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Abstract

Background: Hemodialysis (HD) patients suffer from various symptoms including intradialytic
hypotension, heat stress, insulin resistance, muscle atrophy and fatigue, which all these
parameters leading to the lack of energy and reduce patients quality of life. Lowering the
dialysate temperature from 37°C (Typical dialysis; TD) to 35°C (Cold dialysis; CD) could act as
an important factor in patients’ hemodynamic stability during hemodialysis. It has recently been
proposed that CD can improve many physiological factors including stabilizing body
temperature, increasing the activity of sympathetic nervous system and consequently increasing
the contraction power of the heart and the resistance of peripheral vessels. However many other
benefits have been observed on patient’s overall health and quality of life levels during the CD.
Intradialytic exercise training (IET) it is well documented that improved functional capacity in
HD patients. Moreover, intradialytic exercise can improve solute removal, dialysis adequacy,
intradialytic protein synthesis, muscular strength, peak oxygen consumption, nutritional status,
and quality of life. However, despite a strong rationale for the implementation of IET programs
and the aforementioned benefits of CD, the separate and combined effects of exercise
rehabiliation regimes in combination with changes in dialysis procedures in aspects related to
quality of life and health in HD patients have not been investigated to date. The aim of the
current PhD thesis was to assess the acute and chronic effect of CD and IET in parameters
aspects related to glucose disposal, quality of life and health in HD patients.

Methodology: The present PhD thesis divided into 4 studies:

Study 1: Investigate the thermoregulatory responses of hemodialysis patients under four
different single bouts of hemodialysis (240 min) protocols (TD, CD, TD+EX, CD+EX) (acute
phase). Participates 10 HD patients age: 57.2+14.9

Study 2: To assess the separate and combined effects of CD and IET in parameters related to
insulin sensitivity, health and fitness under four different single bouts of hemodialysis (240 min)
protocols (TD, CD, TD+EX, CD+EX) (acute phase). Participates 10 HD patients age: 57.2+14.9
Study 3: To assess the chronic effect of intradialytic exercise training and cold dialysis in
parameters related to insulin resistance and exercise capacity of patients with ESRD after 7
months of intervention (chronic phase). Participates 14 HD patients were randomized into two
groups (TD+EX; mean age 63.57+9.93 & CD+EX; mean age 52.71+16.84)

Study 4: To assess the chronic effect of cold dialysis and 7-month of intradialytic exercise
training (IET) on changes in vastus lateralis (VL) muscle architecture, functional capacity and

quality of life in hemodialysis (HD) patients. In the first part of the study (data set 1) 14 HD
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patients randomized into a CD+EX group (N = 7) and a TD+EX group (N=7). In the second part
of the study (data set 2) 44 HD patients were randomized into an Exercise Group (EG=21) and a
Control Group (CG=23) using the current practice (no exercise).

Results: The results of the current PhD thesis summarized below:

Study 1: The TD and TD+E protocols were associated with increased body heat storage leading
to moderate effect size increases in core body temperature (as high as 0.4°C). The low
temperature of the dialysate during the CD and the CD+E protocols prevented the rise in body
heat storage and core temperature (p>0.05), even during the period that IET took place.

Study 2: None of the four different sessions have shown any statistical significant differences in
glucose disposal (p>0.05). However, slightly numerical changes and moderate to high effect size
(d:0.50-0.85) observed between TD vs CD and TD vs TD+EX in the rate of glucose and insulin
disposal during the oral glucose tolerance test (OGTT). In addition, the systolic blood pressure
observed statistically significant increased at the end of CD compared to TD. No statistical
significant improvement observed in any aspect of functional capacity and fatigue parameters
after an acute single session of CD and IET

Study 3: Insulin sensitivity index was improved by 32% in CD+EX group compared to TD+EX
group. In addition, rate of glucose and insulin disposal during OGTT was improved in CD+EX
group compered to TD+EX group. Functional capacity and indices of quality of life improved in
both groups (P<0.05) independent of dialysate temperature.

Study 4: Cooling the dialysis temperature (CD) showed significant changes in VL fascicle
length compared with TD (data set 1). In the second subset of data (data set 2) VL fascicle angle
and length did not change significantly between the two groups (P>0.05) however, muscle
thickness decreased in CG (p=0.02, p<0.05) while it remained unchanged in the EG. Physical
performance and quality of life increased only in the EG (data set 2).

Conclusion: Reduction of dialysate temperature by 2°C induced favorable changes in aspects
related to insulin sensitivity, glucose disposal, muscle architecture and the level of heat storage.
Cold dialysis, also improved hemodynamic changes, occurring during dialysis reducing thus
possible hypotension symptoms. Exercise training improved overall exercise capacity and
indices of quality of life, irrespective dialysate temperature. Cold dialysis and Intradialytic
exercise training enhances health benefits improving overall patients’ quality of life. We
recommended that CD with or without IET can prevent the excessive rise of body heat storage
and also may provide an “acute” time-effective stimulus for improvements in glucose disposal.

In addition IET provides a time-effective stimulus for increasing the functional capacity in HD
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patients while larger thigh muscle architectural changes may require higher exercise training

loading or supplemented with resistance exercise to reveal more clinically meaningful changes.
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Hepidnyn

Ewayoy: Ou acBevelg pe ypovia veppikrp voco (XNN) tehkod otadiov ot omoiot
vroBdAloviot og ypdvio apoKABapoT TaPoVCIAlovV APKETES ATUPUYES OTMG EVOOGVVEIPLOKT|
VIoTaoN, €viovo Oeplikd oTpeg KOTA TNV OdpKE TG OoKabapor, OTapoyéG OTO
petofoAopd TG yAvkOlng, €viovo Muikd KotafoMopd Ko puikn  atpoeic kabmg kot
YEVIKEDUEVN KOTWOTN, HE AmOTEAEGUO Ol aobevelc vo vmoEEpovV amd EAAEWT EVEPYELONG
0dNy®VTOS Tovg o€ pewpévn ot (mng. H pelwon tg Beppokpocioc tov d10AdHATOS TG
aipokdBapong amd tovg 37°C (Tvmikng AwokdBapon, TD) otovg 35°C (Kpda AwokdBapon,
CD) éxetr amoderybel 0TI CLUPAAAEL GNUOVTIKA GTNV OMPLOOLVOKT oTafepdTNnTa TV aGHEVDV.
Meléteg €pouvv oeiler 6t 1 «Kpvo AwoxdBopon» PeATidvel 0pKETOVS QUGIOAOYIKOVG
TOPAYOVTEG, O 1 AOENONS TNG OPACTNPIOTNTOS TOL GLUTAONTIKOD VEVPIKOV GUGTNHOTOG,
Beltioon NG OLOTOATIKNG KAVOTNTA TNG KOPdlog Kol TNG MEPLPEPEINKNG AVTIOTAONG TOV
ayyelov, KaAvtepn olayxeipion e Oeprokpaciog Tov coOUATOG TOVG KaOMG eTiong Tovg TapEYEL
Kol 0pKeTd 0QEAN mov oyetiCovtal pe ™ yevikotepn mowvtnta ¢ Cong tovg. [MapdAinia n
evooouvedplokn doknon (EA)  eivon koAd tekpmpiopévo OtL Pedtidvel T AETOLPYIKN
KavOTNTA TOV UOKAOUPOUEVOV aGHEVOV. ZVYKEKPIUEVE OPKETEG LEAETEG EXOVV OVOPEPEL TNV
evepyetikn emidopaom ¢ EA ot Beltioon g puikng dbvaung Kot Katavaimoong oEuyovoo,
oV Pektioon g mowdtnto kdBapong kobmg emiong ovuPdier Oetikd ot OpemTIOKT
KATAoTAOT Kol TototnTa {ong TV achevov K.o. Qotdco, Tapd To ToAvdpOua oéAn OG0 NG
€VOOOLVEDPLOKT (IOKNOTG OGO KOl TNV KPVag opokabapong Kopio pHeAétn uéxpt topo dgv £xel
eEeTAoEL TNV GLVOVACTIKY ¥POVIA Kot 0&einl ETOPAOT CVTMOV TOV OVO TAPAUETPMV.

Ykomog: Na diepevvndel n ypdvia Kot 0Eelon GUVOLOGTIKY EMIOPACT TNG KKPVOG OUOKAOOPONCH
KOl TNG «EVOOGUVEDPLOKT AOKNONG» GE TOPAUETPOLS TOV GYETICOVTAL LLE TNV VYELN KOl TO1OTNTA
Long tov acBevov pe xpovia veppikn voco (XNN) telkod otadiov ot omoiot vroBdArovtol oe
apoxdBapon.

MeBodoroyia: H mapovca didaktopikr dotppn yopiletor oe 4 pehéteg

Mehiétn 1: Awpesoviniov ot o&eig Oeppopvbuotikés amoxpioelg tov opokobopdUevmv
acfevdv LETA TN GLUUETOYY| TOVS G€ 4 dapopeTikd TpwTdkoAla arpokdBapons (Ilepapatuch
npotokoria: TD, CD, TD+EX, CD+EX). Xt mopodoa perétn ovppeteiyav 10
apoxaBapopevol acBevég niciog 57.2 + 14.9.

Mehétn 2: ASodoynOnke n ol cuvOLOGTIKY EMIOpaoT TG «KPHOS AUOKAOAPCNG» Kot TNG
«EVOOOLVESPOKTY ACKNONG» OE TOPAUETPOVS TOL oyetiCovionr pe TV gvocHncio otV

WGOLAIVT], AEITOVPYIKN KOVOTNTO Kot TV TotdTNTd (mng Tov apokabapopeveov aclevov petd
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TN GLUUETOYN TOVG 6€ 4 dopopeTikd TPOTOKoAAL aipokdBapone (IMepopatikd TpmTOKOAAG:
TD, CD, TD+EX, CD+EX) X moapovco perétn ocoppeteiyov 10 apokoboapopevol acbevég
niwiog 57.2 + 14.9.

Megiétn 3: A&wloynbnke mn ypdvio emidpoon G «KpOOS OUOKABOPoNG» KOl TNG
«EVOOOLVEDPLOKT] (CKNONG» GE TOPOUETPOLS ToL oyetilovror pe v evacOnoia otnv
WWGOVAIVY, AELITOVPYIKN KAVOTNTO Kot TV ToTNTd (NG TV apokabopipevey aclevav petd
and 7 unveg mapéuPaons. tn mopovoa HeAETN ovupeteiyov 14 apoxabapdpevor acOevég
nhkiog 63.57 = 9.93 ot omoiot pe tuyoio JderypatoAnyio ywpiommkav o€ dvo Opadeg
(ITepapaticég opddeg: Tomkn cpokdbaporn otovg 37°C + Evdocvvedpilakry Acknon Vs Kpova
AwoxkaBapon otovg 35°C+ Evdoouvvedplaxn Acknon)

Merétn 4: ASoroynOnke m emidpoon ™C KpLog opokdBoaponsg Kol Tng €vOOGLVEIPLOKNG
AoKNONG OTNV OPYLITEKTOVIKY doun Tov €£® mAoth pnpuaiov podg kKabMC Kot 1 AEITOLPYIKY
wKavoTnTa TOV apokafopdpevov achevov petd amd 7 pnveg mopéuPacnc. Xt mopovco LEAETT
14 acBeveic or omoior pe toyaio derypoatolnyio yopiotkav ce dvo ouddes (Ilepapoticd
mpotoékorro Kpda AoxdaBapon +Evéocuvvedplokn Acknon N=7 vs Tvmkr AwoxdBapon +
Evdoovvedplakty Aoknon N=7; Data set 1.) Iopdrinio pe tnv mapovoa perétn a&lodoyndnkov
akoun 44 ayokabopdpevol acbeveic OTov pe Tvyoio derypatoAnyio ympiomkay 6€ OV0 OLAOES
(ITewpopatikd mpmtoKoAro: Opdada evéocvvedplakng doknong Vs Opdada eréyyov; Data set 2).
Amoteréopora: To oamoteAéopota TG TOPoVGOS OWOKTOPIKNG OtpPnc cvvoyilovion
TOPAKAT:

Merétn 1: Kotd v owdpkea tov npotokéAlov TD kot TD+E mapovcidotnke avénuévn
oVooMPELOT BEpUOTNTAS GTO COUA TOV acOev®dV N omoiol 00NyNoe 6€ PéETplov Pabuov avénon
™G Bepuokpaciog mopnva tov copatog tovg (€og kot 0.4°C). H peiouévn Beppokpoacio
apwokabapone (35°C) katd t didpkeia tov tpwtokdMov CD ka CD+E gumddicav tnv
avénpévn cveompevon Beppdtrag oto copa v achevov kKabdg kot g Bepupokpociog
Topnva. Tov cdOUaTog Tovg (p> 0.05), axdun kot kotd TV TEPIOd0 NG EVOOGLVEIPLUKNG
doknong.

Mehiétn 2: Agv mopoInpi|GOLE OTOTIOTIKA GNUOVTIKEG OPOPES HETAED TOV TEPAUOTIKOV
ouvinkov (p> 0.05). Qotdc0, TapatnpRoape KPES aplOUNTIKEG LeTaBOAES Kot £var LETPLO TTPOG
vynAo effect size (d: 0,50-0,85) peta&d g TD kot g CD, 6nwg eniong ko peta&d e TD kot
™m¢ TD+EX otov puBud adénong g yAvkolng kot e veovAivng oto aipa kotd ) doKipLocio
OGTT. EnmmAéov, n GLUGTOMKN apTNploKn TECT TOPOVGINGE GTOTIGTIKO CNUAVTIKY abENON

petd to téhog g CD oe obykpion pe v TD. Qotdco kapio oTATICTIKG CTUOVTIKN dopopd

11

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



dgv mopatnpnOnke ot AEITOLPYIK KAVOTNTO KOU GTOLG OEiKTEG KOTMONG UETO Oomd puo
ouvvedpia kKpHOS apokdBopong Kot EvOOGUVESPLOKNG KOTMONG,.

Meiétn 3: [HopatnpnOnke Pertioon tov dgiktn gvaucOnciog otnv woovAiivn katd 32% oty
opdda CD+EX og ouykpion pe v opddo TD+HEX. EmmAéov, o puBudg avénong g yAvkoling
Kol TG WWeoVAivng oto aipa kotd ™ owdpkeln g OGTT PBertiwbnke oty opdda CDHEX
ovykprtikd pe v opado TDHEX. H Aettovpywn wkovotnto Kot ot dgikteg motdtntoag Cmng
BertioOnkav kot 6tig 600 opadesg (p<0.05) aveEdptnra and 1 Oepprokpascio Tov SIHAVUOTOG.
Meiétn 4: H peloon g OBeppokpacio tov OoAdeipatog ¢oaivetor vo emnmpedlel v
OPYLTEKTOVIKY] OOUT] TOL £® TAATL UNPLoiov HLOG aVEAVOVTOG TO UNKOS TV HVIKAV OEUTIOV
(Data set 1). H yovia tpdc@uong Kot T0 UNKOG TV HWOIKOV depaTidv Tov £Em mAatd pnpioiov
HVOG dev HETOPANONKOY GTATIGTIKG OCNUAVTIKG HETAED TV 600 Opadmv oty vrooudda 2 (p>
0.05) wo1060 10 TWhYOG TV £E® TANTO unploiov puodg peiwdnke ommv opdda CG (p=0.02,
p<0.05) evad mapéuewve apetapfinto oty oudda EG. H Aertovpywkn wkavotnto Kot ot deikteg
no1otNTog Cong owéNdnkay oTaTIoTIKG onpovTikd povo oty oudda EG (Data set 2).
Yopnépoopa: H peiowon g Ogpuoxpocioc tov dwwAvpotog g apokdbapone katda 2°C
TPOKAAEGE €VVOIKEG OAAUYEC OTIS TAPAUETPOV Tov oyetiovtal pe v evocOnoio oy
WGOVAIVY, TN d1dBeon ™ YALKOING, TNV OPYITEKTOVIKY] TOL HLOG Kot To Pabud e Bepuikng
emPapovons. H xpda opoxdBoapon mapéyel onUOVTIKEG OUOOVVOUIKEG OAAAYEG KATA TN
SLAPKELDL TNG ALUOKABAPONG, LEIOVOVTOG £TCL T THOVA GUUTTMOUATO EVOOTVVEIPLUKNG VITOTOUCNG
mov moapovctalovy ot acbevels. H evdoouvedplokn| doknong PEATIOVEL T GUVOAMKN KAVOTNTO
TV acevdv yioo doknomn Kabhg eniong Kot tovg dgikteg modvtntag {ong, aveEaptnra amd
Oepuoxpacio Tov SWAVUOTOS, MCTOGO, 08V TAPOLGLALEL UEYAAEG OAAAYEG OTNV OPYLITEKTOVIKY|
doun tov €€ mhath pnplaiov puodg petaéd tv cuvinkodv CD kot TD. H xpva arpokdBapon ko
N evdoouvedplokn doknon ov&dvouv To 0QEAN Yoo TNV VYElR PBEATIOVOVTIOG TN GUVOAIKY|
nowtta {ong tov aclevav. Xvvictovoape 6Tt 1 CD pe M yopig evdoouvedplokn GoKNnom
umopet vo amotpéyel v vrepfolikry adEnom ™S cveompevong BepudTNTOC GTO CAOUO TOV
acBevdv kot pmopei emiong vo mpooeépel Eva "o&y" ypovikd epébicpa yuo T Pertimon tng
avénpévng yAvkoing oto aipo tovg. EmumAéov, m evoocuvedprokn Goknom mopéxel €vol
ONUOVTIKO €pEBoHa Yo TV avénomn NG AEITOVPYIKNG KAVOTNTAS TOV opoKabBopduevov
aclevdv eved peyoldTepES LETAPBOAES GTNV OPYLTEKTOVIKY] doU TOV £E® TANTY pnploiov puog
fowg amartohv vymAdTEPA POPTiOL AGKNOMG 1| COUTANPOUATIKY] GCKNGN OVTICTACE®V Yo VoL

napaTNPNOoVV KAVIKA ONUAVTIKES OAAAYES.

12

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



Contents

ACKNOWIBAGIMENTS ...ttt 4
Y 4111 = T O PRROURPOPPRPPR 7
TIEPTANWE ..o 10
I ES 0] N 1= o] [ R STRO 14
LSE OF FIQUIES ...ttt 16
LiSt OF @DDreVIatioNS. ......cooiiiiiiie s 17
Yoo 18 od o] o PP PRSPRPPRPPPR 19
AIMS — SIGNITICANCE ...ttt 21
LITEIAtUIE REVIEW .. eiiiiiee ettt e s e et e e st e e et e e et e e e ena e e e nnaaeennneeennneas 23
RESEAICH STUAY 1 ...ttt 39
RESEAICH STUAY 2 ...ttt 53
RESEAICN STUAY 3 .. .oeeeeie et e et e et a e e e e e nnraeeanes 68
RESEAICN STUAY 4 ...ttt e et e e et e e e enea e e nneae e e 85
GENETAI DISCUSSION ...ttt ettt ettt e e b 106
General Conclusion & Future Perspectiies ..........ccccvveiiieeiiieeiiine e siee e see e 110
RETEIBICES ..ottt bttt ettt n et 112
Y o] 01T 0L OSSP RSPRR PR 124
Appendix 1: BioethiCs APProval ........cccveiiiiiiiie e 125
APPENdiX 2: CONSENT FOMM ... ..oiiiiiie et e e ere e 126
Appendix 3: General Health QUEeStIONNAIre ..........ccccocveeiiiiice e 129
Appendix 4: Copyright StateMeNt ..........ccoviveiiiie e 134
Appendix 5: Protocol RegiStration ............ccuveiiieiiiiee e 135
Appendix 6: Supplementary RESUILS .........cc.ccoiiiiiiiie e 136
AppendiX 7: PUBIISNE PAPEL.......cc.oei it 139

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



List of Tables & Images

Research Paper 1:
Table 1. Individual characteristics of the study group.
Table 2. Results and comparisons for core body temperature (Tc), mean skin temperature (Ts) and

body heat storage (S) in the four different dialysis protocols.

Research Paper 2:

Table 1. Patient’s characteristics for each dialysis session.

Research Paper 3:

Table 1. Patient’s characteristics according to study allocation.

Table 2. Insulin sensitivity indices according to study allocation.

Table 3. Blood pressure, nitrogen dioxide and heart rate data according to study allocation.
Table 4. Functional capacity according to study allocation.

Table 5. Aspects of Quality of life according to study allocation.

Research Study 4:

Table 1. Patient’s characteristics according to study allocation.

Table 2. Changes in ultrasonography between CD+EX and TD+EX groups

Table 3. Characteristics of the patients presented as pooled data as well as for each group
(Exercise Group vs. Control Group).

Table 4. Changes in ultrasonography indices after 7 months of intradialytic exercise training.
groups.

Table 5. Functional capacity test and body composition data before and after 7 months of
intradialytic exercise training.

Table 6. Quality of life and fatigue severity parameters before and after 7 months of intradialytic
exercise training.

Image 1: Ultrasound imaging of the Vastus Lateralis (VL) muscle, that showing A) the thickness
(cm) of the VL muscle, B) the pennation angle (6°) of the VL muscle. Based on the VL thickness
and the VL pennation angle in the same ultrasound image, we estimated the VL fascicle length

(cm) of the VL muscle?.

14

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



Image 2: Indicative example of changes in vastus lateralis (VL) muscle thickness and pennation
in a female hemodialysis patient. (A) before and (B) after participating in the 7month of
intradialytic exercise training. Changes in muscle architecture, as well as in fat thickness are

indicated.

15

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



List of figures

Research Paper 1:
Figure 1: Chat flow of study design

Research Paper 2:

Figure 1: Flow chat of the study

Figure 2: Rate of glucose disposal after single session of TD, CD, TD+EX, CD+EX sessions.
Figure 3: Rate of insulin disposal after single session of TD, CD, TD+EX, CD+EX sessions.
Figure 4: Insulin sensitivity as measured by OGIS index after single session of TD, CD,
TD+EX, CD+EX sessions.

Figure 5: Changes in systolic blood pressure before, during and after single session of TD, CD,
TD+EX, CD+EX sessions.

Figure 6: Six-minute walking test before and after a single session of TD, CD, TD+EX, CD+EX
sessions.

Figure 7: Six-meter fast walking test before and after a single session of TD, CD, TD+EX,
CD+EX sessions.

Figure 8: Sit to stand 5 repetitions test before and after a single session of TD, CD, TD+EX,
CD+EX sessions

Figure 9: Sit to stand 60 seconds test before and after a single session of TD, CD, TD+EX,
CD+EX sessions.

Figure 10: Hand grip test before and after a single session of TD, CD, TD+EX, CD+EX

sessions.

Research Paper 3:

Figure 1: Study design flow chart.

Figure 2: The insulin sensitivity index (OGIS) was improved by 32% in CD+EX group
compared to TD+EX group.

Research Paper 4:
Figure 1: Chat flow for the data set 1
Figure 2: Chat flow for the data set 2

16

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



List of abbreviations
BAT = brown adipocyte tissue
BCM = body composition monitor
CKD = chronic kidney disease
CD = cold dialysis
CVD = cardiovascular disease
CD+EX = cold dialysis + exercise
CG = control group
ESRD = end stage renal disease
ERA = European renal association
EDTA = European dialysis and transplant association
EG = exercise group
EPO = erythropoietin
FFA = free faty acid
FWT6m = fast walking test 6 meters
GFR = glomerular filtration rate
HD = hemodialysis
HDL = high density lipoprotein
IR = insulin resistance
IET = intradialytic exercise training
KDIGO = kidney disease improving global outcomes
Kt/V = dialysate clearance of urea
6MWT = six minute walking test
NMES = neuromuscular electrical stimulation
OGTT = oral glucose tolerance test
PRT = progressive resistance training
PD = peritoneal dialysis
QOL = quality of life
RRT = renal replacement therapy
SF-36 = short form -36 questionnaire
S = body heat storage
STS-5 =sit to stand 5 repetitions
STS-60 = sit to stand 60 seconds

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



TD = typical dialysis

Tc = core temperature

TD+EX = typical dialysis + exercise

Tsk = mean skin temperature

USRDS = United States renal data system
UCP1 = uncoupling protein

VO2peak = oxygen uptake

VLDL = very low density lipoprotein

VL = vastus lateralis

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63

18



Introduction

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63

19



hronic kidney disease (CKD) is a general term for heterogeneous disorders

affecting kidney structure and function?. The 2002 guidelines for definition and

classification of this disease represented an important shift towards its
recognition as a worldwide public health problem?. Generally, CKD associated with advanced
age, diabetes, hypertension, obesity, musculoskeletal problems and cardiovascular diseases,
which is the main cause of mortality in patients with end-stage renal disease (ESRD) receiving
hemodialysis therapy (HD)*.

Despite the tremendous advances in dialysis technology, hemodialysis (HD) is a
significant challenge for dialysis patients and quality of their lives®. Research has shown for
years that dialysate fluid temperature and especially the typical dialysis (TD) temperature at
(37°C) are complicated by hemodynamic instability which leading to an increased risk of
heat-induced hypotension causing patient discomfort and increased mortality®”,

Cold dialysis (CD) is defined as the reduction of dialysis fluid temperature to 35-36°C,
approximately 1°C below the typical dialysate temperature which ranges between 37-38°C8. A
number of studies have reported beneficial effects of CD on maintaining hemodynamic stability,
minimizes hypotension and exerts a protective effect over major organs including the heart and
brain®. In addition, current evidence showed the protective effect of CD in cardiac performance
during the dialysis session®. As we know until today cardiovascular mortality is an important
issue for nephrologists that care for ESRD patients!!, however many other benefits have been
observed on patients’ overall health and quality of life levels by used of CD*?,

The above-mentioned benefits of CD in the hemodynamic stability and the general
quality of life of the patients are highlighted even further due to the ever-increasing adoption of
intradialytic exercise programs®3. It has been well-established that intradialytic exercise leads to
benefits of physiological, functional, and psychological deterioration which commonly accrues
as a consequence of biological aging, catabolic illness, and a sedentary lifestyle, factors that may
all contribute to the progressive decline of vitality and quality of life commonly observed in
ESRD patients'®.

