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Background: Fluid overload (FO) is a common problem in patients with
peritoneal dialysis (PD), it is associated with adverse outcomes and may persist
despite adjustements in PD therapy.

Objective: To evaluate the feasibility and safety of stimulated diaphoresis to
reduce FO with the use of a portable sauna bath.

Methods: Open-label pilot study in patients on continuous ambulatory
peritoneal dialysis (CAPD) and FO. The primary outcome was the treatment-
related adverse events; secondary outcomes were changes in over-hydration
(OH), body weight and blood pressure, FO symptoms, and sleep quality. Dialysis
prescription and daily data were recorded. The intervention period consisted
in a 30-min, 45°C sauna bath, daily for 10 days, using a portable sauna bath.

Results: Fifty-one out of 54 total sauna bath sessions were well tolerated.
In three (5.5%) sessions adverse effects were reported: transient dizziness in
two cases, and a second-degree skin burn in a patient with advanced diabetic
neuropathy. OH (6.3 £ 1.2Lvs. 5.5+ 1.3L, p = 0.05), body weight (67.7 + 11.4
vs. 66.8 + 3.8kg, p = 0.003), diastolic blood pressure (92 + 13.5vs. 83 £ 13.3
mmHg, P = 0.003) and PSQI score (7.3 + 3.7 vs. 5.1 &+ 3.2, p = 0.02) improved
significantly between the control and intervention period, respectively.

Conclusions: Stimulated diaphoresis with a portable sauna bath could be a
novel, safe, and effective alternative way to reduce FO in CAPD patients. Larger
studies are needed to confirm our results.

Clinical trial registration: ClinicalTrials.gov, identifier: NCT03563898.
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Introduction

FO is a common complication in end-stage renal disease
(1, 2), and it has been associated to arterial hypertension, left
ventricular hypertrophy, malnutrition and inflammation in the
end-stage kindey disease (3-7), as well as to all-cause mortality
in patients with kidney replacement therapy (KRT) (8-12).

The need of high ultrafiltration rates increases the risk
of intradialytic hypotension, cramps, and the impossibility to
reach dry weight in the short term (13). In pertioneal dialysis
(PD) patients, the use of hypertonic solutions can increase
the ultrafiltrate volume, but unfortunately, it may also lead to
a more rapid deterioration of peritoneal membrane function,
and potentially to the loss of residual renal function (14).
Despite improvements in the methods of KRT as well as other
techniques in PD patients, the problem of FO persists in the
PD population.

Few studies have examined fluid losses through diaphoresis
in patients with kidney disease, indicating that fluid loss
through diaphoresis can be substantial (15-17). Body sweat
is produced by 2-3 million sweat glands to control body
temperature (18). Healthy people can secrete up to 4L of
water in sweat in 1h with appropriate stimuli (15). Exocrine
secretion also contains factors that regulate skin flora and
reduce the risk of infections (19). Hot water baths performed
in two patients induced water losses of 566 + 160 and 813
+ 62ml / h, respectively (15). Additionally, improvement of
uremic symptoms has been described (17). Our protocol offers
a technique not previously used with a portable sauna bath,
which is affordable and easy to use at home in patients with
PD. We hypothesize that the stimulation of diaphoresis in PD
patients with portable sauna can be a safe and effective strategy
to reduce FO.

Materials and methods

Subjects

This was an open-label, interventional and treatment
purpose pilot study, in 9 PD patients with FO from the
Hospital Civil de Guadalajara. To evaluate its safety, the
sauna therapy was implemented in hospitalized patients, under
medical supervision. Inclusion criteria were being on CAPD
for at least 3 months, diagnosis of FO (OH > 2L measured
with bioelectrical impedance BCM, Fresenius (R), stable clinical
condition, and availability to give informed consent. Exclusion
criteria were any cardiovascular event in the last 12 months
(acute myocardial infarction, NYHA Heart Failure III-IV,
cardiac arrhythmia, cerebral vascular event, unstable-stable
angina), peritonitis, or pregnancy. A subgroup analysis was
made between responders and non-responders to sauna therapy.
Responders were defined as an average decrease in the degree
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of OH between the control and the intervention period of at
least 500 ml. The study was approved by the institutional ethical
committee of the Hospital Civil de Guadalajara and registered
at ClinicalTrials.gov (NCT03563898). The study was conducted
in accordance with the Declaration of Helsinki and follows the
CONSORT specifications.

