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Abstract

Background and objectives Lowering the dialysate temperature may improve outcomes for patients undergoing
chronic hemodialysis. We reviewed the reported benefits and harms of lower temperature dialysis.

Design, setting, participants, & measurements We searched the Cochrane Central Register, OVID MEDLINE,
EMBASE, and Pubmed until April 15, 2015. We reviewed the reference lists of relevant reviews, registered trials,
and relevant conference proceedings. We included all randomized, controlled trials that evaluated the effect of
reduced temperature dialysis versus standard temperature dialysis in adult patients receiving chronic
hemodialysis. We followed the Grading of Recommendations Assessment, Development and Evaluation
approach to assess confidence in the estimates of effect (i.e., the quality of evidence). We conducted meta-analyses

using random effects models.

Results Twenty-six trials were included, consisting of a total of 484 patients. Compared with standard
temperature dialysis, reduced temperature dialysis significantly reduced the rate of intradialytic hypotension by
70% (95% confidence interval, 49% to 89%) and significantly increased intradialytic mean arterial pressure by
12 mmHg (95% confidence interval, 8 to 16 mmHg). Symptoms of discomfort occurred 2.95 (95% confidence
interval, 0.88 to 9.82) times more often with reduced temperature compared with standard temperature dialysis.
The effect on dialysis adequacy was not significantly different, with a Kt/V mean difference of —0.05 (95%
confidence interval, —0.09 to 0.01). Small sample sizes, loss to follow-up, and a lack of appropriate blinding in
some trials reduced confidence in the estimates of effect. None of the trials reported long-term outcomes.

Conclusions In patients receiving chronic hemodialysis, reduced temperature dialysis may reduce the rate of
intradialytic hypotension and increase intradialytic mean arterial pressure. High—quality, large, multicenter,
randomized trials are needed to determine whether reduced temperature dialysis affects patient mortality and

major adverse cardiovascular events.

Clin ] Am Soc Nephrol 11: 442-457, 2016. doi: 10.2215/CJN.04580415

Introduction
Approximately 2 million patients worldwide receive
life—sustaining chronic hemodialysis treatments (1).
Intradialytic hypotension occurs in =30% of hemodi-
alysis treatments and is associated with substantial
long—term mortality (2—4). Maggiore et al. (5) pro-
posed cool dialysis to prevent intradialytic hypoten-
sion by increasing peripheral vascular resistance,
improving cardiac output, and altering the levels of
vasoactive peptides. Nephrologists, however, remain
cautious about using this modality of hemodialysis
because of limited evidence about its long-term effects
and the assumed disadvantages. These disadvantages
include the discomfort that patients may experience in
association with cool dialysis and the concern that it
may interfere with achieving adequate dialysis.

In 2006, Selby and McIntyre (6) conducted a sys-
tematic review to assess the effects of lowering
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dialysate temperature. The review was restricted to
English language articles, and Selby and McIntyre (6)
were unable to report the effects of lowering dialysate
temperature on long-term patient-important out-
comes because of lack of data. Since 2006, more trials
have been published on this topic (7,8). We conducted
this systematic review to evaluate the effect of cool di-
alysis compared with standard temperature dialysis on
patient-important outcomes in adults undergoing
maintenance chronic hemodialysis.

Materials and Methods
Data Sources and Searches

We conducted this systematic review in accordance
with a prespecified registered protocol available at
http:/ /www.crd.york.ac.uk/PROSPERO (registra-
tion no. CRD42011001104). We reported the results
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according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (9).

We performed an electronic search of the Cochrane
Central Register of Controlled Trials (until April of 2015),
OVID MEDLINE (from 1946 to April of 2015), EMBASE
(from 1947 to April of 2015), and Pubmed (from 1951 to
April of 2015). A methodologic filter was applied to limit
retrieval to clinical trials and the human population (de-
tailed search strategy is provided in Supplemental Appen-
dix 1) (10). We reviewed the reference lists of relevant
articles and reviews as well as trials registered on the
ClinicalTrials.gov website. We searched for conference
proceedings from 2007 to 2014 using the Web of Science
and abstracts presented at recent annual meetings of the
American Society of Nephrology, the Canadian Society of
Nephrology, the National Kidney Foundation, the Euro-
pean Renal Association-European Dialysis and Transplant
Association, and the International Society of Nephrology.

Study Selection

We used the following eligibility criteria.

Studies. We included all randomized, controlled trials
from January of 1946 to April of 2015. This included cross-
over, parallel arm, and cluster trials.

Participants. We included all adult patients (aged >18
years old) who received chronic hemodialysis in either an
inpatient or outpatient setting, regardless of BP at baseline.

Intervention. We compared standard temperature di-
alysis with any method of cool dialysis. Different methods
of cool dialysis include fixed reduction in dialysate tem-
perature programmed patient cooling, isothermic dialysis,
and negative energy balance using a biofeedback temper-
ature monitoring device. We used the trials” definitions of
standard and cool dialysis temperature. We only included
bicarbonate-based dialysis and excluded acetate-based
dialysis, because acetate-based dialysis is not used in common
practice anymore. We did not include hemodiafiltration or
acetate-free biofiltration in this review.

Outcomes Measures. We abstracted information on the
following outcomes: mortality, hospitalization, quality of
life (QOL), intradialytic hypotension, BP, cardiovascular
events, access failure, system clotting, bleeding, dialysis
adequacy, and symptoms, including discomfort caused by
cold sensation and cramping. We did not assess the effect of
cool dialysis on energy transfer, vasoactive peptides, or
radiologic and diagnostic tests changes (e.g., changes in mag-
netic resonance, echocardiogram, or computed tomography).

Language. We included trials published in any language.

Publication Status. We reviewed all published and un-
published studies. Abstracts with relevant information
were also reviewed.

