporeal
blood cooling is larger during on-line haemofiltration
compared with on-line haemodiafiltration [16]. Also,
extracorporeal blood cooling will depend on the place
of infusion and will be larger in the pre-dilution
compared with the post-dilution mode [16].

Summarizing, in various studies, the incidence of
IDH was found to be less during convective techniques
compared with conventional haemodialysis treatment,
However, no difference in IDH or intra-dialytic BP
decline was observed when haemodialysis and con-
vective treatments were matched for thermal and other
confounding factors.

Recommendation for research

Perform long-term randomized studies including
on-line HF, on-line HDF and haemodialysis to assess
their respective effect on IDH when thermally
matched.
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e Guideline 3.5.2 Sequential isolated ultrafiltration
followed by isovolemic dialysis should not be used as
a regular strategy for the prevention of IDH
(Evidence level II).

Rationale

During isolated ultrafiltration, the constriction of
resistance and capacitance vessels is superior compared
with standard haemodialysis treatment [1-3]. However,
this difference appears to be minimized when haemo-
dialysis and isolated ultrafiltration are thermally
matched [4-7]. In one randomized cross-over study,
the effect of isolated ultrafiltration (1 h followed by 3h
of isovoalemic dialysis) was compared with standard
haemodialysis, high sodium dialysis, sodium profiling
or cool temperature dialysis [8]. The incidence of IDH
was significantly higher during isolated ultrafiltration
compared with the other experimental protocols,
possibly because of the high ultrafiltration rates.
It should be stated that in this study, all the volume
was removed during isolated ultrafiltration followed by
isovolaemic haemodialysis, resulting in very high
ultrafiltration rates during the initial procedure.

Summarizing, isolated ultrafiltration followed by
isovolaemic dialysis may actually increase the risk for
IDH because of the high ultrafiltration rates.

Recommendation for research

To compare the haemodynamic effects of more
gradual ultrafiltration rates during isolated ultrafiltra-
tion, followed by ultrafiltration combined with
haemodialysis with those of cool dialysis.
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3.6 Dialysis duration and frequency

e Guideline 3.6 A prolongation in dialysis time or
an increase in dialysis frequency should be
considered in patients with frequent episodes of IDH
(Levels II-IIT).

Rationale

Increasing dialysis time enables the reduction of
ultrafiltration rate, which will lead to a more gradual
decline in blood volume. Studies towards the effect of
prolonging dialysis time on IDH are scarce, however.
One randomized cross-over trial assessed the effects of
4 vs 5h treatment time on intra-dialytic tolerance and
found a reduction in hypotensive episodes [I].
Moreover, the effects of a reduction of ultrafiltration
rate, which can only be achieved by prolonging dialysis
time, was studied in cardiac compromised patients.
In this study, a less pronounced fall in SBP was
observed with an UF-rate of 500 compared with an UF
rate of 1000 ml/h [2]. In DOPPS, the incidence of IDH
was £30% less in patients with prescribed UF rates
<11 ml/kg/h compared with patients with higher
presecribed UF rates [3]. Also mortality was lower in
patients treated with UF rates <10ml/kg/h [3].
In patients dialysed 8h for three times weekly,
the incidence of hypotension was found to be very
low [4].

With more frequent dialysis, such as quotidian
dialysis or short daily dialysis, BP is better controlled
and left ventricular mass is reduced [5]. Because of the
more frequent sessions, ultrafiltration volume is
reduced [5]. One non-randomized cross-over study [6]
showed a reduction in IDH by a change from three
times 4h per week to six times weekly 2h dialysis
sessions. Another cross-over study also showed a
reduction in the need for saline infusion after conver-
sion from thrice weekly dialysis sessions to six times
weekly 2h sessions [7]. In a cohort study, 23 patients
(11 patients, short daily HD; 12 patients, long
nocturnal HD) were compared with 22 conventional
thrice-weekly HD patients serving as controls.
A reduced incidence in dialysis-related symptoms was
observed in patients treated with short daily HD [8].
However, in the study by Fagugli et al. including stable
patients, no difference in IDH was observed between
short daily haemodialysis and standard thrice-weekly
dialysis [5].

Summarizing, available evidence shows that
prolonging dialysis time may result in the reduction
of IDH, whereas a reduction in ultrafiltration rate
resulted in a less pronounced decline in systolic BP in
patients with compromised cardiac function.