Study period

The study was carried out in two intervals, the control
and the intervention period. The control period consisted
of observation for 10 days, where characteristics of the PD
status, vital signs, bioimpedance spectroscopy (BIA) data, and
questionnaires were recorded. Patients were weighed wearing
underwear. Blood samples for chemistry, electrolytes, and blood
count were collected. Blood pressure was taken daily after a
10-min rest. Questionnaire about symptoms of FO (NYHA
Functional Classification of breathlessness), sleep quality scale,
and antihypertensive regimens were applied to each patient.
FO measurement by BIA was performed on the first day,
and also daily body weight. PD treatment (volume infused,
dextrose concentration, ultrafiltrate volume, and the number
of exchanges per day) was recorded. A graduated glass with
measurements in milliliters was provided, and the patients were
instructed to record the amount of fluids ingested daily. A 24-h
urine sample was collected on day one. In this phase, patients
did not use the portable sauna bath.

During the intervention period, patients used the sauna bath
daily, 30 min at 45°C, sitting on a chair, for 10 consecutive
days (Figure 1). Time and/or temperature of the bath was
reduced according to patient’s tolerance. Ten minutes before
taking the sauna bath, blood pressure and weight were
recorded. No special recommendation on fluid intake was
made. Nephrology staff was present during the bath. Patients
informed of symptoms that occurred during the intervention.
After finishing the bath, they stayed 15min to dry the body
with a towel. The wet catheter dressing was changed to a dry
one impregnated with mupirocin spray at the exit site, and
the patient’s weigth and blood pressure were recorded. During
the intervention period, the same information as in the control

phase was collected.

Outcomes

The primary outcome was treatment-related adverse events
(grade two or above) as measured by CTCAE v 4.0. Secondary
outcomes were the degree of OH (measured by BIA), decrease
in patient’s weight, blood pressure, blood test, FO symptoms
(NYHA Functional Classification of breathlessness) and changes
in sleep quality (PSQI score) between the two periods.
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Assessed for eligibility
1. CAPD patients at Guadalajara
Civil Hospital (n= 180)

Exclusions

< 3 months in CAPD; peritonitis,
cardiovascular event in the previous 12
months, pregnancy (N=22)

Declined to participate (N= 158)

selected (n=9)

Control period (10 days)
Intervention period (10 days)
(n=9)

Patients included
in the analysis
(n=9)

FIGURE 1
Portable sauna bath.

FIGURE 2
Cohort selection. CAPD, continuous ambulatory peritoneal
dialysis.

Statistics

Statistical analysis was conducted using R Studio. Because
this is a pilot study, no power calculation was performed.
Quantitative variables were expressed as mean =+ standard
deviation, or as median (range), as appropriate. The Wilcoxon
Signed-Rank Test was used to determine the differences in the
data collected between the two periods. A two-tailed p < 0.05
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TABLE 1 Patient clinical characteristics.

n=9

Age, years (range) 36 (23-68)
Female sex (%) 7(77)
Diabetes (%) 3(33)
Hypertension (%) 9 (100)
Body mass index, kg/m? (range) 26 (21-38)
Diabetics (%) 3(33)
Glomerular filtration rate, mean (ml/min/1.73 m?) 3.6
Diuresis > 500 ml/24 h (%) 2(23)
Using diuretics (%) 5(55)
Furosemide daily dose (mean) 120 mg
Systolic blood pressure (mmHg) 147 £ 10
Dyastolic blood pressure (mmHg) 93 +£123
Overhydration index, L* (range) 6.3 (2.7-15.3)
Dialysis vintage, months (range) 25(5-72)
Number of dialysis exchanges/day 4
Dialysis glucose concentration (%)

