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Effect of Isothermic Dialysis on Intradialytic Hypertension

Abstract

The primary outcome was incidence of intradialytic hypertension (IDH) during standard and cooler
isothermic dialysate temperatures. Two pair of haemodialysis sessions were done at 37°C (SHD)
and at isothermic temperature (IHD). All the four dialysis were done on the same time of the
day to negate the changes due to circadian variation in body temperature. Axillary and tympanic
temperatures were measured before start of the dialysis and dialysis temperature was adjusted as
per axillary temperature. Sixty patients were enrolled and completed the study. The mean delivered
dialysate temperature in the intervention group was 36.5 + 0.2 achieving a 0.5 = 0.2°C between-group
separation. The incidence of IDH and intradialytic hypotension while on SHD and IHD were
79/120 (66%) vs 44/120 (37%), odds ratio (OR) 3.3, 95% confidence interval (CI) (1.96-5.65) and
45/120 (38%) vs 14/120 (12%), OR 4.5, 95% CI (2.3-8.7), respectively. The 4 h time averaged
mean systolic blood pressure (SBP) at IHD and SHD were 154 + 1.7 and 157.2 £ 1.1 mmHg,
respectively, the mean difference in SBP being —3.4 mmHg to —3.1 mmHg, 95% CI, P < 0.001.
The standard deviation, a measure of BP variability was lower at IHD than at SHD (P < 0.001).
In a subgroup analysis during IHD there was a significant reduction of both SBP and diastolic BP
during the entire duration of dialysis in 35 out of 60 patients (systolic 4 h mean 154.96 + 2.22 vs
164.32 £ 1.99 mmHg), (diastolic 4 h mean 79.24 + 0.82 vs 82.54 + 0.68 mmHg) — (rANOVA for
systolic and diastolic <0.001). This phenomenon of cooler dialysis causing reduction of BP was
reproduced in the same group of patients when the IHD was repeated another time (systolic 4 h
mean 157.95 + 1.88 vs 160.65 + 1.47), (diastolic 4 h mean 79.27 + 0.74 vs 82.03 + 1.07) rANOVA
for systolic and diastolic <0.001. The incidence of IDH can be reduced significantly by reducing the
dialysate temperature to patients’ body temperature. Hypertension during dialysis is related to heat
gain during dialysis.
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haemodynamically stable patients. In
an earlier pilot study (unpublished) we
had observed that the incidence of IDH
decreases when dialysed at isothermic
temperature.

Introduction

Haemodialysis is a haemodynamic stress
to the body. Blood pressure usually
decreases due to ultrafiltration. In 8-15%
of patients on dialysis there is intradialytic
hypertension (IDH).Y IDH has been
variably defined as an increase of 10 mmHg
or more in systolic blood pressure (SBP)
postdialysis compared to predialysis
values®? or a 15 mmHg increase in mean

Methods
Study design and treatment regimen

The study was approved by the institutional
ethics committee. It is a prospective

arterial  pressure.”  IDH is associated interventional study with crossover design.
with excessive mortality.?4 Isothermic .

dialysis has been tested in hypotension Participants

prone dialysis patients in randomised  Patients on maintenance haemodialysis

multicentric studies®™ and has been shown
to be beneficial. The rate of intradialytic
hypotension decreased by more than
seven times at hypothermic dialysis.[®
Effect of dialysis at isothermic or patient’s
body temperature is not well studied in

for >3 months were included. They had
reasonably  controlled blood pressure
(i.e., <160 mmHg systolic and <100 mmHg
diastolic). They were dialysed via an
arteriovenous fistula (AVF) or arteriovenous
graft (AVG). The anti-hypertensive dose
was kept constant for 2 weeks prior to
study. Room temperature was maintained
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at 25°C. All patients were on either twice or thrice weekly
haemodialysis. Patients with fever in the last 1 month were
excluded temporarily. No patient had acute or chronic
infection. Study was conducted over 1-year period. But in
a given patient it was done in a month’s time. As there are
no data available on the effect of cooler isothermic dialysis
on the incidence of IDH, we would call our study as a pilot
study. We intended to recruit 60 patients for this pilot study.