However, despite a strong rationale for the implementation of intradialytic exercise
programs and the aforementioned benefits of CD, the separate and combined effects of these
protocols in aspects related to quality of life and health in ESRD patients have not been

investigated to date.
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he aim of the current PhD research thesis was to assess the effect of exercise

rehabiliation regimes in combination with changes in dialysis fluid temperature

in aspects related to quality of life and health in end stage renal disease patients
receiving hemodialysis therapy.

The primary aim of the current PhD researsh thesis was to investigate the factors involved in
the phenomenon of “heat stress”, “insulin resistances” and the “changes in muscle architecture”
in ESRD patients. More specific:

a. To investigate the thermoregulatory responses of hemodialysis patients under four
different hemodialysis (240 min) protocols (Study 1).

b. To assess the separate and combined effects of cold dialysis and intradialytic exercise
training in parameters related to insulin sensitivity, health and fitness in hemodialysis patients
(acute phase) (Study 2).

c. To assess the effects of 7 months intradialytic exercise training and cold dialysis in
parameters related to insulin resistance and exercise capacity in hemodialysis patients (chronic
phase — Study 3).

d. To assess the changes in architecture structure of vastus lateralis muscle and functional

capacity in hemodialysis patients after 7 months of intradialytic exercise training (Study 4).

The current PhD thesis is registered as a “Randomized Clinical Trial” at www.clinicaltrials.gov

Clinical Trial Registry number: NCT03905551
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Literature Review

Part of the literature review has been published as follows: Cold dialysis and its impact on renal patients' health: An
evidence-based mini review. Sakkas GK, Krase AA, Giannaki CD, Karatzaferi C. World J Nephrol. 2017 May
6;6(3):119-122. doi: 10.5527/wjn.v6.i3.119. Review.
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2.1 Chronic kidney disease

Chronic kidney disease is defined as a reduced glomerular filtration rate, increased
urinary albumin excretion, or both, and is an increasing public health issue’®. In 2002, the US
National Kidney Foundation - Kidney Disease Outcomes Quality Initiative clinical practice
guidelines defined chronic kidney disease as kidney damage or glomerular filtration rate lower
than 60 mL/min per 1-73 m? for 3 months or longer, and proposed a classification scheme based
on glomerular filtration rate®. Later analyses have shown that albuminuria also has an important
effect on chronic kidney disease. Improving Global Outcomes (KDIGO) Work Group on
Evaluation and Management of Chronic Kidney Disease included albuminuria in the revised of
2012 classification!®’. Also, the National Kidney Foundation, developed a clinical practice
guidelines by using an approach based on the procedure outlined by the Agency for Healthcare
Research and Quality which 1) define chronic kidney disease and classify its stages, regardless
of underlying cause, 2) evaluate laboratory measurements for the clinical assessment of kidney
disease, 3) associate the level of kidney function with complications of chronic kidney disease,
and 4) stratify the risk for loss of kidney function and development of cardiovascular disease”.
Early identification of chronic kidney disease is needed to prevent disease progression and

reduce the risk of cardiovascular morbidity and mortality.

Table 1. Classification system of chronic Kidney disease

Stage Description GFR, mL/min per 1.73 m? Actions
1 Kidney damage with normal or >90 Diagnosis & treatment (treatment of
increased GRF comorbid conditions, slowing

progression CVD risk reduced.

2 Kidney damage with mild 60-89 Estimating of progression.
decreased GRF

3 Moderately decreased GRF 30-59 Evaluating and treating
complications.

4 Severely decreased GRF 15-29 Preparation for kidney replacement
therapy.

5 Kidney failure <15 (dialysis) Kidney replacement (if uremia
present).

Note: CVD: cardiovascular disease; GFR: glomerular filtration rate.
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2.2 Epidemiology of chronic kidney disease

During the 20th century, infectious diseases were the major cause of deaths and
disability. However in this century, the world’s disease profile is changing, and chronic diseases
now account for the majority of global morbidity and mortality. The causes of chronic kidney
diseases reflect this change and diabetes, together with hypertension, is now the major cause of
end-stage renal failure worldwide!®!°, Diabetes is epidemic proportions, and its prevalence will
double in the next 25 years, particularly in the developing countries. This will lead to a
corresponding increase in the number of patients with chronic kidney disease and the number
requiring end stage renal failure management, particularly dialysis®®.

The incidence and prevalence of end-stage kidney disease differ substantially across
countries and regions. According to the 2010 Global Burden of Disease study chronic kidney
disease was ranked 27th in the list of causes of total number of global deaths in 1990 (age-
standardized annual death rate of 15,7 per 100 000), but rose to 18th in 2010 (annual death rate
16,3 per 100 000)%°. White et al 2008, showed that more than 80% of all patients receiving
treatment for end-stage kidney disease are estimated to be in affluent countries with large elderly
populations and universal access to health care?:.

The European Renal Association—European Dialysis and Transplant Association (ERA-
EDTA) Registry (including Greece) showed that the lifetime risk of renal replacement therapy
decreased with age, was lower in women as compared with men of equal age and varied
considerably throughout Europe. Specifically, lifetime risk of renal replacement therapy varied
from 0.44% to 2.05% at age 20 years and from 0.17% to 1.59% at age 70 years across countries
and was twice as high in men as in women. Also, the lifetime risk of renal replacement therapy
decreased with age, ranging from an average of 0.77% to 0.44% in 20 - to- 70-year-old women,
and from 1.45% to 0.96% in 20 - to- 70-year-old men and increased slightly over the past

decade, more so in men than in women?2.

2.3 Causes of chronic kidney disease

The major cause of chronic kidney disease in all developed and many developing
countries is diabetes and secondarily the hypertension®®. However, glomerulonephritis and
unknown causes are more common in countries of Asia and sub-Saharan Africa, these
differences are related mainly to the burden of disease moving away from infections towards
chronic lifestyle-related diseases, decreased birth rates, and increased life expectancy in

developed countries?®. According to the United States Renal Data System (USRDS) the last past
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decades there is a progressive increase in the number of diabetics entering end-stage renal
disease therapy programs. Now, 44% of all incident patients are diabetic, while
glomerulonephritis, cystic kidney disease, and hypertension have remained relatively steady as
causes of end-stage renal disease®. In Europe and according to the European Registry Data the
number of diabetics entering end-stage renal disease programs is now between 15% and 33%,
while the numbers entering due to glomerulonephritis are 7% to 20%'%*. In developing
countries, common causes of chronic kidney disease also include glomerular and

tubulointerstitial diseases resulting from infections and exposure to drugs and toxins?.

2.4 Management of chronic kidney disease

Hemodialysis (HD), peritoneal dialysis (PD), and renal transplantation are the most
common renal replacement therapies worldwide and became available in the 1960s?. Renal
replacement therapy (RRT), through either dialysis or renal transplantation, is a lifesaving yet
high-cost treatment for people with end-stage kidney disease. It has been available in high-
income countries for more than 50 years, with rapid growth in the number of people treated
during this period?. Studies showed that, the number of patients which receiving RRT is
projected to grow from 2.618 million in 2010 to 5.439 million by 2030. Between 2.284 and
7.083 million people who could have been kept alive with RRT in 2010 died prematurely
because they did not have access to the treatment?’. The predicted growth in the prevalence of
end-stage Kidney disease demands development of affordable RRT techniques and
implementation of effective supplementary methods such as "cooling dialysate temperature and
"intradialytic exercise™ which will aim to improve the life expectancy and also, the quality of life

of patients with end stage renal disease.

2.5 Common complications in ESRD patients and the effects of *“cooling™ dialysate

temperature

2.5.1 Body Temperature and Thermal Balance during Hemodialysis

Hemodialysis is contribute on adjusting fluid and electrolyte balance and eliminating
toxin waste products. The extracorporeal system of dialysis not only substitutes for part of the
lost renal function but it also takes over the temperature control of the body surface because

blood to be cleared in the artificial kidney is exposed to an environment with a range of different
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temperatures and thermal conductivities?. This mechanism leading to a significant thermal
perturbation in patients with end-stage renal disease (ESRD).

It well accepted that body temperature and dialysate temperature are important factors for
hemodynamic stability during hemodialysis®®%®. Van der Sande et al. (1999) showed that
hemodialysis does not lead to a direct heat transfer from the extracorporeal circulation to the
patient in most cases, but body temperature of the patient tends to increase during a treatment
using the conventional dialysate temperature of 37°C3L,

Despite the tremendous advances in dialysis technology from the first clinical dialysis in
1924 until now, very little attention has been given to selection of dialysate temperature in ESRD
patients®. The body temperature in humans maintained within a narrow range despite a
significant rate of heat production. Heat is produced in proportion to the rate of oxygen
consumption and carbon dioxide production as a results of cellular energy. Skin blood flow
adjusted to regulate the heat transfer from the interior of the body to its surface. Heat production
can be modified voluntarily by activity or involuntary through shivering®>%. However,
hemodialysis is a significant challenge for thermoregulation®®. Blood temperature can be
controlled by adjusting dialysate temperature, which is important even a small changes in
patient’s body temperature will inevitably results in the activation of the temperature defense
mechanisms®. Heat gained by exposure to a warm dialysate temperature must be lost by
increasing skin blood flow, resulting in the delivery of warm blood to the surface of the body to
maintain temperature homeostasis®>. However, if the muscle-cutaneous nerve is blocked,
cutaneous hyperaemia is prevented, which shows that this circulatory adaptation is mediated by
the nervous system?®. It is important to stress that such changes in cardiocirculatory function
occur even for modest thermal variations, within the range of those that can be encountered in
dialytic treatment®,

Usually, 37°C is chosen as the typical dialysate temperature for ESRD patients
underwent hemodialysis®. The historical reason for this is not clear, because we were unable to
find any literature supporting data. However, Wunderlicch et al. (1871) in the late nineteenth
century determined the concept of 37°C as normal body temperature in adults, which apparently
originated from extensive studies®’.

The majority of ESRD patients have baseline body temperature below 37°C*. Studies
showed that dialysis patients may have a lower overall temperature than healthy individuals.

Why this occurs is not clear, but the fact that the body temperature of dialysis patients is
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typically lower than 37°C and that a significant circadian variation exists means that using 37 as
a typical reference temperature for dialysate temperature is inappropriate>°.

During hemodialysis, the hemodynamic compensation owing to ultrafiltration and
hypovolemia often leads to peripheral vasoconstriction and reduced the heat loss and increased
the metabolic rate*®. This combination of decreased heat loss and increased heat production
results in increased body temperature. When the dialysate temperature is equal to the body
temperature the amount of heat lost through the dialyzer is less than the heat produced by the
patient, resulting in an increase in body temperature®. The risk associated with increased in body
temperature need to be considered. However, if the dialysis temperature increased in 37°C even
hemodynamically stable patients may became unstable because of the heat load given by warm
dialysate*?. During hemodialysis the upright posture, intravascular volume depletion and the
extracorporeal blood circulation also cause hemodynamic changes that activate baroreflexes
resulting in systemic vasoconstriction (decreased skin blood flow)®. Concomitant with heat
stress, typical dialysis in 37°C is associated, however, with hypovolaemic stress, secondarily to
the removal of fluids. Hypovolaemic stress brings with it a haemodynamic response exactly
opposite to the response evoked by heat: vasoconstriction instead of vasodilatation®3,

Also typical dialysis (37°C) induces acute global and segmental myocardial ischaemia®.
Recently reported that repetitive hemodialysis induced myocardial stunning over 1 year is
associated with impaired haemodynamic response to dialysis, and observations of an absolute
reduction in resting ejection fraction of 10%, and development of hibernated segments of
myocardium, have generated the proposal that recurrent dialysis-induced ischaemic cardiac
injury may contribute to the development of ischaemic heart failure in this population®?.

Maggiore et al. (1981) proposed cooling of dialysate fluid below 36.5°C, as a factor
contributing to hemodynamic stability in patients during hemodialysis?®. Specifically, cool
dialysis (CD) observed a beneficial effects avoidance of heat accumulation and hence
counterproductive thermoregulatory vasodilation, and the catecholamine surge (especially during
shivering) which in turn stimulate peripheral vasoconstriction and cardiac inotropy!244, Also,
even with modest heat storage, profound hemodynamic changes take place, including a reduction
in peripheral vascular resistances, elevated heart rate, cardiac output and increased muscle
sympathetic nerve activity, resulting in increased blood flow to the skin and leaving the body
defenseless to hypotension, a phenomenon that does not take place during cold stress prevent
intradialytic hypotension by increasing peripheral vascular resistance, improving cardiac output,

and altering the levels of vasoactive peptides®®#%4°, The majority of the CD studies using
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dialysate temperatures between 35 °C-36°C!*6, Another important factor that CD provides
significant results is intradialytic hypotension. Symptomatic hypotension is a frequent
complication during haemodialysis*’. Studies reported that 5.5%-25% of the dialysis sessions
complicated by intradialytic hypotension in the cool dialysis group (CD; 35-36°C) compared
with 11.2%-50% of the sessions in the typical dialysate group (TD; 37°C)®. These results
showed that the rate of intradialytic hypotension was reduced by 70% (95% confidence interval
[95% CI], 49% to 89%) with CD compared with TD®. CD is a very promising approach for the
prevention of intradialytic hypotencion with many studies reporting improvements in
haemodynamic stability including reduction in heart rate, cardiac output and stroke volume
leading to high arterial blood pressure maintaining thus a greater total peripheral resistance®°,
It's important to mentioned that, CD resulted in significantly fewer nursing trips to
patient’s bed and even fewer interventions for the treatment of intradialytic hypotension®.
However, the lack of long-term interventions and properly designed randomized clinical trials
justifies the modest implementation of cold dialysis in the majority of the dialysis units

worldwide.

2.5.2. Carbohydrate Metabolism and Insulin Resistances

Carbohydrate intolerance and abnormalities associated with uremia has been recognized
for over 90 years*. However, the underlying mechanisms responsible for this defect still remain
unclear®®. Several studies have suggested that the glucose intolerance of uremic patients is
mainly due to a) a decrease in insulin release b) a circulating insulin antagonist ¢) an abnormality
in peripheral tissue utilization of glucose and d) a defect in hepatic storage of glycogen**°, At
the cellular level, uremia is associated with changes in insulin action after insulin binding to its
receptor®l. Also, studies verified that the insulin resistance (IR) occurring in patients with ESRD
accompanied by impaired muscle glucose uptake and nonoxidative glucose metabolism®2. In
recent years, a growing body of evidence suggests that IR and its associated metabolic disorders
are important contributors for the cardiovascular burden of patients with ESRD®. Specifically,
new data showed that the modification of the intestinal flora and activation of inflammation
pathways have been implicated in the pathogenesis of IR in obese and diabetic patients. All these
pathways ultimately lead to lipid accumulation in ectopic sites and impair insulin signalling®.
These important discoveries have led to major advances in understanding the mechanisms of

uraemia induced IR.
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In the 1980s, DeFronzo et al. using the ‘gold standard’ euglycemic hyperinsulinemic
clamp technique, found evidence of IR in chronic kidney disease (CKD) patients®. They
suggested that the site of this resistance lies in the binding of insulin to its receptor and can be
reversed by dialysis®. It is now well established that the decline of renal function is associated
with the development of IR with impaired insulin-induced glucose utilization of peripheral target
tissues®®. Since this seminal study, there has been a renewed interest in IR in CKD, especially as
IR is an independent risk factor for cardiovascular morbidity and mortality in patients with
CKD56,57

Studies showed that IR, as evidenced by reduced sensitivity to the hypoglycemic action
of exogenous insulin is common in patients with ESRD*%®8, In these patients, hepatic glucose
production is not increased and is suppressed normally in response to insulin®. The site of IR in
ESRD patients is likely to be peripheral. Since adipose tissue accounts for the disposal of less
than 2% of the glucose load, the muscle tissue must represent the primary site of IR in ESRD
patients®®°, Despite the presence of IR in almost all patients with ESRD, only 50% demonstrate
glucose intolerance and hyperglycemia®l. This is due to the variation in insulin secretory
responses during hyperglycemia among ESRD patients®’. ESRD patients with normal insulin
secretory capacity can maintain normal glycaemia at the expense of hyperinsulinemia®?. Mak
(1994) showed that nondiabetic patients with ESRD often have mild fasting hyperglygemia and
abnormal glucose tolerance manifested as abnormal glycemic responses during oral and
intravenous glucose tolerance test®. However, some patients maintain normoglycemia at
expence of hyperinsulinemia. On the other hand, spontaneous hypoglycemia is a complication in
both nondiabetic and diabetic ESRD patients®.

As mentioned above the metabolic clearance rate of insulin is prolonged in ESRD, but
can be normalized by hemodialysis. Accumulation of dialyzable uremic toxins with progressive
loss of renal function may cause inhibition of the insulin degradation system, especially by the
liver, which normally removes about 50% of the insulin secreted into the portal circulation®?.
Previous studies showed that insulin sensitivity can be reduced up to 60% in nondiapetic patients
with ESRD before dialysis. Marked improvement in insulin sensitivity and glucose tolerance has
been reported in nondiabetic ESRD patients after 10 weeks of hemodialysis, however values did
not normalize®°®. Another study showed that glucose intolerance can be corrected with frequent
hemodialysis, but a minimal recovery period, approximately 2 weeks is necessary and the

carbohydrate abnormality will reappear within 7 days if dialysis is withheld®’.
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In ESRD patients undergoing maintenance haemodialysis, glycaemic control correlates
closely with morbidity and mortality. Extremely high or low glycaemic levels are associated with
increased morbidity and mortality owing to vascular and diabetic complications as well as
malnutrition. In patients with ESRD and especially those with diabetes, glycaemic status should
be closely monitored by frequent, careful measurement of glucose levels, particularly during and
after each haemodialysis session. The management of hemodialysis is particularly important to
reduce morbidity and mortality in this population.

Despite the strong rationale, that CD observed beneficial effect in many physiological
mechanisms in patients with ESRD, limited information’s exist in the literature about effects of
CD in glucose metabolism and IR. Recently evidences suggest that “cold” activates brown
adipose tissue®, the benefits of CD may be related to this effect'®. Brown adipose tissue affects
whole-body metabolism, is essential for thermogenesis in human neonates and may regulate
susceptibility to weight gain and insulin sensitivity®®. It has been suggested that brown adipose
tissue is unnecessary in adults, due to their higher basal metabolic rates and greater muscle mass
for shivering, recent studies suggest brown adipose tissue is important for both basal and
inducible energy expenditure in the form of thermogenesis, mediated by the expression of tissue-
specific uncoupling protein (UCP1) in adults. Furthermore, a recent study has identified the
importance of brown adipose tissue in adult humans’. Thus, activation of brown adipose tissue
by cold may increase survival by increasing basal and inducible energy expenditure in ESRD

patients®®,

2.5.3 Muscle Atrophy in ESRD patients

Several studies, the last decades showed a significant association between muscle
atrophy, muscle wasting and weakness in patients with ESRD, receiving hemodialysis™"2.
Diesel et al. (1993) showed that HD may cause disorders affecting skeletal muscle’®. Myopathy,
muscle atrophy, or uremic neuropathy occur in these patients as a result of high serum levels of
calcium, urea, acidosis and low levels of carnitine and/or secondary hyperparathyroidism’*7°.
Hemodialysis is considered to have more pronounced deleterious effects on skeletal muscle, than
the other replacement therapies’®. One difference is fluctuation in toxin levels. Specifically,
people on PD, dialyze every four hours or daily, whereas HD is typically conducted three times
per week, and toxin levels therefore range from very low immediately after dialysis to very high
before dialysis’®. In addition, evidence showed that the permeability of the dialyzer used for HD

may also contribute to the catabolic effect on muscle mass’’. However, research advances during
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the past several decades contributed much to our understanding of how chronic kidney disease its
associated with comorbidities diseases, its complications and its therapies. There are many
associations already reported as being associated with muscle atrophy and muscle wasting. These
include decreasing glomerular filtration rate (GFR), dialysis, age, osteoporosis, cardiovascular
diseases and diabetes’®8!. Other key drivers of muscle mass in CKD include physical activity,
metabolic acidosis, impaired insulin / insulin-like growth factor-1 signaling as well as
inflammation®28%, The above situations strongly associated with increased morbidity and
mortality in these patients®4#°,

In the clinical practice, fatigue is one of the most common debilitating symptoms
reported by people with ESRD receiving hemodialysis and affected by muscle atrophy. The
prevalence of fatigue in this population ranges from 60% to 97%°%. Various factors including:
physiological (decreased aerobic capacity and muscle strength), psychological and behavioral
(anxiety, stress, depression, sleep disorders), dialysis-related (dialysis-related fatigue, frequency
of dialysis, associated changes in lifestyle leading to physical limitations) and sociodemographic
(employment status, social support) have been implicated as causative mechanisms associated
with this fatigue®”®8. In addition, considerable data exist that as a group, maintenance dialysis
patients have low levels of physical function and that survival and hospitalization rates are
directly proportional to physical performance and fatigue experienced by ESRD patients®.
Despite the obvious importance of physical performance capacity, there are disturbing data to
suggest that dialysis patients as a group have markedly lower levels of daily physical activity
than healthy control subjects, to the extent that a 30 years old hemodialysis patient is likely to
have less daily physical activity than a 70 years old healthy sedentary individual®®.

In general, causes of muscle weakness can include loss of muscle mass (atrophy), a
decrease in the ability to generate force per unit mass or specific strength (myopathy), a
reduction in the capacity of the central nervous system to activate otherwise normal motor units
(central activation failure), or a combination of these mechanisms. Summarizes data from 16
studies that used muscle biopsy as a tool to evaluate morphological characteristics of skeletal
muscle in people with ESRD receiving hemodialysis, showed that type Il muscle fibres has
major atrophy and suggested that, there is statistically significant reductions in muscle strength in
all participants with ESRD®°. The general observation of type II fibre atrophy in previous
studies using muscle biopsy suggests the presence of weakness linked to sedentary lifestyle in
people with ESRD, since type 1I fibre atrophy is essentially the result of disuse®. According to

Henneman’s size principle, type II motor units are the last to be recruited in voluntary actions®?.
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The poor health status of people with ESRD may thus restrict activities that require large force
production, necessitating recruitment of type 11 motor units®*. However, Johansen et al. (2005)
suggested neural mechanisms contributing to muscle weakness®?, while Fahal et al. (1997)
identified causes intrinsic to the muscle®.

Mitochondrial and other ultrastructural abnormalities have been noted in patient with
ESRD with myopathy, but this possibility has not been systematically addressed®®. The potential
mechanism associated with muscle weakness in people with ESRD receiving hemodialysis could
not be established, since the studies reviewed here indicated neuropathic and myopathic changes
together with morphological and electrophysiological changes related to disuse atrophy. The
findings of muscle damage observed on electron microscopy by Diesel et al. (1993) and Kouidi
et al. (1998) are similar to changes observed following muscle damage due to eccentric
contraction in people without ESRD™%, These findings may support suggestions of progression
of proximal muscle weakness resulting from ongoing muscle damage associated with eccentric
contractions of proximal muscles carrying out their postural stabilization role during antigravity
activities such as sitting on a chair, standing, or walking®®.

Many classic studies have elucidated the microscopic and ultrastructural properties of
skeletal muscle fibers, yielding great insights into their function. However, less attention has
been paid to the studies of the macroscopic properties of skeletal muscle tissues dating back to
the 1600s®. This macroscopic arrangement of muscle fibers is known as a muscle’s
architecture®”. Muscle architecture is a primary determinant of muscle function, understanding
this structure—function relationship is of great practical importance. This understanding not only
clarifies the physiological basis of force production and movement but also provides a scientific
explanation of the mechanical basis of muscle injury during normal movement, and aids in the
interpretation of histological specimens obtained from muscle biopsies®’ 8. The existence of
relationship between muscle architecture and performance and how exercise could alter the
architecture of muscles (e.g. fascicle length, muscle thickness, pennation angle etc.) have been
shown in several previous studies®®!%. Specifically Earp et al. (2010) showed that muscle
architecture associated with many aspect of physical performance (e.g. running, squat movement
and jumping)*°?.

The varying architectural design of human and other mammalian muscles was used to
illustrate the fact that muscles can be “designed” to perform fairly specific functions. Muscle

architecture can change with altered muscle use or in the face of a new mechanical environment.
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A detailed understanding of the mechanical and biological factors that regulate such adaptation
will undoubtedly be the source of future studies®®.

In patients with ESRD as mention above, the muscle atrophy, weakness and fatigue are
common symptoms and this limits their daily living and work-related activities. In this sense, the
assessment of muscle architecture should be encouraged in this population. The first study that
exanimate the effect of muscle architecture in ESRD patients was from Schardong et al. (2017).
The study evaluated the effects of neuromuscular electrical stimulation (NMES) on muscle
strength and architecture. The results showed that, there was an increase in the strength of the
lower limbs in the NMES group compared to the control group and there was also a significant
reduction in pennation angles of the right and left vastus lateralis muscle in the control group
compared to the NMES group'®.

However, according to the literature there are no evidences about the effect of
intradialytic exercise or exercise training in separate day of hemodialysis on the muscle
architecture. Further studies are needed with a longer follow-up, more patients, and variables that
assess other aspects besides the clinical condition, in order to further elucidate the action

mechanism of muscle architecture according to exercise programs in patients with ESRD.