1.5% 5(56)

2.5% 3(33)

4.25% 1(11)
Values expressed as mean and min-max.
“Bioimpedance spectroscopy.
TABLE 2 Adverse events per total sauna baths sessions.

n=>54

Adverse events per total sauna baths (%)

Dry skin 0

Burn 1(1.8)

Pruritus 0

Dehydration 0

Catheter infection 0

Hypotension 0

Dizziness 2(3.7)
Adverse events 3(5.5)

was consider statistically significant. A subgroup analysis was
made between responders and non-responders to sauna therapy.
A logistic regression model was built to try to identify factors
associated to non-respond.

Results

Among the 180 patients dialyzed on our CAPD program,
we excluded 158 because they had < 3 months in CAPD, they
had peritonitis or a cardiovascular event in the last 12 months,
or declined to participate in the study. Nine patients fulfilled
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TABLE 3 Weight loss per patient per sauna session.

BSA* Day 1 Day 2 Day 3 Day 4
Patient 1 1.52 m? 200g 100g 200¢g 100g
Patient 2 1.71 m? 300g 300¢g 300g 250g
Patient 3 1.74 m? 400g 350¢g 450 ¢ 500g
Patient 4 1.85 m? 1200 g 300g 0g 100g
Patient 5 1.72 m? 0g 200g 200g 200g
Patient 6 1.69 m? 100g 0g 200g 100g
Patient 7 1.70 m? 200g 100 g 500¢g 200¢g
Patient 8 1.84 m? 700g 300g 100g 400g
Patient 9 1.75 m? 200g 100 g 300g 100g

*BSA, body surface area.

the inclusion criteria and all were included in the analysis,
(Figure 2). No patients interrupted the treatment during the
study period. Patient’s clinical baseline characteristics are shown
in Table 1. The mean age was 36 (23-68) years, 77% were
females, one-third were diabetic, and only two had diuresis
> 500 ml/24 h; the remaining seven patients were considered
anuric (urine outout < 100 ml/24h); baseline systolic and
dyastolic blood pressure was 147 £ 10 mmHg and 93 + 12.3
mmHg, respectively. The overhydration index was 6.3 (2.7-
15.3) L, and they had a dialysis vintage of 25 (5-72) months;
more than half were using a 1.5% dextrose concentration PD
fluid. All participants were hypertensive and only two were not
using diuretics.

Fifty-one of the 54 total sauna bath sessions were well
tolerated; in three (5.5%) sessions adverse events were reported
(Table 2). Two patients rerported momentary dizziness without
hypotension at the first session, 20 min after being on the sauna
bath, and these events were considered mild. These two patients
received 20 min of of therapy in subsequent sessions, without
any adverse effect. A patient with advanced diabetic neuropathy
presented a second-degree burn, that was treated with topical
analgesics and antibiotics, event that was considered moderate.

A significant difference was observed in the degree of
OH measured by bioimpedance between the control and the
intervention period (6.3 £ 1.2L vs. 5.5 £ 1.3L, p = 0.05).
A significant decrease in mean body weight between the
two periods was observed (67.7 £ 11.4kg vs. 66.8 £ 3.8kg,
p = 0.003). Individual weight losses are shown in Table 3.
Additionally, there was a significant decrease in diastolic blood
pressure (92 £ 13.5 mmHg vs. 83 £ 13.3 mmHg, p = 0.003),
but not in the systolic blood pressure (148 £ 12 mmHg vs.
144 4+ 16 mmHg, p = 0.42). An improvement in sleep quality
was observed, mainly in a decrease in nocturnal awakenings
and in time of falling asleep at bedtime between the two
periods (Global PSQI score, 7.3 £ 3.7 vs. 5.1 & 3.2, P =
0.02). There was no significant difference in the ultrafiltrate
or the water intake between the two periods. The summary
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Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