Dialysis intervention

Two haemodialysis sessions were done at 37°C and two
haemodialysis sessions were done at isothermic temperature
for each patient. Care was taken to do all the four dialysis
during the study period on the same time of the day to negate
the changes due to circadian variation in body temperature.
Blood pressure and pulse rate were measured before start
of dialysis and monitored every 15 min for 4 h using
automated non-invasive blood pressure recording. Axillary
and tympanic membrane temperature were measured
before start of the dialysis by clinical mercury thermometer
and tympanic [Covidien, GeniusTM2] thermometer. Two
dialysis were done at standard (37°C) temperature and
two dialysis were done at isothermic (patient’s body)
temperature. Temperature recorded at the axilla opposite to
the side of AVF was used to adjust the dialysate temperature.
Block randomisation was used to determine the temperature
setting for each of the four sessions of dialysis. Tympanic
probe covers were changed for each measurement. If the
two readings at the same temperature varied by >25% the
test was repeated after ensuring that the patient does not
change the timing and dose of anti-hypertensives.

Concurrent treatments

All patients were on standard management and their dry
weight was prescribed and adjusted once every 3 months or
earlier if symptomatic. All patients received 4 h of dialysis
irrespective of their Kt/V. All patients were on low-flux
polysulfone dialyzers. The dialysate composition was sodium
136—138 mmol/l; potassium 2 mmol/l; calcium 1.25 mmol/l;
magnesium 0.5 mmol/l; bicarbonate 32-38 mmol/l; glucose
5.6 mmol/l and acetate 3 mmol/l. Dialysate flow rate was
500 mL/min and blood pump speed was 200-300 mL/min.
Anticoagulation was by unfractionated heparin.

Data collection

Blood pressure was measured over 4 h duration of the
dialysis by an automated sphygmomanometer. IDH was
defined as an increase in SBP by 10 mmHg or increase
in mean arterial pressure by 15 mmHg. Intradialytic
hypotension was defined as decrease in SBP by 20 mmHg
or any SBP <100 mmHg.

Primary study outcome

The pre-specified primary outcome was incidence of
IDH during standard and cooler isothermic dialysate
temperatures.

Statistical analysis

Descriptive statistics for continuous variables were tested
for normality and summarised using mean + SD or median
(interquartile range; 75" — 25" centile). Discrete variables
were summarised by proportions. Repeated measures
analysis of variance (ANOVA) was used to analyse the
difference in mean blood pressure in the two arms. All
pre-specified analyses used a two-sided significance at
P < 0.05. SPSS version 21.0 was used for all analyses.

Rationale for study outcomes

IDH is associated with excessive mortality.>#! Isothermic
dialysis has been tested in hypotension prone dialysis
patients in randomised multicentric studies®™ and has been
shown to be beneficial. Effect of dialysis at isothermic
or patient’s body temperature is not well studied in
haemodynamically stable patients. In an earlier unpublished
pilot study by us we had observed that the incidence of
IDH decreased when dialysis was done at isothermic
temperature.

Results

Of the eighty eligible patients on AVF or AVG vascular
access in the centre, 60 patients were enrolled and
completed the study. There were no drop outs in the
study due to adverse events. The mean delivered
dialysate temperature in the intervention group was
36.5 £ 0.2, range (35.7-37.5)°C achieving a 0.5 + 0.2°C
between-group separation. The delivered temperature was
not cross-checked. Neither was the temperature re-adjusted
during the 4 h duration of the dialysis.