2.6 Intradialytic exercise training

Planned exercise, involving aerobic and resistance training modalities, has become well-
recognized as a therapeutic intervention that can ameliorate the marked physiological, functional,
and psychological deterioration which commonly accrues as a consequence of biological aging,
catabolic illness, and a sedentary lifestyle, factors that may all contribute to the progressive
decline of vitality and quality of life commonly observed in ESRD patients'*. The efficacy of
exercise training for patients with ESRD has been investigated for the past 30 years!®®, Despite
the strong rationale for prescribing exercise in this patient population, barriers to regular exercise
participation are many, which may explain the persistent sedentary behavior of this cohort%,

Painter et al. (1986) conducted the first clinical trial to prescribe exercise during routine
outpatient hemodialysis treatment. Fourteen patients performed up to 30 minutes of cycling
using adapted cycle ergometers during the second or third hour of hemodialysis treatment 3
times/wk for 6 months. Exercising patients significantly improved peak oxygen uptake
(VO2peak) by 23% after the 6 months of intervention, an extremely beneficial adaptation given
that VO2peak in this cohort has been reported to be 155% less than that observed in healthy,

sedentary, age-matched individuals®®.
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Fortunately, up to today, many randomized controlled trials have been completed, which
allows us to make a more precise and convective assessment of the effectiveness of intradialytic
exercise training. Reports have shown intradialytic exercise, typically done during the first 2h of
hemodialysis treatment, is a sensible non-pharmacological ‘‘medicine’” for hemodialysis
patients'%, The most popular example of intradialytic exercise training involves placing a cycle
ergometer in front of the treatment chair, or at the foot of a bed'®. Alternatively, other novel
treatments include resistance training, Zumba, guided meditation with stretching or yoga®’1%,
However, there are various exercise programs using different exercise frequencies, intensities,
and duration. The intradialytic exercise training mostly consists of two or three times a week,
with moderate or vigorous intensity for 30 minutes or more, and lasting from 8 weeks to 12
months!?°,

There is a significant evidence to suggest that intradialytic aerobic exercise improves
peak oxygen consumption (VO2peak) in ESRD patients. Johansen et al (2007) showed that there
was about 17% improvement in VO2peak through aerobic exercise lasting from 8 weeks to 6
months in patients with ESRD!. A review on cardiovascular changes reported increases of 12%
to 24% in VO2peak with exercise prescriptions of low to moderate intensity'?. Research by
Sietsema et al. (2004) revealed a distinct survival advantage for those with VO2 peak values of
greater than 17.5mL-kg™-min™'*3, It also, is suggested that longer exercise interventions (>6
months) are required for the most favorable increases in VO2 peak!!*

Other reports have shown favorable changes in heart rate variability, arterial stiffness,
and blood pressure!'>16, Mustata et al. (2004) show that, 3 months of aerobic exercise training
significantly improved arterial stiffness in 11 patients who are on chronic hemodialysis. The
effect is transient (arterial stiffness values reverted to baseline levels 1 months after detraining).
Authors suggest that the potential consequences of a sustained improvement in arterial stiffness
are a decreased left ventricular afterload and hypertrophy, an increased subendocardial perfusion
resulting in a better myocardial supply/demand balance, and an improvement in the mechanical
stress of the large arteries*'’. Another important study performed from Miller et al. (2002) which
demonstrated that hypertensive patients could significantly reduce predialysis and postdialysis
systolic blood pressure after 3 months of intradialytic cycling. The reduction in blood pressure
was accompanied by a reduction in antihypertensive medications!?2,

Interestingly, studies have demonstrated improvements in insulin resistances.
Specifically, Goldberg et al. (1979-1980) demonstrated that nondiabetic hemodialysis patients

could significantly reduce fasting plasma glucose and insulin concentrations, while significantly
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increasing insulin-binding affinity and glucose disappearance rate with 8-12 months of aerobic
training. The authors also reported increased in fasting plasma high-density lipoprotein (HDL)
cholesterol, reduced very-low-density lipoprotein (VLDL), reduced VLDL triglyceride, and
reduced total plasma triglyceride secondary to aerobic exercise training!'®'°, Additionally,
Storer et al. (2005) reported that 9 weeks of leg-cycling during hemodialysis improves not only
cardiopulmonary fitness and endurance but also muscle strength, power, fatigability, and
physical function®?!. This improvement in muscle power while using a cardiovascular mode of
exercise may be due to the significant muscle weakness already experienced by the subjects!?t,

Functional adaptations include improved muscle strength, exercise capacity, habitual and
fastest gait speed, and ability to perform such activities of daily living as sit-to stand
movements!®. Pupim et al. (2004) showed that intradialytic exercise resulted in a nearly 4-fold
increase in post-dialysis growth hormone levels. These adaptations suggest that exercise may
ameliorate muscle catabolism by promoting an anabolic milieu, thereby potentially improving
the clinical sequelae of sarcopenia, such as muscle weakness, falls, fractures, frailty, insulin
resistance, and immune dysfunction, in hemodialysis patients'?2, Many studies reported
improved muscular strength with regimens involving lower-intensity strength training*?®!?4, By
contrast, Moug et al. (2004) reported no significant improvement of lower body strength after 6
weeks of intradialytic cycling. This finding is not unexpected given that aerobic training is not
the preferred modality for improving muscular strength, unlike resistance training?>.

Kouidi et al. (1998) reported that cross-sectional area of type I and II muscle fibers
obtained from the vastus lateralis significantly increased after 6 months of combined aerobic and
strength training. Ultrastructural analysis revealed that the muscle appeared more normal,
including positive adaptations of the capillaries and mitochondria. The authors also noted
activation of satellite cells and an increased number of leukocytes and natural killer cells®?®.
However, Moore et al. (1993) observed no hypertrophy secondary to 6 months of intradialytic
aerobic training, which is not unexpected given that aerobic training, is not the preferred exercise
modality for eliciting myogenic adaptation®?’.

Various resistance exercise programs are available for ESRD patients during
hemodialysis: upper extremity strengthening with progressive resistance training (PRT) with
free-weight dumbbells, lower extremity strengthening with weighted ankle cuffs, or use of the
Thera-band stretch strap in a sitting position are used!!®. Johansen et al (2006) have shown an
increase in quadriceps muscle cross-sectional area and an improvement in self-reported physical

functioning by lower extremity resistance exercise training for 12 weeks during hemodialysis
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sessions three times per week with the use of ankle weights?8, In addition, Cheema et al (2007)
suggested that patients with ESRD could improve skeletal muscle quality and derive other
health-related adaptations solely by engaging in a 12-week high-intensity, progressive resistance
training regimen during routine hemodialysis treatment sessions®’.

Furthermore, research findings show improvements in fatigue levels, depression, quality
of life, sleep, restless legs, inflammation, dialysis adequate and hospitalization rates.129-13
Zaluska et al. (2002) has demonstrated an improvement in dialysis adequacy (Kt/V) with 6
months of intradialytic aerobic training using cycle ergometers'®2. Evidence suggests that a
single, acute bout of intradialytic cycling can significantly enhance the removal of urea,
creatinine and potassium during hemodialysis by significantly reducing post-dialysis rebound of
these damaging solutes. Intradialytic exercise training could enhance dialysis adequacy
chronically via this same mechanism04133,

In conclusion, it is important to note that after years of research on the benefits and safety
of intradialytic exercise, a movement needs to occur toward application. Success with such a
program requires a deliberate choice by policy makers and management to bring about a whole-
team approach to exercise. While many excellent programs are nurse-led, an exercise
professional may be instrumental in creating a ‘‘culture of exercise’’ within the dialysis unit, and
this person should not be considered a ‘‘luxury’’ but rather a necessity and essential player in
enhancing health care'®. Furthermore, encouraging better self -management for high-risk

patients may result in a reduced burden to overwhelmed health care systems®,

2.7 Quality of life in patients with ESRD

Several sociodemographic and clinical variables are known to influence the health-related
quality of life (QOL) of patients with ESRD. Currently, the management of patients with ESRD
undergoing hemodialysis includes among its objectives the assessment of health-related quality
of life aimed at its improvement or preservation'®. Studies showed that after dialysis is initiated,
patients with ESRD experience considerable inconveniences. During hemodialysis, patients have
to spare four hours a day, three days a week regardless of individual schedules. In addition, it is
hard for dialysis patients to maintain their job, which ultimately lowers their socioeconomic
status. Therefore, it is natural for chronic kidney disease patients to be unhappy, and the overall
health-related quality of life cannot be high with the progression of chronic kidney disease!®®.

Several studies the last decades tried to assessed the effect of cooling dialysate

temperature and intradialytic exercise in evaluation of Medical Outcomes Trust Short-Form 36
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(SF36) which scores as health-related QOL outcome measures™®®. Specifically, many studies
showed that intradialytic exercise can improved the perceptions of ‘physical functioning’
secondary after to 3-5 months of aerobic and combined training'®"13, Oh-Park et al. (2002)
showed that combined training performed during hemodialysis can improved also ‘mental
health’ scores!®. However, remarkable was the fact that Painter et al (2001) reported
improvements in other SF-36 QOL domains including: ‘role physical’, ‘bodily pain’, ‘general
health, ‘vitality’ and the ‘physical component scale’ after exercise, especially in patients with
low baseline perceptions of physical functioning°. In contrast, DePaul et al (2002) showed that
aerobic and muscle strength training did not yield improvements in any SF-36 scores. However,
the authors speculated that the lack of significance could be due to the fact that their patients had
high functional status at baseline and/or their study was inadequately powered**.

In a meta-analysis that carried out by Sheng et al (2014) indicates that intradialytic
exercise had significant effects on the physical function of life, but there was no significant

difference in the mental function!#2

. Another important factor that can improve during regular
exercise in these patients, it is the anxiety and depression, which is very important factors in
maintaining the quality of life of patients. Suh et al (2002) indicate that an appropriate
application of exercise program would improve the psychological status in long-
term maintenance hemodialysis patients'4,

Despite the positive effects of intradialytic-exercise training in patient’s QOL,
the effects of “cooling” dialysate temperature in patient’s QOL are ambiguous. The study of
Selby et al. (2006) was the only trial that reported the effect of cool dialysis on QOL.
Specifically, in this trial, there was no difference between cool and standard dialysis on QOL
using the short form 36 health survey assessment tool*#*. Additionally, Ayoub and Finlayson
(2004), although not clearly assessing QOL, did indicate that 80% of the patients receiving cool
dialysis self-reported a dramatic improvement in their general health®. Also, Parker et al. (2007)
have found that the use of cooling dialysate temperature may improve nocturnal sleep (which is
another aspect of quality of life) by decreasing sympathetic activation and sustaining the
nocturnal skin temperature#°,

However, the poor reporting of symptoms and the lack of systematic evaluation of their
quality of life severity in ESRD patients continue to limit the ability to accurately assess the

effect of cool dialysis on patient’s quality of life.
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Research Study 1

Separate and combined effects of cold dialysis and intradialytic exercise on

the thermoregulatory responses of patients with end-stage renal disease

Under Review: Separate and combined effects of cold dialysis and intradialytic exercise on the thermoregulatory
responses of patients with end-stage renal disease. Argyro A. Krase MSc, Andreas D. Flouris PhD , Christina
Karatzaferi PhD, loannis Stefanidis MD, PhD, Giorgos K. Sakkas PhD. Submitted in American Journal of Kidney
Diseases [AJKD01117-2019]
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Abstract

Background: Intradialytic exercise training (IET) and cold dialysis (CD) at 35°C dialysate
temperature can be beneficial for hemodynamic stability during hemodialysis, but the separate
and combined effects of these methods on patient thermoregulation remain unknown. This study
assessed the thermoregulatory responses of hemodialysis patients under four different
hemodialysis protocols: a) one typical dialysis (TD) protocol (dialysate temperature at 37°C), b)
one CD protocol (dialysate temperature at 35°C), c¢) one TD protocol which included a single
exercise bout (TD+E), d) one CD protocol which included a single exercise bout (CD+E).
Methods: Ten haemodialysis patients (57.2+14.9 years) participated in the study. Core and skin
temperatures were measured using an ingestible telemetric pill and by four wireless iButtons
attached on the skin, respectively. Body heat storage calculated using the thermometric method
proposed by Burton. Results: The TD and TD+E protocols were associated with increased body
heat storage leading to moderate effect size increases in core body temperature (as high as
0.4°C). The low temperature of the dialysate during the CD and the CD+E protocols prevented
the rise in body heat storage and core temperature (p>0.05), even during the period that IET took
place. Conclusion: TD and IET are accompanied by a moderate level of hyperthermia, which
can be offset by CD. We recommended that CD or with IET can prevent the excessive rise of
body heat storage. Clinical Trial Registry number: NCT03905551.

Keywords: cold dialysis, body temperature during dialysis, dialysis temperature, thermal

balance
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Introduction

Hemodialysis (HD) represents a significant challenge for the thermoregulatory system of
HD patients**®1#’, Indeed, body temperature rises during HD due to (i) heat transfer into the
body via the heated dialysate, (ii) endogenous heat production through normal metabolic
processes, and (iii) attenuated heat loss at the skin surface*’. The latter has been hypothesized to
occur because cutaneous vessels are constricted during typical dialysis (TD; 37°C dialysate
temperature) due to loss of blood volume towards the extracorporeal circuit'*®, This leads to
attenuated heat dissipation from the skin surface despite the fact that metabolic heat production
remains relatively stable*!. Consequently, heat is accumulated (this is typically referred to as
“increased body heat storage”) and, soon, core temperature rises during a typical session of
hemodialysis**®. This increased heat storage (S) offsets the vasoconstrictive response to
hypovolemia®® and it is one of the responsible contributing factor which leading to the
intradialytic hypotension causing patient discomfort and increased mortality>0%1,

Lowering the dialysate temperature (35-36°C; cold dialysis) has been proposed as a
simple and useful method to reduce heat storage during hemodialysis and, therefore, decrease the
frequency of intradialytic hypotension episodes*:*521%3, Indeed, cold dialysis (CD) attenuates the
risk for patient hyperthermia compared to typical dialysis (dialysate temperature at 37°C; TD)
and leads to cutaneous vasoconstriction'®*. These observations have led to a growing interest in
the thermal and circulatory adaptations occurring during CD*®. Yet, the precise changes in body
heat balance during either CD or TD remain poorly documented and understood.

The above-mentioned benefits of CD in thermoregulatory and cardiovascular stability are
highlighted even further due to the well accepted adoption of intra-dialytic exercise training
programs®®. It has been well-established that intra-dialytic exercise leads to benefits in strength
and endurance!**°®1%" as well as improved clearance (Kt/v)¥® hemodynamic stability, and
patient quality of life!*. The beneficial effects of intradialytic-exercise are due to increased
muscle blood flow and reduced inter-compartmental resistance by peripheral vasodilation®®®.
Overcoming this resistance seems to be the single most effective method for improved toxin
removal during hemodialysis®®. Nevertheless, this vasodilation is augmented further during TD
by the exercise-induced hyperthermia’®® and may, therefore, increase the frequency of
intradialytic hypotension episodes. As indicated above, we hypothesized that CD may be able to
minimize the need for peripheral vasodilation, leading to improved patient thermoregulatory and

cardiovascular stability.
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However, despite a strong rationale for the implementation of intradialytic exercise
training programs and the aforementioned benefits of CD, the separate and combined effects of
these protocols on patient thermoregulation have not been investigated to date.

The aim of the current study was to assess the thermoregulatory responses of
hemodialysis patients under four different hemodialysis (240 min) protocols: a) one TD protocol
(dialysate temperature at 37°C), b) one CD protocol (dialysate temperature at 35°C), ¢) one TD
protocol which included a single exercise bout (TD+E), d) one CD protocol which included a
single exercise bout (CD+E).

42

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



Methodology
Ethics Statement

The study was approved by the Human Research and Ethics Committee of the University
of Thessaly, and by the bioethics committee of the General Hospital of Trikala, Greece. All
patients gave their written informed consent prior to study participation.

Study Design

Ten haemodialysis patients were recruited from a single haemodialysis unit at the
General Hospital of Trikala, Thessaly, Greece. The study was performed from October 2016 to
June 2018. All study measurements were performed at a hospital climate control room using the
metabolic ward of the General Hospital of Trikala, Greece. The mean age was 57.2+14.9 years
(Table 1). Patients enrolled by a research assistant assigned into the study while the order that the
patients assigned to the first scenario was random using a computer random number generator.
Each patient was monitored during a) one session of typical dialysis with dialysate temperature
at 37°C (TD), b) one session of cold dialysis with dialysate temperature at 35°C (CD), c¢) one
session of TD combined with an exercise program (TD+EP), d) one session of CD combined
with an exercise program (CD+EP). The patient participants underwent hemodialysis therapy
(Fresenius 4008B, Oberursel, Germany) three times per week with low flux, hollow fiber
dialyzers and bicarbonate buffer, with the hemodialysis protocol lasting 4 hours. The dialysis
protocols were performed using dialysis flow at 550ml/min and mean average of conductivity
dialysance at 137-140 mEqg/A. All patients were clinically stable and they had received regular
hemodialysis treatment for at least 3 months, with adequate dialysis delivery Kt/V >1.1 and good
compliance of dialysis treatment, the serum albumin was >2.5 g/dL, hemoglobin >11g/dL. and
treated with rHUEPO. Patients were not eligible for participation in the study if they had a reason
to be in a catabolic state, such as hyperthyroidism, active vasculitis, malignancies, pregnant HIV,
opportunistic infections, musculoskeletal contraindication to exercise, requirement for systemic
anticoagulation, participant or participated in an investigational drug or medical device study
within 30 days or five half-lives or inflammations, that required intravenous antibiotics within 3
months prior to enrollment, diabetics receiving insulin therapy, New York Heart Association
grade 1V heart failure, and mental incapacity to consent.

Dialysis protocols were performed in a random order at the same time and day of the
week to minimize differences in ultrafiltration volume between the four protocols. The ambient

temperature in the room was 25.2-25.9°C. Food consumption was not allowed during the dialysis
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procedure. During the different dialysis protocols, core temperature (Tc) and mean skin
temperature (Ts) were recorded. The body heat storage (S) for every minute was calculated
during all conditions using the thermometric method proposed by Burton. The data recording
lasted five hours for each patient (1 hour before dialysis protocol and 4 hours during the dialysis
protocol). The exercise program during TD+E and CD+E was performed between the 60" and

the 120" minute of the dialysis protocol.

Figure 1: Chat flow of study design

Assessed for Eligibility (N=35)

Excluded N=25
Note meeting the exclusion criteria N=7

-
Personal reasons N=10
hd Unable to exercise N=8
N=10

Allocated to Typical Dialysis
with dialysate temperature at
37°C (TD)

l

Allocated to Cold Dialysis with
dialysate temperature at
35°C (CD)

1

Allocated to TD combined
with an exercise program
(TD+EFP)

1

Allocated to CD combined
with an exercise program
(CD+EP)
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Core temperature measurements (T¢)

Core temperature (Tc) was measured at the gastrointestinal tract using an ingestible
telemetric pill. Data recorded continuously at 1-minute intervals, throughout the course of the
experimental intervention. The telemetric pill was ingested by the patients 7-hour before arriving
in the hospital*®1:162,

Mean Skin temperature measurements (Tsk)

Skin temperature was measured at 1-minute intervals by wireless iButtons (iButton,
Maxim, USA). The iButtons were programmed before their application on the skin, as outlined
by the manufacturer. The iButton resolution was set at 0.06°C and the iButton real-time clock
was synchronized with a laptop computer. The iButtons were attached on the skin using water-
resistant, medical-grade tape. In total four iButtons were attached on the skin, at the following
anatomic locations: on the biceps, pectoralis major, rectus femoris, and gastrocnemius, and were

used to calculate mean skin temperature (Ts) using Ramanathan equation®®3,

Body heat storage (S)

Body heat storage for every minute was calculated during all conditions using the
thermometric method proposed by Burton: S=3.47- my - ATh where 3.47 is the average specific
heat of body tissues (in kJ-kg?-°C™), mp is the patient’s body mass (in kg), and ATb is the rate of
change in mean body temperature (Tb) at time t t from the beginning of HD (initial Tb at time
0)%64,

Intradialytic Exercise Program

The patients performed cycling for 60 minutes in the supine position. During the TD+EP
and CD+EP protocols, the patients were asked to pedal on a bedside cycle ergometer (Model 881
Monark Rehab Trainer, Monark Exercise AB, Varberg, Sweden) at 40 rpm for the first 10
minutes and then at 50 rpm. Patients cycled at approximately 60% of their pre-assessed
maximum power capacity. The exercise regime started 1h after the commencement of the
hemodialysis session. The patients’ maximum power capacity was determined by a modified
version of the Astrand Bicycle Ergometer Test protocol at bedside on a previous dialysis session
during hemodialysis. Exercise was well tolerated by all patients, and no adverse reactions were

reported.
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Sample size estimation

The minimum required sample size was determined using data from a previous study!®®
where 17 hemodialysis patients underwent CD aiming to reduce TC from 36.4+0.4°C at baseline
to 36.1+0.1°C at the end of the dialysis protocol. Sample size calculations were conducted using
G*Power 3.0% The “Means: difference between two dependent means” method was used to
calculate the power of the within effect. A two-tailed test selected. Statistical power and o error
probability were set to 0.80 and 0.05, respectively. The minimum required sample size was
determined by calculating the effect size d. Using the aforementioned published data, the

resulting minimum required sample size was 10 participants.

Statistical analysis

A Multivariate Analysis of Variance (MANOVA) followed by post-hoc paired-samples t
tests were used to assess the effects of time (-30, 0, 30, 60, 90, 120, 150, 180, 210, 240) and
protocol (TD, CD, TD+E, CD+E) on T¢, Ts, and S. The MANOVA results demonstrated no
statistically significant main or interaction effects. However, the observed power in these tests
ranged between 0.17 and 0.67 (with the exception of the protocol main effect in T¢c which was
0.96). Given the very low power of these tests, the analysis was focused exclusively in the post-
hoc paired-samples t tests. To further strengthen the analysis, Cohen’s d effect sizes (0.2-0.5:
small effect; 0.5-0.8: moderate effect; >0.80: large effect) were also used to identify paired
differences between protocols and times. Data are expressed in mean+SD. A p value <0.05 was
considered statistically significant. All analyses were carried out using the Statistical Package
SPSS 21.

46

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



Results
Ten stable chronic hemodialysis patients were eligible and consent to participated in the
study. All participants completed all 4 scenarios during hemodialysis on a random order. The

patient’s characteristics are presented in Table 1.

Table 1. Individual characteristics of the study group

Patient Age Sex Dry Weight Height Body surface Cause of end-stage renal
(n)  (yn (kg) (cm) area (m°) disease
1 82 M 69.7 161 1.77 Glomerulonephritis
2 510 M 73.6 175 1.90 Nephrectomy
3 65 M 69.0 185 1.88 Polycystic kidney disease
4 63 M 80.0 175 1.97 Glomerulonephritis
5 61 M 80.5 178 2.00 Glomerulonephritis
6 61 F 64.2 158 1.68 Polycystic kidney disease
7 32 M 66.0 173 1.78 IgA nephropathy
8 5 M 85.3 174 2.03 Polycystic kidney disease
9 68 M 78.8 172 1.94 Unknown causes
10 36 M 48.3 145 1.39 Glomerulosclerosis
Note: meantsd; Age: 57.2+14.9; Dry Weight: 71.4+10.0; Height: 169.6+11.6; Body Surface:
1.83+0.18

TD protocol vs CD protocol

The TD resulted in an increase of core body temperature (Tc) compared to CD (TD:
36.9+0.1°C; CD: 36.7+0.2°C; Table 2). This was evident by statistically significant differences
between CD and TD from 0 to 180 min (p<0.05) as well as large effect sizes (d>0.8) observed
from 0 to 150 min and a moderate effect size (d=0.5-0.8) observed at 180 min (Table 2). The
skin temperature (Ts; TD: 31.0+0.6°C; CD: 31.3+0.4°C) and S (TD: 5.5+440.5 W; CD:
19.3+37.7 W) were similar during the two protocols (p>0.05 and d<0.4; Table 2).

TD protocol vs TD+E protocol

The Tc remained similar during the TD+E and the TD protocols (TD: 36.9+0.1°C;
TD+E: 36.9+0.2°C) except during the period that exercise training took place, where a slight
increase in Tc was evident (TD: 36.9+0.1°C; TD+E: 37.0+0.1°C) resulting in a medium effect
size observed at the end of exercise (Table 2). The Ts was increased during the TD+E protocol
throughout the dialysis session (31.0+0.6°C; TD+E: 31.7+0.8°C) resulting in moderate effect
sizes observed at 30, 210, and 240 minutes in the protocol (Table 2). Overall, the S was slightly
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increased during the TD+E protocol (TD: 5.5+40.5W; TD+E: 11.2+141.4W) and particularly

during the exercise period, as indicated by moderate effect sizes (Table 2).

TD protocol vs CD+E protocol

The Tc during the CD+E protocol was lower than during the TD (TD: 36.9+0.1°C;
CD+E: 36.6+0.2°C), which was evident by significant reductions (p<0.05) and moderate/large
effect sizes until 180 min into the protocol (Table 2). These differences were also observed
during the exercise period of the CD+E (TD: 36.9+0.1°C; CD+E: 36.7+0.1°C). The skin
temperature (Ts; TD: 31.0+0.6°C; CD+E: 31.3+0.9°C) and S (TD: 5.5+40.5 W; CD+E:
2.2+112.5 W) were similar in both protocols (p>0.05 and d<0.4; Table 2).

CD protocol vs TD+E protocol

The Tc increased almost throughout the TD+E protocol compared to the CD (CD:
36.7+0.2°C; TD+E: 36.9+0.2°C), which was evident by statistically significant differences
(p<0.05) and moderate/large effect sizes (Table 2). In addition, the TD+E protocol resulted in
somewhat increased Tsk (CD: 31.3+£0.4°C; TD+E: 31.7+0.8°C) which was observed via moderate
effect sizes at different points (i.e., 30, 120, and 210 min) during the protocol. Similarly, the S
was somewhat increased during the TD+E protocol (CD: 19.3+37.7W; TD+E: 11.2+141.4W),
observed via moderate effect sizes at different points (i.e., 30, 150, and 240 min) during the

protocol.

CD protocol vs CD+E protocol

During the exercise period of the CD+E protocol (CD: 36.5+0.1°C; CD+E: 36.7+0.1°C),
the Tc was significantly increased compared to the CD (p<0.05 and moderate effect sizes from
60 to 90 min), yet the low dialysate temperature used in the CD+E was able to disseminate this
additional amount of heat (Table 2). As a result, the Tc was similar across the CD and the CD+E
protocols (CD: 36.7+0.2°C; CD+E: 36.6+0.2°C). Similar effects were observed for Ts« where
values were slightly increased during the exercise period of the CD+E protocol (CD:
31.3+£0.4°C; CD+E: 31.740.9°C), paralleled with a p value of 0.08 and a moderate effect size at
120 min (Table 2). However, there was no overall T differences between the CD and the CD+E
protocols (CD: 31.3+0.4°C; CD+E: 31.3+£0.9°C). The slight increases in Tc and Ts during the
CD+E were also evident in terms of S, where moderate/large effect sizes were observed at
different time points (i.e., 30, 60, 120, 150, and 240 min; Table 2). However, as a whole, there
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were no major differences in S between the two protocols (CD: 19.3£37.7W; CD+E:
2.2+112.5W).