The scarce available evidence suggests that IDH can
be reduced by more frequent dialysis sessions.
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However, for logistic reasons, this approach may not
be possible yet or at least difficult to achieve in a
substantial part of dialysis units.

Recommendation for research

Perform randomized studies towards the effect of more
frequent dialysis on IDH.
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3.7 Switch to peritoneal dialysis

e Guideline 3.7 A treatment change to peritoneal
dialysis should be considered in patients who remain
refractory to interventions for the prevention of IDH
(Opinion).

Rationale

Due to its (semi)continuous nature, peritoneal dialysis
leads to more gradual fluid removal compared with
intermittent haemodialysis and would, therefore,
appear preferable in patients with intractable dialysis
hypotension. However, no studies assessed the
effects of a treatment change from haemodialysis to
peritoneal dialysis on the propensity to hypotension.

Summarizing, there are no studies evaluating
the effects of a shift from HD to PD on IDH.

Recommendations for research

Study the incidence of symptomatic hypotension after
patients have switched treatment from haemodialysis
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to peritoneal dialysis (also if for other reasons than
refractory hypotension).

4. Avoidance of antihypertensive drugs and
prescription of vasoactive medication before
dialysis

e Guideline 4.1 In patients with frequent episodes
of IDH, antihypertensive agents should be given
with caution prior to dialysis depending on pharma-
codynamics, but should not be routinely withheld on
the day of haemodialysis treatment (Evidence
level III).

Rationale

Stepwise reduction of antihypertensive agents is
necessary to achieve dry weight in dialysis patients
[1,2]. However, it may be necessary to continue
vasoactive agents in individual dialysis patients
(beta blocking agents, angiotensin converting enzyme
inhibitors, angiotensin receptor blocking agents) due to
co-existing cardiovascular disease or persistent
volume-independent hypertension.

There is limited evidence about the effect of
antihypertensive agents on IDH. In one large cohort
study, calcium antagonists or ACE inhibitors were not
a predictor for the risk of frequent IDH episodes,
whereas the use of nitrates was an independent risk
factor [3]. However, from these data, no causal
relationships can be estimated. One randomized
cross-over study did not find a difference in IDH
between patients receiving a pre-dialytic dose of
verapamil vs placebo [4]. Another randomized cross-
over trial found post-dialytic orthostatic hypotension
in all haemodialysis patients given (the very high dose
of) 100mg captopril after dialysis [5]. Although the
effect of such agents on IDH has not been adequately
studied, it would appear rational not to give short-
acting antihypertensive agents immediately before a
dialysis session.

Summarizing, there is no evidence that routinely
withholding antihypertensive treatment on the day of
dialysis treatment is of benefit in the prevention of
IDH. The use of nitrates was independently associated
with risk of frequent IDH episodes, although a cause
or effect relationship from these data cannot be
estimated.

Recommendation for research

Assess the effect of withholding antihypertensive
treatment on the day of dialysis on IDH and inter-
dialytic BP control. Assess the effect of different dosing
schedules on the same parameters.
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e Guideline 4.2 Midodrine should be considered if other
treatment options have failed (Evidence level I).

Rationale

Midodrine is an oral alpha-1 agonist. The metabolite
of midodrine, desglymidodrine, induces constriction of
both resistance and capacitance vessels.

In a systematic review including 37 papers,
the effectiveness of midodrine was assessed [1]. In the
included studies the dose of midodrine varied between
2.5 and 10 mg before dialysis. The mean nadir systolic
BP was 13mmHg higher compared with placebo.
Ten studies assessed the role of midodrine in the
prevention of IDH, of which six showed an improve-
ment in symptoms [1]. Side effects reported are scalp
parestehesias, heartburn, flushing, headache, neck pain
and weakness.

One study compared the effectiveness of midodrine
compared to cool dialysis [2]. Both cool dialysis and
midodrine appeared to be effective in the prevention of
IDH, whereas no difference in the BP response or
incidence of IDH was observed between the two
therapies. No additive effect of the combination of
both therapies was shown.

It should be mentioned that midodrine is not
registered for this indication in all European countries.
Moreover, long-term safety in dialysis patients has not
been assessed.

The effectiveness of various vasoactive drugs in the
prevention of IDH has been assessed. Data on the
effectiveness and safety of -DOPS, lysine vasopressine,
ergotamine, methylene blue and dobutamine are
limited and insufficient to make firm recommendations
[3—7]. Data on sertralin, a serotonin reuptake inhibitor,
are controversial [8,9]. Recently, a randomized trial
showed a reduction in IDH with continuous infusion
of vasopressin during dialysis [10].

