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REGULATION DE UHOMEOSTASIE HYDRO-SODEE EN HD

Un challenge... KDIGO: Pas de consensus sur la
v’ Limiter la consommation en prescription du sodium en dialyse
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PHYSIOLOGIE DU SODIUM ET LA THEORIE DE GUYTON

Balance sodée positive
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COMMENT QUANTIFIER CE SODIUM OSMOTIQUEMENT
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PHYSIOLOGIE DU SODIUM: EVOLUTION DU CONCEPT?
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DU MARS AU SODIUM CUTANEE ...




PHYSIOLOGIE DU SODIUM: EVOLUTION DU CONCEPT? Yoo * S
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PHYSIOLOGIE DU SODIUM: EVOLUTION DU CONCEPT? 8
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PHYSIOLOGIE DU SODIUM: EVOLUTION DU CONCEPT?

Régime riche en sodium augmente la
densité des capillaires lymphatique
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Table 2. General parameters in healthy subjects during LS and HS diet

General parameters in healthy subjects (n = 31)

LS HS P-value

Proteinuria (g/day) <0.2 <0.2 -
Systolic blood pressure (mmHg) 1232 124 = 1 0.138
Diastolic blood pressure (mmHg) 68 * 1 69 = 1 0.453
Mean arterial pressure (mmHg) 86 * 8 87 =7 0.251
Creatinine clearance (mL/min) 103 5 123:+5 0.003
NT-proBNP (pg/mL) 14 (11 -19) 26 (20 - 35) 0.002
Body weight (kg) 79.9 %21 81.6 * 2.1 <0.001
ECV (L) 19.8 = 0.5 208 = 0.5 0.023
oo ! Ty 772 (T4Q n’)l\ QU1 (780 1023} 0070

oatl amount of VEGF-C (pg) 14539 (1002 - 22751) 18176 (14320 - 26405)
lasma Na* (mmol/L) 1385 + 04 1398 = 0.4

rinary Na* (mmol/day) 46 * 11 257 = 16

LS = low-sodium diet, HS = high-sodium diet, Total amount of VEGF-C is calculated as plasma VEGF-C X ECV. Reference value NT-proBNP < 125 ng/ H c L

HOSPICES CIVILS
DE LYON

Maknick A, 2009, Nature Comun- Slagman M, NDT, 2012



PHYSIOLOGIE DU SODIUM: EVOLUTION DU CONCEPT?

-

*
— - ) - —
3 2500~ 2 = % & g 160
E ? 2 2 T
2 2000~ E o ®  140-
6’ 5 £ 20+ . 25 o ra
3 - 4 I A
g 1500 u|g * * % N Yy § £ 120- % - .
0 E z - 'V 3 E I. 'V
W 1000+ *le — 9 154 = = o
- X 2 = 100-
o A ole E .; . -o-
] =
g 500+ <3 =
8 2 - & 80—
o 0 ; . . . L% s ma — m— N oo o &
N &S
(\\0 & 66 & O\& \\0\0 .00(\ O& .Qo(\ C ('\\\\Q . '\Qo. '\00. Y
S & & & N Q\\\ Q\\\ <§ P Q\ 0(\\ QQ\
2 & & & £ & & & & 9 9%
é\é % ) =) Q)é’\ &
2

Dahlman, KI, 2015

Marko, hypertension, 2022




PHYSIOLOGIE DU SODIUM: EVOLUTION DU CONCEPT?
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23NA MRI : TECHNICALLY CHALLENGING

Mesure non invasive

Quantitative pour les organes superficiels
La sensibilité de I'IRM au sodium est d’env 10 % de celle du proton [Na*] <<< [H*]

Temps de scannage pour 1 image = 15 min

12



SPECTRO-RMN: IMPLICATIONS TECHNIQUES

15

De préférence sur des IRMs 3T

Contraintes techniques couteuses car:

La spectroscopie multinoyaux nécessite une Antenne de surface ou une

chaine de radio-fréquence supplémentaire birdcage double accord 1H/31P
adaptéee en fréguence a chaque noyau étudié

Couplage images morphologiques (Proton) et fonctionnelle non invasive,
guantitative ou semi-quantitative



23NaMRI
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LE SODIUM TISSULAIRE
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LE SODIUM TISSULAIRE, MRC, HD ET DP
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FIGURE 4: Between-group comparison in mean tissue sodium concentration [(A) skin; (B) soleus and (C) tibia]. *P < 0.01; **P < 0.001;
=P <0.0001;

Qirjazi, Mcintyre, NDT, 2020



LE SODIUM TISSULAIRE PEUT-IL ETRE MOBILISE?

