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● Background: Many reports note that the use of cool dialysate has a protective effect on blood pressure during
hemodialysis (HD) treatments. However, formal clinical trials in which dialysate temperature is tailored to the body
temperature of appropriately selected hypotension-prone patients are lacking. Methods: We investigated the effect
of thermal control of dialysate on hemodynamic stability in hypotension-prone patients selected from 27 centers in
nine European countries. Patients were eligible for the study if they had symptomatic hypotensive episodes in 25%
or more of their HD sessions, assessed during a prospective screening phase over 1 month. The study is designed
as a randomized crossover trial with two phases and two treatment arms, each phase lasting 4 weeks. We used a
device allowing the regulation of thermal balance (Blood Temperature Monitor; Fresenius Medical Care, Bad
Homberg, Germany), by which we compared a procedure aimed at preventing any transfer of thermal energy
between dialysate and extracorporeal blood (thermoneutral dialysis) with a procedure aimed at keeping body
temperature unchanged (isothermic dialysis). Results: One hundred sixteen HD patients were enrolled, and 95
patients completed the study. During thermoneutral dialysis (energy flow rate: �E � �0.22 � 0.29 kJ/kg * h), 6 of 12
treatments (median) were complicated by hypotension, whereas during isothermic dialysis (energy flow rate: �E �
�0.90 � 0.35 kJ/kg * h), the median decreased to 3 of 12 treatments ( P < 0.001). Systolic and diastolic blood
pressures and heart rate were more stable during the latter procedure. Isothermic dialysis was well tolerated by
patients. Conclusion: Results show that active control of body temperature can significantly improve intradialytic
tolerance in hypotension-prone patients.
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SYMPTOMATIC hypotension is themost fre-
quent acute complication affecting patients

during chronic hemodialysis (HD) treatment ses-
sions. Although not yet fully elucidated, the
origin of hypotension is clearly multifactorial;
some factors are patient related and others are
dialysis-treatment technique related. Among
these, dialysate temperature has been shown to
have an important role. Since the first original
reports in the early 1980s,1-4 many studies have
confirmed that if dialysate temperature is ad-
justed to the range of 34°C to 35.5°C, cardiovas-
cular tolerance to HD treatment is better than if
dialysate temperature is set to 37°C or higher.5-15

The use of warmer dialysate is associated with an
increase in core body temperature,2,5,16shown to
interfere with the appropriate hemodynamic re-
sponse to body fluid removal, thus favoring the
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onset of hypotensive episodes in predisposed
patients.2,7,12,15-20Conversely, the use of dialysate
at a lower temperature, which has little effect on
or even reduces body temperature, favors the
appropriate cardiovascular response to fluid re-
moval.7,12,15,18-21However, data are lacking about
the optimal dialysate temperature that does not
expose patients to the uncomfortable cold stress
reported by several investigators, while afford-
ing a protective effect on cardiovascular stabil-
ity.9,12,22

Early studies1-4 used very low dialysate tem-
peratures (�35°C) with the aim of reproducing
as closely as possible the thermal setting of
procedures alleged to provide the best protection
of cardiovascular stability, such as isolated ultra-
filtration and hemofiltration. Because body hyper-
thermia induced by dialysis treatment is an impor-
tant factor predisposing to hypotension,5,12,16-19,23

it would appear more logical to manipulate dialy-
sis thermal setting to prevent heat accumulation
in the body, rather than inflict an empirical cold
stress.24 Pursuing such a goal implies that dialy-
sate temperature should be modulated according
to the needs of the individual patient because
pre-HD body temperatures vary widely among
patients,22 and increases in body temperature
vary according to their ultrafiltration require-
ment.25

With the present study, we aim to investigate
whether preventing the hyperthermic response
has favorable effects on hemodynamic stability
during the HD procedure while affording good
tolerance to patients. In contrast to most previous
studies in which a fixed dialysate temperature
was applied,1-15,21,22,26we used a device allowing
feedback regulation of thermal balance accord-
ing to the patient’s individual body temperature.
The study was performed as a randomized cross-
over trial comparing a procedure aimed at pre-
venting any transfer of thermal energy between
dialysate and extracorporeal blood circulation
with a procedure aimed at keeping body tempera-
ture unchanged. The study involved only patients
with a documented predisposition to develop
dialysis hypotension and had as its main objec-
tive the evaluation of the effect of thermal bal-
ance on the frequency of dialysis sessions com-
plicated by symptomatic hypotensive episodes,
identified on the basis of a set of predefined
criteria.