Two investigators independently screened the search
results for articles on the basis of the title or the title and
abstract. The full-text article was retrieved for any citation
considered potentially relevant by any investigator. Each of
the investigators then independently assessed the eligibil-
ity of each article by using a pilot-tested, standardized
form with written instructions. Any disagreement was re-
solved by consensus. If at least one of the characteristics
was not met, the article was excluded. We used Cohen
k-value to measure agreement beyond chance between
reviewers (11).

Effects of Cool Dialysis on Important Outcomes, Mustafa et al. 443

Data Extraction and Quality Assessment

We extracted data using a pilot-tested and standardized
form. Two investigators independently extracted all rele-
vant data from included trials. Results of data extraction
were then compared, and any discrepancy was resolved by
discussion. When the same results were presented in more
than one publication, we included the publication with the
most complete results. If results were incomplete or unclear,
we contacted study authors for additional information.

We collected the following information from each trial:
trial characteristics (author name, year of publication,
country, language, number of centers, number of countries,
and inclusion and exclusion criteria), patient characteristics
(number, patients completing follow-up, age, comorbidities,
and baseline BP), intervention and comparison character-
istics (type of dialysate cooling, duration of intervention,
and temperature of dialysate in each group), cointerven-
tions (concomitant BP medication use), and outcomes. Also,
we collected information about funding sources, conflict of
interest statements, consent, and ethics approval.

Two reviewers independently assessed the risk of bias of
the selected trials. To assess any risk of bias, different
domains were considered for each outcome. These domains
were adequate random sequence generation, concealment
of allocation, adherence to the intention-to-treat principle,
stopping early for benefit, proportion of patients lost to
follow-up, selective reporting of outcomes, freedom from
other biases, and blinding of patients, investigators, di-
alysis nurses, clinical outcome assessors, data collectors,
and data analyzers.

To assess the confidence in the estimates of effect (i.e.,
quality of evidence) across studies, we followed the Grading
of Recommendations Assessment, Development and Evalu-
ation GRADE approach (12) by making judgments about the
risk of bias, publication bias, indirectness, imprecision, and
inconsistency among different trials. To assess publication
bias, we used the funnel plot and Egger linear regression
test (13).

Data Synthesis and Analyses

The intervention effect estimates for each outcome were
combined quantitatively (pooled) from different trials
when appropriate using RevMan, version 5. When quan-
titative synthesis of the data was not appropriate, the
results were summarized qualitatively. The Breslow-Day
test was used to measure the percentage of total variation
across studies caused by heterogeneity (I2). Trial data were
considered worthy of exploration of heterogeneity when
the I? statistic was >50%. Attempts were also made to ex-
plain heterogeneity on the basis of the patient clinical char-
acteristics and interventions of the trials included.

Rates were expressed as rate ratios and compared using
generic inverse variance. Continuous data were expressed
as mean differences. Overall results were pooled using a
random effects model (14,15).

Sensitivity analyses to assess robustness of results and
subgroup analyses to determine whether the summary
effects vary in relation to clinical characteristics of the
population in the included trials were prespecified. The
treatment effects were examined according to risk of bias.
Two subgroup analyses were undertaken. The first com-
pared the effect of fixed temperature reduction compared
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with biofeedback devices on different outcomes. The
second compared the effect of cooling dialysate in patients
with stable and unstable BPs at baseline.

Results
Study Selection

Study selection is presented in Figure 1; 4019 citations
were screened, and a total of 26 trials were included in the
review. The chance-corrected agreement for full-text eligi-
bility was good (k=0.87). Details about the excluded stud-
ies are presented in Supplemental Appendix 2. The most
important reasons for exclusion included the use of acetate
dialysis, duplicate data, and a lack of primary data.

Study Characteristics
Table 1 presents the details about characteristics of in-
cluded trials (16-40) (B. Jo et al., unpublished data). All

26 trials selected for the final review were crossover, ran-
domized trials published in English. Nineteen trials had no
dropouts. The other seven trials had patient dropout of
varying degrees (8%—42%) (16-22). One trial was an inter-
national multicenter study (20) (27 centers and nine coun-
tries), and the rest were conducted in single centers.

Participants. The included trials involved 484 partici-
pants; 24 of 26 trials were small, with <20 participants (6—
19 participants). The remaining two trials involved 95 and
128 participants (19,20). The main inclusion criteria were
adults (=18 years old) with variability in baseline BP and
duration on hemodialysis.

Intervention. Overall, the duration of each trial was
short. Eighteen trials reported the effect of cool dialysis on
the basis of two sessions of hemodialysis (one session in
each arm of the trial) (16,17,21,23,27-39,41). Three trials
evaluated the intervention in three to six hemodialysis ses-
sions (22-24). Only three trials followed patients longer

)
E Records identified through database Additional records identified through
§ searching other sources
= (n=6019) (n=326)
=
%}
=
(™1
\ ) v v
Records after duplicates removed
)
(n=4019)
)
£
=
-
= y
@
Records screened Records excluded
(n=4019) (n=3941)
—
4
Full-text articles assessed for Full-text articles excluded,
z eligibility > with reasons
E (n="78) (n=152)
=
=
4
Studies included in
qualitative synthesis
— (n=26)
3 4
E
= Studies included in
i quantitative synthesis (meta-
analysis)
n=17)
—

Figure 1. | Flow chart of the article selection process based on preferred reporting items for systematic reviews and meta-analyses.
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Cool Dialysis Standard Dialysis

Source Intervention n/N n/N Rate Ratio (95% CI)

Ayoub 2004 Fixed 35 C 0/ 30 0/ 30 1.00 [0.02, 50.40] ' " |

Beerenhout 2004a BTM35.2C 0/12 0/12 1.00 [0.02, 50.40] ’ " !

Chesterton 2009 Fixed 35 C 179 2/9 0.50 [0.05, 5.51] eom

Cruz 1999 Fixed 35.5 C 6/ 99 29 / 99 0.21[0.09, 0.50] .