TD+E protocol vs CD+E protocol

The Tc¢ was increased throughout the TD+E protocol compared to the CD+E (TD+E:
36.9+0.2; CD+E: 36.6+0.2°C), evident by statistically significant differences (p<0.05) and
moderate/large effect sizes observed in most of the tested time points (Table 2). Similarly, the
TD+E protocol resulted in somewhat increased T« (TD+E: 31.7+0.8°C; CD+E: 31.3+£0.9°C;
Table 2). In terms of S, the CD+E led to attenuated values compared to TD+E, particularly

during the exercise phase, as evidenced by moderate effect sizes (Table 2).
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Table 2. Results and comparisons for core body temperature (Tc), mean skin temperature (Ts) and body heat storage (S) in the four different dialysis

protocols.
Time Results for each protocol (mean=sd) Post hoc comparisons between protocols (p-valugleffect sizel)
. TDvsCD TDwvs TD vs CD vs CD vs TD+E vs
(min) A €D TD+E CD+E TD{E CD+E  TD+E CD+E  CD+E
Tc (°C)
-30 36.80+0.28 36.70+0.16 36.60+0.59 36.40+0.32 0.2610-431 0.3400-41] 0.000+-271 0.730-22] 0.0204171 0.4800-39]

0 36.80+0.20 36.60+0.19 36.60+0.61 36.40+0.29 0.001-%1 0.360-41 0.000-54 0.94[0-00] 0.1200-80] 0.5500-38]
30 36.80+0.20 36.50+0.25 36.80+0.34 36.60+0.28 0.001-26] 0.78[0-00] 0.0400-791 0.001-%1 0.18[0-38] 0.0710-601
60 36.80+0.22 36.50+0.30 36.90+0.37 36.70+0.33 0.001-08] 0.380-31] 0.3000-34 0.000+141 0.001-61] 0.000-54
90 36.90+0.25 36.50+0.34 37.00+0.35 36.70+0.39 0.010-25] NALC-31] 0.2100-58] 0.000-391 0.0300-53] 0.00M-78]
120 36.90+0.32 36.60+0.35 37.00+£0.38 36.60+0.40 0.000-24 0.2600-411 0.030-23] 0.00(-66] 0.3910-00] 0.001-6%
150 37.00+0.33 36.60+0.39 37.00+0.36 36.60+0.40 0.000-04 0.401-%0] 0.000-%31  0.00(1-02] 0.73[0-00] 0.001-00
180 37.00+0.33 36.80+0.41 37.00+0.33 36.60+0.38 0.0610-51 0.31[0-00] 0.04[1.06] 0.000-511 0.0500-48] 0.000-971
210 36.90+0.40 37.00+0.40 37.01+0.31 36.80+0.38 0.65[0-24 0.01[0-30] 0.960-24 NAILC-03] 0.060-4°] 0.001-58]
240 36.90+0.57 37.01+0.40 37.01+0.30 36.90+0.38 0.1800-22] 0.130-24 0.34[0-00] 0.4710-00] 0.150-27] 0.020-31]

Tsk (°C)
-30 30.80+2.39 30.70+1.71 32.30+2.36 31.80+0.79 0.74[003] 0.5200-5] 0.3900-52] 0.000-74 0.18[-76] 0.13[0-26]

0 30.10+2.68 31.70+2.00 30.90+2.39 32.00+2.21 0.4510-6%] 0.3800-29 0.360-73 0.2500-3%] 0.1900-14] 0.3100-4%]
30 30.60+2.95 31.70+1.58 32.60+2.13 32.40+1.48 0.9500-4%] 0.250-11] 0.1500-70] 0.3010-46] 0.65[0421 0.4210-10]
60 30.80+2.67 31.70+£2.51 31.30+0.71 31.40+£2.22 0.7410-32] 0.5400-22] 0.9700-23] 0.7410-18] 0.480012] 0.52[0-05]
90 30.80+2.92 31.30+£2.13 30.30+3.11 30.90+2.02 0.2500-19] 0.700-15] 0.92[0-04] 0.901-36] 0.5200-18] 0.7400-22]
120 32.20+3.38 31.00+2.43 32.70£2.12 32.70+£2.22 0.5910-40] 0.6200-171 0.970.17 0.0710-69 0.08[0-69 0.701-00]
150 31.60+3.04 30.90+1.70 30.80+1.76 30.90+2.48 0.5100-29] 0.81[0-30] 0.710-24 0.3700:05] 0.2910-00] 0.2800-04
180 30.60+£2.97 31.00+3.14 31.70£2.78 30.60+3.09 0.76112 0.8010-33] 0.6710-00] 0.270-22] 0.6900-12] 0.81[0-3]
210 30.70+£2.68 31.10+1.41 32.40+0.92 29.60+2.68 0.84[0-19] 0.3200-82] 0.73M0-38] 0.01[-00] NAILC-69] 0.0611-30
240 31.60+0.66 32.00+1.52 32.00+0.79 31.10+£2.86 0.6500-28] 0.4410-49] 0.9010-20] 0.94[0-00] 0.691-38] 0.8710-40]

S (W)

0 -54.344182.6 34.17+210.50 -84.20+295.36 -33.85+238.71 | 0.45042 0.8900-12] 0.4110-09 0.9010-4%] 0.3500-28] 0.3900-17]
30 39.01+£187.0  -6.15£159.41 159.14+215.85 74.10+£192.75 0.4500-25] 0.3910-56] 0.3900-17] 0.410-84 0.100-43] 0.5610-38]
60 50.58+219.8  -5.69+262.82 19.074308.96 -135.944222.3 | 0.96[02 0.8010-30] 0.1910-39] 0.7500-08] 0.8200-48] 0.16100-52
90 8.35+74.70 1.59+190.49 -167.15£350.7 -30.79+£263.21 NALC-04] 0.3300:67] 0.901-18] 0.54[0-58] 0.3000-13] 0.51042
120  45.09435.09 -13.95+208.01 258.26+323.77 82.40+221.48 | 0.63[031 0.2900-7%] 0.94[0-19] 0.3200-96] 0.540042] 0.5700-5]
150 -58.33+83.87 -9.64+171.71 -156.35£174.0 -158.86+146.5 | 0.73[030 0.4210-61] 0.170-72] 0.4210-79] 0.1200-86] 0.900-01]
180 27.94+173.5 44.30+281.96 16.24+143.47  38.424219.26 | 0.58[-08 0.7500:07 0.68[0-0%] 0.700-11] 0.790-02] 0.5900-11]
210 -1.24+161.2  26.64+260.76  88.58+189.02 -19.50+360.73 | 0.450-11] 0.1410-43] 0.81[0-06] 0.68[0-2] 0.7600-14 0.51[0-33]
240 -7.32+151.2 102.73+87.93 -32.87495.20  203.34+181.97 | 0.63[0-89] 0.9100-19] 0.210110] 0.371138] 0.5710-69 0.01054

missing values.
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Note: TD: typical dialysis (dialysate temperature 37°C); CD: cold dialysis (dialysate temperature 35°C); TD+E: one TD protocol which
included a single exercise bout; CD+E: one CD protocol, which included a single exercise bout. Post hoc tests indicate comparisons between different
protocols at the same time point; grey lines indicate results during the exercise program; time points at -30 and 0 minutes indicate the pre-dialysis
period; time points from 30 to 240 indicate the dialysis period; NA indicates instances when post hoc tests were not conducted due to high number of
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Discussion

The present study, sought to examine for the first time the separate and combined
effects of cold dialysis and intradialytic exercise training on the thermoregulatory responses
(core temperature, skin temperature, and body heat storage) of stable hemodialysis patients
using for the first-time whole-body direct temperature assessment tools. Our results
demonstrated that the TD and TD+E protocols are associated with increased body heat
storage leading to moderate increases in core temperature (as high as 0.4°C). Such changes
in body heat storage and core temperature are known to cause peripheral vasodilation67168
and may offset the vasoconstrictive response to hypovolemia®® which is responsible for
intradialytic hypotension causing patient discomfort and increased mortality*®15t,
Therefore, the present detailed thermoregulatory assessment results confirm previous
evidence suggesting that TD represents a challenge for the thermoregulatory system of
patients with end-stage renal disease especially in developing countries where dialysis units
ambient conditions are inadequately controlled*®. In contrast, the low temperature of the
dialysate during the CD and the CD+E protocols prevented the rise in body heat storage
and core temperature, even during the period that exercise training took place.

It has been well-established that intra-dialytic exercise leads to benefits in physical
performance and quality of life in hemodialysis patients'*. Our results demonstrated that
during exercise phase and especially when the dialysis temperature was at 37°C, body heat
storage slightly increased (Fig 1). Studies show that during the intradialytic exercise an
increased in skin blood flow limits the cardiovascular adjustment needed for work, because
skin circulation participated both in hemodynamic control and thermoregulation®4,

Even though the uniqueness of our study as well as the laborious methodology and
highly skilled personnel required a number of limitations unfortunately still remain. It is
important to denote that we were unable to obtain peripheral/skin blood flow data assessing
the blood redistribution occurred during the 4 different scenarios. Therefore, our inferences
regarding peripheral vasoconstriction/vasodilation stem from skin temperature
measurements. Nevertheless, it is well known that skin temperature is very well correlated
with changes in the cutaneous circulation'®”1%8, Another issue to consider is the effect of
fixed reduction in dialysate temperature. As a consequence, the dialysis treatment must be
adapted to the patient’s individual condition and response to treatment. Indeed, recent
reports support the link between cold dialysis and low intradialytic hypotension episodes in

the hypotensive HD patients®.
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Conclusion

In conclusion, the results of the present study demonstrate that typical dialysis and
intradialytic exercise are accompanied by a moderate level of hyperthermia, which can be
offset by cold dialysis. Based on these findings, we observed that hemodialysis sessions
which incorporate cold dialysis alone or supplemented with intradialytic exercise can
prevent the rise of body heat storage. The latter has been shown to be a major factor for
developing intradialytic hypotension, which is due to both hemodynamic responses
(hypovolaemia stress) and thermoregulatory responses (thermal stress) during
hemodialysis.
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Research Study 2

The acute effects of cold dialysis and intradialytic exercise training in

parameters related to insulin sensitivity, health and fitness
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Abstract

Background: Patients with end-stage renal diseases (ESRD) suffer from diabetes,
hypertension, obesity, musculoskeletal problems and cardiovascular diseases, which are the
main causes of mortality in these patients. It’s well known that intervention such as
lowering the dialysate temperature (cold dialysis; CD) and participating in various
intradialytic-exercise training (IET) regimes could improve health benefits for patients
undergoing hemodialysis. However, it’s not known whether the combination of those two
regimes could enhance overall health. The aims of the current study were to evaluate the
separate and combine acute effects of a single session of CD and IET in parameters related
to insulin sensitivity and hemodialysis fatigue. Methods: Ten ESRD patients (57.2+14.9
years) participated in the current study. Each patient was monitored during a) one session
of typical dialysis with dialysate temperature at 37°C (TD), b) one session of cold dialysis
with dialysate temperature at 35°C (CD), c) one session of TD combined with a single
exercise bout (TD+EX), d) one session of CD combined with a single exercise bout
(CD+EX). Before and after each dialysis sessions, all patients were assessed in aspects
related to functional capacity, quality of life and fatigue. Insulin sensitivity was assessed
after each dialysis session. Results: None of the four different sessions have shown any
statistical significant differences (p>0.05). However, slightly numerical changes and
moderate to high effect size (d:0.50-0.85) observed between TD vs CD and TD vs TD+EX
in the rate of glucose and insulin disposal during the oral glucose tolerance test (OGTT). In
addition, the systolic blood pressure observed statistically significant increased at the end of
CD compared to TD. No statistical significant improvement observed in any aspect of
functional capacity and fatigue parameters after an acute single session of CD and IET.
Conclusions: A single session of CD and TD+EX may provide an “acute” time-effective
stimulus for improvement of OGTT. A single session of CD could offer a better

hemodynamic support to hemodialysis patients.

Keywords: cold dialysis, insulin resistance, glucose metabolism, intradialytic exercise,

quality of life
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Introduction

It is well recognized, that high prevalence of diabetes and cardiovascular disease are
observed in patients with end-stage renal disease (ESRD)®21%°. Uremia is typically
associated with impaired glucose metabolism via multiple mechanisms’®. Accumulation of
uremic toxins may cause or contribute to insulin resistance (IR) in ESRD patients*®. Many
studies show that hemodialysis (HD) with typical dialysate temperature (TD; 37°C) can
improves glucose impairment, although not completely'’®. Specifically, previous data show
that, marked improvement in insulin sensitivity and glucose tolerance has been reported in
nondiabetic patients with ESRD, but values did not normalize!’2,

Many studies show that lowering the dialysate temperature (“cold dialysis”; CD;
35°C) may improve outcomes for patients undergoing HD. Previous studies show that
“cooling” the dialysate temperature (CD; 35°C), from 37°C, which used as a typical
temperature (TD) can have beneficial effects on the health and quality of life of patients
with ESRD. It is well documented that CD, provide profound hemodynamic changes
including a reduction in peripheral vascular resistances, elevated heart rate, cardiac output
and increased muscle sympathetic nerve activity, resulting in increased blood flow to the
skin and leaving the body defenseless to hypotensiont244154,

Also, another important factor that has been studied over the last years and
appears to contribute to improving the quality of life of patients with ESRD, is physical
activity and especially the intradialytic-exercise training (IET)!"3. Several of the known
benefits of exercise or regular physical activity in the general population are related to areas
of specific concern to patients with ESRD, such as reduced risk for cardiovascular
mortality, better control of diabetes, and improvement in health-related quality of life as a
result of enhanced psychologic well-being and improved physical functioning®’3. Studies in
ESRD patients showed that poor physical fitness may be a contributing factor for insulin
resistance (IR)"4. Long-term exercise training in ESRD patients leading to enhanced
exercise capacity and normalization of hyperglycemia and glucose intolerance*.

However, despite the positive, long-term adaptations of CD and IET, no study,
has examined the acute adaptations of these interventions. The aim of the current study was
to assess the separate and combined acute effects of CD and IET in parameters related to

insulin sensitivity, health and fitness in ten patients with ESRD.
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Methods
Ethics Statement

The study was approved by the Human Research and Ethics Committee of the
University of Thessaly, and by the bioethics committee of the General Hospital of Trikala,
Greece. All patients gave their written informed consent prior to study participation. The

study has been registered as Clinical Trial at the clinicaltrials.gov (NCT03905551)

Study Design

Ten haemodialysis patients (57.2+£14.9 years) were selected from the haemodialysis
population of the General Hospital of Trikala, Greece. The study was performed from
October 2016 to June 2018. All study measurements were performed at a hospital climate
control room using the metabolic ward of the General Hospital of Trikala, Greece. Patients
enrolled by a research assistant assigned into the study while the order that the patients
assigned to the first session was random using a computer random number generator. Each
patient was monitored during a) one session of typical dialysis with dialysate temperature at
37°C (TD), b) one session of cold dialysis with dialysate temperature at 35°C (CD), ¢) one
session of TD combined with an IET program (TD+EX), d) one session of CD combined
with an IET program (CD+EX). Dialysis protocols were performed in a random order at
the same time and day of the week to minimize differences in ultrafiltration volume
between the four protocols. Food consumption was not allowed during the dialysis
procedure. During the different dialysis protocols, arterial blood pressure, heart rate (HR),
oxygen consumption (Oz), nitrogen dioxide (NO2) and hand grip test were recorded every
hour of dialysis. The data recording lasted six hours for each patient (1 hour before dialysis
protocol, 4 hours during the dialysis protocol and 1 hour after dialysis protocol). The IET
during TD+EX and CD+EX sessions started 1lh after the commencement of the
haemodialysis session. However, at the end of each dialysis protocol, all patients underwent
to insulin sensitivity test, functional performance test.

Inclusion criteria: clinically stable condition, receiving regular hemodialysis
treatment for at least 3 months, with adequate dialysis delivery Kt/V >1.1 and good
compliance of dialysis treatment, serum albumin > 2.5 g/dL, hemoglobin > 11g/dL and
treatment with rHUEPO.

Exclusion criteria: reason to be in a catabolic state, such as hyperthyroidism, active
vasculitis, malignancies, pregnant HIV, opportunistic infections, myoskeletical

contraindication to exercise, requirement for systemic anticoagulation, participant or
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participated in an investigational drug or medical device study within 30 days or five half-

lives or inflammations, that required intravenous antibiotics within 3 months prior to

enrollment, diabetics receiving insulin therapy, New York Heart Association grade 1V heart

failure, and mental incapacity to consent.

Figure 1: Flow chat of the study

Assessed for Eligibility (N=35)

Excluded N=25
Note meeting the exclusion criteria N=7

=

Personal reasons N=10

A Unakle to exercise N=8
N=10

Typical Dialysis with dialysate
temperature at 37°C (TD)

1

Cold Dialysis with dialysate
temperature at
35°C (CD)

|

TD combined with an exercise
program (TD+EP)

l

CD combined with an exercise
program (CD+EP)
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Hemodialysis Procedure

The patient participants underwent hemodialysis therapy (Fresenius 4008B,
Oberursel, Germany) three times per week with low flux, hollow fiber dialyzers and
bicarbonate buffer. Each hemodialysis session lasted approximately 4 hours. Erythropoietin
therapy (EPO) was given after the completion of HD session in order to normalize
hemoglobin levels within 11-12 (g/dL).

Body Composition Assessment
The patient’s whole body and regional fat and lean body mass were measured by
Body Composition Monitor (BCM - Fresenius Medical Care Deutschland GmbH) which

has been specifically designed for patients with kidney failure!”.

Functional Capacity Assessment

Muscle functional capacity (muscular strength and endurance) was assessed using:
1) STS-5: time to perform five sit to stand cycles, representing the level of muscle power,
2) STS-60s: number of sit to stand cycles achieved in 60 second, representing muscular
endurance,
3) FWT6m: time to walk a distance of 6.00m at fast pace (fast walk) representing everyday
functional capacity,
4) 6MWT: patients were instructed to cover as much distance as possible while walking for
six minutes and were constantly encouraged by the researchers to increase their pace up to
the level which they could barely sustain. The 6MWT performed for all of the patients on a
level surface (hospital corridor) without pre-warming.
5) Hand Grip test: representing the maximum isometric strength of the hand and forearm
muscles. Patients holds the dynamometer in the hand to be tested, hang their hand by their
side, when are ready the patients squeezes the dynamometer with maximum isometric

effort, which is maintained for about 5 seconds®*.

Insulin resistance

Insulin resistances assessed by an Oral Glucose Tolerance Test. Blood samples
collected at 30, 60, 90, and 120 minutes following ingestion of the 75g glucose dissolved in
400ml of water. Insulin resistance index was calculated using the OGIS equation as

previously described and validated’.
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Basal Measurements
Blood pressure, heart rate and exhaling air nitrogen dioxide, assessed before, at each hour

and after HD session in both groups.

Intradialytic Exercise Training

During the intradialytic exercise training, patients performed cycling for 60 minutes
in the supine position. During the sessions, the patients were asked to pedal at 45 rpm for
the first 10 minutes and then to 60 rpm on a bedside cycle ergometer
(https://www.youtube.com/watch?v=0iY-f38kSyY) (Model 881 Monark Rehab

Trainer,Monark Exercise AB, Varberg, Sweden). Patients cycled at approximately 60% of

their pre-assessed maximum power capacity. The exercise regime started 1h after the
commencement of the hemodialysis session. The patients’ maximum power capacity was
determined by a modified version of the Astrand Bicycle Ergometer test protocol at bedside
on a previous dialysis session during hemodialysis. Exercise was well tolerated by all

patients, and no adverse reactions were reported apart of some irregular muscle cramps.

Sample Size

Sample size calculations were conducted based on plasma glucose at 120 min,
mg/dl in the hemodialysis patients from a previous published article®®. The resulting
minimum required sample size was 10 for 2-sided type 1 and type 2 errors 5%. Sample size

calculations were conducted using G*Power 3.0.

Statistical Analysis

A Multivariate Analysis of Variance (MANOVA) followed by post-hoc paired-
samples t tests were used to assess the effects of time (pre / post) and protocol (EG, CG).
The MANOVA results demonstrated no statistically significant main or interaction effects.
To further strengthen the analysis, Cohen’s d effect sizes (0.2-0.5: small effect; 0.5-0.8:
moderate effect; >0.80: large effect) were also used to identify paired differences between
protocols and times. Data are expressed in meantSD. A p value <0.05 was considered

statistical significant. All analyses were carried out using the Statistical Package SPSS 21.
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https://www.youtube.com/watch?v=oiY-f38kSyY

Results

Patient’s characteristics for each dialysis session are presented in Table 1.

The results presented as means average and SD. No statistically significant differences

were observed among the four different sessions (p>0.05) (Table 1).

Table 1: Patient’s characteristics for each dialysis session

Variables TD CD TD+EX CD+EX
(37°C) (35°C) (37°C) (35°C)
Dry Weight 72.18+11.25 72.46+11.45 72.37£11.50 71.86+10.91
WHR 1.03+£0.22 0.97+0.06 0.96+0.06 0.96+0.05
BMI 25.02+2.51 25.24+2.44 25.13+2.51 25.10+£2.27
TBW 36.10+£6.23 34.20+6.32 35.00+6.68 33.85+6.10
ECW 15.15+2.68 15.15+£2.86 15.40+£3.06 15.10+2.96
ICW 20.70+4.25 19.1243.70 19.574+3.93 18.80+3.65
E/l 0.76+0.13 0.80+0.09 0.79+0.10 0.80+0.12
LTM 40.90+9.93 40.23+£9.91 41.049.67 40.52+10.45
LTM % 55.96+10.73 54.9+7.88 54.84+9.13 54.7+£8.72
FAT 24.04+6.50 24.9+6.62 24.09+6.80 24.48+6.52
FAT % 34.0+7.38 34.9+7.00 34.64+6.98 34.15+£7.33

Note: WHR: waist hip ratio; BMI: body mass index; TBW: total body water; ECW:
extracellular water; ICW: intracellular water; E/I: quotient from ECW & ICW; LTM:
lean tissue mass; FAT: total lipid mass.

* No statistical significant changes among groups

Insulin Sensitivity results

Our findings showed no statistical significant changes after on single session of TD,
CD, TD+EX and CD+EX in oral glucose tolerance test (OGTT). However, modearte to
high effect size (d:0.50-0.85) observet between TD vs CD and TD vs TD+EX. In the rate of
glucose and insulin disposal during oral glucose tolerance test (OGTT). Additionally, the
sensitivity of the insulin as measured by OGIS index slightly increased in CD+EX session

comparated with other interventions (Fig 2-4).
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Figure 2: Rate of glucose disposal after single session of TD, CD, TD+EX, CD+EX

sessions.
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Figure 3: Rate of insulin disposal after single session of TD, CD, TD+EX, CD+EX

sessions.
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Figure 4: Insulin sensitivity as measured by OGIS index after single session of TD, CD,
TD+EX, CD+EX sessions.

Arterial pressure, Noz, Heart Rate

The systolic blood pressure statistically significant (p<0.05) increased at the end
of CD session compared to TD and CD+EX sessions (TD: 120.1+£25.5mmHg; CD:
130.0+31.3mmHg; CD+EX: 118.7+31.4mmHg) (Fig 5).
On the other hand, diastolic blood pressure showed a statistically significant increased
(p<0.05, p=0.01) during the 4" hour of CD session compared to TD session (TD: 66.7+9.2;
CD: 74.2+12.7).
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Figure 5: Changes in systolic blood pressure before, during and after single session of TD,
CD, TD+EX, CD+EX sessions.
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Functional Capacity

No statistical significant differences were observed in the six minute walking test,

six meter fast walking, STS-5 repetitions and STS-60 seconds among sessions (p>0.05)

However positive numerical changes observed after a single session of CD, and TD+EX in

functional test (Fig 6-9). However, after CD session, handgrip strength statistically

significant increased (p<0.05, p=0.03) compared to TD session (Fig 10).

Gmin Walking Test (m)

—— TDETO)
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Figure 6: Six-minute walking test before and after a single session of TD, CD, TD+EX,

CD+EX sessions.
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Figure 7: Six-meter fast walking test before and after a single session of TD, CD, TD+EX,

CD+EX sessions.
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Figure 8: Sit to stand 5 repetitions test before and after a single session of TD, CD,

TD+EX, CD+EX sessions.
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Figure 9: Sit to stand 60 seconds test before and after a single session of TD, CD, TD+EX,

CD+EX sessions.
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Figure 10: Hand grip test before and after a single session of TD, CD, TD+EX, CD+EX

sessions.
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Discussion

The present study, sought to examine for the first time the separate and combined
effects of cold dialysis and intradialytic exercise training on parameters related to glucose
disposal, health and fitness in hemodialysis patients. Our results demonstrated that one
session of cold dialysis, associate with improvements in insulin sensitivity and systolic
blood pressure compared to typical dialysis.

It well know that intradialytic exercise training is beneficial for patient with
ESRDY’. Specifically, the adaptations suggest that exercise may ameliorate muscle
catabolism by promoting an anabolic milieu, thereby potentially improving the clinical
sequelae of sarcopenia, such as muscle weakness, falls, fractures, frailty, insulin resistance,
and immune dysfunction, in ESRD patients’*. Also, studies showed that CD
contributes to the secretion of endorphins which promote better consumption of glucose
from the peripheral tissues'?. In additional, there is a hypothesis that, since exposure to cold
activates brown adipose tissue, the benefits of CD may be related to this effect. Brown
adipose tissue affects whole-body metabolism, is essential for thermogenesis in human
neonates and may regulate susceptibility to weight gain and insulin sensitivity®.