The mean age was 50.6 + 12 years with 44/60 males (73%).
Diabetes mellitus was present in 44/60 (73%) of patients.
During the study period of 12 months, out of 107
prevalent patients on haemodialysis, 10 died (9.3%). The
mean tympanic temperature and axillary temperature
were 36.7 £ 0.25, range (36.4-37.4) and 36.4 + 0.21,
range (35.7-37.5), respectively [Figure 1].

We defined IDH as SBP increase of >10 mmHg and
intradialytic hypotension as >20 mmHg fall in SBP or any
SBP <100 mmHg. Based on this criteria the incidence of
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Figure 1: Basal body temperature. The basal body temperature measured
by tympanic thermometer and axillary thermometer were 36.7°C * 0.21°C
and 36.4°C * 0.25°C, respectively
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IDH in standard and isothermic dialysis were 79/120 (66%)
vs 44/120 (37%), odds ratio (OR) 3.3, 95% confidence
interval (CI) (1.96-5.65). The incidence of intradialytic
hypotension was 45/120 (38%) vs 14/120 (12%), OR 4.5,
95% CI (2.3-8.7), respectively. Likewise the incidence
of intradialytic hypotension in standard and isothermic
dialysis were 45/120 (38%) vs 14/120 (12%), OR 4.5, 95%
CI (2.3-8.7), respectively. All percentages were calculated
as episodes of IDH or hypotension per 120 dialysis sessions
[Figure 2].

The 4 h time averaged mean SBP in all the 60 patients
at isothermic and standard dialysis were 154 + 1.7 and
157.2 £ 1.1 mmHg, respectively. The mean difference in
SBP between the groups was —3.4 mmHg to —3.1 mmHg,
95% CI, P < 0.001 [Figure 3a]. The standard deviation
which is a measure of blood pressure variability was lower
at isothermic dialysis. The mean of standard deviation
of SBP in isothermic and standard temperature dialysis
were 13.8 £ 2 and 20.8 + 6.2, respectively (P < 0.001)
[Figure 3b].

Sixty patients were divided into two groups based on
whether their blood pressure increased during dialysis or
not. Patients were categorised as responders (n = 35) if the
blood pressure was >5 mmHg lower while on isothermic
dialysis and non-responders (rn = 25) if their blood pressure
showed no change at isothermic dialysis or if the change
was <5 mmHg. rANOVA statistic was used to evaluate
the difference in the blood pressure at the two different
dialysate temperatures [Table 1]. There was no significant
difference in blood pressure when dialysis was done at
37°C on two different days in the same group of patients.
When dialysate temperature was set to patient’s body
temperature, there was significant reduction in both SBP
and diastolic blood pressure during the entire duration of
dialysis in 35 out of 60 patients (rANOVA for systolic
and diastolic <0.001). This phenomenon was reproduced
in the same group of patients when the isothermic dialysis
was repeated another time (rANOVA for systolic and

Incidence of Intradialytic Hypertension & Hypotension in 37°C
and Isothermic Dialysis (n=60)
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Figure 2: Incidence of intradialytic hypertension and hypotension. At cooler
isothermic dialysis, the incidence of hypotension and hypertension were
both reduced significantly (P < 0.001)

diastolic <0.001). In the rest 25 patients (non-responders)
the blood pressure reduction with temperature reduction
was less pronounced [Figures 4-7]. All patients were
“clinically” euvolemic. All patients completed all the four
study dialysis in 4 weeks. The anti-hypertensives dose
or frequency or time of dialysis was not changed during
the study period. The ultrafiltration rates were similar
in responders and non-responders [Table 2]. The data on
dialysis—patient sodium gradient were not collected.