PATIENTS AND METHODS

Study Population
Study patients were selected from 27 centers in nine

European countries.
Inclusion criteria. To be eligible for the study, patients

had to meet the following criteria: (1) symptomatic hypoten-
sive episodes occurring in 25% or more of HD sessions, (2)
minimum age of 18 years, (3) on HD therapy for at least 3
months, and (4) treatment with standard HD three times
weekly using bicarbonate buffer and with a treatment dura-
tion of at least 180 minutes. A hypotensive episode was
defined as the sudden onset of symptomatic hemodynamic
changes that could be relieved by specific interventions.
Hemodynamic changes were defined as follows: (1) reduc-
tion in systolic blood pressure of at least 25 mm Hg accom-
panied by any of the following symptoms: nausea, vomiting,
muscle cramps, dizziness, or fainting; (2) a sensation of
dizziness and/or fainting, even if the decrease in blood
pressure was less than 25 mm Hg; or (3) sudden onset of a
sensation of dizziness and/or fainting requiring immediate
intervention, even if systolic blood pressure was not coinci-
dentally recorded or was not measurable.
Specific interventions for symptomatic hypotension were

defined as follows: Trendelenburg’s position, administration
of saline, administration of hypertonic solution, administra-
tion of plasma expander, and premature discontinuation of
the dialysis session. To verify their predisposition to intradia-
lytic hypotension, patients participated in a 4-week prospec-
tive screening phase during which the incidence of hypoten-
sive episodes was recorded. Patients were enrolled if at least
3 of 12 consecutive HD sessions were complicated by
hypotensive episodes.
Exclusion criteria. Patients were not eligible for partici-

pation for any of the following reasons: recent surgical
intervention, severe anemia (hematocrit� 25%), intercur-
rent illnesses, problems related to vascular access, diffuse
neoplastic disease, ascites, class IV heart failure according
to the New York Heart Association, obligatory use of a
single needle or central venous catheter with single lumens,
use of antihypotensive drugs, treatment with extracorporeal
blood purification techniques other than HD, or participation
in another clinical study.
In accordance with national regulations in various coun-

tries, the study was submitted to local ethics committees for
approval. Patients were asked to give written informed
consent before being enrolled onto the trial.

Study Design
The main objective of the trial is to compare the effect of

two different levels of thermal balance on the frequency of
dialysis sessions complicated by symptomatic hypotension.
For this purpose, we devised a randomized open trial with a
crossover design allowing intrapatient comparison that in-
volved two phases and two treatment arms. This study
design was used on the assumption that the initial treatment
would not exert a carryover effect on the following one.
After enrollment, patients were kept on standard HD treat-
ment during a 1-week run-in period. Subsequently, patients
were randomly assigned to treatment sequenceA to B or B to
A, each phase lasting 4 weeks. Randomization was per-
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formed centrally in blocks of four patients, and separate
randomization lists were provided for each center.

Treatment Characteristics
In the control procedure, thermoneutral HD,23 the target

was to minimize heat exchange between extracorporeal
blood and dialysate (energy flow rate:�E � 0 kJ/h), such
that no heat energy was transferred to or from the patient.
Thus, changes in body temperature are caused by factors
other than heat gain or loss through the extracorporeal blood
circuit.The study procedure, isothermic HD,25was designed
to maintain body temperature constant throughout the dialy-
sis sessions (�body temperature� 0°C/h).
Apart from these differences in thermal balance, all other

treatment parameters had to remain unchanged throughout
the entire study: ie, prescribed dialysate composition, type of
dialyzer, duration of treatment, dialysis frequency, adjust-
ment of dialysis treatment, blood and dialysate flow, target
body weight, ultrafiltration and sodium profiles (when appli-
cable), mean interdialytic body weight increase, posture
during dialysis, permission to eat during HD treatment, and
erythropoietin and antihypertensive treatment.
Thermal balance was controlled by means of a Blood