O0g 100g 300¢g 100 g Og 200¢g
350¢g 700 g 300g 200g 100g 100 g
100g 700 g 400¢g 200g 200g 300 g
100g 100g 300g 0g 400g 100 g
100g 500g 100g 200g 100g 200 g
200g 300g 100 g 300g 300g 200¢g
300g 200g 300g 100g 500g 200 g
400g 0g 400g 800 g 400g 300 g
250¢g 100g 300g 100 g 400g 350 g

of anthropomorphic parameters and blood tests during the
two periods are shown in Table 4. We applied the Subjective
Global Assessment of nutritional status in all patients on the
first day of the protocol. Seven of them had normal nutritional
status and two moderately malnourished. Table 5 summarizes
the patient’s nutritional status and their relationship with FO,
time on dialysis, albumin, and C- reactive protein.

In a subgroup analysis between responders and non-
responders to therapy, six patients were classified as responders,
and three as non-responders. Only the presence of moderate
malnutrition was associated with an increased risk of being a
non-responder (OR 2.14, 95% CI 1.40-3.26, p = 0.03) in the
univariate and multivariate logistic regression model (Table 6).

Discussion

In this-single center, clinical pilot study, the use of a portable
sauna bath in CAPD FO patients to stimulate diaphoresis was
safe, and resulted in a significant decrease in FO, diastolic blood
pressure and body weight. It could be safe to use in patients on
DP, however, surveillance and grooming measures must be taken
by the patient, and its use should be reconsidered in patients
whose sensitivity is decreased, as it was the case in the patient
with advanced diabetic neuropathy.

We found a significant decrease in OH, with a mean
reduction of 0.7 &= 0.2 L. The decrease in FO was similar to the
results of daily sauna baths in eight patients reported by Snyder
and Merrill (17) in 1966 and Pruijm in 2013 (20). In our study,
average weight loss per sauna bath during 20 to 30 min/day,
was 250 £ 300g. The total amount of sweat loss varied with
some patients reaching 100 to 550 g, while other studies reported
losses of up to 1,430 g (17). This suggests that some persons are
more responsive to stimulated sweating therapies than others,
explained in part by the difference in body surface area. Indeed.
Although not statistically significant, we were able to observe
a larger BSA in patients who responded to the sauna bath vs.
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TABLE 4 Anthropomorphic parameters and electrolytes during the control and the intervention period.

