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How can symptomatic hypotension be improved
in hemodialysis patients: cold dialysis vs
isothermal dialysis
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SUMMARY

Background: Symptomatic hypotension is the most frequent acute complication af-
fecting patients during chronic hemodialysis treatment sessions. Many reports have de-
monstrated that the use of cool dialysate has a protective effect on blood pressure during
hemodialysis treatments. In the present study, we investigated whether preventing the
hyperthermic response had favourable effects on hemodynamic stability during the he-
modialysis procedure while affording good tolerance to patients. Methods: We investiga-
ted the effect of thermal control of dialysate on hemodynamic stability in hypotension-
prone patients in our center. Patients were eligible for the study if they had symptomatic
hypotensive episodes (> 3/12 session/month) during the screening phase. The study
was designed with two phases for the same selected patients and two treatment arms,
each phase lasting 4 weeks. In the first phase, we adjusted dialysate temperature on 36
°C for 12 sessions (cold dialysis) and in the second phase we used a device allowing the
regulation of thermal balance (Blood Temperature Monitor; Fresenius Medical Care, Bad
Homberg, Germany), that keep body temperature unchanged (isothermic dialysis). Re-
sults: Nine HD patients were enrolled and completed the study. During the screening
1% of dry weight, and blood pressure + phase the mean ultrafiltration was 4 16 mmHg
(p £ 16 to 80 + decreased from 99 < 1.7 sessions of 12 + 0.001). In 5.0 treatments were
complicated by hypotension. In the first and second phase we observed a decrease of
complicated treatments with symptomatic hypotension 1.7; p + 1.6 y 2.8 + 1.7 versus
2.7 + (5.0 < 0.01). Both procedures: Cold dialysis and Isothermic dialysis was well tole-
rated by patients. Conclusion: Results show that active control of body temperature can
significantly improve intradialytic tolerance in hypotension-prone patients.

Key words: Hemodialysis. Hypotension. Blood temperature monitoring. Dialysa-
te temperature.

COMO MEJORAR LA HIPOTENSION SINTOMATICA EN HEMODIALISIS:
DIALISIS FRIA VS DIALISIS ISOTERMICA

RESUMEN

Introduccién: La hipotension sintomatica es la complicacion aguda mds frecuente
que afecta a los pacientes durante las sesiones de hemodialisis. Varios trabajos han de-
mostrado que el uso de baja temperatura en el bafio de dialisis protege de esta hipo-
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tension en pacientes susceptibles de ella. En nuestro estudio, analizamos si la preven-
cion de la reaccién hipertérmica de la sesién de hemodialisis tendria una respuesta fa-
vorable en la estabilidad hemodinamica de los pacientes permitiéndoles una buena to-
lerancia. Métodos: Analizamos el efecto del control de temperatura del dializado en la
estabilidad hemodindmica de pacientes predispuestos a hipotension sintomatica en
nuestro centro. En la fase de screening seleccionamos aquellos pacientes que tuvieron
mas de tres episodios hipotensivos en las 12 sesiones del mes. Posteriormente los mis-
mos pacientes pasaron a las siguientes dos fases de 4 semanas cada una. En la fase 1,
ajustamos la temperatura del bano a 36° C de forma constante para las 12 sesiones
(dialisis fria) y en la segunda fase, utilizamos un (Blood Temperature Monitor; Frese-
nius Medical Care, Bad Homberg, Germany), que permite mantener constante la tem-
peratura corporal (dialisis isotérmica). Resultados: Nueve pacientes fueron incluidos y
finalizaron el estudio. Durante la fase de screening la sustraccion media fue del 4 +
1% del 16 mmHg + 16 a 80 + peso seco, disminuyendo la tensién arterial media
desde 99 (p < 1,7 sesiones de 12 + 0,001) y presentando hipotension sintomatica en
5,0. Tanto en la fase 1 como en la 2 observamos un descenso de los tratamientos 1,7 +
1,6y 2,8 £ 1,7 versus 2,7 + complicados con hipotension sintomatica (5,0 p < 0,01).
Ambas técnicas: Dialisis fria tanto como diélisis isotérmica fueron bien toleradas por
los pacientes. Conclusién: Los resultados muestran que un control activo de la tempe-
ratura corporal puede mejorar de forma significativa la tolerancia intradialitica en pa-

cientes predispuestos a la hipotension sintomatica.