Dheenan 2001 Fixed 35 C 0.375 / 30 0.937 / 30 0.40[0.01, 17.66] ; = |

Jost 1993 Fixed 35 C 0/ 12 18 /12 0.03[0.01, 0.45] —#—|

Kaufman 1998 BTM35.7 C 5/ 15 10/ 15 0.50 [0.17, 1.46] —a—

Selby 2006 Fixed 35 C 179 1/9 1.00 [0.06, 15.99] —_—y

van der Sande 1999 Fixed 35.5 C 0/9 179 0.33[0.01, 8.18] f o) f

van der Sande 2009 BTM0.5C below body temperature 1 / 21 3/ 21 0.33[0.03, 3.20] A

Yu 1995 Fixed 35 C 0/18 0/18 1.00 [0.02, 50.40] b |

Total 0.32[0.18, 0.56] <o

Test for heterogeneity for pooled Rate Ratio: Chi? = 6.35, df = 10 (P=0.78), F=0% : ‘ ‘ ‘
0.01 1 10 100

Favors Cool Dialysis Favors Standard Dialysis

Figure 2.
monitoring.

Effect of low temperature dialysis on intradialytic hypotension. 95% Cl, 95% confidence interval; BTM, biofeedback temperature

than six sessions (18, 20, and 24 sessions on average, (one negative energy, two cooling, and three isothermic
respectively) (18-20). Of note, trials with prolonged follow- devices). In the standard dialysis group, the dialysate tem-
up had a high dropout rate, and an intention-to-treat anal-  perature ranged from 36°C to 37.5°C, except for in one trial
ysis was not followed. It is not clear if the dropouts were that used a temperature of 38.5°C. Including or excluding
preferential in cool dialysis or not. Twenty trials used fixed this trial did not affect our results, and we decided to in-
temperature cooling of dialysate fluid (34°C-35.5°C). Six clude it, although a temperature >37.5°C is higher than the
trials used a biofeedback temperature monitoring device standard and an unusual practice.

Cool Dialysis Standard Dialysis

Source Intervention n/N n/N Rate Ratio (95% CI)

Ayoub 2004 Fixed 35 C 6/ 30 0/ 30 13.00 [0.73, 230.76] e |

Beerenhout 2004a  BTM35.2C 0/12 0/12 1.00 [0.02, 50.40] } 13 ]

Jamil 2000 Fixed 35.5 C 0/7 0/7 1.00[0.02, 50.40] f o |

Kaufman 1998 BTM35.7C 0/15 0/15 1.00 [0.02, 50.40] f " {

Maggiore 2002 BTM Isothermic 0/ 1140 0/ 1140 1.00[0.02, 50.40] f " |

Selby 2006 Fixed 35 C 3/10 0/ 10 7.00[0.36, 135.52] T

van der Sande 2009 BTM0.5C below body temperature 3 / 21 1721 3.00[0.31, 28.84] A

Total 2.95[0.88, 9.82] ‘

Test for heterogeneity for pooled Rate Ratio: Chi? = 2.52, df = 6 (P=0.87), P=0% : ‘ ‘ ‘
0.01 1 10 100

Favors Cool Dialysis Favors Standard Dialysis

Figure 3.
monitoring.

Effect of low temperature dialysis on symptoms of discomfort. 95% Cl, 95% confidence interval; BTM, biofeedback temperature



Clin } Am Soc Nephrol 11: 442-457, March, 2016

Outcomes. No trial included mortality, hospitalization,
cardiovascular events, access failure, bleeding, or system
clotting as an outcome. One trial reported the effect of
cooling dialysate on QOL; 12 trials reported intradialytic
hypotension, 24 trials reported BP, nine trials reported
dialysis adequacy, and ten trials reported symptoms of
discomfort.

Risk of Bias within Studies

Seven trials described blinding of patients, four trials
blinded health care providers or investigators, two trials
reported no blinding, and blinding was unclear in the rest
of the trials. Only one trial reported a central process for
random sequence generation, and the rest did not report
any methods for sequence generation or concealment of
allocation. We encountered challenges when evaluating
our criteria of selective reporting of outcomes, because
published protocols for those trials were unavailable. None
of the trials were stopped early for benefit or harm.

Intradialytic Hypotension

Thirteen trials reported intradialytic hypotension as an
outcome. We summarize the definitions used by these trials
to define intradialytic hypotension in Supplemental Ap-
pendix 3. Two trials (19,20) reported intradialytic hypoten-
sion as the proportion of sessions where it occurred. These
studies (19,20) reported that 5.5%—25% of the dialysis ses-
sions were complicated by intradialytic hypotension in the

Cool Dialysis

Source Intervention n mean(SD)

n mean(SD)
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cool dialysis group compared with 11.2%-50% of the ses-
sions in the usual dialysate group. The pooled effect on
the basis of 11 trials (Figure 2), which included a total of
552 hemodialysis sessions in 120 patients (with an average
of 4.6 sessions per patient), showed that the rate of intra-
dialytic hypotension was reduced by 70% (95% confidence
interval [95% CI], 49% to 89%) with cool dialysis compared
with standard dialysis (I?=0%).

Symptoms of Discomfort

The symptoms that were considered were discomfort
on dialysis from feeling cold, shivering, or cramps. The
reporting of symptoms of discomfort during dialysis was
generally poor. Ten trials reported these symptoms, but
they did not uniformly rate their severity. Cruz et al. (18)
reported the proportion of sessions with symptoms on
cold dialysate (13%). The pooled effect on the basis of
nine trials (Figure 3), which included a total of 2548 hemo-
dialysis sessions, showed that symptoms occur 2.95
(95% CI, 0.88 to 9.82) times more commonly with cool
dialysis compared with standard dialysis (I?=0%).