Temperature Monitor (BTM; Fresenius Medical Care, Bad
Homberg, Germany), which was integrated into standard
HD machines (2008 or 4008 series; Fresenius Medical
Care). The operation of this module has been described
previously.23,27 In brief, the BTM can be used to noninva-
sively measure temperature in the arterial and venous cath-
eters of extracorporeal blood circulation with an accuracy to
less than 0.1°C.27 On the basis of arterial and venous blood
temperature and blood flow rate measurements, with correc-
tion for blood heat capacity, the BTM can calculate thermal
energy flow to the patient. Arterial blood temperature cor-
rected for fistula blood recirculation approximately reflects
core body temperature. Recirculation was measured using
the thermodilution method of the BTM.27 Through the
feedback loop connecting the arterial and venous blood
temperature sensor with the dialysate thermostat in the
machine,23 the device can modulate dialysate temperature to
maintain unchanged either body temperature (the target of
isothermic HD) or energy flow rate across the extracorporeal
circuit (the target of thermoneutral HD).

Outcome Variables
Themain outcome variable was frequency of HD sessions

complicated by one or more hypotensive episodes. Hypoten-
sion episodes were defined identically as described for the
screening phase.
As a secondary outcome variable, we assessed the effect

of the two treatments on blood pressure and heart rate
throughout HD sessions.
All episodes of symptomatic hypotension occurring dur-

ing HD sessions were recorded on a prepared form, together
with their time of occurrence and type of intervention
administered. Blood pressure and heart rate were measured
by either noninvasive systemic blood pressure monitoring
devices or manually. Dialysate, arterial, and venous tempera-
tures, together with thermal energy flow rate and total
thermal energy balance, were recorded automatically by the

BTM. Blood pressure and heart rate were measured pre-HD,
post-HD, and at 30-minute intervals during treatment. Be-
cause of the time lag required for equilibration, initial BTM
recordings were made 30 minutes after the beginning of the
HD session and subsequently every 30 minutes until the end
of the session. Basal energy expenditure was estimated using
the Harris-Benedict equation.28

Blood samples were obtained pre-HD, post-HD, 70 min-
utes from the start of the midweek session of the run-in
phase, and in the last week of each treatment phase for the
analysis of treatment efficacy and various control parame-
ters. Clinical and biochemical parameters were determined
by using routine laboratory methods. Calculation of Kt/V
was performed using the Daugirdas second-generation for-
mula,29 whereas equilibrated postdialysis blood urea nitro-
gen level was estimated according to Smye et al.30

Dropouts
Criteria for withdrawal of patients from the trial were the

appearance during the study of any of the clinical complica-
tions listed in exclusion criteria, changes to antihypertensive
medications, need to adjust estimated dry body weight by
more than 1% during a 4-week period, need to change the
weekly dialysis schedule or dialysis modality, kidney trans-
plantation, transfer to another center, problems related to
vascular access impairing blood flow delivery to the dialyzer
(blood flow � 200 mL/min), onset of major arrhythmia
requiring specific treatment, or withdrawal on patient re-
quest.

Sample Size Estimate and Statistical Analysis
Sample size estimate was based on the hypothesis that in

comparison with thermoneutral HD, isothermic HD would
reduce the frequency of HD sessions complicated by symp-
tomatic hypotension by 50%. To detect a reduction in
frequency of sessions with hypotension from 30% to 15%
with a power of 0.8 and at a significance level ofP less than
0.05, a sample of 95 patients is required. The estimated
sample size to allow for a 10% dropout rate thus would be
105 patients.
Statistical analysis of efficacy was conducted using Wil-

coxon’s nonparametric test to rank differences in number of
sessions with hypotension during the two treatments in each
patient (SPSS statistical software package, version 10.0;
SSPS Inc, Chicago, IL). Variance was analyzed by means of
paired t-test or analysis of variance, when appropriate.
Unless otherwise specified, results are expressed as mean�
SEM or median and 25th to 75th quartiles. ForP less than
0.05, statistical significance is assumed.