Muscle 2*Na [mmol/L]

With loop diuretic
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Table 2. Demographic data and results.

Patients
Gender 7 men/2 women
Age [years] 78 (range: 58-87)

Before Therapy After Therapy
Muscle Na* [mmol/ 30.7 +6.4 242 +6.1
L]
Skin Na* [mmol/L]  43.5+ 14.5 322+ 12.0
Whole lower leg 447 +15.3 29.9 + 10.7
Na* [mmol/L]

Hammon et al, Plos one, 2025
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Karg et al. Cardiovasc Diabetol (2018)




LE SODIUM TISSULAIRE PEUT-IL ETRE MOBILISE EN DIALYSE ?
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HD removes osmotic and non osmotic active sodium

Dahlmann et al, Kidney international 2015



METHOD

v' hypothesis
Na dialysate prescription can modify tissular sodium content

Prospective observational study
NCT03004547

36 patients in HD > 3 mois

reseplye 18 patients [137 mmolL]
oo, 18 patients [140 mmol/L]

Q Mid week

— Non dialysis da
2NaMRI Y Y

83 Blood pressure

Lemoine S, Salerno F, Akbari A Mcintyre CW. AJKD Feb 2021



PATIENTS CHARACTERISTICS

Age 66 yo (47-79) 65 yo (40-82)
% men 55% 66%

BMI (kg/m?) 31,5(21.6—-41.1) 32.4 (21.4-43)
PAS/PAD 128/73 mmHg 133/79 mmHG
% Hypertension 83 % 88 %

% DT2 57 % 66 %
Dialysis vintage 19 months 22 months
Interdialytic weight 1.65 kg (0—3.2) 2.3kg (0.1-5)

Lemoine S, Salerno F, Akbari A Mcintyre CW. AJKD Feb 2021



SODIUM 137 ET 140 MMOL/L PRESCRIPTION AND TISSULAR SODIUM
CONTENT
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—>skin sodium content is significantly lower in [137] than [140] concentration
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RELATIONSHIP BETWEEN SODIUM DIALYSAT AND TISSULAR SODIUM

On the whole Cohorts, n=50
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BLOOD PRESSURE AND SODIUM CONTENT
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DO WE HAVE OTHERS PARAMETERS IN HD THAT COULD
IMPACT TISSULAR SODIUM CONTENT ?

- No impact of residual kidney function, dialysis vintage and vascular access.

S. Lemoine and CW Mclntyre’s data
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QUELS IMPACTS SUR LE SODIUM TISSULAIRE DES PARAMETRES D’HD?

1) Durée longue d’HD associée a un régime strict en . Muscle Na* Skin Na*
sodium (Tassin, France) 7 b |
. . . , N 5 E] *
11 patients de Tassin vs 11 patients matchées en age et 8 20- s 30
[ [
sexe d’Allemagne 3 g = 20 &
£ 107 2
o~ ™ 10_
n=11 n=11
0 0
HD|ocal HD Tassin HD local HD Tassin
Cc Overhydration d Ultrafiltration
La concentration cutanée de sodium est-elle du o 50007
UF? 24 40007 *
Sodium du dialysat? 2 of . ™ _
. 20004
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10004
-4 0 —
HD local HD Tassin HD local HD Tassin

Kopp et al, kidney international reports, 2024
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QUELS IMPACTS SUR LE SODIUM TISSULAIRE DES PARAMETRES D’HD?

2) Cohorte d’HD en Allemagne (n=75 patients)
- Part A: UF : 37 patients en HD UF <2.4 | vs 38 patients on HD > 2.4 |
- Part B: 41 patients HD < 4.5 hrs vs 34 patients HD >4.5 hours.