Discussion

This prospective crossover study demonstrates that
individualised cooler dialysate results in lesser incidence of
IDH and hypotension together. The fluctuation in the blood
pressure was also lesser on cooler dialysis. The proposed
intervention is simple and can well be applied with the
existing care setup. The study reinforces the fact that basal
body temperature in dialysis patients are lower and core
body temperature change during dialysis affects the blood
pressure during dialysis. Traditionally cooler dialysis has
become synonymous with intradialytic hypotension. We
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Figure 3: (a) Four hour intradialytic systolic blood pressure in isothermic
and 37°C temperature dialysis. The 4 h time averaged mean systolic
blood pressure at isothermic and standard dialysis were 154 * 1.7 and
157.2 = 1.1 mmHg, respectively. The mean difference in systolic blood
pressure between the groups was -3.4 and -3.1 mmHg, 95% confidence
interval, P<0.001. (b) Systolic blood pressure variability in isothermic and
37°C temperature dialysis. The standard deviation which is a measure of
blood pressure variability was lower at isothermic dialysis. The mean of
standard deviation of systolic blood pressure in isothermic and standard
temperature dialysis were 13.8 * 2 and 20.8 6.2, respectively (P < 0.001)
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Table 1: Repeated measures ANOVA in responders and non-responders to temperature modulation

Isothermic 1

Isothermic 2

Standard 1 (37°C) - reference Standard 2 (37°C)

Systolic (responders), mean+SD (mmHg) (n=35) 154.96+£2.221
Mean difference, 95% CI (mmHg) -9.44 t0-9.28
Systolic (non-responders), mean+SD (mmHg) (n=25) 151.31+0.82
Mean difference, 95% CI (mmHg) -1.6 to-0.44

Diastolic (responders), mean+=SD (mmHg) (n=35) 79.24+0.8211
Mean difference, 95% CI (mmHg) -3.35t0-3.25
Diastolic (non-responders), mean+SD (mmHg) (n=25) 83.64+0.62"
Mean difference, 95% CI (mmHg) -3.54 t0-3.22

157.95+1.88" 164.32+1.99 160.65+1.471
-7.02 to-5.72 Reference -3.85 to-0.34
152.14+1.07 152.33+0.73 153.48+1.42
-0.33-0.05 Reference -0.87-1.43
79.27+0.74% 82.54+0.68 82.03+1.07
-3.29 t0-3.25 Reference -0.64-0.38
86.40+1.56 87.02+1 86.81£1.01
-0.85-0.39 Reference -0.21-0.42

P<0.001, 1P<0.05. SD: Standard deviation, CI: Confidence interval. The blood pressure mean represents the 4 h time averaged mean. The
basal body temperature during isothermic in responders and non-responders were comparable 36.4+0.25°C and 36.5+0.27°C respectively
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Figure 4: Systolic blood pressure in responders to temperature modulation.
In 35 out of 60 patients studied, at cooler isothermic body temperature the
systolic blood pressure did not increase. The difference was statistically
significant (P < 0.001) and clinically relevant
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Figure 6: Diastolic blood pressure in responders to temperature modulation.
In 35 out of 60 patients studied, at cooler isothermic body temperature the
diastolic blood pressure did not increase. The difference was statistically
significant (P < 0.001) and clinically relevant

have demonstrated that even intradialytic increase in blood
pressure can be reduced by individualising the dialysis
temperature to a cooler body temperature dialysis. The
basal body temperature and intradialytic ultrafiltration
volume during dialysis were similar in both the responders
and non-responders. Some other additional factors seem
to affect the blood pressure response apart from volume
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Figure 5: Systolic blood pressure in non-responders to temperature
modulation. In another group of 25 patients with subdued blood pressure
response to temperature, the systolic blood pressure was significantly
lower (<0.05) at cooler isothermic body temperature in one session and
could not be reproduced during the next dialysis session

Diastolic BP with Standard vs Isothermic Dialysis
n=25
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Figure 7: Diastolic blood pressure in non-responders to temperature
modulation. In another group of 25 patients with subdued blood pressure
response to temperature, the diastolic blood pressure was significantly
lower (<0.001) at cooler isothermic body temperature in one session and
could not be reproduced during the next dialysis session

contraction and increase in core body temperature during
dialysis in this group of non-responders.