Dialysis Adequacy

Nine trials reported dialysis adequacy as an outcome.
Dheenan and Henrich (23) reported urea reduction rate.
Levin and colleagues (22) reported no difference in urea
kinetics, but no clear estimates were presented. The other
seven trials reported Kt/V. Our results show that cool

Standard Dialysis

Mean Difference (35% CI)

Ayoub 2004 Fixed 35 C 10 1.29 (0.08) 10 1.275(0.07) 0.02[-0.05, 0.08] -

i

|

|

|

|
Chesterton 2009 Fixed 35 C 9 1.46 (0.09) 9 1.5(0.08) -0.04[-0.12, 0.04] -

|

|

1

I
Cruz 1999 Fixed 35.5C 11 1.43(0.04) 11 1.53(0.03) -0.10[-0.13, -0.07] L

|

|

|

1

|
Kaufman 1998 BT 35.7C 15 1.29 (0.05) 15 1.32(0.06) -0.03[-0.07, 0.01] !

I

|

|

|
Maggiore 2002 BTM Isothermic 74 1.37 (0.36) 74 1.4(047) -0.03 [-0.16, 0.10] | —

|

|

i

l

|
Selby 2006 Fixed 35 C 9 1.48(0.48) 9 1.49(0.41) -0.01[-0.42,0.40] | = 1

i

|

i

|
Yu 1995 Fixed 35 C 9 1.25(0.14) 9 1.38(0.1) -0.13[-0.24, -0.02] —a

|

|

|

i
Total -0.05 [0.08, -0.01] ‘l

|

1

;
Test for heterogeneity for pooled Mean Difference: Chi = 16.06, df = 6 (P=0.01), F=63% I I 1

Q35 a 0

Favors Standard Dialysis  Favors Cool Dialysis

Figure 4. | Effect of low temperature dialysis on dialysis adequacy.

monitoring.

95% Cl, 95% confidence interval; BTM, biofeedback temperature
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dialysis did not have a significant effect on dialysis ade-
quacy compared with standard dialysis, with a pooled Kt/V
mean difference of —0.05 (95% CI, —0.09 to 0.01). We ob-
served some heterogeneity in the results on this outcome
across the trials (I*=63%) (Figure 4), which was partially
explained (I’=18%) when we conducted a predefined sen-
sitivity analysis on the basis of risk of bias.

BP

Twenty-four trials reported BP. Some reported a change
in mean arterial pressure (MAP), intradialytic MAP, MAP
posthemodialysis, changes in systolic and diastolic BP, or
systolic and diastolic BP posthemodialysis. We choose to
pool change in MAP (before and after hemodialysis),
because it is less affected by baseline BP before hemodi-
alysis and was one of the most frequently reported BP
measures in the included trials. We meta-analyzed the
results of ten trials that reported change in MAP (Figure 5).
Our results show that cool dialysis is associated with
significantly higher MAP of 12 mmHg (95% CI, 8 to
16 mmHg) compared with standard dialysis (I’=34%). Ad-
ditionally, in Table 2, we summarize the effect on other
measures of BP described in 14 trials that we were not able
to mathematically pool.

QoL

The work by Selby et al. (21) was the only trial that re-
ported the effect of cool dialysis on QOL. In this trial, there
was no difference between cool and standard dialysis on
QOL using the short form 36 health survey assessment
tool. Ayoub and Finlayson (25), although not clearly assess-
ing QOL, did indicate that 80% of the patients receiving cool
dialysis self-reported a dramatic improvement in their gen-
eral health.

Additional Analyses

According to our protocol for this systematic review, we
explored the effects of cool dialysis on heterogeneous
outcomes by subgroup analysis. We stratified by different
interventions (fixed versus biofeedback temperature mon-
itoring device cooling of dialysate) and patient character-
istics (stability of baseline BP). The latter analysis was
limited to the trials that reported baseline BP. The subgroup
analyses did not explain heterogeneity and did not affect
the overall pooled estimate of dialysis adequacy.

To assess the robustness of the pooled estimate, we
conducted sensitivity analyses on the basis of risk of bias in
studies. Excluding studies with significant loss to follow-up
(18,20) resulted in partial explanation of heterogeneity
(I’=63%~-18%) for dialysis adequacy without affecting the
overall pooled estimates of the remaining trials.

Quality of Evidence for the Body of Evidence

Overall, the quality of evidence for the outcomes of interest
across all studies was graded low or very low. Details about
different domains assessing the quality of evidence using
the Grading of Recommendations Assessment, Development
and Evaluation approach are summarized in the evidence
profile (Table 3). We did not find evidence for publication
bias using funnel plots and Egger linear regression test (in-
tradialytic hypotension [P=0.41], symptoms of discomfort
[P=0.13], dialysis adequacy [P=0.49], and change in MAP
[P=0.17]). We were not able to fit metaregression models
to examine the association with loss to follow-up for dialysis
adequacy because of insufficient data.

Discussion
Twenty-six crossover, randomized trials (including 484
patients) with varying degrees of methodologic rigor were

Cool Dialysis Standard Dialysis

Source Intervention n mean(SD) n mean(SD) Mean Difference (95% CI)

Dheenan 2001 Fixed 35 C 10 -8(10.82) 10 -12(13.45) 4.00 [-6.70, 14.70] —.

Hegbrant 1994 Fixed 34.5 C 10 1(14.49) 10 -13(16.73) 14.00 [0.28, 27.72] .

Hoeben 2002 Fixed 35.5 C 13 -4.8(14.4) 13 -16.5(16.8) 11.70 [-0.33, 23.73] e —

Jamil 2000 Fixed 35.5 C 7 -10.4 (4.79) 7 -29.6(8.44) 19.20 [12.01, 26.39] — .

Jost 1993 Fixed 35 C 12 -6 (21.28) 12 -12(15.52) 6.00[-8.91, 20.91] —

Kaufman 1998 BTM35.7 C 15 4(11.62) 15 -5(11.62) 9.00[0.68, 17.32] —.

Levy 1992 Fixed 35 C 6 8(15.87) 6 0(18.52) 8.00 [-11.52, 27.52) [ ]

Schneditz 1997 Fixed 35.3 C 8 -1(14.73) 8 -2(20.07) 1.00 [-16.25, 18.25] ‘ -

van der Sande 2001 Fixed 35.5 C 12 -15.1(13.8) 12 256 (13.5) 10.50 [-0.42, 21.42] — .