RESULTS

Patient Characteristics

One hundred sixteen hypotension-prone pa-
tients were enrolled onto the study and randomly
assigned to the two treatment sequences. During
the screening phase of the study, a median of 6.5
of 12 consecutive dialysis sessions were compli-
cated by symptomatic hypotension (Fig 1).
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Ninety-five patients completed the study,
whereas 21 patients dropped out. The median
number of complicated treatments in those who
completed the study was six. Withdrawal was
caused by adjustment of dry body weight by
more than 1% (n� 4), surgical intervention (n�
2), vascular access problems (n� 1), change in
antihypertensive treatment (n� 1), kidney trans-
plantation (n� 1), technical problems (n� 4), at
the request of the patient (n� 7), and other

reasons (n� 1). Patient flow in the trial is shown
in Fig 2.
As listed in Table 1, main baseline characteris-

tics of patients who dropped out of the study did
not differ substantially from those of patients
who completed the study. Enrolled patients were
predominantly old, women, and had a high prev-
alence of comorbid conditions. Twenty-five
patients underwent treatment using cellulose
membranes; 28 patients, modified cellulosemem-
branes; and 63 patients, synthetic membranes of
either low-flux or high-flux type. Fourteen pa-
tients were treated with ultrafiltration profiles,
and 18 patients, with sodium profiles. The aver-
age percentage of interdialytic body weight
increase was 3.98%� 1.33%. Twenty-seven
patients were administered antihypertensive
medication. Patients underwent bicarbonate HD
therapy three times weekly for a mean treatment
duration of 235� 23 minutes.

Thermal Balance During Treatment

During thermoneutral HD, both arterial and
venous temperatures increased by 0.47° C in the
period from 30 to 210 minutes (Table 2; Fig 3A),
whereas dialysate temperatures increased by
0.48°C (Table 2) to 37.5°C (Fig 4). Because
venous temperature was slightly lower than arte-
rial temperature (Fig 3A), the energy flow rate
was slightly negative (Table 2). During isother-

Fig 1. Frequency of HD treatments with symptom-
atic hypotension during the screening phase. ( ●),
Patients completing the study; ( E), dropouts. The
thick horizontal line represents the median; dotted
lines, 25th and 75th percentiles in the entire popula-
tion.

Fig 2. Trial profile.
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mic HD, arterial temperatures remained almost
unchanged, whereas venous temperatures de-
creased by 0.9°C (Table 2; Fig 3B), reflecting the
decrease in dialysate temperature by 1.11°C
(Table 2) to 35.7°C (Fig 4). As a result, total
thermal energy balance was only slightly nega-
tive during thermoneutral HD (�50.7� 61 kJ),
whereas it was markedly negative during isother-
mic HD, with a loss of 219.3� 77 kJ (P �

0.001; Table 2). This loss corresponds to 24% of
basal energy expenditure during the approxi-
mately 4 hours of HD treatment (903� 129 kJ).
It is of interest that to achieve the specified
treatment goals, it was necessary to gradually
vary the dialysate temperature during both treat-
ments so that eventually (after 210 minutes)
there was a difference of 1.76°C between the two
procedures (Fig 4).

Table 1. Patient Characteristics at Baseline

Study Completers (N � 95) Dropouts (N � 21)

Demography
Age (y) 66 � 12 69 � 9
Sex (women/men) 58 (61)/37 (39) 12 (57)/9 (43)

Primary renal disease
Primary glomerulonephropathy 17 (18) 5 (24)
Pyelonephritis 13 (14) 0 (0)
Interstitial nephritis 11 (12) 2 (10)
Vascular diseases 15 (16) 2 (10)
Secondary glomerular/systemic diseases 11 (12) 3 (14)
Others/unknown 28 (29) 9 (43)

Comorbidities
Diabetes 23 (24) 2 (10)
Coronary artery disease 24 (25) 4 (19)
Arrhythmia 11 (12) 2 (10)
Previous myocardial infarction 11 (12) 1 (5)
Heart failure
Class I 7 (7) 2 (10)
Class II 10 (11) 3 (14)
Class III 6 (6) 0 (0)

Peripheral arteriopathy 17 (18) 2 (10)
Sessions with symptomatic hypotension in

screening phase (%) 50 (6, 4-8) 50 (6, 4-7)

NOTE. Values expressed as mean � SD; number (percent), or median (25th, 75th quartile).