The incidence of IDH at standard dialysis temperature is
very high compared to previous reports.!'! This difference
is not due to difference in the definition of hypertension
or rate of ultrafiltration or baseline blood pressure control,
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Table 2: Demographics of the patient

Total population (n=60),
n (%), mean+SD

Non-responders (n=25),
n (%), mean+SD

Responders (n=35),
n (%), mean+SD

Age (years)

Gender (males)

Predialysis weight (kg)

Urine output (ml/day)

Interdialytic weight gain in last 10 dialysis (kg)

eKt/'V

Ultrafiltration (at 37°C dialysate)

Ultrafiltration (at body temperature dialysate)

Dialysis vintage (years)

Diabetes mellitus

Basal blood pressure (at 37°C dialysis) (mmHg)
Systolic
Diastolic

Basal blood pressure (at body temperature dialysis) (mmHg)
Systolic
Diastolic

Arteriovenous fistula

Basal temperature (at 37°C dialysis) (°C)
Axillary temperature
Tympanic temperature

Basal temperature (at body temperature dialysis) (°C)
Axillary temperature
Tympanic temperature

Body mass index (kg/m?)

Haemoglobin (g/dl)

Calcium (mg/dl)

Phosphorus (mg/dl)

Albumin (mg/dl)

Number of anti-hypertensives

50.6+12 51.9+11.4 46.6+12.6
44 (73) 25 (71) 19 (76)
70.5+14.5 69.8+17.4 71.8+17.9
2504212 2234230 2804257
3.5+1.9 3.442.1 3.642.0
1.340.3 1.440.4 1.340.5
3.4+1.8 3.5+1.9 32419
3.5+1.7 3.4+1.9 3.6+1.8
2.841.7 3.1+1.9 2.7+1.8
28 (46.7) 17 (48.6) 11 (44)
154.111.3 155.0411.5 153.3£13.2
84.8+11.6 85.8+8.3 83.249.1
153.2+11.6 155.2412.8 149.3+11.9
86.6+11.1 86.446.5 86.8+5.8
59 (98.3) 34(97.1) 25 (100)
36.5+0.23 36.6+0.24 36.5+0.27
36.9+0.14 36.940.17 36.8+0.19
36.4+0.25 36.6+0.29 36.5+0.16
36.7+0.21 36.840.17 36.9+0.18
23.445.5 23.743.1 23.942.7
9.5+1.5 8.9+1.8 9.8+2.1
9.0+0.9 9.1+1.1 8.940.9
4.542.5 4.842.8 43427
3.4+1.2 3.6+1.4 3.3+1.3
22404 2.140.4 2.4+0.6

The baseline variables in the groups “responders” and “non-responders” were similar in both the groups. SD: Standard deviation

all of which are factors known to affect the incidence of
IDH.

During the study period of 12 months, out of 80 patients
10 died (12.5%) which is an acceptable death rate both
in India and in developed nations.™® In our cohort, five
patients (6.25%) were lost to follow up. The attrition
rate for maintenance dialysis is much better in our centre
compared to other centres in India. One of the main
reason is possibly the Chief Minister’s Comprehensive
Health Scheme in Tamil Nadu®! has made the maintenance
haemodialysis affordable to our patients. Our patients were
predominantly males (73.3%) which reflect the combination
of gender disparity in health-seeking behaviour and other
factors in our region. The incidence of end-stage renal
disease (ESRD) is almost same in both the genders.!'”)
Diabetes was present in 46.7% of patients (50/107) on
dialysis. Diabetic nephropathy is the commonest cause of
kidney disease in the last few decades and our cohort is
similar.* The mean age was 50.6 + 12 similar to usual
haemodialysis population in developed nations®! and older
than many of the Indian dialysis population.”