Yu 1995 Fixed 35 C 9 6.5(9.7) 9 -134(36) 19.90 [13.14, 26.66] L

Total 12.16 [7.94, 16.39] <P

Test for heterogeneity for pooled Mean Difference: Chi = 13.67, df = 9 (P=0.13), P=34% : ‘ ‘
-15 0 15 30

Favors

Standard Dialysis Favors Cool Dialysis

Figure 5. | Effect of low temperature dialysis on change in mean arterial pressure. 95% Cl, 95% confidence interval; BTM, biofeedback

temperature monitoring.
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included in this systematic review. The results suggest that
cool dialysis significantly reduces the rate of intradialytic
hypotension. The available evidence suggests no negative
effect on dialysis adequacy, with an increase in symptoms
of discomfort of unclear severity.

This review has several strengths. This review extends
the review by Selby and McIntyre (6) in many ways. We

Effects of Cool Dialysis on Important Outcomes, Mustafa et al. 453

have identified and analyzed four more trials in this
review. The comprehensive and up-to-date search makes
it unlikely that relevant trials were missed. All steps, in-
cluding initial screening, trials selection, and data abstrac-
tion, were performed independently in duplicate to
minimize any potential biases arising from subjectivity in
these tasks. Additionally, we translated non-English

Table 2. Summary of BP measures in trials that did not report change in mean arterial pressure

Refrelt)ence Cool HD Standard HD

25 Low BP group: intradialytic MAP: 92+8.4 mmHg; = Low BP group: intradialytic MAP: 81£7.2 mmHg;
postdialysis MAP: 95.9+10.9 mmHg; stable BP P<0.01%; postdialysis MAP: 86.9+7.3 mmHg;
group: intradialytic MAP: 99+11.5 mmHg; P=0.01%; stable BP group: intradialytic MAP:
postdialysis MAP: 102+13.5 mmHg 96.5+12.1 mmHg; postdialysis MAP: 100+

14.0 mmHg

16 Change in SBP: —6.0+2 mmHg®; change in DBP: Change in SBP: —0.8+22.7 mmHg"; change in DBP:
—4.1+7.6 mmHg" —3.8+12.4 mmHg"

26 SBP: 1465 mmHg before dialysis; 1406 mmHg  SBP: 1505 mmHg before dialysis; 132+4 mmHg
after dialysis; DBP: 813 mmHg before dialysis; after dialysis; DBP: 812 mmHg before dialysis;
79+4 mmHg after dialysis 76%=3 mmHg after dialysis

17 SBP reduction: 2.71+0.97%; DBP reduction: 8.63+ SBP reduction: —7.54+1.92%; P<<0.001%; DBP
1.19%; intradialytic MAP reduction: 3.01+0.98% reduction: —4.99+1.4%; P<0.001%; intradialytic

MAP reduction: —8.99+1.71%; P<<0.001

18 Mean lowest intradialytic SBP: 102.5+2.9 mmHg; =~ Mean lowest intradialytic SBP: 90.6+2.5 mmHg;
mean lowest intradialytic DBP: 61.7+2.3 mmHg; P<0.001%; mean lowest intradialytic DBP: 54.9+
intradialytic MAP: 75.0%2.3 mmHg; SBP: 132+ 2.2 mmHg; P=0.02% intradialytic MAP: 66.8*
3.3 mmHg before dialysis; 118.1=3.5 mmHg after 2.1 mmHg; P=0.002%; SBP: 132.7+3.4 mmHg
dialysis; DBP: 73.7+2.3 mmHg before dialysis; before dialysis; 109.0+£2.1 mmHg after dialysis;
69.2+2.6 mmHg after dialysis P<0.01%; DBP: 74.9+3.0 mmHg before dialysis;

63.6+£1.9 mmHg after dialysis; P=0.01%

32 MAP did not change with time at the end of coolHD = MAP decreased by 10% at the end of normal HD;

P= significant

33 MAP increased in six of nine sessions® MAP increased in one of nine sessions”

20 SBP reduction: —14.2+16.5 mmHg; DBP reduction: =~ SBP reduction: —20.5%15.7 mmHg; DBP reduction:
—5.8+8.1 mmHg —8.8+8.4 mmHg; P<0.05"

41 Mean intradialytic SBP: 136.9+11.4 mmHg; mean Mean intradialytic SBP: 130.7£10.5 mmHg;
intradialytic DBP: 75.4%6.0 mmHg; mean mean intradialytic DBP: 72.3+6.0 mmHg;
intradialytic MAP: 95.7+7.5 mmHg average intradialytic MAP: 91.6+7.4 mmHg

21 Mean SBP: 158.8 =14 mmHg; mean DBP: Mean SBP: 141.6+17 mmHg; P<0.001%; mean DBP:
78.6+4 mmHg; average intradialytic MAP: 69.4+5 mmHg; P<0.001°%; average intradialytic
110.9+7 mmHg MAP: 92.6+10 mmHg; P<0.001°

36 Maximum decrease in intradialytic SBP: 21.8+ Maximum decrease in intradialytic SBP: 43.2+
26.1 mmHg; maximum decrease in intradialytic 20.6 mmHg; maximum decrease in intradialytic
DBP: —0.1+19.2 mmHg; SBP: 130.3+21.7 mmHg DBP: 14.929.6 mmHg; SBP: 144.4+25.9 mmHg
before dialysis; 131.6+21.4 mmHg after dialysis; before dialysis; 117.3+26.1 mmHg after dialysis;
DBP: 72.2+10.2 mmHg before dialysis; 63.7+ DBP: 72.2%10.2 mmHg before dialysis; 67.0=
9.0 mmHg after dialysis 10.9 mmHg after dialysis