Table 2. Thermal Balance and Changes in Blood and Dialysate Temperature During the Two Treatment Types

Thermoneutral HD Isothermic HD P

Thermal energy flow rate (kJ/kg * h) �0.22 � 0.29 �0.90 � 0.35 �0.001
Thermal energy balance (kJ/treatment) �50.7 � 61 �219.3 � 77 �0.001
Tdial at 30 min (°C) 37.07 � 0.41 36.78 � 0.43 �0.001
�Tdial, 210-30 min (°C) �0.48 � 1.13 �1.11 � 0.48 �0.001
Tart at 30 min (°C) 36.58 � 0.27 36.58 � 0.30 NS
�Tart, 210-30 min (°C) �0.47 � 0.24 �0.01 � 0.16 �0.001
Tven at 30 min (°C) 36.40 � 0.39 36.26 � 0.39 �0.001
�Tven, 210-30 min (°C) �0.47 � 0.39 �0.90 � 0.4 �0.001

NOTE. Values expressed as mean � SD.
Abbreviations: Tdial, dialysate temperature; Tart, arterial temperature; Tven, venous temperature; NS, not significant.
*3.6 kJ/h � 1 W.
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Hemodynamic Effects of Differences in Thermal
Balance

During thermoneutral HD, the median fre-
quency of sessions complicated by hypotension
was 6 of 12 (Fig 5), ie, nearly identical to that
recorded during the screening phase of the study,
although 16 patients (17%) had a frequency of
symptomatic treatments less than 3 of 12 ses-
sions, ie, less than the threshold stipulated for
admission onto the study.
During isothermic HD, the proportion of dialy-

sis sessions complicated by hypotension de-
creased to 3 of 12 sessions (P � 0.001 versus
thermoneutral HD; Fig 5). Overall, 66 of 95
patients (70%) responded to isothermic HD with
a lower frequency of hypotensive sessions.
There were no differences in mean predialy-

sis blood pressures and heart rates between
crossover periods (systolic blood pressure,
131� 25 versus 130� 30 mm Hg; diastolic
blood pressure, 70� 14 versus 70� 12 mm
Hg; heart rate, 75� 10 versus 76� 9 beats/

Fig 3. Changes in (—) ar-
terial (Tart) and (- - -) venous
fistula temperature (Tven)
during (A) thermoneutral HD
and (B) isothermic HD. Val-
ues expressed as mean �
SEM.

Fig 4. Dialysate tempera-
tures during (- - -) thermon-
eutral HD and (—) isother-
mic HD. Values given as
mean � SEM. *P < 0.05.
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min; thermoneutral HD versus isothermic HD,
respectively). During HD sessions, blood pres-
sure decreased during both treatment modes,
but to a lesser extent in isothermic HD than

thermoneutral HD (Fig 6A; Table 3). Differ-
ences became statistically significant after 90
minutes (P� 0.05). The increase in heart rate
also was less pronounced during isothermic
HD; differences also became statistically
significant (P � 0.05) after 90 minutes (Fig
6B). In addition to these hemodynamic effects,
isothermic HD also caused a significant de-
crease in mean number of hypotensive epi-
sodes per dialysis session, from 0.83 to 0.51 (P
� 0.01).

Effects on Other Variables

There were no significant changes in hemato-
crit or total protein values during the two study
phases. Pre-HD and post-HD body weights, as
well as relative changes in body weight during
the treatment, were not different between the two
study phases (pre-HD body weight, 67.2� 13.1

Fig 6. Changes over time in (A) systolic ( �SBP) and
diastolic blood pressure ( �DBP) and (B) heart rate
(�HR) during the two treatments. Values given as
mean � SEM. *P < 0.05. (- ■ -) Thermoneutral HD; (- }-)
isothermic HD.

Table 3. Changes in Hemodynamic Parameters
During the Two Treatment Types

Thermoneutral
HD

Isothermic
HD P

�Systolic blood
pressure, 210-0
min (mm Hg) �20.5 � 15.7 �14.2 � 16.5 �0.05

�Diastolic blood
pressure, 210-0
min (mm Hg) �8.8 � 8.4 �5.8 � 8.1 �0.05

�Heart rate, 210-0
min (beats/min) 6.3 � 8.1 2.9 � 7.1 �0.05

NOTE. Values expressed as mean � SD.