Summarizing, Midodrine (starting dose 2.5mg
30 min before dialysis, maximal dose 10 mg) is effective
and probably safe in preventing IDH, although
data on long-term safety are lacking. However,
the superiority of midodrine above other interventions
has not yet been shown. Evidence for the effectiveness
and safety of other vasoactive drugs is limited.
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Recommendations for research

To compare the effect of midodrine and cool dialysis in
larger long-term randomized studies.
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e Guideline 4.3 L-carnitine supplementation should be
considered for the prevention of IDH if other
treatment options have failed (Evidence level III).

In haemodialysis patients, L-carnitine levels may be
low because of reduced biosynthesis in the kidney and
losses in the dialysate. L-carnitine deficiency may
lead to reduced systolic function of the heart. In an
uncontrolled study, L-carnitine supplementation
resulted in an improvement in left ventricular ejection
fraction [1]. In another study, a relation between
low carnitine levels and IDH was observed [2].
One randomized study showed an improvement in
IDH after L-carnitine supplementation [3]. However, in
this study, haemodynamic stability was one of many
endpoints. Moreover, no further studies have assessed
the effects of L-carnitine supplementation on IDH.

It is not known whether the potential beneficial
effects of L-carnitine supplementations on IDH are
restricted to patients with reduced left ventricular
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systolic function or those with reduced plasma
carnitine levels.

In view of these uncertainties and the limited
evidence on the potential beneficial effects of
L-carnitine supplementation on IDH, the working
group felt that other strategies should be attempted
before L-carnitine supplementation (20 mg/kg at the
end of each dialysis session) [4] is to be considerated.
From a theoretical point of view, carnitine supple-
mentation may be beneficial in patients with otherwise
unexplained systolic dysfunction and IDH.

Summarizing, there is limited evidence
l-carnitine supplementation is beneficial in
prevention of IDH.

that
the

Recommendations of research

Perform more extended studies regarding the effect of
l-carnitine supplementation on IDH.
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5. Stratified approach to prevent IDH

First-line approach

Dietary counselling (sodium restriction).
Refraining from food intake during dialysis.
Clinical reassessment of dry weight.

Use of bicarbonate as dialysis buffer.

Use of a dialysate temperature of 36.5°C.

Check dosing and timing of antihypertensive agents.

Second-line approach

e Try objective methods to assess dry weight.

e Perform cardiac evaluation.

e Gradual reduction of dialysate temperature from
36.5°C downward (lowest 35°C) or isothermic
treatment  (possible  alternative:  convective
treatments).
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e Consider individualized blood volume controlled
feedback.

e Prolong dialysis
frequency.

e Prescribe a dialysate calcium concentration of 1.50
mmol/l.

time and/or increase dialysis

Third-line approach (only if other treatment options
have failed)

Consider midodrine.
Consider L-carnitine supplementation.
Consider peritoneal dialysis.

6. Treatment of IDH

6.1 Trendelenburg position

e Guideline 6.1 The Trendelenburg position should be
considered in the treatment of IDH. However,
efficacy may be limited (Opinion).

Rationale

Trendelenburg’s position is very commonly applied in
the treatment of IDH. With the use of this manoeuver,
blood volume is believed to be centralized. Still, in
normotensive volunteers, the increase in central blood
volume was 1.8% [1]. In hypotensive non-uraemic
patients, the Trendelenburg position did not increase
BP [2]. The Trendelenburg position is widely used in
the treatment of IDH. However, few studies have
addressed its efficacy. In a cross-over study in dialysis
patients, the increase in blood volume after
Trendelenburg position was 0.4% only [3]. Data on
BP changes during dialysis after the application of the
Trendelenburg position are lacking.

Summarizing, the effect of the Trendelenburg
position on blood volume appears to be small, whereas
data on BP are lacking.

Recommendation for research

To assess the effect of the Trendelenburg position on
the BP course as preventive or therapeutic manoeuver
for IDH.
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6.2 Stopping ultrafiltration

e Guideline 6.2 Ultrafiltration should be stopped during
an episode of IDH (evidence level III).
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Rationale

Stopping ultrafiltration will prevent a further decline in
blood volume and may facilitate refill of blood
volume from the interstitial compartment. Stopping
ultrafiltration resulted in an increase in blood volume
of 2-2.3% [1]. Data on the BP response to this
manoeuver are lacking. Slowing blood flow rate is also
sometimes used in the treatment of IDH. However,
no data are present that assessed the effect of this
manoeuver on the BP response. In a randomized cross-
over study, no difference in left ventricular function
was observed between treatment sessions with respec-
tive blood flow rates of 250, 350 or 450 ml/min [2].