37 SBP: 144+24 mmHg before dialysis; 14426 mmHg  SBP:152+22 mmHg before dialysis; 134+23 mmHg
after dialysis; DBP: 68 =14 mmHg before dialysis; after dialysis; DBP: 759 mmHg before dialysis;
76*+12 mmHg after dialysis 71x13 mmHg after dialysis

22 SBP: 159+35 mmHg before dialysis; 12739 mmHg  SBP:151+27 mmHg before dialysis; 122+28 mmHg
after dialysis; P<<0.05%; DBP: 82+12 mmHg before after dialysis; P<<0.05% DBP: 8211 mmHg before
dialysis; 7017 mmHg after dialysis; P<0.05; dialysis; 6512 mmHg after dialysis; P<<0.05%;
intradialytic lowest SBP: 11330 mmHg intradialytic lowest SBP: 10427 mmHg; P=0.08

40 SBP: 127+6.4 mmHg before dialysis; 134=* SBP: 126-4.6 mmHg before dialysis; 127+
3.9 mmHg after dialysis; DBP: 76+3.9 mmHg 2.1 mmHg after dialysis; DBP: 74+2.8 mmHg
before dialysis; 81+3.5 mmHg after dialysis before dialysis; 74+3.2 mmHg after dialysis

Effect estimates are presented as BP measure+SD. HD, hemodialysis; MAP, mean arterial pressure; NS, not significant; SBP, systolic

BP; DBP, diastolic BP.

P value comparing cool and standard HD.

P After HD compared with before HD.

P value for end versus start of dialysis.
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articles. Finally, we analyzed sources of bias and explored
reasons for diversity in the published literature.

This review has few limitations. The results of this review
are inherently limited by the quality of the primary in-
cluded studies. First, the majority of included studies are
small with short follow-up times. Second, no studies
reported long-term patient-important outcomes, which
is a major limitation in this area. None of the included
studies, except one, reported a central method of random
sequence generation or allocation concealment. Also, none
of the studies had appropriately blinded patients, investi-
gators, dialysis nurses, clinical outcome assessors, data
collectors, and data analyzers. Additionally, seven trials
had significant patient dropout from 8% to 42%. One
may assume that the high rates of dropouts in some stud-
ies may be because of intolerability. However, the lack of
information about timing and reasons for the dropouts
makes it difficult to know whether this assumption is
true. Surprisingly, we did not observe any improvement
in the methodologic quality of the trials in more recent
reports compared with earlier ones. Also, we did not ob-
serve any progress in reporting long-term patient-important
outcomes.

Despite our low confidence in the estimates of effect
owing to imprecision and risk of bias, cool dialysis
remains a promising therapy that, we believe, is not
frequently used. This may be because of the lack of high-
quality evidence to support its possible net benefit or
physicians’ beliefs about a negative side effect profile. Still,
this intervention is quite simple and can be implemented in
any dialysis center in the world without any additional cost
other than training nursing staff on a new protocol.

Cool dialysis can be achieved by either a fixed reduction
in the temperature of the dialysate fluid or use of a
biofeedback device. It will be of interest to the nephrology
community to have trials that directly compare the effect of
fixed empirical reduction of dialysate temperature with
isothermic or cool biofeedback temperature monitoring
devices, because the former does not consider patients’
variability in core temperature and access recirculation,
but the latter does. This direct comparison may provide
information about the optimal management for patients at
high risk of intradialytic hypotension during hemodialysis
without causing significant symptoms of discomfort.

Additionally, cool dialysis seems promising when eval-
uating other surrogate outcomes that we did not explore in
this review. The study by Eldehni et al. (42) shows that
hemodialysis results in a significant amount of magnetic
resonance imaging changes signifying brain injury that
could possibly be alleviated by the use of cold-temperature
hemodialysis. Also, Parker et al. (41) have found that the
use of cold-temperature hemodialysis may improve noc-
turnal sleep by decreasing sympathetic activation and sus-
taining the nocturnal skin temperature. The poor reporting
of symptoms of discomfort and the lack of systematic eval-
uation of their severity continue to limit the ability to accu-
rately assess the effect of cool dialysis on significant patient
discomfort. This review highlights that high—quality, large,
multicenter studies with long follow-up are needed to assess
the effect of cool dialysis on long-term patient-important
outcomes, like mortality, major adverse cardiovascular
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events, hospitalization, patients’ functional and cognitive
status, and discomfort.
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Appendices:

Appendix 1: Search strategies

Ovid MEDLINE(R) 1946 to April Week 2 2015 -Search ran 15/04/2015

concept, title, original title, abstract, name of substance word, subject heading word, unique

1 randomized controlled trial.pt. Advanced
2 [controlled clinical trial.pt. Advanced
3 [randomized.ab. Advanced
4 Iplacebo.ab. Advanced
5 frandomly.ab. Advanced
6 [trial.ab. Advanced
7 |groups.ab. Advanced
8|l or2or3or4or5or6 or 7 [mp=protocol supplementary concept, rare disease Advanced
supplementary concept, title, original title, abstract, name of substance word, subject heading
word, unique identifier]
9 [(animals not (humans and animals)).sh. Advanced
108 not 9 Advanced
11jexp Renal Insufficiency/ Advanced
12|(kidney adj failure$).mp. [mp=protocol supplementary concept, rare disease supplementary | Advanced
concept, title, original title, abstract, name of substance word, subject heading word, unique
identifier]
13|(kidney adj disease$).mp. [mp=protocol supplementary concept, rare disease supplementary | Advanced
concept, title, original title, abstract, name of substance word, subject heading word, unique
identifier]
14h?emodialysis.mp. [mp=protocol supplementary concept, rare disease supplementary concept, | Advanced
title, original title, abstract, name of substance word, subject heading word, unique identifier]
15lexp Renal Dialysis/ Advanced
16|(renal adj dialysis).mp. [mp=protocol supplementary concept, rare disease supplementary Advanced
concept, title, original title, abstract, name of substance word, subject heading word, unique
identifier]
17|(kidney adj dialysis).mp. [mp=protocol supplementary concept, rare disease supplementary | Advanced
concept, title, original title, abstract, name of substance word, subject heading word, unique
identifier]
18|(renal adj failure$).mp. [mp=protocol supplementary concept, rare disease supplementary Advanced




identifier]