Another important finding of the present study, is that once again, confirmed the
positive effect of CD on maintaining blood pressure. Our results showed better
preservation of systolic blood pressure at the end of CD dialysis protocol (Table 3). Studies
showed that the rate of intradialytic hypotension was reduced by 70% with CD compared
with TD.®

In addition, the present study showed that fatigue did not improve among the
different sessions (Table 4-Table 5). Several studies have examined the separate effects of
intradialytic exercise training and cold dialysis in patient's quality of life!*% Our results
showed that TD+EX session provided, moderate effect of the acute levels of fatigue
compared to the others dialysis sessions (Table 5). Previous studies showed that,
improvement perceptions of ‘physical functioning,” have been observed secondary to 3-5
months of aerobic exercise!®. DePaul et al. (2002) showed that one trial didn’t improved
any parameters of patient's quality of life!*!. The lack of statistical significance between
sessions could be due to the fact that our patients had high functional status at baseline of
the study. However, Selby et al (2006) reported that there was no difference between CD
and TD in patient’s quality of life'®*,

In conclusion, the present study tried for the first time to examine the separate and

combined acute effects of cold dialysis and intradialytic exercise training. A single session
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of CD combined with a 60 min IET provided an “acute” time-effective stimulus for
improvement in insulin sensitivity and blood pressure. However, changes in parameters
related to quality of life and fatigue may require longer and more intense training regimes.
The small sample size that evaluated in this study, may is the most likely cause, that no
clear direction has been observed in our results. Further research is required, to examine the

separate and combine acute effects of CD and IE.

Conclusions: A single session of CD and TD+EX may provide an “acute” time-effective
stimulus for improvement of OGTT. A single session of CD could offer a better

hemodynamic support to hemodialysis patients.
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Research Study 3

Cold dialysis enhances exercise stimulus in maintaining glucose

homeostasis in stable hemodialysis patients
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Abstract

Background: Hemodialysis (HD) patients suffer for severe insulin resistance, which
contributes to the pathogenesis of atherosclerotic cardiovascular disease, often seen in
chronic uremia, and is associated with enhanced morbidity and mortality. The cold dialysis
(CD) appears to impose a positive impact on cardiovascular health of HD
patients. Intradialytic exercise training (IET) provides numerous health-related benefits
derived from engaging in appropriately structured exercise programs. However, it is
unknown whether the combination of CD and IET has a synergistic effect on enhancing
exercise performance and improving insulin resistance. The aim of the current study was to
assess the effects of IET in combination with CD in parameters related to insulin resistance
and exercise capacity in HD patients after 7 months of supervised exercise training.
Methods: Fourteen stable HD patients participated in the current study and randomly
allocated in one of the two groups: the Cold Dialysis (35°C) + Exercise Group (N=7)
(CD+EX) which received 7 -months of IET combined with low dialysate temperature and
the Typical Dialysis (TD) (37°C)+Exercise Group (N=7) (TD+EX) which received 7-
months of IET combined with typical dialysate temperature. All patients assessed for
aspects related to body composition, functional capacity and insulin resistance before and
after the exercise intervention.

Results: Insulin sensitivity index was improved by 32% in CD+EX group compared to
TD+EX group. In addition, rate of glucose and insulin disposal during OGTT was
improved in CD+EX group compered to TD+EX group. Functional capacity and indices of
quality of life improved in both groups (P<0.05) independent of dialysate temperature.
Conclusion: Reduction of dialysate temperature by 2°C induced favorable changes in
aspects related to insulin sensitivity and glucose disposal. Cold dialysis, also improved
hemodynamic changes, occurring during dialysis reducing thus possible hypotension
symptoms. Exercise training improved overall exercise capacity and indices of quality of
life, irrespective dialysate temperature. Cold dialysis and Intradialytic exercise training

enhances health benefits improving overall patients’ quality of life.

Keywords: cold dialysis, insulin resistance, glucose metabolism, intradialytic exercise,

quality of life
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Introduction

Abnormal glycemic control is a common feature in patients with end stage renal
disease (ESRD) that is often associated with high morbidity and mortality'’8. In the 1980s,
DeFronzo et al (1981) using the ‘gold standard’ euglycemic hyperinsulinemic clamp
technique, found evidence of insulin resistance (IR) in ESRD patients®. IR is characterized
by resistance to the effects of insulin on glucose uptake, metabolism or storage. This effect
is manifested by decreased insulin-stimulated glucose transport and metabolism in
adipocytes and skeletal muscle and by impaired suppression of hepatic glucose output®.
Many factors have been implicated in the pathogenesis of increased IR including anemia,
physical inactivity, uremic myopathy and numerous potential uremic toxins, particularly of
the middle molecule variety, these factors leading to the reduction of quality life in ESRD
patients®>17°,

Hemodialysis (HD) is a life-saving replacement therapy, however, many studies
have shown that IR is a prominent characteristic in most pre-dialysis nondiabetic patients
with ESRD"2, In addition improvements in insulin sensitivity and glucose tolerance has
been reported in nondiabetic ESRD patients after the initiation of HD, although values did
not normalize to those in healthy individuals'™. In addition, many HD patients develop IR
and diabetes after a few years of HD as a result of the accumulated chronic toxicity*®. This
is compatible with hypothesis that inadequate dialysis and circulating uremic toxins could
play a pivotal role in IR in uremia®®?,

Lowering the dialysate temperature (35-36°C; cold dialysis; CD) has been proposed
as a simple and useful method to improve many aspects of health, in patients undergoing
HD®. The CD has been employed as a countermeasure to reduce intradialytic hypotension
episodes, by increasing peripheral resistance leading to increased intradialytic mean arterial
pressure without jeopardizing dialysis adequacy!®?. In addition, there is accumulated
evidence to suggest that CD can also reduce overall cardiovascular mortality®. In general,
ESRD patients tolerate long term CD very well, reporting high levels of satisfaction
(76%-80%), less fatigue, faster recovery times after dialysis, feeling more energetic, with
better cognitive capacity and having the overall sensation that their general health has
dramatically improved®®*,

Intradialytic exercise training (IET) also provides numerous health-related benefits
derived from engaging in appropriately structured exercise programs®. The rationale for
prescribing exercise in this patient population is extremely strong®. Moreover, regular

physical exercise can ameliorate several cardiovascular decrease risk factors thus reducing,
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cardiovascular morbidity and mortality, which are very high in dialysis patients’*. Also
IET has been shown to have benefits on the dialysis efficacy, physical function and health-
related quality of lifel”®. As we mentioned above IR is a characteristic feature of uremia,
irrespective of the type of renal disease, with muscle tissue insensitivity being the primary
cause. Previous evidence show that physical exercise improves insulin sensitivity in both
normal individuals and patients with lifestyle-related diseases!®,

Despite a strong rationale for the implementation of intradialytic exercise training
programs and the aforementioned benefits of CD, the combined effects of IET and CD
have not been investigated to date.

The aim of the current study was to assess the effects of IET and CD in parameters
related to insulin resistance and overall quality of life in patients with ESRD after 7 months

of aerobic exercise training.

71

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



Methodology

Ethics Statement

The study was approved by the Human Research and Ethics Committee of the University
of Thessaly, and by the bioethics committee of the General Hospital of Trikala, Greece. All
patients gave their written informed consent prior to study participation. The study has been
registered as Clinical Trial at the clinicaltrials.gov (NCT03905551).

Study Population

Fourteen haemodialysis patients participated in this study. Inclusion criteria: clinically
stable condition, receiving regular hemodialysis treatment for at least 3 months, with
adequate dialysis delivery Kt/VV >1.1 and good compliance of dialysis treatment, serum
albumin > 2.5 g/dL, hemoglobin > 11g/dL and treatment with rHuEPO. Exclusion criteria:
reason to be in a catabolic state, such as hyperthyroidism, active vasculitis, malignancies,
pregnant HIV, opportunistic infections, myoskeletical contraindication to exercise,
requirement for systemic anticoagulation, participant or participated in an investigational
drug or medical device study within 30 days or five half-lives or inflammations, that
required intravenous antibiotics within 3 months prior to enrollment, diabetics receiving
insulin therapy, New York Heart Association grade IV heart failure, and mental incapacity

to consent.

Study Design

Patients recruited from the hemodialysis unit of General Hospital Trikala, Greece and the
Eftychios Patsides General Clinic, Larisa, Greece. The study was performed from October
2016 to July 2018. All participants received 7 months of supervised intradialytic aerobic
exercise training. Patients were randomized by a randomization software and assigned in
two groups: the Cold Dialysis (35°C) + Exercise Group (N=7) (CD+EX) and the Typical
Dialysis (37°C) + Exercise Group (N=7) (TD+EX). All patients assessed for their body
composition, functional capacity, blood pressure and insulin resistance. Quality of life and
fatigue severity were assessed by validated questionnaires. All measurements took place
immediately after the cessation of the HD session and before and after the 7 months

experimental intervention.
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Figure 1: Study design flow chart.
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Hemodialysis Procedure
The patient participants underwent hemodialysis therapy (Fresenius 4008B, Oberursel,

Germany) three times per week with low flux, hollow fiber dialyzers and bicarbonate
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buffer. Each hemodialysis session lasted approximately 4 hours. Erythropoietin therapy
(EPO) was given after the completion of HD session in order to normalize hemoglobin
levels within 11-12 (g/dL).

Body Composition Assessment

The patient’s whole body and regional fat and lean body mass were measured by Body
Composition Monitor (BCM - Fresenius Medical Care Deutschland GmbH) which has been

specifically designed for patients with kidney failure8®,

Functional Capacity Assessment

Muscle functional capacity (muscular strength and endurance) was assessed using:

1) STS-5: time to perform five sit to stand cycles, representing the level of muscle power,
2) STS-60s: number of sit to stand cycles achieved in 60 second, representing muscular
endurance,

3) FWT6m: time to walk a distance of 6.00m at fast pace (fast walk) representing everyday
functional capacity,

4) 6MWT: patients were instructed to cover as much distance as possible while walking for
six minutes and were constantly encouraged by the researchers to increase their pace up to
the level which they could barely sustain. The 6MWT performed for all of the patients on a
level surface (hospital corridor) without pre-warming.

5) Hand Grip test: representing the maximum isometric strength of the hand and forearm
muscles. Patients holds the dynamometer in the hand to be tested, hang their hand by their
side, when are ready the patients squeezes the dynamometer with maximum isometric

effort, which is maintained for about 5 seconds®’-188,

Questionnaires

QoL was assessed by using the SF36 QoL questionnaire adjusted and validated in dialysis
patients. Fatigue Severity was assessed by using Fatigue Severity Scale. All questionnaires
were administrated and supervised by an experienced personnel using the interview

method189,190

Insulin resistance
Insulin resistances assessed by an Oral Glucose Tolerance Test. Blood samples collected at

30, 60, 90, and 120 minutes following ingestion of the 75g glucose dissolved in 400ml of
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water. Insulin resistance index was calculated using the OGIS equation as previously

described and validated®®*.

Basal Measurements
Blood pressure, heart rate and exhaling air nitrogen dioxide, assessed before, at each hour

and after HD session in both groups.

Biochemical Analysis
Albumin, hemoglobin (Hb), and hematocrit (Hct) blood analyses were performed at the
hemodialysis clinical laboratory of the General Hospital of Trikala under standard hospital

procedures.

Physical Activity Assessment

Physical activity was measured by using pedometer (Digi-Walker, SW-200
pedometer), which was given to each participant. Participants were instructed to attach the
pedometer at the waistline each morning and to wear the pedometer throughout the day
while doing usual activities, except during bathing. They were asked to remove the
pedometer before going to bed and to record the day’s step count each night before
resetting the device to zero for the next day. Physical activity recorder, was held one week
(7 days) before the experimental intervention started and one week (7 days) after the

completion of the experimental intervention.

Intradialytic Exercise Training

During the intradialytic exercise training, patients performed cycling for 60 minutes in the
supine position. During the sessions, the patients were asked to pedal at 45 rpm for the first
10 minutes and then to 60 rpm on a bedside cycle ergometer
(https://www.youtube.com/watch?v=0iY-f38kSyY) (Model 881 Monark Rehab

Trainer,Monark Exercise AB, Varberg, Sweden). Patients cycled at approximately 60% of

their pre-assessed maximum power capacity. The exercise regime started 1lh after the
commencement of the hemodialysis session. The patients’ maximum power capacity was
determined by a modified version of the Astrand Bicycle Ergometer test protocol at bedside
on a previous dialysis session during hemodialysis. Exercise was well tolerated by all

patients, and no adverse reactions were reported apart of some irregular muscle cramps.
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Sample Size

Sample size calculations were conducted based on plasma glucose at 120 min, mg/dl in the
hemodialysis patients from a previous published article®°. The resulting minimum required
sample size was 6 for 2-sided type 1 and type 2 errors 5%. Sample size calculations were
conducted using G*Power 3.0.

Statistical Analysis

A Multivariate Analysis of Variance (MANOVA) followed by post-hoc paired-samples t
tests were used to assess the effects of time (pre / post) and protocol (EG, CG). The
MANOVA results demonstrated no statistically significant main or interaction effects. To
further strengthen the analysis, Cohen’s d effect sizes (0.2-0.5: small effect; 0.5-0.8:
moderate effect; >0.80: large effect) were also used to identify paired differences between
protocols and times. Data expressed as meantSD. A p value <0.05 was considered

statistical significant. All analyses were carried out using the Statistical Package SPSS 21.
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Result

Characteristics of the study population are presented in Table 1. Briefly, 14 stable
haemodialysis patients (10 men/4 women), fulfilled the eligibility criteria and participated
in the study.

Table 1: Patient’s characteristics according to study allocation

Variables CD+EX TD+EX
N 7 7
Male/Female 7/0 3/4
Age (yr) 63.5749.93 52.71+16.84
Dry Weight (kg) 75.86+7.45 63.65+13.13
Height (cm) 172.8+£7.40 167.1+£5.76
BMI (kg/m?) 25.5442.48 22.80+4.17
WHR 0.97 1.02
TBW 38.30 31.31
ECW 16.77 14.07
ICW 21.51 17.22
E/l 0.80 0.82
LTM (kg) 58.78 55.78
FAT(kg) 24.48 30.65
Years in Hemodialysis 8.144+2.90 8.71+3.10
Hct 35.58+3.02 35.944+2.91
Hb (g/dI) 11.14+1.14 11.56+0.71
Albumin (g/dl) 4.17+0.15 4.28+0.36

Note: All data are mean = SD. Abbreviations: BMI, Body mass index; WHR, waist
hip-ratio; TBW, total body water; ECW, extracellular water, ICW, intracellular
water; E/I, extracellular- intracellular water ratio; LTM, lean total mass; Hct,
Hematocrit; Hb, Hemoglobin.

Our findings showed that the rate of glucose and insulin disposal during oral
glucose tolerance test (OGTT) was improved in CD+EX group compared to TD+EX group
after 7 months of intervention (p<0.05, d>0.80). More specifically, the insulin sensitivity

index (OGIS) was improved by 32% in CD+EX group compared to TD+EX group (Fig 2).
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Table 2. Insulin sensitivity indices according to study allocation.

Variables CD+EX TD+EX
OGISs

Baseline 504.29+90.47 622.43+113.12
7-m post 588.86+£191.59 476.14+103.72
A Change (%) 16.77£111.77 -23.50+-8.31
P value 0.38 0.00
Effect size 0.49 1.16
Rate of Glucose disposal (mg/dl/min)

Baseline 160.59+31.25 137.48+36.54
7-m post 103.43+15.81 124.84+26.58
A Change (%) -35.59+-49.40 -9.19+-27.27
P value 0.00 0.30
Effect size 1.99 0.34
Rate of Insulin disposal (mg/dl/min)

Baseline 59.06+17.73 39.46+33.03
7-m post 21.03+8.38 41.39£17.25
A Change (%) -183.47+54.47 16.46+58.84
P value 0.00 0.86
Effect size 2.42 0.07

Note: Cohen’s d, d=0.20-0.50 small, d=0.50-0.80 moderate, d>0.80 large effect size; Significance level P<0.05.

A change of glucose rate
i
L=
L=

BCD+EX
mTD+EX

Figure 2: The insulin sensitivity index (OGIS) was improved by 32% in CD+EX group

compared to TD+EX group.
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In addition, systolic blood pressure as assessed after the hemodialysis session
improved statistically significant in CD+EX group (p=0.05) compared to TD+EX (Table
3).

Table 3. Blood pressure, nitrogen dioxide and heart rate data according to study allocation.

Variables CD+EX TD+EX
Systolic Pressure (mmHg)
Baseline 127.29+£21.38 121.71£22.45

7-m post 137.29+20.14 126.71+18.17
A Change (%) 7.85+-5.79 4.10+-19.05
P value 0.05 0.30
Effect size 0.45 0.23
Diastolic Pressure (mmHgQ)

Baseline 73.43+12.82 69.29+10.31
7-m post 75.29+£12.72 66.43+11.96
A Change (%) 2.53+-0.71 -4.12+16.07
P value 0.72 0.59
Effect size 0.14 0.18
NO: (parts per billion)

Baseline 8.71+£2.62 5.86+6.23
7-m post 6.43+4.15 5.00+4.96
A Change (%) -26.22+58.22 -14.63+-20.27
P value 0.28 0.78
Effect size 0.61 0.14
Heart Rate* (BPM)

Baseline 68.86+18.21 79.00+£13.67
7-m post 73.00+10.95 71.7149.14
A Change (%) 6.01+-39.86 -9.22+-33.14
P value 0.38 0.13
Effect size 0.26 0.58
Note: Cohen’s d, d=0.20-0.50 small, d=0.50-0.80 moderate, d>0.80 large effect size; Significance
level P<0.05.

* Heart rate was assessed prior to the initiation of the HD session

Functional capacity improved in both groups after 7 months of intervention,
independently of dialysate temperature (Table 4). Specifically, STS-60sec as well as the
6min walking distance was increased statistically in both groups (p<0.05). Regarding
STSb5rep, 6-meter fast walking test and hand grip observed slightly improvement after 7
months of intervention in both groups, however this improvement did not reach the
statistical significant level (Table 4). Physical activity levels tend to improve in both groups
(CD+EX; p=0.06 vs TD+EX; p=0.07) after 7 months of intervention.
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Table 4. Functional capacity according to study allocation.

Variables CD+EX TD+EX
STS-5 (min)

Baseline 13.23+7.16 12.20+7.45
7-m post 12.45+7.22 10.66+7.81
A Change (%) -5.86+0.78 -12.58

P value 0.35 0.22
Effect size 0.10 0.19
STS-60 (rep)

Baseline 23.43+8.50 26.43+5.94
7-m post 27.43+9.67 31.00+8.26
A Change (%) 17.07+13.80 17.29439.16
P value 0.05 0.02
Effect size 0.41 0.59

6m Fast Walk (sec)

Baseline 4.45+0.91 3.63+1.58
7-m post 3.96+0.77 3.36+1.16
A Change (%) -10.99+-14.60 -7.31+-26.46
P value 0.18 0.45
Effect size 0.54 0.18
6min Walk Test (m)

Baseline 376.86+£112.59 389.14+124.52
7-m post 416.57£104.44 424.14+117.70
A Change (%) 10.53+-7.24 8.99+-5.46
P value 0.01 0.02
Effect size 0.34 0.27
Hand Grip (kg)

Baseline 29.5246.76 27.15+7.85
7-m post 31.29+7.80 28.48+9.64
A Change (%) 5.97+15.34 4.894+22.81
P value 0.08 0.18
Effect size 0.23 0.14
Max test (watt)

Baseline 35.7149.75 32.86+14.96
7-m post 44.29+15.11 42.86+24.30
A Change (%) 24.0+£54.91 30.43+62.42
P value 0.08 0.04
Effect size 0.63 0.46
Physical Activity (steps per day)

Baseline 5589+1204 4926+1718
7-m post 6420+£7619 5665+2130
A Change (%) 12.9+58.1 13.0+£19.3
P value 0.06 0.07
Effect size 0.15 0.38

Note: STS-5: five sit to stand cycles; STS-60: sit to stand cycles in 60
second; Cohen’s d, d=0.20-0.50 small, d=0.50-0.80 moderate, d>0.80

large effect size; Significance level P<0.05.

Quality of life improved in both group while fatigue changes did not reach the

statistical significant level (Table 5).
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Table 5. Aspects of Quality of life according to study allocation.

CD+EX TD+EX
Variables Pre Post P Effect Pre Post P Effect size
values size values

SF-36 Quality of Life

Physical Function 75.714£29.08 84.29+22.11 0.13 0.29 89.29+18.41 92.14+15.32 0.10 0.14
Role Function 90.00+10.35 95.00+8.86 0.21 0.45 96.43+8.75 98.57+3.50 0.35 0.28
Body Pain 94.29+7.28 93.3349.43 1.00 0.00 94.86+8.20 97.7145.60 0.35 0.35
General Health 71.57+12.13 76.71£16.27 0.24 0.31 66.14+14.53 80.29+13.38 0.01 0.87
Vitality 92.86+13.59 95.7148.63 0.23 0.22 78.57+16.41 96.43+5.15 0.03 1.26
Role Emotional 93.14+11.86 95.71+6.78 0.35 0.23 90.57+14.91 93.14+11.86 0.35 0.16
Mental Health 77.7145.60 80.00+4.66 0.40 0.38 73.1445.11 78.71+£3.81 0.05 1.06
Physical Health 81.43+10.38 86.00+11.46 0.11 0.36 84.00+10.43 92.1446.38 0.00 0.81
Mental Health 85.29+3.53 87.29+3.41 0.22 0.50 81.43+6.21 88.57+4.92 0.00 1.10
Total 87.57+6.09 93.00+3.21 0.00 0.96 86.14+7.40 92.43+5.45 0.00 0.83
Fatigue Severity Scale

FSS 3.09+1.06 2.97+0.90 0.30 0.10 3.69+0.99 3.61+0.93 0.42 0.07
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Discussion

The present study, sought to assess the chronic effects of CD combined with the
IET in parameters related to insulin resistance and exercise capacity of patients with end
stage renal disease (ESRD) after seven months of intervention. The current results suggest
that CD seems to enhance the IET effect on health and provides a time-effective stimulus
for improving insulin resistance in ESRD patients. As expected, exercise training improved
overall exercise capacity and indices of quality of life in both groups, irrespective dialysate
temperature.

It well established that, glucose intolerance in patients with ESRD associated with
insulin resistance in peripheral tissues such as skeletal muscles and adipose tissue*1%, In
addition, previous studies have indicated that hemodialysis per se is capable of improving
carbohydrate metabolism in chronic uremia, by the amelioration of glucose intolerance in
association with an increase in tissue sensitivity to insulin®. The mechanism of the
improvement in the glucose tolerance and insulin resistance of uremic patients after the
initiation of the hemodialysis treatment has not been well established, however, it seems
that chronic uremic toxicity enhances insulin resistant where eventually leads to diabetes!®°.

Cooling the dialysate temperature improves hemodynamic tolerability of
hemodialysis and exerts a protective effect over major organs®. In a previous study from
our group assessing core and skin temperatures using an ingestible telemetric pill and
wireless skin sensors, we found that CD prevented the rise in body heat storage and core
temperature and improved overall hypovolemic stress. However, there are sporadic reports
in the literature as well as anecdotal reports about the effect of cooling/reducing body
temperature in insulin resistance!®®, Recent findings document that cold exposure activates
BAT via adrenergic stimulation, which combusts significant amounts of blood glucose and
free fatty acid (FFA) to produce heat'®. Many studies suggest that BAT activation
improves insulin sensitivity*®®. The investigators' central hypothesis is that cold-induced
BAT activation increases whole body insulin sensitivity in humans via augmented plasma
glucose and FFA clearance!®®. Also, stimulation of energy expenditure by cold exposure or
exercise training generally leads to decreased plasma insulin levels and to an improvement
in glucose tolerance, suggesting that insulin action on peripheral tissues increased when
energy expenditure is stimulated'®’. Based on the above, we hypothesized that, cooling the
dialysate temperature could improve insulin sensitivity in patients with ESRD. Indeed, our
results showed a 20% improvement in OGIS and 32% in glucose metabolism in CD+EX

group compared with TD+EX group due to a potential increase in glucose uptake in
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peripheral tissues primarily by enhancing glucose oxidation via insulin-independent
pathways, and secondarily by increasing the responsiveness of peripheral tissues to insulin.
On the other hand, a colder dialysate solution may induce an activation to the sympathetic
nervous system and BAT metabolism, resulting an improvement in glucose metabolism
without affecting pancreatic insulin secretion'®. However, since those mechanisms have
not been appropriately assessed in the current study, our data need to be viewed with
caution and seek further validation in future studies.

Many studies showed the beneficial effects of cold dialysis (CD) in patients’ health.
Specifically lowering the dialysate temperature from 37°C to the 35°C leads to a lowering
body core temperature which is improve systemic vascular resistance and therefore
improve hemodynamic stability, which is a very promising approach for the prevention of
intradialytic hypotension!>*. Other physiological adaptations of CD include reduction in
heart rate, cardiac output and stroke volume leading to high arterial blood pressure
maintaining thus a greater total peripheral resistance after hemodialysis. Mustafa et al
(2015) showed that the rate of intradialytic hypotension was reduced by 70% with CD
compared with typical dialysis (TD; 37°C)8 Also the available evidence suggests no
negative effect on dialysis adequacy, with an increase in symptoms of discomfort of
unclear severity during CD. In general, ESRD patients receiving CD hemodialysis,
reporting high levels of satisfaction (76%-80%), less fatigue, faster recovery times after
dialysis, feeling more energetic, with better cognitive capacity and having the overall
sensation that their general health has dramatically improved?®.

The present results confirm previous studies that examined the effect of intradialytic
exercise training in exercise capacity and quality of life. Both groups presented a
significant improvement in aspects related to exercise capacity and quality of life. It is
widely accepted that exercise is beneficial in patients with ESRD as in the general
population while aerobic exercise exerts a beneficial role not only in improving physical
functioning, muscular strength and endurance but also and in health-related quality of life.