Indian Journal of Nephrology | Volume 29 | Issue 5 | September-October 2019

The basal body temperature is lower in dialysis patients
in our cohort and is similar to published literature.!'"
Multicentric randomised study!'! showed that in patients
prone for intradialytic hypotension, isothermic dialysis is
the way to go to reduce the incidence of hypotension. We
showed that the incidence of hypotension was lower while
on cooler isothermic dialysis.

Heat gain during dialysis was one of the main factors that
predisposes to hypotension during dialysis. It is known that
during summer months the office blood pressure in people
is lower when compared to winter months. This is believed
to be due to vasodilatory effect of higher environmental
temperature.'” However, in a study involving 6404 elderly
individuals, the office blood pressure and 24 h daytime
ambulatory blood pressure was lower on hot days while
their night time ambulatory blood pressure was higher
on hot days.'"” This study and our findings question
the conventional wisdom of higher temperature causing
uniformly lower blood pressure. During a combined heat
stress and hypovolemic stress in human beings it has been
shown that the heat-related vasodilatation prevails over
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hypovolemia induced vasoconstriction. During whole body
heat stress it has been shown in splanchnic vessels and
cerebral vascular bed that the vascular resistance increases
and blood flow decreases with heat stress. However there
was significant heterogenicity in this response in the
25 individuals studied. In the same study it was shown
that heat stress blunted the blood pressure response to
phenyephrine infusion and lower body negative pressure
caused larger drop in blood pressure.l'*! Similarly dialysis
poses a combined heat stress due to heat gain during
dialysis and volume stress due to ultrafiltration. This
subjects the blood vessels to heat-related vasodilatation and
volume-related vasoconstriction. Hence heat stress alters
the body’s response to vasopressors. In some individuals
this same stress causes hypotension and in some
individuals it appears from our data it causes hypertension.
The contrary seems to be happening in patients with
intradialytic hypertension. It has been shown that heat
stress modifies the baroreflex control of muscle sympathetic
activity independently of heat-induced hypovolemia in
humans. Heat stress caused hyperthermal modification of
baroreflex results from central neural interaction between
thermoregulatory and baroreflex systems.!”)

The two studies which we felt was somewhat similar
to or study on cooling during dialysis came to opposite
conclusions. In a study with individualised cooling at
0.5°C below body temperature for 12 months significantly
changed the left ventricular function as assessed by
peak systolic strain, peak diastolic strain, end diastolic
volume, left ventricular mass and aortic distensibility
were preserved. The study reported only baseline blood
pressure and intradialytic changes in blood pressure were
not reported.””) In another study the dialysate temperature
was kept constant for all patients at 36°C in a propensity
matched prospective study. It showed no difference in
rates of death, hospitalisation and missed haemodialysis
treatments when compared to controls dialysed at standard
37°C.1"1 We believe both the study outcomes are consistent
with our results though direct intradialytic blood pressure
data are lacking. Fixed 36°C dialysis is not good enough
and 0.5°C cooling below body temperature may explain
the cardiac benefits of cooling due to better intradialytic
haemodynamics. More research will clarify the exact
pathogenesis behind this paradoxical phenomenon. Our
findings point towards gain of heat during dialysis as a
major reason for IDH also.

Limitations

This first study which demonstrates that IDH is caused
by heat gain during dialysis has some limitations. Heat
gain is a dynamic process but we adjusted the dialysis
temperature only once and did not change the dialysis
temperature during the course of the 4 h session though
it is very likely that there was at least 0.5°C increase in
temperature. As axillary and tympanic temperatures were

used as a surrogate marker for core body temperature and
our findings at best can be called as cooler dialysis and not
isothermic dialysis. Our findings are from a single centre
and needs to be reproduced in a larger trial or multiple
centres. Data on anti-hypertensive drug compliance,
patient-dialysate sodium gradient were not collected and
can adversely affect the validity of the results.

Conclusions

For the first time we show that the incidence of IDH can be
reduced significantly by reducing the dialysate temperature
to patients’ body temperature. Both hypotension and
hypertension during dialysis are probably related to heat
gain during dialysis.
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