19|(renal adj disease$).mp. [mp=protocol supplementary concept, rare disease supplementary Advanced
concept, title, original title, abstract, name of substance word, subject heading word, unique
identifier]
20[11 or 12 or 13 or15o0r160or 17 or 18 or 19 Advanced
2 1lexp Dialysis Solutions/ Advanced
22[dialysate$.mp. Advanced
23|(cool adj dialysate$).mp. [mp=protocol supplementary concept, rare disease supplementary | Advanced
concept, title, original title, abstract, name of substance word, subject heading word, unique
identifier]
24i(cold adj dialysate$).mp. [mp=protocol supplementary concept, rare disease supplementary | Advanced
concept, title, original title, abstract, name of substance word, subject heading word, unique
identifier]
25|(cool adj solution$).mp. [mp=protocol supplementary concept, rare disease supplementary Advanced
concept, title, original title, abstract, name of substance word, subject heading word, unique
identifier]
26|(cold adj solution$).mp. [mp=protocol supplementary concept, rare disease supplementary Advanced
concept, title, original title, abstract, name of substance word, subject heading word, unique
identifier]
2721 or 22 or 23 or 24 or 25 or 26 Advanced
28|10 and 20 and 27 Advanced

Central through Wiley -Search Ran 15/04/2015 using title, abstract and keyword for the keyword searching

ID  Search
#1  MeSH descriptor Kidney Failure explode all trees

#2  kidney near disease*

#3 kidney near failure*

#4  MeSH descriptor Renal Replacement Therapy explode all trees

#5 kidney near dialysis

#6  renal near dialysis

#7  hemodialysis

#8  haemodialysis

#9  (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8)




#10

#11

#12

#13

#14

#15

#16

#17

#18

MeSH descriptor Dialysis Solutions explode all trees

dialysis near solution®

dialysate*

cool near dialysate*

cold near dialysate*

cool near solution*

cold near solution*

(#10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16)

(#9 AND #17)

PubMed -Search Ran 15/04/2015

Search Most Recent Queries

#82  Search #57 and #72 and #81

#81 Search #74 or #75 or #76 or #77 or #78 or #80

#80 Search dialysis solutions [MeSH Terms]

#78 Search cold solution*

#77  Search cool solution®

#76 Search cold dialysate

#75 Search cool dialysate

#74 Search dialysate

#72  Search #59 or #60 or #61 or #62 or #63 or #64 or #65 or #66 or #67 or #70 or #71

#71 Search hemodialysis

#70 Search renal dialysis [MeSH Terms)

#67 Search end stage renal failure [tiab]

#66 Search end stage kidney failure [tiab]

#65 Search end stage kidney disease [tiab]

#64 Search end stage renal disease [tiab]

#63 Search end stage renal failure

#62 Search end stage kidney failure



#61 Search end stage kidney disease

#60 Search end stage renal disease

#59 Search "kidney failure, chronic" [MeSH Terms]
#57 Search #55 NOT #56

#56 Search animals [mh] NOT humans [mh]

#55 Search #47 or #48 or #49 or #50 or #51 or #52 or #53 or #54
#54  Search groups [tiab]

#53  Search trial [tiab]

#52 Search randomly [tiab]

#51 Search drug therapy [sh]

#50 Search placebo [tiab]

#49  Search randomized [tiab]

#48  Search controlled clinical trial [pt]

#47 Search randomized controlled trial [pt]

EMBASE (1947 to April Week 2 2015) - Search Ran 15/04/2015

name, original title, device manufacturer, drug manufacturer]

1 [exp kidney failure/ Advanced

2 |(renal adj disease*).mp. [mp=title, abstract, subject headings, heading word, drug trade name, | Advanced
original title, device manufacturer, drug manufacturer]

3 ((renal adj failure).mp. [mp=title, abstract, subject headings, heading word, drug trade name, | Advanced
original title, device manufacturer, drug manufacturer]

4 lexp DIALYSIS/ Advanced

5 lexp HEMODIALYSIS/ or exp CONTINUOUS HEMODIALY SIS/ Advanced

6 ((renal adj dialysis).mp. [mp=title, abstract, subject headings, heading word, drug trade name, | Advanced
original title, device manufacturer, drug manufacturer]

7 ((kidney adj dialysis).mp. [mp=title, abstract, subject headings, heading word, drug trade Advanced

(kidney adj failure).mp. [mp=title, abstract, subject headings, heading word, drug trade name,
original title, device manufacturer, drug manufacturer]

Advanced




9 |(kidney adj disease$).mp. [mp=title, abstract, subject headings, heading word, drug trade Advanced
nmame, original title, device manufacturer, drug manufacturer]

10l or2or3or4orS5Sor6or7or8or9 Advanced

11lexp dialysis fluid/ Advanced

12lexp DIALYSATE/ Advanced

13|(renal adj dialysis).mp. [mp=title, abstract, subject headings, heading word, drug trade name, | Advanced
original title, device manufacturer, drug manufacturer]

14|(kidney adj dialysis).mp. [mp=title, abstract, subject headings, heading word, drug trade Advanced
name, original title, device manufacturer, drug manufacturer]

15/(cool adj dialysate).mp. [mp=title, abstract, subject headings, heading word, drug trade name, | Advanced
original title, device manufacturer, drug manufacturer]

16/(cold adj dialysate).mp. [mp=title, abstract, subject headings, heading word, drug trade name, | Advanced
original title, device manufacturer, drug manufacturer]

17|(cool adj solution).mp. [mp=title, abstract, subject headings, heading word, drug trade name, | Advanced
original title, device manufacturer, drug manufacturer]