The reduction of arterial blood pressure at the end of the haemodialysis session is an
another aspect of an independent risk factor for cardiovascular mortality in ESRD patients
and significantly affects patients post dialysis energy levels and overall quality of life®®3,
Our results showed clinical improvements in systolic blood pressure in post dialysis hours
in CD+EX group compared to TD+EX group (Table 3 p<0.05). Cold dialysis is a very
promising approach for the prevention of intradialytic hypotension with many studies

reporting improvements in hemodynamic stability including reduction in heart rate, cardiac
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output and stroke volume leading to high arterial blood pressure maintaining thus a greater
total peripheral resistance.

Despite the positive results of cold dialysis which have been reported in the recent
literature the lack of long term interventions and properly designed randomized clinical
trials justifies the modest implementation of cold dialysis.

Conclusion

This is the first clinical trial showing that cold dialysis in combination with
supervised intradialytic aerobic exercise training improved insulin sensitivity index by 20%
and the rate of glucose disposal by 32% compared to the typical dialysis group. The
reduction of dialysate temperature by 2°C induced favorable changes in aspects related to
insulin sensitivity and glucose disposal while induced favorable changes on the
hemodynamic response to dialysis. Cold dialysis seems to enhance exercise-induced health

benefits in ESRD patients receiving hemodialysis therapy.
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Research Study 4

7 months of aerobic intradialytic exercise training, may preserve indices

of muscle cachexia: an ultrasonography study

Under Review: 7 months of aerobic intradialytic exercise training, may preserve indices of muscle cachexia:
an ultrasonography study. A.A Krase, G. Terzis, A.D. Flouris, A.N Stasinaki, I. Stefanidis, N. Tsianas, P.
Founta, E. Patrikalou, E. Lavdas, CD Giannaki, C. Karatzaferi, G.K. Sakkas. Submitted in American Journal

of Kidney Diseases 2019
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Abstract

Objectives: This study aimed to evaluate the effects of cold dialysis and 7-month of
intradialytic exercise training (IET) on changes in vastus lateralis (VL) muscle architecture,
functional capacity and quality of life in hemodialysis (HD) patients.

Methods: Fourteen stable HD patients participated in the current study and randomly
allocated in one of the two groups: the Cold Dialysis (35°C) + Exercise Group (N=7)
(CD+EX) which received a 7-month IET combined with low dialysate temperature and the
Typical Dialysis (TD) (37°C)+Exercise Group (N=7) (TD+EX) which received a 7-month
IET combined with typical dialysate temperature (Data set 1).

In another subset of data, forty-eight HD patients were randomized either into an Exercise
Group (EG=24) who received 7-month of IET or a Control Group (CG=24) where did not
participated in any exercise training (Data set 2).

Participants from both subset of data were assessed for VL architecture using
ultrasonography, functional capacity using a battery of functional tests (6 min walking test,
5 repetitions sit-to-stand, sit to stand 60sec, handgrip strength), and maximal aerobic power
determined with a modified version of the Astrand test. Parameters related to quality of life
were determined using validated set of questionnaires.

Results: Cooling the dialysis temperature (CD) significantly, improved VL fascicle length
compared with TD. In contrast, VL thickness significantly reduced showing a moderate
effect size (d>0.40) in the TD group. (Data Set 1). VL fascicle angle and length did not
change significantly between the two groups in the Data Set 2 (P>0.05). Muscle thickness
decreased in CG (p=0.02, p<0.05) while it remained unchanged in the EG group (Data set
2). Physical performance and quality of life increased only in the EG compared to the CG
(Data set 2).

Conclusions: The changes in dialysis temperature imposed an effect in muscle architecture
of VL muscle. IET provides a time-effective stimulus for increasing the functional capacity
in HD patients while muscle architectural changes may require longer and higher intensity
exercise training stimulus or supplemented with resistance exercise to reveal clinically

meaningful changes.

Keywords: intradialytic exercise, skeletal muscle architecture, end stage renal disease,

muscle atrophy, functional test.
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Introduction

Patients with end stage renal disease (ESRD) have compromised skeletal muscle
mass, resulting in poor physical capacity, extreme fatigue which is associated with
increased morbidity and mortality”®’®, Hemodialysis (HD) is a life-saving replacement
therapy for these patients, however, HD may result in a number of serious complications,
including cardiovascular disease, protein malnutrition, insulin resistance, immune
deficiency, anemia and muscle wasting®. Despite great advances in managing HD-related
complications, muscle wasting is still an unresolved concern leading to frailty and
disability. Muscle wasting is defined as unintentional body weight loss, which can be
divided into loss of lean body mass and fat mass, and has been recognized as a common
and major problem of chronic kidney disease (CKD) that affects patient mortality rates,
daily activity, levels of fatigue, quality of life, immunity function, and numbers of days of
hospitalization®®®.

Cooling the dialysate temperature (cold dialysis; 35°C) contribute to the
hemodynamic stability in patients during hemodialysis?®. Specifically, cool dialysis (CD)
observed beneficial effects in many aspect of the quality of life in ESRD patients®.
However little know about the effect possible adaptations of the muscle during CD.

Intradialytic exercise training (IET) has been successfully used to ameliorate loss of
muscle mass, restore muscle capillary bed and reduce muscle wasting®®. Several studies
have shown that IET causes changes in skeletal muscle histology, metabolism, endurance
and bears optimal performance output?®®. Studies using muscle biopsies in ESRD patients
undergoing IET, have shown reduced muscle protein catabolism increased mean muscle
fibre cross sectional area and improving muscle force output and efficiency®*?%2, Still, the
mechanisms underlying these improvements is not fully elucidated. Muscle architecture is
defined as the internal arrangement of muscle fibers within a muscle and has been described
as one of the primary determinants of muscle function®®. Because the architecture of a
muscle determines a large part of it’s force-velocity properties, including outcome
measures of muscle architecture may be of clinical importance. Such measures include
physiological and anatomical cross-sectional areas, muscle thickness, the length of muscle
fascicles (bundles of muscle fibers) as well as the angle of pennation of the fascicles®®.
Studies have showed that abnormal muscle architecture is more prominent in patients under
HD than in patients with chronic renal failure not yet on dialysis®. Narici et al (2003)

showed that the changes in muscle architecture play a significant role in the loss of muscle
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function in elderly because they are likely to affect the length-tension as well as the force-
velocity and power-velocity relations of this muscle on which common daily functions such
as walking and stair negotiation depend®®. Also, the existence of relationship between
muscle architecture and performance and how training could alter the architecture of
muscles have been shown in several previous studies of Blazevich?**?%, Specifically,
muscle architecture have been found to be associated with running, squat movement and
jumping performance?®. Nevertheless, data about how muscle architecture predicts muscle
function in HD patients is limited. Schardong et al (2017), showed that there was a
significant reduction in pennation angle of the right and left vastus lateralis (VL) muscle,
after 8 weeks of neuromuscular electrical stimulation intervention,

However, despite a strong rationale for the implementation of IET and the
improvement on muscle function and the major benefits of CD in general health of the
ESRD patients, the effect of CD and IET on muscle architecture have not been investigated
to date. Understanding the muscle’s structural and functional relationship is of great
practical importance, in order to provide significant information regarding underlying
abnormalities, including skeletal muscle weakness, which is evident in patients undergoing
chronic hemodialysis. As indicated above, we hypothesized that IET may be able to
provide positive adaptations in skeletal muscle architecture in patients receiving
hemodialysis leading to improved patient functional capacity and quality of life. The aim of
the current study was to assess the effects of cold dialysis and 7-month of intradialytic
exercise training (IET) on changes in vastus lateralis (VL) muscle architecture, functional

capacity and quality of life in hemodialysis (HD) patients
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Methodology
Ethics Statement

The study was approved by the Human Research and Ethics Committee of the
University of Thessaly, and by the bioethics committee of the individual dialysis centres.
All patients gave their written informed consent prior to study participation.

Study Population

Data set 1: Fourteen haemodialysis patients participated in this study. Inclusion criteria:
clinically stable condition, receiving regular hemodialysis treatment for at least 3 months,
with adequate dialysis delivery Kt/V >1.1 and good compliance of dialysis treatment,
serum albumin > 2.5 g/dL, hemoglobin > 11g/dL and treatment with rHuEPO. Exclusion
criteria: reason to be in a catabolic state, such as hyperthyroidism, active vasculitis,
malignancies, pregnant HIV, opportunistic infections, myoskeletical contraindication to
exercise, requirement for systemic anticoagulation, participant or participated in an
investigational drug or medical device study within 30 days or five half-lives or
inflammations, that required intravenous antibiotics within 3 months prior to enrollment,
diabetics receiving insulin therapy, New York Heart Association grade IV heart failure, and
mental incapacity to consent.

Data set 2: Forty-four haemodialysis patients fulfilled the inclusion criteria and participated
in this study. The inclusion criteria for the study were: the patients were clinically stable,
and they had received regular haemodialysis treatment for at least 3 months, with adequate
dialysis delivery Kt/V >1.2 and good compliance of dialysis treatment, the serum albumin
was > 3.0 g/dL, hemoglobin > 11g/dL and treated with rHuEPO. The exclusion criteria for
the study were: a reason to be in a catabolic state, such as hyperthyroidism, active
vasculitis, malignancies, pregnant HIV, opportunistic infections, myoskeletical
contraindication to exercise, requirement for systemic anticoagulation, participant or
participated in an investigational drug or medical device study within 30 days or five half-
lives or inflammations, that required intravenous antibiotics within 3 months prior to
enrollment, diabetics receiving insulin therapy , New York Heart Association grade 1V

heart failure, and mental incapacity to consent.
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Figure 1: Chat flow for the data set 1.
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Figure 2: Chat flow for the data set 2.
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Sample size

Data set 1: Sample size calculations were conducted based on thickness of vastus lateralise
muscle and 6 minute walking test performance in the hemodialysis patients from a previous
published article!®, The resulting minimum required sample size was 11 for 2-sided type 1
and type 2 errors 5%. Sample size calculations were conducted using G*Power 3.0. The
“Means: difference between two dependent means” method was used to calculate the
power of the within effect. The current analysis seems to be underpowered.

Data set 2: Sample size calculations were conducted based on thickness of vastus lateralise
muscle and 6 minute walking test performance in the hemodialysis patients from a previous
published article!®, The resulting minimum required sample size was 21 for 2-sided type 1
and type 2 errors 5%. Sample size calculations were conducted using G*Power 3.0. The
“Means: difference between two dependent means” method was used to calculate the

power of the within effect.

Study Design

Patients were recruited from the hemodialysis unit of General Hospital Trikala,
Greece and the Eftychios Patsides General Clinic, Larisa, Greece. The study was performed
from October 2016 to June 2018. Study measurements were performed at the metabolic
ward of the General Hospital of Trikala, Greece and at the physiotherapy laboratory of the
Eftychios Patsides General Clinic. Patients enrolled by a research using random generator
for randomization. For the Data set 1 all participants received 7 months of supervised
intradialytic aerobic exercise training. Patients were randomized by a randomization
software and assigned in two groups: the Cold Dialysis (35°C) + Exercise Group (N=7)
(CD+EX) and the Typical Dialysis (37°C) + Exercise Group (N=7) (TD+EX). All patients
assessed for their body composition, functional capacity and muscle architecture. All
measurements took place immediately after the cessation of the HD session and before and

after the 7 months experimental intervention (Data set 1).

For the Data set 2, patients were randomly assigned in two groups: the Exercise
Group (N=21) which received 7 months of intradialytic exercise training and the Control
Group (N=23) which did not receive intradialytic exercise during dialysis session. All
patients were assessed for their body weight and height, body composition, physical
activity, functional capacity. Questionnaires were used to evaluate the quality of their life,

symptoms of restless legs syndrome (RLS) and fatigue severity. Also, the architecture of
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vastus lateralis muscle was evaluated with ultrasonography. All measurements were

performed before (trial 1) and after (trial 2) the experimental intervention.

Hemodialysis Procedure

The patients underwent hemodialysis therapy (Fresenius 4008B, Oberursel,
Germany) three times per week with low flux, hollow fiber dialyzers and bicarbonate
buffer. The hemodialysis sessions had a mean duration of approximately 4 hours.
Erythropoietin therapy (EPO) was given after the completion of hemodialysis session (HD)
in order to normalize hemoglobin levels within 11-12 (g/dL) as well as monthly

intravenous iron infusions (Ferinject ©) for stabilizing Iron and Ferritin levels.

Body Composition Assessment

The patient’s whole body, regional fat and lean body mass were measured by Body
Composition Monitor (BCM - Fresenius Medical Care, Deutschland GmbH) which has
been specifically designed for patients with kidney failure. Body composition was assessed
in a separate dialysis day before start the experimental intervention and in a separate
dialysis day after the completion of the experimental intervention. All measurements were
performed immediately after dialysis session, where the patients were in a supine position,
for the proper recording of the measurement, was allowed only water intake from the

patients during dialysis.

Physical Activity Assessment

Physical activity was measured by using pedometer (Digi-Walker, SW-200
pedometer), which was given to each participant. Participants were instructed to attach the
pedometer at the waistline each morning and to wear the pedometer throughout the day
while doing usual activities, except during bathing. They were asked to remove the
pedometer before going to bed and to record the day’s step count each night before
resetting the device to zero for the next day. Physical activity recorder, was held one week
(7 days) before the experimental intervention started and one week (7 days) after the

completion of the experimental intervention.

Functional & Maximum Power Capacity Assessment
Muscle functional capacity was assessed using the following tests: 1) time to perform five

sit-to-stand cycles (STS-5), 2) number of sit to stand cycles achieved in 60 second (STS-

93

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 19:48:40 EEST - 18.191.90.63



60s), 3) time to walk a distance of 6m at fast pace (FWT6m), 4) six minute walking
distance (6MWT) were patients covered the longer possible distance while walking for six
minutes on a level surface (hospital corridor) without pre-warming, 5) right hand grip test
hang their hand by their side, when are ready the patients squeezes the dynamometer with
maximum isometric effort, which is maintained for about 5 seconds. At least one of the
researchers was present during the testing of functional capacity and encouraged patients to
perform their best. All functional capacity tests were performed, separate dialysis day
before start the experimental intervention (trial 1) and in a separate dialysis day after the
completion of the experimental intervention (trial 2) both groups. The ICC for functional
capacity test has been described before by Overend et al (2010), Ortega -Pe'rez de Villar et
al (2018) and Segura-Ort et al (2011). The patients’ maximum power capacity was
determined by a modified version of the Astrand Bicycle Ergometer test protocol at bedside
on a previous dialysis session during hemodialysis. The maximum power capacity test
performed, one week before the start of experimental intervention (trial 1) and one week
after the the completion of the experimental intervention (trial 2) in both groups (Data set
2).

Questionnaires

The questionnaires were completed with the interview method by experienced
personnel. Quality of life was assessed by using the SF36 QoL questionnaire adjusted and
validated in dialysis patients. Fatigue Severity was assessed by using Fatigue Severity
Scale. All questionnaires were completed separate dialysis day before start the
experimental intervention (trial 1) and in a separate dialysis day after the completion of the
experimental intervention (trial 2) in both groups. Questionnaires were completed

immediately after dialysis session, in the same order as described above.

Muscle Architecture

All ultrasound images obtained 3 days before the initiation (trial 1) and 3 days after
the completion of the experimental intervention (trial 2) in both groups. The
ultrasonography performed, with the patient’s in the supine position after resting for 15 min
and having been advised not to perform any vigorous physical activity in the 72 h prior to
the examination. B-mode ultrasound images were obtained from the right vastus lateralis
using a 40mm linear probe (4.8 MHz, CHISON Digital Color Doppler Ultrasound System,

Model Q8, China). Patients laid supine with their knees fully extended and their muscles
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relaxed. Sonographs were taken at the middle distance between the central palpable point
of the greater trochanter to the lateral condyle of the femur. A water-soluble gel was
applied to the transducer to aid acoustic coupling and reduce the needed pressure from the
probe against the muscle. The transducer was placed longitudinal at femur, oriented in
parallel to the muscle fascicles and perpendicular to the skin. Due to individual differences,
the transducer was sometimes aligned slightly diagonally to the longitudinal line of the
muscle. Images were analyzed for muscle thickness, fascicle angle and fascicle length with
image analysis software (Motic Images Plus,2.0, Hong Kong). Muscle thickness was
defined as the mean of the distance between the superficial and deep aponeurosis measured
at the ends of each 40mm wide sonography, fascicle angle as the angle of insertion of
muscle fascicles into the deep aponeurosis and fascicle length as the fascicular path
between the insertion of the fascicle into the upper and deeper aponeurosis.

Image 1: Ultrasound imaging of the Vastus Lateralis (VL) muscle, that showing A) the

thickness (cm) of the VL muscle, B) the pennation angle (6°) of the VL muscle. Based on

the VL thickness and the VL pennation angle in the same ultrasound image, we estimated
the VL fascicle length (cm) of the VL muscle?.

Intradialytic Exercise Protocol

All exercise groups (Data set 1 & 2) performed cycling for 60 minutes at a supine
position. During the sessions, the patients were asked to pedal at 45 rpm for the first 10
minutes and then at 60 rpm on a bedside cycle ergometer (Model 881 Monark Rehab
Trainer, Monark Exercise AB, Varberg, Sweden). Patients cycled at approximately 60% of

their pre-assessed maximum power capacity. The exercise regime started 1% and 2" hour of
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the hemodialysis session. Exercise was well tolerated by all patients, and no adverse
reactions were reported.

Statistical Analysis

A Multivariate Analysis of Variance (MANOVA) followed by post-hoc paired-
samples t tests were used to assess the effects of time (pre / post) and protocol (CD+EX vs
TD+EX, and EG vs CG). The MANOVA results demonstrated no statistically significant
main or interaction effects. To further strengthen the analysis, Cohen’s d effect sizes (0.2-
0.5: small effect; 0.5-0.8: moderate effect; >0.80: large effect) were also used to identify
paired differences between protocols and times. Data are expressed as mean+SD. Statistical
significance was accepted at p<0.05. All analyses were carried out using the Statistical
Package SPSS 21.
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Results from Data set 1

Patient’s characteristics are presented in Table 1.

Table 1: Patient’s characteristics from the (Data Set 1)
(the same as in Table 1 in Study 3)

Variables CD+EX TD+EX
N 7 7
Male/Female 7/0 3/4
Age (yr) 63.57+9.93 52.71£16.84
Dry Weight (kg) 75.86+7.45 63.65+13.13
Height (cm) 172.8£7.40 167.1+£5.76
BMI (kg/m?) 25.5442.48 22.80+4.17
WHR 0.97 1.02
TBW 38.30 31.31
ECW 16.77 14.07
ICW 21.51 17.22
E/l 0.80 0.82
LTM (kg) 58.78 55.78
FAT(kg) 24.48 30.65
Years in Hemodialysis 8.14+2.90 8.71+3.10
Hct 35.58+3.02 35.944+2.91
Hb (g/dI) 11.14+1.14 11.56+0.71
Albumin (g/dl) 4.17+0.15 4.28+0.36

Note: All data are mean + SD. Abbreviations: BMI, Body mass index; WHR, waist hip-ratio;
TBW, total body water; ECW, extracellular water, ICW, intracellular water; E/I, extracellular-
intracellular water ratio; LTM, lean total mass; Hct, Hematocrit; Hb, Hemoglobin.
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Table 2. Changes in ultrasonography and physical activity levels between CD+EX and TD+EX groups
(Data Set 1).

Variables CD+EX TD+EX Between Groups
Muscle Pre Post P value Pre Post P value P value P value
Architecture (effect size) (effect size) Pre Post

(effect size) | (effect size)
VL Thickness 1.89+0.37 1.79+0.46 0.480022) 2.04+0.55 1.79+0.59 0.06041) 0.7002) 0.9900)
(cm)
VL fascicle angle | 11.71£2.09  12.19+2.13 0.44021 13.84+3.05 14.00+3.27 0.77009) 0.5607) 0.27060)
©)
VL fascicle length | 4.18+3.42 7.17+3.47 0.05089 8.62+1.76 7.37£1.61 0.35069 0.400-5) 0.89007)
(cm)
Physical Activity | 5589+1204  6420+7619 0.0601% 4926+1718 5665+2130 0.07039) 0.48044) 0.76019
(steps/day)

Note: VL: Vastus Lateralis; Significance level P<0.05.

Cooling the dialysis temperature (CD) significantly, improved VL fascicle length
compared with TD (Table 2). In contrast, VL thickness significantly reduced showing a
moderate effect size (d>0.40) in the TD group.
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Results from Data set 2

Patients’ characteristics are presented in Table 3.

Table 3. Characteristics of the patients presented as pooled data as well as for each group
(Exercise Group vs. Control Group) (Data set 2)

Variable All Patients Exercise Control
Group Group
N 44 21 23
Gender (Female/Male) 18/26 5/16 13/10
Age (yr) 67.20+13.02 66.04+15.35 68.26+11.07
BMI (kg/m?) 24.40+3.21 24.49+3.84 24.3542.58
Dry Weight (kg) 69.10+9.99 69.86+10.24 68.41+9.94
Height (cm) 168.20+7.72 169.14+7.17 167.39+8.26
Years in Hemodialysis 6.3+4.9 7.29+4.0 5.3945.55

Note: BMI: body mass index.

No statistical significant differences were found between the two goups.

In the Data set 2, intradialytic exercise training (IET) did not induce any significant

changes in VL thickness, fascicle angle or fascicle length (Table 4). In contrast, VL

thickness was significantly decreased in the control group (CG) after the lack of

intervention (p=0.02). There was a significant difference at the end of the intervention

period between groups (post values) in VL fascicle angle (p=0.04, Table 2).

Table 4. Changes in ultrasonography indices after 7 months of intradialytic exercise training (Data set 2).

Exercise group (N=21) Control Group (N=23) BGe;c;\ﬁee:
Variables D
Pre Post P value Pre Post P value P value
(Effect size) (Effect size) | (Effect size)

VL Thickness 1.92+0.42 1.81+0.43 0.15(0.25) 1.84+0.53 1.67+0.45 0.02 (0.34) | 0.28(0.31)
(cm)
VL fascicle angle 12.25+2.81 12.51+2.91 0.49 (0.09) | 11.1542.94  10.79+2.61 0.37 (0.13) 0.04 (0.61)
)
VL fascicle 6.37+3.67 6.78+2.81 0.70(0.12) 6.00+3.38 5.97+£2.82 0.95 (0.01) 0.34 (0.28)
length (cm)

Note: VL: Vastus Lateralis; (Cohen’s d), d=0.20-0.50 small, d=0.50-0.80 moderate, d>0.80 large effect size; Significance level

P<0.05.
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Image 2: Indicative example of changes in vastus lateralis (VL) muscle thickness and
pennation in a hemodialysis patient. (A) Pre and (B) Post participating in the 7month of
intradialytic exercise training. Changes in muscle architecture, as well as in fat thickness
are indicated.

Subeutaneous fat pre =1.37cm

(A)Pre
7-months of Intradialytic
Exercise Training (IET)

VL pennation angle pre =9.87°

Subcutaneous fat post =1.05cm

(B) Post
7-months of Intradialytic
Exercise Training (IET)

Performance in STS-60sec was increased after IET (10.23+1.58%) as well as the
6min walking distance (17.19+14.62%, Table 5). Hand grip strength was also increased
after IET (5.13+£28.28%) as well as the maximal aerobic power during the modified version
of the Astrand Bicycle Ergometer test (26.35+1.22%, Table 5). No significant differences
in functional capacity were observed in the CG (Table 5). There was no statistically
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significant correlation between the changes in muscle architecture and performance for
either of the two groups.

Table 5. Functional capacity test and body composition data before and after 7 months of intradialytic exercise
training (Data set 2).

Exercise Group (N=21) Control Group (N=23)
Variables Pre Post P Ef_fect Post Post P Ef_fect
value  size value size

Functional capacity test
STS-5 (min) 11.71£7.13 11.30£7.17 0.40 0.05 11.63+£3.47 11.65+3.44 0.92 0.01
STS-60 (rep) 23.45+6.23 25.85+6.33 0.00 037 21.22+3.88 21.70+4.33 0.35 0.11
6m Fast Walk (sec) 3.78+1.09 3.75+1.07 0.87 0.03 4.00+0.93 4.01+£0.97 0.84 0.01
6min Walk Test (m) 404.3+£99.5 468.1£87.2  0.00 0.67 381.9+76.0 383.0+77.1 0.72 0.01
Hand Grip (kg) 29.14+7.03 30.6449.02  0.02 0.19 23.08+6.28 23.98+7.25 0.06 0.13
Max test (watt) 39.76+£20.15 50.24+20.40  0.00 0.51 32.65+12.76 33.24+15.20 0.82 0.04
Phy. Activity (step) 5913+4811 63174629  0.08  0.08 320342195 30372188  0.57 0.07
Body composition
LTM (kg) 38.30+9.60 38.24+8.95 091 0.01 24.0746.1 24.24+6.53 0.25 0.03
% LTM 53.43+12.09 53.20+11.46 0.72  0.02 34.63+6.26 34.80+6.63 0.41 0.03
Fat (kg) 25.60+£10.99  25.64+10.74 0.92  0.00 24.08+4.87 23.80+4.58 0.56 0.06
% Fat 32.43+10.72 32.54+10.54 0.81  0.01 34.2043.64 34.04+4.72 0.74 0.04

Note: STS-5: five sit to stand cycles; STS-60: sit to stand cycles in 60 second; LTM: lean total mass; Max test: maximal power
during the modified Astrand test. Cohen’s d, d=0.20-0.50 small, d=0.50-0.80 moderate, d>0.80 large effect size; Significance
level P<0.05.

In Data set 2, after 7 months of IET, significant improvements (p<0.05) were found
in several aspects of the quality of life such as general health, physical health and mental
health (Table 6). An important factor is the vitality subscale showing significant evidence
of improvement after the exercise intervention while in contrast, general health and fatigue

were significantly worsened after 7 months abstention from IET (Table 6)

Table 6. Quality of life and fatigue severity parameters before and after 7 months of intradialytic exercise
training (Data set 2).