Control period Intervention period Change CI95% P-value *
Ultrafiltered by dialysis (ml) 880 =+ 121 (270; 1405) 860 + 98 (321; 1323) 20 £35 (—62to 102) 0.91
Extracellular water (L) 20 £ 5.1 (14.9; 30.7) 19.4 + 4.8 (14.1; 28.4) 0.5+0.5 (—=0.7t0 1.9) 0.37
Intracellular water (L) 18.1 3.4 (14.4; 22.3) 17.7 £ 3.3 (13.4; 23.9) 0.3+0.6 (-1.1to1.7) 0.59
E/I (L) 1.1+ 0.3 (0.83; 1.26) 1+£0.2(0.71; 1.33) 0.006 £ 0.2 (—0.04 to 0.06) 0.95
Overhydration OH (L) 6.3+ 1.2(2-7;15.3) 5.5+ 1.3(0.7; 14.2) 0.7+0.2 (0.09 to 1.3) 0.05*
OH/ECW (%) 29 + 3 (16; 50) 26 + 4 (0.04; 50) 3+1 (0 to 0.06) 1.00
Mean body weight (kg) 67.7 + 11.4 (64; 92) 66.8 £ 3.8 (47; 91) 0.85 £+ 0.1 (0.4t0 1.2) 0.003*
Mean body weight before-after sauna bath (kg) Before sauna After sauna
67.1 3.8 (47.5;91.8) 66.8 & 3.8 (47.4; 91.5) 0.25+0.3 (0.18 t0 0.32) 0.008*
Mean SBP (mmHg) 148 + 12 (135; 163) 144 + 16 (122; 176) 3.6+45 (=6 to 14) 0.42
Mean DBP (mmHg) 92 £ 13.5 (80; 110) 83 £ 13.3 (69; 106) 8.6+24 (3to 14) 0.003*
Mean difference SBP before-after sauna bath Before sauna After sauna
149 £ 16 (122; 171) 140 =+ 22 (96; 176) 9.1+44 (=1to19) 0.05*
Mean difference DBP before-after sauna bath Before sauna After sauna
92 £ 15 (71; 116) 79 £ 13 (69; 106) 12.9 +£4.9 (1.4 to 24) 0.01*
Water intake per day (ml) 506 £ 167 (156; 733) 517 £ 187 (178; 800) 11434 (—91 to 68) 0.67
Global PSQI score 7.3 +3.7(3;14) 5.1 +3.2(1;10) 22406 (0.7 to 3.6) 0.02*
NYHA scale 1.8+£0.3(1;2) 1.8+0.3(1;2) NA NA NA
Hemoglobin (g/dl) 94+0.5 (6.1; 12.1) 9.2 4 0.6 (5.8; 12.3) 0.140.1 (—0.4t00.1) 0.19
Hematocrite (%) 27.8 4 1.6 (20.3; 35.2) 28.8 4+ 1.9 (18.8; 36.7) 1404 (—2.1t00.02) 0.9
Urea (mg/dl) 158 £ 7 (117; 186) 159 & 12 (111; 210) 09476 (~18 to 16) 0.9
Creatinine (mg/dl) 13.7 £ 1.2 (8.3; 20.4) 13.6 £ 1.1 (9.5; 18.3) 0.08 + 0.41 (—0.8t01) 0.83
Albumin (g/dl) 32401 (24;4) 3440.1(27;42) 0.2 40.03 (—0.3 to —0.1) 0.9
Potassium (mEq/L) 47 £0.2(3.7;5.6) 44402 (3.5;5.6) 0240.12 (—0.03 to 0.56) 0.07
Sodium (mEq/L) 136.8 & 0.7 (133; 140) 137.7 £ 0.6 (134; 140) 0.8+0.5 (—2t00.4) 0.15
Phosphorus (mEq/L) 6.2+ 0.4 (3.5;7.9) 6.4+ 0.5(3.3; 8.6) 02+0.1 (—=0.6t00.1) 0.22
Uric acid (mg/dl) 6.4+ 0.3 (4.9; 8.8) 6.4+ 0.4 (4.8;9.1) 0.1+0.2 (—0.8t00.5) 0.69

“Two-sided t-test p < 0.05.

SBP, Systolic blood pressure; DBP, Diastolic blood pressure; NYHA, New York Heart Association; PSQI, Sleep Quality Assessment score; OH/ECW, Over Hydratation/ ECW extracellular water; E/I, extracellular Intracellular ratio.
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non-responders (1.75 £ 0.1 m?2 vs. 1.64 & 0.1 mz, p = 0.06),
suggesting that the larger the BSA, the greater the number of
functioning sweat glands. We could identify that the presence
of moderate/severe malnutrition, is a risk factor that reduces
the response to fluid loss with the use of sauna bath (Table 5).
Although hot weather plays a role in sweating, we do not think
it influenced our results. The study was carried out during the
months of January to March, when the maximum temperature
in Guadalajara ranged between 24°C and 28°C.

We observed that diastolic blood pressure also presented a
significant decrease before and after the therapy. This could be
explained by a decrease in FO. However, this effect may be only
a reflection of the heat-mediated vasodilatation of the sauna, so
a larger study is necessary in which the patients be exposed to
more days to therapy to confirm our hypothesis.