Fig 5. Frequency of HD
treatments with symptom-
atic hypotension for each
4-week phase of the two
treatments; each dot repre-
sents a patient; thick hori-
zontal lines, themedian; dot-
ted lines, 25th and 75th
percentiles. P < 0.001, Wil-
coxon’s signed rank test.
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and 67.1� 13.1 kg; post-HD body weight,
64.8� 12.9 and 64.7� 12.9 kg; change in body
weight, 3.7%� 1.1% and 3.7%� 1.1% for
thermoneutral HD and isothermic HD, respec-
tively). The use of cooler dialysate did not de-
crease dialysis efficiency, assessed by equili-
brated Kt/V and urea reduction rate (Table 4).

Treatment Safety

Patients did not experience major side effects
during the study phases. There was no statisti-
cally significant difference between treatment
settings regarding number of sessions during
which arrhythmia occurred. Patients more often
reported feeling warm during thermoneutral HD
(in 2 of 12 sessions, on average) than feeling
cool during isothermic HD (0.6 of 12 sessions).
No shivering was reported by patients. None of
the patients who dropped out of the study de-
clared that exposure to cool dialysate was the
reason for their decision to withdraw.

DISCUSSION

On this study, we found that regulation of
thermal balance to maintain pre-HD body tem-
perature (isothermic HD) had a more favorable
effect on the cardiovascular stability of hypoten-
sion-prone patients than a technique that aims to
prevent changes in thermal balance within the
extracorporeal circuit (thermoneutral HD). Com-
pared with thermoneutral HD, isothermic HD
halved the frequency of sessions complicated by
symptomatic hypotensive episodes without sig-
nificantly impairing treatment efficiency, and all
other dialysis variables remained unchanged. Al-
though significant fromminute 90 onward, differ-

ences in blood pressure and heart rate during the
course of HD sessions were less impressive than
the difference in incidence of hypotensive epi-
sodes. However, use of blood pressure values
alone seems inappropriate for the evaluation of
the cardiovascular benefit of such techniques
because any intervention at each hypotensive
episode can markedly influence the course of
blood pressure values over time. Because pa-
tients required a substantially greater number of
interventions per session during thermoneutral
HD than isothermic HD, it is probable that we
have underestimated the true difference in blood
pressure values between the two treatments. Over-
all, results show that with all other dialysis
variables unchanged, observed hemodynamic
changes are to be interpreted as effects of ther-
mal manipulations.
This study recruited a population with a predis-

position to recurrent hypotensive episodes that
was strictly defined and verified in a prospective
screening phase. Moreover, the two treatments,
each lasting 4 weeks, were assigned randomly to
two reversed sequences, thus providing a safe-
guard against the time effect, ie, natural changes
in the incidence of hypotension that occur over
time. The importance of this safeguard is shown
by the observation that 16 of 95 patients did not
reach the threshold hypotensive response (at least
3 of 12 treatments disturbed by hypotensive
episodes) during thermoneutral HD.
One important drawback of cool dialysis is its

poor tolerance.9,12,22 Instead of the fixed low
dialysate temperature used in most previous stud-
ies, we used a feedback system allowing the
removal of extra heat accumulated in the body
during the HD treatment. This system produced
changes in dialysate temperature that were more
gradual than those in previous studies, shown by
reaching the nadir temperature during isothermic
HD toward the end of the session, when hypoten-
sive episodes are most likely to occur. The cool-
ing also was slight only: nadir dialysate tempera-
ture was 35.7°C, which is greater than the range
of values previously reported from most stud-
ies.1-17 That clinically relevant effects were ob-
served even with such minor cooling of the
dialysate increases the safety of the procedure
and may help explain its good tolerance by
patients, none of whom reported shivering dur-
ing isothermic HD.