Exercise Group (N=21) Control Group (N=23)
Variables Pre Post P Effect Pre Post P Effect

value size value size
SF-36 Quality of life
Physical Function 87.5+17.8 88.7+£16.6 0.13 0.00 92.3+8.2 92.8+6.9 0.60 0.07
Role Function 90.5+12.9 91.0+13.5 0.69 0.04 96.5+4.7 96.8+4.4 0.74 0.06
Body Pain 94.0+9.9 95.0+11.0 0.60 0.09 95.2+8.4 95.7+7.6 0.74  0.06
General Health 80.9+16.0 87.3+12.1 0.00 0.44 90.8+11.4 89.3+12.7 0.05 0.13
Vitality 87.2+13.7 94.0+7.5 0.03 0.60 94.2+7.8 93.9+7.1 0.81 0.03
Role Emotional 91.1+13.5 93.4+12.2 0.29 0.17 89.6+13.7 90.5+11.3 0.66 0.07
Mental Health 75.7+6.3 77.1£5.0 0.20 0.24 79.0+6.5 79.3£7.6 0.74 0.04
Physical Health 87.9+10.7 91.249.3 0.01 0.32 93.8+5.7 93.745.1 0.86 0.02
Mental Health 87.0+£7.5 90.3+5.7 0.00 0.48 90.5+6.3 90.4+5.8 0.83 0.02
Total 88.4+8.3 90.7+7.3 0.00 0.29 92.3+£5.1 92.3+4.8 1.00 0.00
Fatigue Severity Scale
FSS 3.38+1.07 3.36+1.14 0.80 0.02 3.63+0.96 3.86+1.13 0.00 0.22

Note: Cohen’s d, d=0.20-0.50 small, d=0.50-0.80 moderate, d>0.80 large effect size; Significance level P<0.05.
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Discussion

The present study, sought to assess changes in vastus lateralis (VL) muscle
architecture in dialysis patients, after seven months cold dialysis and intradialytic exercise
training (IET) or lack of systematic activity. The main findings of the current study showed
that 7 months of cold dialysis in conjunction with IET showed evidence of improvements
in fascicle length of VL compared to TD group (Data Set 1). In addition aerobic IET was
enough to improve the functional capacity and maintained quadriceps muscle thickness of
the EG group (Data Set 2) leading to a substantial improvement in many aspects of quality
of the life and overall health. The current results suggest that aerobic IET provides a time-
effective stimulus for increasing the functional capacity of ESRD patients while it provides
an adequate stimulus for halting muscle cachexia and deconditioning?’.

This is the first study that attempts to assess the muscle architecture of VL under
different dialysate temperatures. Our results showed that cooling dialysate temperature
could induce favorable changes in morphological characteristics in VL muscle architecture.

To the best of our knowledge, this is the first study to show changes related to CD
and muscle architecture. There is no clear explanation for the current evidence however, a
potential hypothetical explanation could be lie within aspects related to dialysis adequacy.
More specifically better dialysis adequacy is related to better nutritional status and
therefore higher levels of muscle mass. It’s known the cooling of the dialysate temperature
increases vascular resistance making more blood flow available to rich active tissues such
as skeletal muscles. In this case, the body gets access to “hidden” compartments within the
skeletal muscles. The increased blood flow that follows exercise activity mobilizes the
intramuscular urea and creatinine and transfer them into the systemic circulation and from
there and through the hemodialysis filter outside the patients’ body. It might be also
suggested that the vasoconstriction of the nonworking muscles in conjunction to the CD
might induce a stronger stimulus, superior or additive to the vasodilatative one, leading to a
reduction of the perfused volume and thus a better/faster solute removal as a
consequence®®. Therefore, CD and exercise could improve dialysis adequacy affecting
nutritional status leading to better quality of muscle tissue. It important to note that of the
three organs (muscle, skin, and bone) that contain most of the total body water and hence
urea and creatinine, muscle is by far the most clinically important. Studies showed that one
of the major chronic effect of CD is the reduction of urea rate’®. However, these
hypothesis remained approved and no matter how reasonable it sounds, more evidence are

needed to further validate such explanation.
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Even though, the impact of IET on patients health is very well documented, the
effect on skeletal muscle architecture is not well studied in this patients population. Studies
showed that aerobic IET improves muscle function, in patients with ESRD®*. Specifically,
it has been reported that the cross-sectional area of type | and Il muscles fibers obtained
from vastus lateralis muscle, increased after 6 months of intervention®. In addition,
ultrastructural analysis revealed positive adaptations in muscle capillaries and mitochondria
post intervention?®, By contrast, Moore et al (1993) observed no muscle hypertrophy
secondary to 6 months of intradialytic aerobic training, which is not unexpected given that
aerobic training, is not the preferred exercise modality for eliciting myogenic adaptation?”.
Similar results demonstrated by the study of MacDonald et al (2005) where after 12 weeks
of intradialytic cycle exercise failed to reverse the muscle atrophy which characterize this
population?®®,

Failure of the intradialytic aerobic exercise training (Data Set 2) to provide changes
in vastus lateralis architectural structure may be due to the insufficient exercise intensity to
provide an anabolic response in promoting muscle hypertrophy in these patients. Previous
studies which suggested that the aerobic exercise may have anabolic effects in uremic
patients, used longer exercise duration (e.g. 90-min), on non-dialysis days®.

In the data set 2 study, the IET induced significant improvements in patient's
performance. Despite the non-statistical significant changes observed in the architectural
structure of the muscle, the functional capacity of the patients undergoing exercise
improved significantly compared to current practice (no exercise training — CON). A
possible explanation for such improvement might be linked with central, intermediary and
peripheral cardiorespiratory system adaptations to exercise training. Storer et al (2005)
reported that the observed increase in muscular strength in response to aerobic exercise in
ESRD patients was accompanied by changes in skeletal muscle growth factors, including a
decrease in myostatin mRNA and an increase in IGF-1 receptors, suggesting severe
deconditioning of these patients!?!. Aerobic exercise training may be an adequate stimulus
for muscle hypertrophy in such patients. In addition, the significant reduction of the muscle
thickness after 7 months of abstaining from IET seems to have also affected the functional
capacity of the patients. Previous studies that assessing muscle architecture in elderly
showed the significant link between muscle thickness and functional performance in this
population®,

Several trials of exercise training in hemodialysis patients have evaluated SF36

scores as health-related quality of life outcome measures. Improved perceptions of physical
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functioning have been observed secondary to 3-5 months of aerobic exercise training*.
Painter et al (2000) reported improvements in role physical, bodily pain, general health,
vitality and the physical component scale, especially in patients with low baseline
perceptions of physical functioning®”®. Overall, intradialytic exercise training can induce
positive effects in health and clinical condition in this cohort, which may be associated with
enhanced quality and quantity of life. To enable design of the most efficient training
protocols, require confirmation by further prospective studies to determine the relative
importance of factors such as mode, intensity and duration of the anabolic response in
ESRD.
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Conclusion

This is the first study to assess muscle architectural changes in response to cold
dialysis and chronic intradialytic exercise training in patients with ESRD. Cold dialysis in
conjunction with IET showed evidence of improvements in fascicle length of VL compared
to TD group reducing thus the catabolic effect of the uremia and the hemodialysis
procedure per se. Intradialytic exercise training increases muscle strength and impose a
protective beneficial effect against muscle atrophy of the lower limbs in patients with
ESRD. It is evident, that dialysis at 35°C and intradialytic exercise training should be the
initial strategy of rehabilitation and treatment of muscle atrophy for this patients’
population, improving low tolerance to exercise which often rendering conventional
training unfeasible. In addition, ultrasonography can assess muscle architecture and has
considerable relevance for physical exercise and rehabilitation practices. Ultrasound is
affordable, portable, and more accessible than magnetic resonance imaging and
computerized tomography and could easily be implemented into a renal rehabilitation

setting for monitoring of muscle atrophy in patients with ESRD.
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General Discussion
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he present PhD thesis sought to assess the acute and chronic effects of cold

dialysis (CD) and intradialytic exercise training (IET) in aspects related to

quality of life and health in ESRD patients receiving hemodialysis therapy.

The experimental design of the studies, gave us the opportunity to observe
for the first time changes during the separate and combined effects of CD and IET in the
parameters relate to thermoregulatory responses, insulin sensitivity, Vastus Lateralis
muscle architecture and general aspects of quality of life in HD patients.

Our results show that the acute thermoregulatory responses during different dialysis
temperatures, separated or combined with IET provided a different thermal load and heat
stress in HD patients. Specifically the dialysate temperature to 37°C separated or combined
with IET associated with increased body heat storage leading to hyperthermia. It well know
that dialysate temperatures at 37°C is associated with an increase in core body temperature,
shown to interfere with the appropriate hemodynamic response to body fluid removal, thus
favoring the onset of hypotensive episodes especially in frail patients®*#. In addition, our
results show that reducing the dialysate temperature to 35°C (cold dialysis), separated or
combined with IET can prevent the rise of body heat storage and core temperature even
during the period that IET took place (heat stress is increased during exercise). Cooling of
dialysate fluid temperature below 36.5°C has been proposed as a factor contributing to
hemodynamic stability in patients during HD?'°. Maggiore et al (1981) proposed cool
dialysis to prevent intradialytic hypotension by increasing peripheral vascular resistance,
improving cardiac output, and altering the levels of vasoactive peptides®°.

Other important results for our study show that a single session of CD and IET may
provide an “acute” time-effective stimulus for improvement of OGTT, leading to a better
hemodynamic support to HD patients especially during the CD, however none of the results
showed statistically significant direction. In contrary, chronic effect of CD and IET showed
that the reduction of dialysate temperature by 2°C induced favorable changes in aspects
related to insulin sensitivity and glucose disposal. However, the exact underline mechanism
of the improvement in the glucose disposal and insulin resistance of uremic patients after
the initiation of the hemodialysis treatment it not clear. Limited information exist in the
literature about the effects of CD in glucose metabolism and IR. Recently evidences
suggest that “cold” in general (not in dialysis) activates brown adipose tissue®, and

therefore, the benefits of CD may be related to this effect®®. In addition, studies have shown
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that CD contributes to the secretion of endorphins which promote better consumption of

glucose from the peripheral tissues*®.

Also the results of the CD, they once again showed its positive effects on
hemodynamic changes, reducing thus possible hypotension symptoms. It has been
proposed that during typical dialysis (37°C), the combination of low blood volume and loss
of peripheral vascular resistance causes hypotension®. Loss of vascular resistance is multi
factorial in cause, but uremic autonomic insufficiency, vasodilation from thermal
amplification, and paradoxical withdrawal of sympathetic activity are believed to have the
most important roles’®. The improvement in blood pressure by using CD may be due to
increased total peripheral resistance and increased venous tone34. Cooling dialysate
temperature also improves left ventricular contractility independently of pre and after load®.

It‘s important to denote that our results show that IET improved overall exercise
capacity and indices of quality of life, irrespective dialysate temperature. CD and IET
enhances health benefits improving overall patients’ quality of life. Recent studies showed
that IET, increase exercise tolerance which seems to be correlated with symptomatic
improvements and enhancements in health-related quality of-life measurements!’®2%2
Improvements in measures of fatigue, activities of daily living, symptoms of peripheral
neuropathy and myopathy, breathlessness, depression, and anxiety, as well as general
wellbeing after exercise training are also reported**73, Also, exercise training is found to
improve skeletal muscle endurance and strength and, thus, peak exercise performance in
HD patients'’®. Biopsy studies have demonstrated an increase in both Type | and Type II
muscle fiber cross sectional areas after both endurance and strengthening training in
chronic uremic patients®. In addition, regeneration of degenerated fibers, increase capillary
density as well as the structure and number of mitochondria of the muscle?'2, However, the
inability of our study to show statistically significant changes in muscle architecture of VL
may be due to the fact that require higher exercise training loading or supplementary
resistance exercise to reveal clinically meaningful changes. These results concur with the
results of Moore et al. (1993) who have not found any significant morphological change in
skeletal muscle after 12 weeks of cycling!?’ and in contrast to Sakkas et al, (2003) who
found 43% improvements in muscle cross sectional area after 6 months of aerobic
training®®®. Nonetheless, it is very important the fact that IET provides a time-effective
stimulus to maintain the architectural structure of the VL muscle and increasing the
functional capacity in HD patients. In contrast to that, cold dialysis in conjunction with IET

showed significant evidence of improvements in fascicle length of VL compared to TD
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group enhancing further our hypothesis that CD could enhance the impact of IET on ESRD
patients.
From the current thesis, it is evident that reducing the dialysate temperature from 37°C to
35°C we managed to reduce various risk factors for cardiovascular diseases and to improve
the effectiveness of the exercise stimulus in patients with ESRD receiving hemodialysis
therapy.
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General Conclusions& Future Perspective
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he present study it’s the first clinical trial that try to assess the “acute” and

“chronic” effects of the separated and combined adaptations of

intradialytic exercise training with cooling dialysate fluid temperature.
From the current thesis, it is evident that reducing the dialysate temperature from 37°C to
35°C we managed to reduce various risk factors for cardiovascular diseases and to improve
the effectiveness of the exercise stimulus in patients with ESRD receiving hemodialysis
therapy. Further research may lead to patient-specific dialysate temperature profiling which
will not only prevent the intradialytic hypotension but the excessive rise of heat storage and
maximize the beneficial effects of the IET. In addition, large randomized trial are need to
understand the differential benefit from CD as well as the underling physiological

mechanism of the combined effects of CD with IET.
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Appendix 1: Bioethics Approval

TMHMA EMIZTHMHL OQYLIKHE AFrQrHz KAl AOAHTIZMOY

MANEMIZTHMIO OEZZIAAIAZ

Ecwtepikn| Emtponn) Agovioioyiag
Tpikara; 5/11/2014
ApOpu. Mpwr.:921

Aimyen E&éraong ¢ mpotacns Yo delayoy Epevvag pe titho: The effect of exercise
rehabiliation regimes in combination with changes in dialysis procedures in aspects
related to quality of life and health in end stage renal disease patients (H exidpaon ¢
Oepamevtikng 0oKNoNS e CLVOIOOUO UE OALAYES atny Oepameia TS aiuokaBopons oTovg
OEIKTES TOIOTNTOG (NS KOl DYELOS 0 00OEVEIS 1E TEAIKOD GTAIIOV VEPPIKN VOGO).

Emotnuovikag vrevBuovos-1 / emPréncv-ovoa: Xakkic ['edpylog
Iowotnra: Asktopog

Topopa: [avemomiuio Oecoariog

Tuqpoe: Tufqpoe Emoetiung @vowkng Ayoyng kor AOANTIonov

Kvprogepevvntijc-tpro/ povtntic-tpro:
Kpacé Apyvpo Mpoypappa Xmovd®v:
[IMX «Acoknon kot Yyeion Topopas:
[Tavemomuio Oescariog

Tuqpoe: Tuqpo Emotung ®voikng

Ayoyng kou AOAnTiopov

H wpotewvouevn épevva Oa givar:

Epgovntikd mpodypappo X Metantoylokn dwtpin O Amhopatiky epyacio O AveEdapnm épguva O

Tni. emkowvoviag: 6978509102
Email emkowoviag: gsakkas@med.uth.gr

H Eocotepucny Emrpom) Agovroroyiog tov T.E.®.A.A., ITavemotnpiov Oeccariog
peTd v vr. ApiOu. 3-4/5-11-2014 ovvedpioon g eykpiver ™ deloyoyn g
TPOTEVOUEVIC £PEVVAC.
O Mpoedpog s Ecotepikiig
Emtponic Agovroroyiog — TEDAA

Towokavog ABavaciog
Avaminpotc Kadnyntig
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Appendix 2: Consent Form

@ MANEMIZTHMIO OEZZIAANIAZ %3
TMHMA EMIZTHMHEI @YZIIKHEI ArQQrH KAl AOGAHTIZMOY '

"Evtuno ocvvaiveonc 0okialOUEVOY GE EPEVLVNTIKN EPYOCIOL

Tithog Epevvnrikng Epyaciog: Emidpaocn g oelog doxmong kor g peiowong g
Bepuokpocioc tov deAvpaTog aokdBopong ot SEYEPSN TOV POOD AMTMON 16TOV Kot
OTNV OVTIGTACT TNG WVGOVAIVIG GE ATOUA LLE YPOVIOL VEQPIKT) OLVETTOPKELD.
Emotmnpovikog YnevOvvog: Zokkdag I'edpylog, Emikovpog Kabnyntig, TEDAA, 1106,
email:gsakkas@med.uth.gr, ty.: 2431-500901
Epeovnréc: Apyvpd Kpooé (email: argyrokrase@hotmail.com, tAi. 6934734874) xou
Awotepivn TTonton (apoptsi@uth.gr)

1. Xkomog TNG EPELVVNTIKIG EPYAOiag
2KomOg TG peAétng givon n a&oddynon g emidpaong e piog ocvvedpiag Goknomng oe
ocuvdvacuod pe ™ peimon g Bepuoxpaciog tov doaAvpatog apokdbapong (1°C katw amd
v KMok Ogppokpacia), otn 01€yepon Tov HETAPOMGHOD KOU GTNV OVTIOTOCT GTNV
WGOVAIVY G dTopa e XPOVID. VEPPIKT OVETAPKELN TEAMKOD GTAd{0V.

2. Awdwkaoia
IMa 11g avdykeg g perdétng Ba a&loroyndeite 4 POpPEG GTO VOGOKOUELOKO YDPO TNV NUEP
mg mpokaBopiopévng oaokdBapong. Tnv mpdt nuépa g afordynong (mpod
epdopada) Bo mpaypatomomBel n Khlaown mpokabopicpévn aokdbapor. Tn devtepn
nuépa agordynong (devtepn efdopndada) n Bepuokpacio ddhvong g apokdbapons Oa
etvar 1°C xdto amd v xhoown Oeppokpacio. Tnv tpitn nuépa agordynong, (tpitn
efdopada) katd ™ ddpkeln TG aokabapong Ba mpaypoatonombel TpOYpPOLLO ACKNONG
evd Vv Tétaptn muépa a&oAdynong (tétaptn efdopddn) Kotd TNV SUpKED NG
apokdBapong Bo mpoypatomomBel mAA mPOYpOUHR AoKNOoNG v N Beppokpocio
dulvong Ba pewwdei katd 1°C ocvykprrikd pe v Khoowkn Beppokpacio. Tic nuépeg twv
aflohoynocewv o TPocEADETE GTO VOGOKOUEIONKO YMDPO UICT Opa vopitepa ond v
TPOKaOOPIGUEV DPO OLOKABUPOTG Y10l VO TPOYUATOTO 000V KATO AEITOVPYIKA TECT,

evd oto Télog G B TPEMEL VO TOPOUEIVETE GTO VOCOKOUEINKO YMDPO Yot GAAES 2 dpeg
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TPOKEWEVOD VO, TPAYHOTOTONOoVV KATOl0 AEITOVPYIKG TEST Kol 1 yopnynon 759
yAokong dwwAvpuévn og 250-350ml vepov yio va propécet va yiver n kapmoAn Coyxdpov. H
doxnomn mov Ba mpaypoatomombei Katd ™ didpkeln g apokdBapong (tpitn kot Té€Toptn
a&loddynon) Ba meptropPavel TOMANTO Kol OCKNGELS AVTIOTAGE®V e Poapdkia S1GpKeELOG
40 Aemtov (20 Aemtd todNroto + 20 AeNTA AGKNOELS e HOAOKOVG UAVTEG).

3. Kivouvor km evoyiiceig
Kotd ™ ddpkewn 1 oto téhog g mpomovntikhg mapéuPaong icwg acBavleite Mmia
KOT®OT, TGO TOV WAV 60g, TOvo, ceifipno oto otfog N (OAn. e MOAD omaAvieg
TEPWTMOCELG UTOPEL VO 50g Tapovotaotel Tdon yuo peto | AmoBupia. ' tnv a&loddynon
™G avoyng g yAvkolng Ba yiver Aqym oAefucov aipotog, Kotd TN OSAPKEW TNG
aponyiog icmg vimoete pia pukpn evoyinon (toiumnua). o v a&loddynon tov eoov
MmN 10100 B cog (ntndel va amopakpHveTal yio Alya AETTA ToL pOVYO TOL KOADTTOLV TO
dvo pépog tov coupatoc oag. H pétpnon Ba meptloppdvel v ootoypdenon tov v
HEPOLG TOV OCMOUOTOS COG ME Mo 101K Oepukn Kapepa mov Bo Katoypdwyer Tnv
Bepuokpocio Tov GOUATOG GaG G€ O1dPopa coNueial Kot Oyl TO YOPAKTNPLOTIKA coc. [ tnv
opn a&ordynon g OBepuoxpociog copatog Bo cag dobel pa kdyovia (VIO HOPET|
molvPrtapivnig) v omoion Bo mpémer va AGPete 6-8 mpeg mpwv TV €vopEn NG
aokaBapong (mpv TATE Yo VIVO), M XPNON CLTNG TNG KAWOLANS vl AGEAANG KO OgV
eépel oavtevoeitelg.  H mpooektiky] mapoakoilovOnon ocog Katd T OdpKeE TOV
TPOYPAUUOTOS (OKNONG KOl TV OOKIHOCI®OV 0E0A0YNoNS o Aa10TOTOCOVY  TIG
TOOVOTNTEC EUPAVIONG KATO0V KIVOVVOL Y10, TOV 0PYOVIGHO GoG. AlaBécipog eE0TAMGOG
Kol EWOIKEVIEVO TPOCSOTIKO Oa givor otn d1dBeom coG Yo TNV OVTIETOTICT] OTO0VINTOTE
KvdOvov .

4. TIpoodoxkdpeveg m@ELeLeg
To npdypappa doknong mov Ba axolovbncete Ba £xel G oTdY0 TN PeATioon TG PLGIKT
00G KOTAOTOOTG KOl TNG AEITOLPYIKOTNTAG GG OTNV EKTANPMON TOV KAOUEPIVAOV GOG
dpacTNPOTTOV Kot vIoxpedcewv. H emavdinym tov dokiaciov alohdynong Bo pog
OMCOVV O GOPESTEPT EIKOVA TOV TPOGOUPUOYDV TOV TOPATPOVVIOL GTO TANICLO TNG
gpevvntikng moapéuPaong. Emiong Oa AdPete dwpedv amoteAéoHOTA KOl OTUOVTIKES
TANPOPOPIES Yol TO AETOVPYIKO GOGC TPOPIA amd €EETACELS TOL GTO EUMOPLO KOGTILOLV
>100 gvpo.

5. Anpocigvon 0£d0pévOV — 0TOTELEGPUATOV
H ocvppetoyn cog oty €pguva cuvendystot 6Tt GUUE®VEITE 6TV HEALOVTIKT dnpocicvon

TOV OTOTEAEGUATOV TNG, LE TNV TPoHTOOeoN OTL 01 TANPOPOpieg Ba etvar avdvLpeS Kot de
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Ba amoxaAlvBovv ta ovopata Tov cvppetexdviov. Ta dedopéva mov Ba cuykevipwbovv
0o KodKomomBOovv pe apBpo, yio TV TPOCTOGIN TOV TPOCOTIKMV GO OE00UEVOV.

6. ITAnpogopisg
Mo omowdnmote ap@iforio 1 amopieg oyeTikd pe TS doKpacieg a&loAdynong kot to
TPOYPOULO  (OKNONG Wmopeite vo  VTOPAAAETE TIC EPMINCES OOG  KOL  TOVG
wpoPAnpatiopovs cag angvbeiog 6 eudg yio tepattép® mAnpopopiec. Na £xete VIOYN Cag
kol va Bopdote 0t glote eAeBepotl va amocvpbeite omoladnmote oTrypn emBounté and to
TPOYpOpLO AoKNONG.

7. ElegvOgpia ocvvaiveong
H ovppetoyn cag oty epyacia sivon ebehovtiky|. Eiote ehevBepoc-n va unv cuvorvéoete i
Vo SWKOWYETE TN GLUUETOYN oaG O0moTe to embupeite. 10 T€A0C TV 4 apeuPdoewv Bo
armolnuwBeite yia o mbava £E0da cag pe o mocsd Tv 100 gvpo.

8. Afimon cuvvaiveong
AwPaca to £vtomo avtd Kol KATOvVo® TG Odkacieg mov Bo akoAovOnow. Xvvavd va

CUUUETAGY® GTNV EPEVVITIKY EPYUTIaL.

Hpepounvia:  / /

Ovopaten®vupo Katl VTOYPaPT|

Ymoypagn epguvnn

GUUUETEXOVTO

OVOLOTERDOVO O KoL VTTOYPAPT)

TopaTNPNTI:
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Appendix 3: General Health Questionnaires

SF-36 EPEYNA YI'EIAX

HMEPOMHNIA KQAIKOX

OAHT'IEX: To gpotnuatoAdyo avtd (NTtd Tig dkég cag amoyelg Yo TV vyeia cac. Ot
TANPOPOpieg cag Ha pag BondncovV Va eEaxpidcovpe o acBdveste amd TAevpdc vyeiog
Kol OG0 KaAd pumopeite Vo acy0Andeite pe Tic suVNOIGHEVES OpacTNPIOTNTEG GOG.
Amavtiote ot epwToEl;, Pabuol0ydvTag kdbe amdvinon pHE TOV TpOTO 7OV GOG
delyvoope. AV ogV gilote amdivta BERoog/BéEPain Yoo TV amdvinon oag, mopakaA0vUE Vo
dMOETE TNV amAVTNoT 1oL VOUIleTe OTL Topldlel KOAVTEPU GTNV TEPIMTMOOT GOC.