Summarizing, stopping ultrafiltration during IDH
may result in an increase in blood volume. No effects
of different blood flow rates on haemodynamic
parameters have been reported.

Recommendation for research

To assess the effect of adjusting blood flow rate on the
BP course and as preventing manoeuver or therapy for
IDH.
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high blood flow rate on left ventricular function during
hemodialysis—an echocardiographic study. Clin Cardiol 1993; 16:
791-795

6.3 Infusion fluids

e Guideline 6.3.1 Isotonic saline should be infused in
patients unresponsive to stopping ultrafiltration and
Trendelenburg’s position during an episode of IDH
(Evidence level II).

e Guideline 6.3.2 Infusion of colloid solutions should be
considered n patients who remain unresponsive to
saline infusion (Evidence level III).

Rationale

In patients who are unresponsive to Trendelenburg’s
position and stopping ultrafiltration, infusion fluids
are commonly used to increase blood volume during
an episode of IDH. Both crystalloid and colloid
solutions have been studied in the treatment of IDH.
Several studies have assessed the effect isotonic saline,
hypertonic saline, hypertonic glucose, mannitol and
colloid solutions. In a study in six stable dialysis
patients, which compared the effects of isovolumetric
infusions of glucose 5 and 20%, saline 0.9 and 3.0% and
mannitol 20% on blood volume during ultrafiltration,
the increase in blood volume was largest during the
hypertonic glucose solutions [1]. In another study, the
increase in blood volume was larger after the infusion of
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100ml of the plasma expander gelofusine compared
with 100ml isotonic saline, whereas the increase in
blood volume was in turn larger after infusion of 100 ml
of isotonic (0.9%) saline compared with 10ml of
hypertonic (20%) saline [2]. In another study in 10
stable dialysis patients, the effects of hydroxy-ethyl-
starch (HES) 10% and albumin 5% on blood volume
were superior compared with isotonic saline [3].

Effects of hypertonic glucose, mannitol, and gelofu-
sine have not been studied in hypotensive-prone
dialysis patients.

One randomized controlled trial in 72 patients did not
find a difference in efficacy between albumin and 0.9%
saline infusion in the treatment of IDH [4]. In contrast,
another randomized study showed an improved BP
response with a dextran/hypertonic saline combination
compared with hypertonic saline (3%) alone.

Also, in patients prone to hypotensive episodes, the
BP response with hydroxyethylstarch 10% was found
to be superior to hypertonic saline, and did not differ
significantly from albumin infusion [5]. Given in large
doses, hydroxy-ethyl starch (HES) may accumulate in
patients with renal failure. HES may accumulate
in patients with renal failure, as the elimination time
is 3-fold prolonged. However, a dose of 100 ml HES
10% /week appears to be safe [5].

Summary of evidence

In a randomized study, both isotonic saline and
albumin solutions were effective in the treatment of
IDH. Evidence with regard to the relative efficacy of
crystalloid and colloid solutions is conflicting.
Hypertonic saline does not appear to be more
efficacious than isotonic saline. Albumin does not
appear to be superior to hydroxyethylstarch in the
treatment of IDH.

Recommendation for research

To perform randomized studies to compare the
efficacy of isotonic saline and hydroxyl-ethyl starch
in the treatment of IDH.
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6.4 Protocol-based treatment

e Guideline 6.4 The development a centre-specific
protocol, with stepwise interventions for the treatment
of IHD should be considered (Evidence level III).

Rationale

Emily et al. prescribed the stepwise infusion of
isotonic and hypertonic saline, followed by mannitol
infusion if the effect was insufficient, before albumin was
infused. Using this treatment protocol, the authors were
able to reduce the use of albumin from 11% to 6% [1].

Summarizing, a centre-specific protocol leads to a
reduction in the use of albumin solutions.

Recommendation for research

To perform additional studies towards the cost
effectiveness of protocol-based interventions for the
treatment of IDH.

1. Emili S, Black NA, Paul RV, Rexing CJ, Ullian ME.
A protocol-based treatment for intradialytic hypotension in
hospitalized hemodialysis patients. 4m J Kidney Dis 1999; 33:
1107-1114
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