Table 4. Comparison of Other Variables Between
the Two Treatment Types

Thermoneutral
HD

Isothermic
HD P

Kt/Veq 1.40 � 0.47 1.37 � 0.36 NS
Urea reduction
rate (%) 73.0 � 8.1 73.9 � 6.6 NS

Hematocrit (%) 32.9 � 4.2 32.9 � 4.1 NS
Total protein (g/dL) 6.83 � 0.5 6.84 � 0.6 NS
Postdialytic body
weight (kg) 64.7 � 12.9 64.6 � 12.9 NS

NOTE. Values expressed as mean � SD.
Abbreviations: NS, not significant; Kt/Veq, equilibrated

Kt/V.
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Was better tolerance gained at the expense of
decreased efficacy of the milder cooling? Lack-
ing direct comparisons, we can rely only on
literature data. The 50% reduction in frequency
of complicated dialysis sessions obtained using
isothermic HD on this study compares well with
that reported by Orofino et al,14 who observed a
45% reduction in incidence of symptomatic hy-
potension in a much smaller population of high-
risk patients in whom a fixed dialysate tempera-
ture of 35°C was used. Comparison with other
studies is less helpful because either their study
design does not allow us to establish the fre-
quency of treatments complicated by hypoten-
sive episodes or their patient population had a
substantially lower risk than ours.22 Thus, avail-
able data do not suggest that better tolerance was
gained at the expense of efficacy.
It might be argued that the favorable response

to isothermic HD could be ascribed to the com-
parison made with thermoneutral HD requiring a
relatively high dialysate temperature (37.5°C),
which could have promoted a greater incidence
of symptomatic hypotensive episodes than that
observed in routine practice. However, this tem-
perature was reached only toward the end of the
session; average dialysate temperature during
the entire session was 37.3°C. Considering the
accuracy in temperature regulation by dialysis
machines, ie,�0.5° C (stated by manufacturers’
information sheets about the performance of the
newer dialysis machines) and the range in dialy-
sate temperature settings reported under the des-
ignation of standard HD (ie, from 36.9° C to
37.5°C8,24,26),we surmise that values recorded
during our thermoneutral HD sessions were sub-
stantially within the range actually implemented
during standard HD in everyday practice.
Our control procedure did not substantially

alter the hemodynamic response observed during
routine treatment because the median incidence
of complicated treatments during thermoneutral
HD was approximately the same as that recorded
during the screening phase of the study, when
dialysate temperature was set according to the
customary practice of each of the 27 centers
participating in the study. Conversely, thermo-
neutral HD appears more appropriate as a control
procedure because, at variance with standard
HD, it allows us to evaluate the importance of
body temperature changes independently from

confounding effects of heat gain or loss through
the extracorporeal blood circuit. A study design
similar to ours was adopted in a recent investiga-
tion on the role of body temperature changes in
hemodynamic response to HD treatment.23

A recent report, published after this trial had
been completed, provides an important clue to
better understand the relationship between body
temperature and hemodynamics.24,25The investi-
gators found that “with increasing ultrafiltration,
more extracorporeal cooling is required to keep
the dialysis patient at a constant temperature
during hemodialysis and ultrafiltration.” Their
findings25 support the volume hypothesis,31 for-
mulated originally by Gotch et al.32According to
the hypothesis, acute blood volume contraction
caused by the ultrafiltration process tends to
elicit a sympathetically activated vasoconstric-
tive reaction in the peripheral circulation, espe-
cially in the cutaneous territory. This response
may be associated with impairment of heat dissi-
pation through the skin which, in conjunction
with increased metabolic heat,33 probably pro-
duced as a result of the sympathetic activation,
leads to an increase in inner body temperature,
thus eliciting peripheral vasodilatation. This tends
to counteract and can even override the physio-
logical (vasoconstrictive) response to volume
contraction, eventually leading to a hypotensive
crisis. Given that increase in core temperature is
the significant factor predisposing to a hypoten-
sive crisis, a corollary of the theory of Gotch et
al32 is that preventing the increase in body tem-
perature is the crucial step to protect cardiovascu-
lar stability. This corollary is supported by our
results.
One important drawback of our study is the