An improvement in sleep quality was also observed, mainly
in a decrease in nocturnal awakenings and in time of falling
asleep at bedtime between the two periods, using the Global
PSQI score (Sleep Quality Assessment score), with a mean
change of two points in the score. This result could positively

TABLE 5 Nutritional status by SGA.

n=9
Normal nutritional status (%) 7(77)
Moderate protein-energy wasting (%) 2(23)
Severe protein-energy wasting (%) 0
Mean OH index in normal nutritional status (Liters) 6.7+ 1.2
Mean OH index in moderate protein-energy wasting (Liters) 65+1.3
Mean CRP in normal nutritional status (mg/L) 1+0.6
Mean CRP in moderate protein-energy wasting (mg/L) 3.7+£09
Mean serum albumin in normal nutritional status (g/dl) 29+1.1
Mean serum albumin in moderate protein-energy wasting (g/dl) 37£15
Mean dialysis vintage (months) in normal nutritional status 41+ 15
Mean dialysis vintage (months) in moderate protein-energy wasting 35+11

OH, overhydration; CRP, C reactive protein.

10.3389/fmed.2022.887609

contribute to the quality of life of patients. Sauna bathing could
generate a gratifying and relaxing sensation, a fact that should
be considered. It is possible that the good tolerance to sauna-
bath stimulated diaphoresis in our population was related to our
younger PD population; however, tolerance could be different in
older patients.

No changes in electrolytes and urea were observed, perhaps
explained by the short time of the study period. Water
ingestion per day was not different between the control and the
intervention period (506 £ 167 vs. 517 £ 187, respectively),
which suggests that the use of sauna bathing did not cause more
thirst in these patients.

Keller et al. described how perspiration has been of historical
interest in the management of chronic kidney disease, due to
its ability to eliminate fluids, electrolytes, and uremic toxins
through the sweat glands, as well as the potential risks of
exposure to heat in the sauna, such as burns and hypovolemia;
despite its biological rationale, there have been only seven
studies with a total of 60 patients who have explored perspiration
in end stage kidney disease (21).

Our study has several limitations. The number of
participants was small. The duration of the study period
was short, with an exposure to therapy for only 10 days. It was
a pilot study and was performed in a single center. We did not
evaluate the urea and potassium kinetics, solutes that may have
changed during the intervention but were not considered as
objective of our study. The absence of a control group.The study
was carried out in a selected group of PD patients, which may
not be representative of the entire PD population, Finally, the
conditions of the sauna bath sessions, such as temperature and
duration, were established based on the capabilities set by the
manufacturer of the equipment. We do not rule out that other
parameters could be evaluated in these patients to make it more
effective and tailored to the tolerance for each patient. In our
opinion, patients could undergo two sauna bath sessions per
day since it was very well tolerated. However, we did not have
enough personnel to supervise more than one sauna session
per day.

TABLE 6 Logistic regression model to identify non-responders to sauna treatment.

Univariate

Age (years) 1.01 (0.99-1.04)
Sex (male) 0.60 (0.31-1.15)
Diabetic 1(0.47-2.09)

Months in CAPD 1.01 (1.00-1.02)

(

BMI (kg/m?) 1.01 (0.94-1.09)
Moderate/severe malnutrition 2.35(1.35-4.08)
(

Dialysis ultrafiltration 0.99 (0.99-1.00)

CAPD, continuous ambulatory peritoneal dialysis; BMI, body mass index.

Frontiersin Medicine

Non-responders

06

p-value Multivariate p-value

0.16 1.02 (1.02-1.02) 0.01
0.17 0.93 (0.91-0.96) 0.12

1 0.91 (0.89-0.93) 0.09
0.05 0.99 (0.99-1.00) 0.97
0.65 0.98 (0.97-0.98) 0.03
0.01 237 (231-2.42) 0.008
031 0.99 (0.99-0.99) 0.02
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In conclusion, in PD patients with FO, stimulated
diaphoresis with sauna baths can be an effective, safe and
sustained way to reduce FO. However, surveillance and
grooming measures must be taken by the patient, and its use
should be avoided in patients whose sensitivity is decreased, as it
was the case in our patient with advanced diabetic neuropathy.

We believe that more studies are needed to evaluate a longer
time the use of the sauna bath in a certain type of patient on PD
or HD, especially the those with anuria and poor ultrafiltrate.
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