Palabras clave: Hemodialisis. Hipotension. Dialisis isotérmica. Monitor de tempera-

tura.

INTRODUCTION

Symptomatic hypotension is the most common
acute complication of hemodialysis patient. The ori-
gin is multifactorial. On the one hand, factors pertai-
ning the patient his/herself such as cardiovascular
condition, and on the other hand, factors related with
the dialysis technique play a role. It is well known
that one of these factors is the temperature of the
dialysis fluid, inducing in the patient an increase or
decrease in body temperature with the subsequent
hemodynamic instability.

During the hemodialysis session there is an increase
in energy production with increased heat. Rapid volu-
me depletion and the release of inflammatory cytoki-
nes due to bioincompatibility phenomena produce this
energy increase.!2 On the other hand, there is sympat-
hetic response manifested as peripheral vasoconstric-
tion, preventing energy loss through the skin.® These
events, together with heat transference by irradiation
from the extracorporeal circuit to the environment and
energy release from the volume of ultrafiltered body
fluid,* are an important cause of increased body heat.

As a consequence of the vasodilation reflex that
abrogates the vasoconstrictive response to ultrafiltra-
tion, this increase in central body temperature may
cause hemodynamic instability, promoting the occu-
rrence of hypotension episodes, especially in suscep-
tible patients.
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Studies done in the 1980s confirmed that low tem-
perature of the dialysis fluid (34°-35.4° C) improved
hemodynamic and cardiovascular tolerance to hemo-
dialysis session (cold dialysis) as compared with
those patients in whom the temperature of the dialy-
sis fluid was increased to 37° C or higher.>'" Other
authors showed that the use of high-temperature
dialysis fluid was accompanied by symptomatic hy-
potensive episodes in susceptible patients.!>1°

Therefore, lower temperatures are recommended
to improve the tolerability to the dialysis session. It
is necessary to decrease the temperature of the
dialysis fluid and the temperature of the returning
fluid to improve heat loss during dialysis and to
keep constant the body temperature. However, the
greatest drawback of this «cold dialysis» is the pa-
tient intolerance to temperature loss.% 7 It has re-
cently been proposed that isothermal dialysis per-
formed with a non-invasive temperature-monitoring
device of the dialysis fluid improves the treatment
tolerance since it prevents the temperature increase
that occurs with hemodialysis at constant tempera-
ture.> '8 Besides, with this procedure the body tem-
perature would remain stable while preserving the
benefits of cold dialysis but without the side effects
of hypothermia. The theoretical advances are evi-
dent, although there are no comparative studies bet-
ween one technique and another showing cardio-
vascular stability in the patient.



We present the following study in which we com-
pared the tolerability to the dialysis session using isot-
hermal dialysis and a temperature-monitoring device
with standard dialysis decreasing the temperature of
the dialysis bath.

PATIENTS AND METHODS
The objectives of the present study were:

1. To compare whether the method of keeping the
patient isothermal by means of the BTM module
(blood temperature monitor, Fresenius 4008H/S)
is superior to the simpler method of adjusting
constant the dialysis fluid temperature at 36° C
at the beginning of the dialysis session.

2. To identify the type of target patients that may
benefit from the BTM module in reducing the
number of symptomatic hypotension episodes.

3. To determine the impact of the methods applied
on nursing intervention times required to treat
hypotension and on the reduction of fluids and
plasma expanding solutions required during hy-
potension episodes.

The efficacy variable was symptomatic hypotension
defined as the decrease in systolic blood pressure hig-
her than 20 mm Hg as compared to baseline, associa-
ted to at least one of the following: nausea, vomiting,
cramps, or dizziness, requiring medical intervention
such as stopping UF, postural measures, administra-
tion of more than 200 mL of saline solution. Other
variables considered were: predialysis systolic blood
pressure (SBP), predialysis diastolic blood pressure
(DBP), SBP at 1st hour, DBP at 1st hour, SBP at 2d
hour, DBP at 2d hour, SBP at 3d hour, DBP at 3d
hour, SBP at 4th hour, DBP at 4th hour, post-dialysis
SBP, post-dialysis DBP, minimal SBP during hypoten-
sion (HS), number of monthly HS, hour of occurrence
of HS, volume of saline during HS, volume of colloi-
dal solutions during HS, pre-dialysis weight, post-
dialysis weight, total UF, effective time on dialysis,
initial temperature of the dialysis fluid, final tempera-
ture of the dialysis fluid, presence of predialysis fever,
presence of intra-dialysis fever.