lack of blinding of patients and nursing staff.
However, double-blind trials are very difficult to
organize for dialysis treatments that involve
changes to the dialysis procedure, particularly if
the intervention is based on changes to dialysate
temperature, because in our experience, patients
notice this change. The primary evaluation vari-
able we chose for this study, ie, symptomatic
hypotension so severe as to require immediate
intervention, in our opinion, is robust enough to
have minimized this drawback.
In summary, we conducted a clinical trial in a

relatively large sample of appropriately selected
patients under strictly controlled experimental
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conditions. The study population consisted of a
representative sample of patients known to be at
high risk for recurrent dialysis hypotension, such
as elderly patients, those with diabetes, and pa-
tients with various cardiovascular comorbidities.
On this trial, we compared the effect on recurrent
hypotension of a procedure aimed at preventing
an increase in body temperature with a procedure
aimed at preventing thermal energy transfer in
the extracorporeal circulation. Results show that
the former, in comparison with the latter proce-
dure, resulted in a significant and clinically rel-
evant reduction (50%) in recurrence of hypoten-
sive episodes in HD sessions, whereas treatment
efficacy remained unchanged. The clinical rel-
evance of such a procedure may increase in the
future if the trend toward an increasing propor-
tion of high-risk patients in the new dialysis
population continues.

APPENDIX

Participating centers include nephrology and
dialysis departments of the following units: Bel-
gium, St Jan Ziekenhuis, Brussels (G. van Roost);
Czech Republic, Nemocnice Strahov, Prague
(S. Sulkova´); Great Britain, St Helier Hospital,
Carshalton (J.T.C. Kwan, M. Tacda); France,
Hôpital Saint Andre´, Bordeaux (C. Combe, C.
Lasseur); Centre Hospitalier Lyon Sud, Pierre
Bènite (M. Labeeuw); Centre Ne´phrologique
d’Occitanie, Muret (R. Ibos); Hospices Civils,
Strasbourg (T. Hannedouche, F. Chantrel); Cen-
tre Hospitalier Regional Bretonneau, Tours (J.
Pengloan, B. Birmele´); Greece, Naval Hospital,
Athens (I. Tsouras); Italy, Ospedale M. Malpighi,
Bologna (A. Santoro, E. Mancini); Ospedale G.
D’Annunzio, Chieti (L. Amoroso, A. Perilli);
Ospedale S. Anna, Como (M. Fraticelli, L. Ber-
nardi); Ospedale Provinciale di Circolo, Desio
(G. Bonforte); Ospedale S. Maria Annunziata,
Firenze (Q. Maggiore, F. Pizzarelli); Ospedale
Maggiore, Lodi (E. Imbasciati, F. Malberti); Os-
pedale G. Melacrino e F. Bianchi, Reggio Cala-
bria (C. Zoccali, M. Ciccarelli); Ospedale Civile,
Sestri Levante (A. Magnasco); Ospedale Provin-
ciale Civile, Sondrio (L. Pedrini, E. Filippini);
Ospedale Regionale Maggiore, Trieste (G. Pan-
zetta); The Netherlands, Medisch Spectrum
Twente, Enschede (H. Brink); Portugal, FMC
Dialysis Centre of Almada (P. Ponce, C. Santos);
Instituto Portugues de Oncologia, Porto (A.

Loureiro, J. Maximino); Hemodial, Vila Franca
(A. Ferreira, M. Possante, C. Gil, C. Jorge);
Hospital S. Pedro, Vila Real (T. Morgado, R.
Castro); Spain, Hospital General, Albacete (C.
Gomez Roldan, A. Serrano, E. Galliego, E. Guti-
érrez, F. Liamas); Hospital General, Castello´n (F.
Maduell, J. Herna´ndez, V. Cerillo); University
Hospital Reina Sofia, Cordoba (A. Martı´n-Malo,
P.Aljama, M.A. Álvarez de Lara, J. Hernadez, R.
Crespo). Safety committee: P. Zucchelli (Osped-
ale M. Malpighi, Bologna, Italy), M. Surian
(Ospedale Provinciale do Circolo, Desio, Italy),
A. Albertazzi (Ospedale Regionale, Modena,
Italy); Statistical analysis: D. Marcelli (BadHom-
burg, Germany); Study coordination, A. Gauly
(Bad Homburg, Germany).
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