18|(cold adj solution).mp. [mp=title, abstract, subject headings, heading word, drug trade name, | Advanced
original title, device manufacturer, drug manufacturer]

1911 or12o0r13or14or150r16or17 or 18 Advanced

20randomized controlled trial.mp. Advanced

2 1lexp controlled clinical trial/ Advanced

22irandomized.ab. Advanced

23placebo.ab. Advanced

24randomly.ab. Advanced

25/trial.ab. Advanced

26|groups.ab. Advanced

2720 or 21 or 22 or 23 or 24 or 25 or 26 Advanced

28lanimals/ not humans.mp. [mp=title, abstract, subject headings, heading word, drug trade Advanced
name, original title, device manufacturer, drug manufacturer]

29127 not 28 Advanced

30/10 and 19 and 29 Advanced




Appendix 2:Excluded studies

Study ID

Reason for exclusion

Alappan 2001 (49)

Additional Intervention — Ca concentration in
dialysate adjusted

Barendregt 1999 (50)

Duplicate report

Bazzato 1984 (51)

Acetate dialysis

Bazzato 1985 (52)

Same data as previous citation

Canaud 2011 (53)

Used online HDF

Coli 1983 (54)

Same data as Bazzato et al

Coli 2011 (55)

No control group

Dhondt 2010 (28)

Low temp dialysis was not lower than 37 degrees

Donauer 2003 (29)

Used online hemodifiltration instead of
conventional hemodialysis

Du Cheyron 2013 (30)

Patients had AKI not ESRD

Eldehni 2015 (26)

Did not report important patient outcomes

Ghasemi 2008 (56)

Acetate dialysis

Gotch 1989 (57)

Theoretical modeling for thermal balance

Hecking 2012 (31)

Included children and AKI

Hsu 2012 (38)

Observational study

Jefferies 2011 (59)

No control group, multi arm intervention study

Keijman 1999 (60)

Thermal changes only outcome measured

Kerr 1989 (61)

Acetate dialysis

Leunissen 1996 (62)

Review

Lima 2012 (63)

Patients with AKI

Lindholm 1985 (64)

Acetate dialysis

Cadena 2008 (65)

Thermal changes only outcome measured

Maggiore 1981 (5)

Acetate dialysis

Maggiore 1984 (66)

Review

Maggiore 1985 (67)

Acetate dialysis




Maggiore 2002 (68)

Review

Mahida 1983 (69)

Acetate dialysis

Marcen 1990 (70)

Acetate dialysis

Marcen 1988 (71)

Acetate dialysis

Orofino 1990 (72)

Acetate dialysis

Odudu 2012 (32)

Did not include patient important outcome

Panzetta 2002 (73)

Thermal changes only outcome measured

Parker 2008 (74)

Duplicate report

Provenzano 1988 (75)

Pilot study, thermal changes only outcome
measured

Quereda 1985 (76)

Acetate dialysis

Sherman 1984 (77)

Acetate dialysis

Sherman 1985 (78)

Acetate dialysis

Van Kuijk 1997 (79)

Incomplete data

Van Kuijk 1995 (80)

Hemofiltration in intervention arm

Van Der Sande 2001 (81)

Review

Maggiore 2000 (82)

Comparing hemodialysis to hemofiltration

Brewster 2003 (83)

Additional intervention

Kerr 1989 (61)

Acetate dialysis

Maggiore 1982 (84)

Acetate dialysis

Maggiore 1995 (85)

Insufficient data

Maggiore 1987 (86)

Acetate dialysis

Nesrallah 2013 (87)

Review

Niyyar 2006 (38)

Duplicate Report

Shahgholian 2011 (89)

No control group

Smirnov 2013 (90)

Comparing succinate to bicarbonate dialysis
solution

Teruel 2006 (91)

Not a randomized trial




Appendix 3:definitions of intra-dialytic hypotension by different studies

Article IDH definition

Ayoub Systolic BP <90mm Hg accompanied by any of the following symptoms:
2004 (33) nausea, vomiting, muscle cramps, dizziness, fainting

Beerenhout 2004a (34) No definition provided

Chesterton 2009 (17)

SBP <100mmHg, even in the absence of symptoms, or a fall in SBP >10%
of the predialysis reading in association with any of the classical symptoms
of hypotension (e.g headaches, cramps, lightheadedness)

Cruz
1999 (18)

Decrease in systolic blood pressure (SBP) of at least 20 mm Hg to a level <
100 mm Hg at any time during HD

Dheenan 2001 (23)

An abrupt (over 10 to 15 min) decrement in blood pressure accompanied by
symptoms or a decline of blood pressure requiring a nursing intervention

Hypotensive symptoms occurring with a SBP below 100mmHg or with a

f;gz (19) 25% decrease in SBP in those patients with a basal SBP of 90-100mmHg or
with a decrease of 50mmHg systolic

Jost Systolic blood pressure < 90 mm Hg, the requirement for volume expansion

1993 (38) therapy, or symptoms such as nausea, cramping, or vomiting

Kaufman 1998 (39)

Muscle cramps, nausea, vomiting, or episodes of hypotension requiring staff
intervention were recorded

Maggiore 2002 (20)

Hypotensive episode was defined as the sudden onset of symptomatic
hemodynamic changes that could be relieved by specific interventions.
Specific interventions included Trendelenburg’s position, administration of
saline, administration of hypertonic solution, administration of plasma
expander, and premature discontinuation of the dialysis session

Selby 2006 (21)

Systolic BP < 100 mmHg, even in the absence of symptoms, or a fall in SBP
>10% of the predialysis reading in association with any of the classical
symptoms of hypotension (e.g. headaches, cramps, light-headedness)

Van Der Sande 1999 (44)

Systolic blood pressure < 100 mm Hg, together with symptoms for which an
infusion of saline 0.9% was necessary

Van Der Sande 2009 (22)

Show a difference of 20 mmHg in SBP between two different treatments

Yu 1995 (24)

Hypotension to a significant degree to warrant intervention