Study design

A prospective study was undertaken at our Unit.
The inclusion and exclusion criteria, as well as the
criteria for withdrawing from the study are shown in
table I. The patients were submitted to conventional
dialysis according to the usual regimen. The study
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was carried out in three phases, each one of them
with 12 sessions:

1. Screening phase. Patients were recruited among
those presenting a number of dialysis sessions com-
plicated with symptomatic hypotension > 3/12. The
criteria defining «symptomatic hypotension» have
been previously described. The presence of severe
anemia or cardiac complication justifying this com-
plication was ruled out. Profiles: Na+ profiles were
discontinued in those patients receiving them. Pa-
tients having prescribed some type of UF profile were
switched to profile #1 (profile of decreasing UF). The
temperature of the dialysis fluid was 37° C (predeter-
mined by the machine). Food intake was allowed.

2. Phase 1. Manual adjustment: during the 12 fo-
llowing sessions, the temperature of the dialysis fluid
was set constant at 36° C. The temperature from the
patient’s armpit opposite to the arm carrying the fistu-
la was taken. Other dialysis parameters, such as
blood flow, dialysis duration, or ultrafiltration profile,
were not modified in relation to the screening phase.

3. Phase 2. BTM: for the next 12 sessions, dialysis
sessions were carried out with the temperature con-
trol function of the BTM module. In order to rule out
the influence of a high temperature of the dialysis

Table I. Inclusion, exclusion and withdraw criteria

Inclusion criteria

1. Patients on chronic hemodialysis for longer than 3 months.

2. Patients carrying a functioning arterial-venous fistula.

3. Dialysis regimen of 3 weekly sessions, of at least 180-minutes
duration each.

4. Presenting during the screening phase > 3/12 dialysis sessions
complicated with symptomatic hypotension.

5. Written consent from the patient (legal issue).

6. Patients >18 years.

Exclusion criteria

—_

. Patients with severe cardiac failure (grades -1V NYHA).

. Patints with ejection fraction by echocardiogram < 40%.

3. Patients with severe anemia (hematocrit < 30% and/or hemo-

globin < 10 g/dL).

4. Patients eith difficulties with the arterial-venous fistula and/or
requiring a central catheter for dialysis and/or uni-puncture.

. Participation in other studies.

. Pregnancy, breastfeeding.

. Some psychological condition interfering with the patient’s abi-
lity to adhere to the study protocol.

N

N o U

Criteria for withdrawing from the study

1. Patient’s decision.

2. Investigator’s decision to discontinue a patient from the study
for medical reasons.

3. Occurrence of one of the exclusion criteria.

4. The patient’s does not adhere to the study protocol.

5. End of HD (e. g., transplantation, change of technique).
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Table 1. Number of hypotension episode per patient and phase HS = Hypotension

Mean UF Screening Phase Phase 1 Phase 2
(L/Session) # HS # HS # HS
Case 1 2.3 5 4 3
Case 2 3 5 4 3
Case 3 1,8 4 3 6
Case 4 2.1 8 0 2
Case 5 2.3 6 4 3
Case 6 2.6 3 1 0
Case 7 1.5 3 1 1
Case 8 2.6 7 4 4
Case 9 3.1 4 3 3
Mean 5 2.7 2.8
SD 1.7 1.6 1.7
P < 0.001 P <0.01 P <0.01

HS = Hypotension.

fluid, the latter was adjusted at the beginning of the
session the closest possible at 0.5 ° C intervals to the
pre-dialysis temperature of the patient. The device
kept this temperature constant until the BTM module
started automatic control approximately within 20-20
minutes. The temperature was measured at the armpit
opposite to the arm carrying the fistula. Other dialysis
parameters, such as blood flow, dialysis duration, or
ultrafiltration profile, were not modified in relation to
the screening phase.

The study was carried out simultaneously in all pa-
tients. The screening phase started on January of
2005, and the other two phases were consecutive.

The results are expressed as mean + standard de-
viation. The comparison between the groups was
done by the Student'’s t test.