1. Tevikd, Ba Aéyate 6T M vYeia cog ivor:
(BéAte évav KHKAO)

EEOUPETIKN 1ottt et 1

TTOAD IOA oottt et e 2
KO e 3
IMETPUOL 1ttt ettt e e ae e saeeneas 4
KOKT] 1ttt 5

2. Xe ovykpion pe €Va ¥pdVo pv, g Oa a&loA0yovsate TV LYEIN GOG TOPO,;
(BéAte £vav KOKAO)

[ToAY KoAOTEPT TOPO OTT' OTL EVA YPOVO TPV ... 1
Kdanwg kalvtepn tdpa am' 6Tt EVa ypOVO TPV ......eeeeeeee. 2
[Tepimov 1 10100 OTTMG EVOL YPOVO TPV . 3
Kanmg yeypodtepn tdpa an' 4t Vo xpOVO TPy ................. 4
TToAY yepdtepn TP o' OTL EVA YPOVO TPV .....ccveeennee 5

3. Ot mopaxdtom TPOTACELS TEPEYOVV dPACTNPOTNTES OV TOAVDG Vo, KAVETE KATA TN
duapxela pog ovvnbiopévng nuépoc. H topvh katdotaon g vyeiag cag, oog mepltopilel o
aTES TG Opactnprotteg; EdV Vat, mdc0. (kukhmaote EVaV optBpd o k0Be cepd)

N, pe N, pe Oy, 08V pe
APAYXTHPIOTHTEX aepropilar | mepropiler nepropiler
IToA% Aly0 Ka06A0v
0. X& KOUPUOTIKES OPasTNPLOTNTES, OTTMG
10 TPEEWO, TO GNKOU PopidV 1 2 3
OVTIKEWWEV®V, 1| GUUUETOYN OE OLVOLLIKE.
onop

B. X pétprog éVTaons OpaoTPLOTITES,
Omwe N petakivnon eVog tpareliov, 10
OTPOEO LG NAEKTPIKTG GKOVTOG, O 1 2 3
nepinarog otV €€0yM N 0tV mailete
POKETEC GTNV Tapodio,

v. OtaV oNKOVETE 1] LETAPEPETE YOVIO 1 2 3
amo TV ayopd
0. Ortav avePaivetre pepikég ordreg 1 2 3
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€. Otav avePaivere pia oxdio 1 2 3

oT. Z10 Ayoua T0Vv 6OUATOS, 6TO 1 2 3
YOVATIoLO 1] 6TO GKOWUO

{. Otav mepratdre mepinov EVa LopeTpo 1 2 3

N. OtaV mepnatdte PEPIKES EKATOVTAOES 1 2 3
péTpo

0. Otav mepmatdre mepinov EKATO PETPO, 1 2 3

1. Otav kdvete UTAvio 1 6TaV VTOVESTE 1 2 3

4. T televtaieg 4 gfd0uddes, Goc TAPOVCIACTNKOV - €T 6T SOVAELL GOG E1TE G KATOLN
GAAN ovvnbopévn kabnuepvi] cag OpooTnPOTNTO - KAMOW om0 TO TOPUKATM
mpofAparta, efoutiog TG KOTAOTAONG TG COUATIKNG 60 LYEing; (KUKADGCTE €Vav
apOud oe ke cepd)

NAI | OXI
a. Mewwoate 10 ypoVo mov cuvinBmg E0deVETE 6T O0LAELL 1 GE AAES 1 2
OpaoTNPIOTNTEG
B. Emrelécate Myotepa and 6ca Oa OENaTe 1 2
v. Ilepopicate Ta €idn ™G dOLAELGC N TOL €101 AAA®V OPAGTNPIOTHTMV 1 2
o0g
0. AVOKOAEVTNKOTE Vo EKTEAECETE T OOVAELL 1) AALEG dPACTNPLOTNTES
coc (Yo Tapdderypa, Katafaiate peyaAlbtepn Tpoctadein) 1 2

5. Tig televtaiec 4 efo0udodsc, cog mOPOVSIACTNKAV - £ite 0TI OOVAELL GOG €1TE GE KATOLN
GAAN ocuvnOoUEVN KaBnuepiv OpaotnpoTNTo - KAMOL Omtd TO. TOPOKAT® TPOPANHOT
eEautiog 0mOWLONTOTE cLValcHNUATIKOV TPOPANUATOS (A.Y., EMEWN VIOCOTE PEAXYYOAID 1
Gryy0¢); (kukAmote évav apliud o kabe oelpd)

NAI | OXI
a. Meiwoate 10 YpoOVO mov cuVNRO®G E0dEVETE 6T O0LAELL 1) GE GAAEG 1 2
dOpacTNPIOTNTEG
B. Emrtelécate Mydtepa and 6ca Oo BN aTe 1 2
v. Kavate ™ 00vAeld 6og 1 Kot GAAEG OpOGTNPLOTNTES AYOTEPO
TPOCEKTIKA O’ 6Tl GLVHOWS 1 2

6. Tig tedevtaieg 4 eBdoudosg, oe 010 Pabud emnpéace 1 KATACTOOT TG COUATIKNG GOG
vyelog M kémow cvvoicOnuotikd mpOPANpata TG cLVNOIOUEVES KOWMVIKEG GOg
dpaoPOTNTES LE TNV OKOYEVELL, TOVG PIAOVG, TOVS YEITOVEG GOg 1) pLe GAAES KOVMVIKES
OpGdeg; (Badte évav KOKAO)

KOOOROU ..c.ceiiieiiiiccc e 1
EAGYIOTO oo 2
IMETPUOL oottt st 3
APKETOL ceveieieieeiteteet et ettt ettt 4
TTOPO TIOAD <. e e 5

7. 11660 cwpotkd TOVO Vidoate Tig TeAevtaicg 4 BO0UAOES;

(Bédte évav KOKA0)
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) 1210 TR
METPIO ..
BEVTOVO oot
J I (o) DI =A 0 Yo T

8. Tig televtaieg 4 eBdouddec, OGO emnpéace 0 TOVOG T GuVNOIoUEVT epyacio Gog (TOGO
mV gpyocio E£® omd 10 omitt 060 Kol LEGA GE OVTO);

(Béikte &vav KOKAO)

KOOOMOU oo 1
AXTYO e s 2
IMETPUOL vttt ettt ettt sae e s aeeneens 3
APKETOL ceveeeeeieeieeeeete ettt ettt sae et b e e e ebesseenaenne e s 4
TTAPOL TTOAD ...ttt e e S5

9. Ot TopoKATD EPOTACEIS OVUPEPOVTOL GTO TAOS 0GHOVOCHGTE KOl GTO TMG NTAV YEVIKA N
duabeon cog Tic terevtaieg 4 gfooudoss. ' kébe epdtnom, mapakaleicte Vo dDGETE
exeivn TV amdvinon mov TAnclalel meplocoTtePO o€ 6,1t ucBavOnkate. Tig tedevtaisg 4
eBoouadeg, yio mOG0 ¥poVikd d1doTnpa. (KUKADGTE Vo, aplBuod oe kdbe celpd)
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Yoveye | To peya- | Enpav- | Mepwég | Mwcp | KaBoro
o AOTEPO TIKO QOpEg 0 016~ v
dlotua | o1dotn GTNLLOL
po

o. AwBavocoote 1 2 3 4 5 6
YEUATOG/ YEpdT
Lovtavia,

B. Eiyate mOAD exVevpiouo; 1 2 3 4 5 6

y. AwBavocaote 1660 1 2 3 4 5 6
TOAD TEGUEVOC/TEGUEVT
YUYOAOYIKA, TOV TITOTE
deV Umop0ovoE Vo, 6ag
QTIOEEL TO KEQL;

0. AwbBavocaote npepio 1 2 3 4 5 6
KoL YOANV;

€. Eiyore moAAn 1 2 3 4 5 6
EVEPYNTIKOTNTA,

o1. AwtsBavocaote aneAmicio 1 2 3 4 5 6
Ko peAaryyoiias;

L. AwbBavocoote 1 2 3 4 5 6
eEavtinon;

n. Hooaote gvtuyiopévoc/ 1 2 3 4 5 6
EVTLYICUEVN;

0. AwBavdcacte KOOpaon; 1 2 3 4 5 6
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10. T tedevtaieg 4 BS0UGOES, Y100 TOGO XPOVIKO SAGTNUO EMNPEACAV TIG KOWVWOVIKEG GOG
dpaompdtreg (). eMOKEYES o€ GIAOVG, GLYYEVEIS, KAT.) 1 KOTAGTAON TNG COUOTIKNG
oag VYeiag M kamow cuVaisOnuatikd Tpofinuoata; (Baite EVav kKOKAO)

DZDVENMIG vvuveenvernrenseesueensesseensaesseesseasseassesseesseasseaseesbeasseabeesheenseaseesbesaeebeanbeennenreenneen

TO HEYUADTEPO OUBOTILLOL c.vveevveeereneeeerienteeiteieeeteeteeteete e eensessaesaesseensessneensesseenes 2

IMEPUCEG POPES .vvenveereenreeeeeteeeteete et e e ste et e se e eae e st e sbeesreeabe s st e nbe e sbeeneesse e nenreenee e
IMUKCPO QUAGTIIILOL ettt eereneeeeeereeteesesteereestessensensaeseesaessessessensesssensensensessaeseesbessens

FCOBONOD e e e et e e e e e e e e e s eeeeeeseeereesessaneneesasraenenen .5

11.TI660 AAHOINEZ 1) YEY AEIX givon 01 mopakdto Tp0Tdcels 6T 1K GOS TEPITTMON;

(KoKAdoTe EVa apBud oe ke oepd)
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Evteho | Mdarro Agv | Mérro | Evrehmg
S % Eépo % Yépa
AMBeL | AlOer Yépa
o o
a. Mov @aivetot 6Tt appOOTUIV® 1 2 3 4 5
AMy0 evkOAGTEPO OO AAAOVG
aVvOp®OTOLG
B. Eiuat 16060 vymg 660 610101 1 2 3 4 5
YV®GTO1 oL
y. Tepyévo 6T vyeio pov Ba 1 2 3 4 5
YEWPOTEPEVGEL
0. H vyela pov eivon eEonpetikn 1 2 3 4 5
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FATIGUE SEVERITY SCALE

[FSS]

FATIGUE SEVERITY SCALE (F55)

MName

Please circle the number between 1 and 7 which you feel best fits the following statements. This

refers to your usual way of life within the last week. 1 indicates “strongly disagree™ and 7

indicates “strongly agree.”

Read and circle a number.

Strongly Disagree
Agree

—

Strongly

9. Fatigue interferes with my work, family,
or social life.

1. My motivation is lower when I am 1 2 k| [
fatigued.
2. Exercise brings on my fatigue. 1 2 3 &
3. 1 am easily fatigued. 1 2 3 6
4. Fatigue interferes with my physical 1 2 3 &
funcrioning.
5. Fatigue causes frequent problems for 1 2 3 &
me.
6. My fatigue prevents sustained physical 1 2 3 &
functicning.
7. Fatigue interferes with carrying out 1 2 3 &
certain duties and responsibilities.
8. Fatigue is among my most disabling 1 2 3 &
SYMpLoms.

1 2 k| &

VISUAL ANALOGUE FATIGUE SCALE (VAFS

Please mark an “X on the number line which describes your global fatigue with 0 being worst

and 10 being normal.
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Appendix 4: Copyright Statement
YneuBOuvn AlAwon

H kdatwOu umoyeypappévn NAME petarttuyiaki/og dottitpia/ng touv MNpoypapupatoc
Metartuylakwy Sroudwv «AZKHZH KAl YTEIA» tou TuApoatog Emotipng Guokng Aywyrc
kot ABAntiopoU Ttou Navemotnuiov OsooaAiog

SNAwvw urteBUVA OTL ATTOSEXOLOL TOUG TAPAKATW OpoUG TTou adopolv

(o) ota mveupatika Sikaltwpota tng Metamtuxlokng AmAwpatikig Epyaciog (MAE) pou pe
Titho «H enidpaon TNG HULKNAE KOTIWONG OTNV VEUPOUULKA Spactnplotnta Kotd tn SLapKeLla
TOU UTVOU»

(B) otn Sloxeiplon Twv epeuvnTIKWY dedopévwy ou Ba cUAEEW oTnV TTopELa EKTTOVNON G
mne:

1. Ta TIVEUMATIKA SLKOULWMUATA TOU TOHOU TNG Metarmtuytakng Siatptprg mou Oa
npokUuPel BOa avrikouv oe péva. Oa akohoubriow Tig 0dnyieg ouyypadng, EKTUTWONG Kal
katdBeong avtitimwy tng datptPic ota avdloyo amobetripla (oe évtumn A/kol os
NAEKTPOVLKA Lopdn).

2. H Siaxeipion twv Sedopévwv tng Slatplfrg avhikel amd Kowou ot gpéva Kal
otov/otnv npwto enBAénovta -ouoa Kadnyntn -tpLag.

3. Omnoladnmote enLotnUovikh dnuoocieuon i avakoivwaon (avaptnuévn 1 mpodopikn),
N avadopd mou TMPoEpXeTal amo to UALKG/Sedopéva TnG epyaociag autng Ba yilvetal pe
ouyypadeic epéva tov 18lo, Tov/InV KUplo-a emPAEMOVTA -oUCO N KAl GAAOUG EPEUVNTEC
(omwg Ty péAoug —wv TG TPLUEAOUG CUUPBOUAEUTIKAG EMLTPOTNG), avaAoya Ue Th cupPBoAn
TOUG OTNV £PEUVA I OTN CLUYYPAPH TWV EPEUVNTIKWY EPYACLWV.

4, H oelpd TWV OVOUATWV OTLG ETLOTNUOVIKEC ONUOOCLEVCELC 1]  ETLOTNHOVLKEG
avakowwoelg Ba amodaaciletol and kool amd spéva Kal Tov/tnv KUpLo -o emPAEmoOvVTO -
ouoa NG epyaociag, Tmpw apyioel n eknmovnorn tn¢. H amodaon autrh Ba miotomoinBet
eYYPAPWE HeTaty epol Kal tou/tng K. emBAEmovTa -oucoc.

T€Nog, SnAwvw OTL yvwpillw Toug KOVOVEG TEPL AOYOKAOTING KOl TTVEUMALTLKIG LELOKTNOLOG
Kol 0Tl Oa Toug Tnpw amapéykAtta kad’ OAn tn Sdwdpkela tng dpoitnong ko KAAvPng Twv
EKTIOULSEUTIKWY UTIOXPEWOEWV TIOU TMPOKUMTOUV oatd to MMI/tuApa, aAAd Kot Twv
Sladwkaclwv dnpooicuong mou Ba npokUYPouv HETA THV OAOKARPWON TWV OTIOUSWV HoU.

Huepounvia: 22/04/2019

H énAovoa: Apyupw Kpaoé
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Appendix 5: Protocol Registration — Clinical Trial.gov

ClinicalTrials.gov PRS

Protocol Registration and Results System

Home > Record Summary

135

10- 8245142014 Impact of Cold Dialyss in Combination With Infradialytic Exercise in Aspects Related fo Qualty of Life and Health

Mome - Hep @

Record Status

Record Summary

‘In Progress = Entry Completed wb Approved wb Released = PRS Review = Public

Resetto n-Progress..

Record Owner: GSakkas =1 Acoess List: [ Est
Last Update: 041042019 16:10 by QA37 Upload: Allowed Edit
Initial Release: 03292019 PRS Review: Review History

Last Release: 04/04/2019  Receipt (PDF) Public Site: Last Public Release: 04/04/2019 View on ClinicalTrials.gov

FDAAA: Non-ACT (No FDA-tequlated drug/device) @

Speling  Preview DratRecep (PDF RTF) Dounload XL

QOpen | Protocol Section

Identifiers: NCT03905551 Unique Protocol ID: 921-6/11/2014
Brief Titl: Impact of Cold Dialysis in Combination With Intradialytic Exercise in Aspects Related to Quality of Life and Health (REACD)

Module Stalus: gy denification: ¢
Study Status: ¢
Sponsor/Callaborators: f
Oversight:

Study Description: f
Conditions:

Study Design: ¢

Arms and Interventions:
Qutcome Measures:
Eighilty: ¢
Conlacts/Locations:
IPD Sharing Statement: ¢

References:

QOpen , Document Section

Only certain studies need to have sfudy documents uploaded.

+ Full study protocol and statistical analysis plan - required with results information submission for studies with a Primary Completion Date on or after January 18, 2017

+ Informed consent foms - optional for all studies

Uploaded POF/A Documents:

Results Section

Enter Results Results submission is required by FDARA 801 for certain appiicable clinical trials of drugs, biologics and devices. Note: other cincal rals may need to have results submited based on other funder or sponsaor polices.

Delay Results For applicable clinical trials subject to FDAAA 801, results submission may be delayed (in limited circumstances) with a Certification or Extension Request.

For more information see: When Do | Need to Register and Submit Results?

Add Reenrd | nn
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Appendix 6 Supplementary results for the study 2

Table 4. Results and comparisons for functional capacity for each dialysis session

136

Results for each protocol (meantsd)

Post hoc comparisons between protocols (p-value®fetsizel)

D D D CD CD TD+E
Time D CD TD+E CD+E VS S VS S VS VS
CDh TD+E CD+E TD+E CD+E CD+E
Physical Performance Test
Six minute walking test (m)
Pre 444.4+58.1 449.2+58.4 443.1456.7 454.4+492| 0.81001  0.89l002 0 g2[0101 (330100 (47001 (19020
Post 435.5+66.3 438.6+48.2 427.1+52.8 436.8+50.2| 0.770°%1 056081 7801 (14022 (g9l (230018
Six meter fast walking (sec)
Pre 3.86£0.7  4.03£0.4  4.19+0.9  4.12+0.9 | 0.50°2%1 008031  .17032 (520020 73011 4807
Post 4.48+1.1 425405  4.29+1.0 4.37+1.1 | 0.34024 25017 5300 g golol 5ol o Gglo07]
Sit to stand 5 repetitions
Pre 12.6848.0 11.30+5.3 13.76+11.5 12.46+6.2 | 0.480%1 02900161  g5l00sl (2700261 (30011 5Ol
Post 13.52+8.5 11.86+4.6 11.48+5.2 12.51+6.4 | 0.3300%  0.1428 36023 (540071 4301 (16017
Sit to Stand 60 seconds (sec)
Pre 24.55+8.7 25.10+8.0 26.2+9.8 24.70+8.9 | 0.75(°%1  0.950004 0290171 (.45[0.12 0.641°04 .32
0.88[0'01] 0.42[0.08] 0.47[0.09]
Post 22.80+7.8 2440484 24.5048.7 23.7048.0 |} aop10]  (ggb2] (5701
Hand Grip (kg)
Pre 29.5248.1 31.0749.8 29.22+13.2 31.29+9.6] 0.4701 01700261 g 390161 (gelo03 770002 o 760004
1h  29.09+7.9 30.65+10.0 32.89+8.8 30.09+10.1| 0.360°*1  0.18021 (.60l .61 (.4500% (55011
2h  30.2749.2 30.42+104 32.26+8.0 30.39+10.1| 0.91001 780001 9300 (gol%®l (9500 g 7g00%]
3h 30.70+8.39 31.15+9.7 33.20+8.8 31.34+10.2| 0.751°%1 570009 7000 (480071 (g2[002 ( gpl002
4h  30.78+9.7 30.82+10.9 33.08+8.77 30.07+9.54| 0.9810%1 720031 490081 o gpl0%sl (g%l (g 25015
Post 29.49+7.66 31.49+8.27 31.80+6.34 30.11+8.18| 0.03°24 .15 370071 (280171 (15018 G308
Note: Post hoc tests indicate comparisons between different protocols at the same time point.
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137

Table 2. Results and comparisons for insulin sensitivity parameters for each dialysis session

Results for each protocol (meanzsd) Post hoc comparisons between protocols (p-value!®ectszl)
TD TD D CD CD TD+EX
TD CD TD+EX CD+EX VS VS VS VS VS VS

CD TD+EX CD+EX TD+EX CD+EX CD+EX

OGIS (ml-min™-m?)
499.1£92.5 502.4+74.8 508.5+843 522.7+82.7| 0.87°%  0.64°7 0.810% 032007 0.68°%1 07507
Rate of Glucose (mg/dl/min)
171.0428.8 155.6+30.5 156.5£29.6 159.0+33.1| 0.07°%% 0.07041 0.380%7 0,340 (7600101 g2l

Rate of Insulin (mg/dl/minz
61.6£27.5 48.5+24.0 40.3+18.3 52.9+26.5 | 0.2904 0,090 0,430 0.261°%1 .90l (,140%!

Note: Post hoc tests indicate comparisons between different protocols at the same time point. P<0.05
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Table 3. Results and comparisons for arterial pressure, No,, heart rate and O, for each dialysis session

138

Results for each protocol (meantsd)

Post hoc comparisons between protocols (p-valueefetsizl)

Institutional Repository - Library & Information Centre - University of Thessaly
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D D D CD CD TD+E
Time D CD TD+E CD+E VS S VS VS VS VS
CD TD+E CD+E TD+E CD+E CD+E
Systolic Blood Pressure (SP)
Pre 130.9+16.7 135.9424.6 138.7+26.6 128.0+20.8| 0.322%1  0.19003 0 gEl0181 (3200101 (390031 ( 2gl04]
1h 119.8+13.5 121.5426.9 119.8+18.4 123.5+34.0| 0.76[°%  1.000% (6504 068001 650 (56022
2h  121.0+18.0 123.2+32.9 122.8422.9 116.8+29.8| 0.7110%81 7300 39016  g3l0 (3020 (20022
3h  118.1+22.9 123.3+27.2 121.1425.8 115.6£29.0| 0.261%%1 570012 20001 o gol%81 (0200261 (29019
4h  119.6+30.3 124.6+£33.0 119.4+28.9 117.9+31.4| 0.310%51 9500 7700051 230161 (2200201 (g 790051
Post 120.1+25.5 130.0+31.3 124.3+31.2 118.7431.4| 0.030331 0290014 o 78l0081 (33011 (10351 (41017
Diastolic Blood Pressure (DP)
Pre 70.6+13.9 75.749.84 73.8+15.2 74.3+12.2 | 0.08041 020021 0,142 (590014 g2 .g5l0%]
1h  68.2+11.5 66.8+13.4 70.3+12.4 68.6+14.5 | 0.450011 .25  (.ggloosl 210261 (4612 (560212
2h  69.4+12.1 72.0£12.1 71.4+10.6 67.3+14.7 | 0.1200201 30071  .330015 65001 (2038 (14031
3h  66.3+12.9 71.4+12.6 73.4+11.7 67.013.4 | 0.091%]  0,090%1  (.g820005] 52061 (18032 (el
4h  66.749.2 7424127 66.4+142 70.8+14.1 | 0.01064  .92002 (18033 01051 320024 (25020
Post 69.9+10.3  68.6+9.2  70.0+11.9 68.7+14.6 | 0.460%1 096001 0,690 (540131 (970001 (g 7400
Nitrogen Dioxide (No2)
Pre  4.649.3 2.844.6 6.4+10.6  7.249.0 | 0.2500%1  .270%81 3000 37041 gol (91000
1h  4.5+7.7 2.0+2.8 6.0+6.8 5.749.8 | 0.72018 .89 710081 2100621 2700581 410037
2h  4.6+6.5 3.849.0 3.245.9 6.0£9.3 | 0.7400% o700 49020 1 0l 79001 (5402
3h  4.7£5.0 5.0£9.6 3.244.7 6.4+9.8 | 0.83000 .26l  7501®1 720200 47018 5103
4h  3.6+5.3 3.545.5 4.1+4.4 5.7¢7.4 | 0.84012 @501 geld (9400 1 00l .69l022
Post 5.145.9 4.0+5.9 2.843.7 5.5£5.9 | 0.76011 0450381 77014 (83001 (g2l 410047
Heart Rate (bpm)
Pre 67.9+14.2 68.0+15.2 69.3£13.6 68.1+12.6 | 0.940% 0790010 g0l (810001 (ggleoll (57100
1h  68.8+t14.6 70.0£13.6 70.3£14.5 71.5+14.8 | 0.700%%0 096U 2611 (94002 (550100 o 79l008
2h  73.4+17.9 69.1+13.7 76.1+19.5 78.7+16.4 | 0.140261 740091 (110030 3038 (. oQl¢H (.64013
3h  73.8+18.7 69.2+16.9 75.4+17.8 73.9+15.3 | 0.3704 7700081  (.9gl00 (3710301 (g 2pl0261 (o GEl00
4h  77.2+19.1 75.6t18.9 75.2+17.2 72.4+16.9 | 0.7000081 @200 340271 9ol (560200 (33016
Post 69.2+14.5 72.2+13.8 71.5+12.7 69.6+14.0 | 0.3210200  0.630€  0.9pl0%] (840051 (45018 (31014
Oxygen Saturation (%)
Pre  97.5+1.3 98.2+1.1 96.9+42.8  97.0£2.3 | 0.051%%  0.3602¢1 410021 (2200%81 (14081 ( gpl04
1h  96.7+1.1 98.140.9  97.0+1.3  97.0+1.5 | 0.0204%81 053031 4002 0,010 0,067 (.84007]
2h  98.140.8  97.9+1.6  97.1x1.6 96.5+2.8 | 0.830% 307 (17061 (13061 (1505 g @g1024
3h  97.741.2  98.2+1.0  96.8+2.7 97.0+2.4 | 0.11068 (400461 (41040 1471 17060 g g4
4h  97.7£1.0  98.1+1.1 96.6+1.8  97.242.6 | 0.31041  0.040%1 3634 (0103%] 40041 (.1704]
Post 98.2+0.6  98.2+1.0  97.7+1.6  97.7+1.2 | 1.000% 051031 370051 (24021 370351 @ 900
Note: Post hoc tests indicate comparisons between different protocols at the same time point.
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Abstract

Chronic renal disease is associated with advanced
age, diabetes, hypertension, obesity, musculoskeletal
problems and cardiovascular disease, the latter being the
main cause of mortality in patients receiving haemodialysis
(HD). Cooled dialysate (35 ‘C-36 C) is recently employed
to reduce the incidence of intradialytic hypotension in
patients on chronic HD. The studies to date that have
evaluated cooled dialysate are limited, however, data
suggest that cooled dialysate improves hemodynamic
tolerability of dialysis, minimizes hypotension and exerts
a protective effect over major organs including the heart
and brain. The current evidence-based review is dealing
with the protective effect of cold dialysis and the benefits
of it in aspects affecting patients” quality of care and life.
There is evidence to suggest that cold dialysis can reduce
cardiovascular mortality. However, large multicentre
randomized clinical trials are urgently needed to provide
further supporting evidence in order to incorporate cold
dialysis in routine clinical practice.
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Core tip: Cooled dialysate (35 C-36 C) is recently
employed to reduce the incidence of intradialytic
hypotension in patients on chronic haemodialysis. The
studies to date that have evaluated cooled dialysate are
limited, however, data suggest that cooled dialysate
improves hemodynamic tolerability of dialysis and exerts
a protective effect over major organs. There is evidence
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