RESULTS

The study was started in the year 2005 and 9 (4 men
and 5 women) out of the 95 patients attending the
Unit at that time met the inclusion criteria. Mean age
was 64 + 14 years, with a mean time on hemodialysis
of 35 = 30 months. Five out of nine included patients
were diabetic (3 women and 2 men). Dialysis duration
was 225 + 26 minutes per session. During the scree-
ning phase, mean substraction was 4 + 1% of dry
weight, and mean arterial blood pressure decreased
from 99 + 16 to 80 = 16 mm Hg (p < 0.001), presen-
ting symptomatic hypotension in 5.0 + 1.7 out of 12
sessions. The temperature of the dialysis fluid during
this phase was 37° C (the standard temperature pres-
cribed by default by the dialysis machine: Fresenius
40089). Table 2 shows the number of hypotension epi-
sodes per patient and phase. In phase 1 (constant fluid
temperature at 36° C), mean body temperature at the
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end of the dialysis session was 36.3 + 0.5, and the dif-
ference with regards to body temperature measured in
the patients at the beginning of the session was not
significant. During this phase, a reduction in the num-
ber of sessions complicated with symptomatic hypo-
tension was observed (5.0 + 1.7 versus 2.7 + 1.6; p <
0.01). During the next phase (phase 2, with BTM), a
reduction in the number of hypotension episodes was
also observed (5.0 + 1.7 versus 2.8 + 1.7; p < 0.01).
There were no differences in cardiac rhythm between
both phases, or in mean ultrafiltration required by
each patient. Both total proteins and hematocrit re-
mained stable throughout the study in all patients.

Recirculation of the vascular access was also
analyzed using the same monitoring device, being
10.6 = 1.8%.

DISCUSSION

It is well known that the option of lowering the
dialysis bath temperature to a constant temperature
may be an unreliable practice since there are substan-
tial variations in body temperature from one patient
to another that may reach up to 2° C. In our study, the
results obtained by using one technique or the other
were similar, and both options are valid for achieving
better hemodynamic stability. It is likely that the small
sample size and the strict limitations in inclusion and
exclusion criteria did not allow us appreciating the
inter-patient thermal differences.

The initial temperature during the screening phase
was the standard one, at 37° C, assuming that it is the
physiological body temperature. However, this an in-
correct assumption since, on the one hand, the inter-
subject temperature varies, and on the other hand,
predialysis temperature o the patients tends to be low,
around 36°-36.5° C."?



In previous studies, one of the problems with cold
dialysis was the poor tolerance experienced by the pa-
tients.? All of our patients tolerated well the temperatu-
re decrease to 36° C during phase 1. We assume that
this good tolerance was due to the use of a temperature
of the dialysis bath not as low as that used in other stu-
dies (35-35.5° C).?° Minimal differences in body tem-
perature of only 0.3-0.8° C are perceived as different
by the different patients.?’ Although we should take
into account that «cold dialysis» may have harmful ef-
fects, especially in those patients with poor myocardial
function,??2% only small differences in body temperatu-
res of our patients, produced by lowering the tempera-
ture of the dialysis fluid, are able of inducing beneficial
effects over the harmful effects of hypothermia.?* This
shows the need for being very accurate when measu-
ring body temperature and individualizing the tempe-
rature of the dialysis fluid prescribed.

In order to avoid changes in body temperature rela-
ted with the dialysis circuit itself, the blood should be
in the return line at least at the same temperature than
that at the arterial or outflow line. In their study, Mag-
giore et al.*> used a feedback system that allowed get-
ting rid of body heat accumulated during the dialysis
session. This effect was achieved by using the Frese-
nius BTM, the same that we have used in phase 2,
and which acts producing small changes in the dialy-
sate temperature much more gradual than those ob-
tained in previous studies, and that reaches it nadir
temperature at the end of the dialysis session, when
hypotension episodes are more frequent. Therefore,
we believe that monitoring devices of arterial and ve-
nous temperature offer a good option for improving
the quality of dialysis.

We may conclude stating that symptomatic hypo-
tension of hemodialysis patients may be improved by
varying the dialysate temperature. Both reduction of
the fluid temperature to 36° C and the use of the BTM
module have proven to be effective. Further studies
with larger sample size would be required for a more
in-depth review of the topic.
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