- Part C: 17 patients HD [Na]dialysat = 138 mmol/| vs 58 patients [Na]dialysat < 138 mmol/I.

Kopp et al, kidney international reports, 2024
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QUELS IMPACTS SUR LE SODIUM TISSULAIRE DES PARAMETRES D’HD?

— Part A: UF : 37 patients en HD UF <2.4 | vs 38 patientson HD > 2.4 |

a Muscle Na* before dialysis b Skin Na* before dialysis
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Kopp et al, kidney international reports, 2024



QUELS IMPACTS SUR LE SODIUM TISSULAIRE DES PARAMETRES D’HD?
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Part B: 41 patients HD < 4.5 hrs vs 34 patients HD >4.5 hours.

a Muscle Na* before dialysis b Skin Na* before dialysis
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32

QUELS IMPACTS SUR LE SODIUM TISSULAIRE DES PARAMETRES D’HD?

Part C: 17 patients HD [Na]dialysat = 138 mmol/Il vs 58 patients [Na]dialysat < 138 mmol/I.

a Muscle Na* before dialysis b Skin Na* before dialysis
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QUELS IMPACTS SUR LE SODIUM TISSULAIRE DES PARAMETRES D’HD?
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Table 2. Clinical characteristics on substudies of local HD patient cohort

Dialysate Na™ Dialysate Na*
Characteristics UF <2.4 | UF 22.4 | Pvalue HDfime <45h HDtime=45h  P-value <138 mmolA =138 mmolA P-value
Demographics
Individuals, n 37 38 41 34 17 58
Age, yr 554 +14.9 57.1 £ 14.6 0.62 584 + 13.3 63.7 £ 16.0 0.17 56.5 &+ 16.1 56.2 = 14.4 0.93
BMI, kg/m? 26.7 4.7 285450 0.12 273+ 42 279+57 0.62 289 £5.3 272+ 48 0.22
SBP, mmHg 132 £ 17 140 + 20 0.05 136 + 19 137 + 18 0.85 135 + 22 136 + 18 0.75
DBP, mmHg 72 £ 10 75+ 12 0.39 72 £ 10 756 £ 12 0.35 70 £ 13 74 £ 11 0.16
HD-related parameters
I HD vintage, yr 2@ 4 (6.7 <0.05 1.75 (3.5) 3.5 0.15 4 (6.4 2.1 (4.5) 0.20
Treatment time, h 4.5 (1.25) 4.75 (1.0) 0.1 4.25 (0.5) 55 (2.5 - 4.5 (0.75) 45 (1.3) 0.81
I Residual diuresis, ml/d 500 (1500) 100 (500) <0.01 500 (1000) 0 (500) <0.05 200 (1000) 300 (1000) 0.86
IDWG, kg 08 £09 27+£1.1 <0.01 144+£1.2 21+14 <0.05 18+15 1.7+£13 0.84
Ultrafiltration, | 1.3+07 3.2+0.7 - 20+1.0 27+13 0.01 25+15 22+ 1.1 0.45
Dialysate Na™, mmol/L 138 (0) 138 (2) 0.95 138 (2) 138 (0) 0.55 135 (0) 138 (0) -
Laboratory dafa
Plasma Na™, mmol/l 138.6 + 2.5 137.4 + 2.6 <0.05 1384 + 25 1375+ 26 0.16 136.4 + 3.0 1384 + 23 <0.01
Plasma K*, mmol/I 52 £ 0.7 57+ 0.8 <0.05 54 £ 0.8 b £ 0.7 0.54 55 +09 54+ 07 0.85
BIS dafa 32 35 35 32 13 54
Total body water, | 408 + 7.9 393 + 6.8 0.40 387+ 76 415 + 6.9 0.11 377167 40.6 + 7.5 0.20
I Extracellular water, | 19.4 £ 3.9 19.2 £ 3.3 0.83 18.7 £ 3.7 200+ 30 0.156 18.7 £ 3.3 196 + 3.6 O.IFI
Infracellular water, | 214 +45 20.1+£4.0 0.21 199 + 4.3 215+ 42 0.13 19.0 + 3.9 21.1+43 0.11
ratio ECW/ICW 092 +0.12 0.97 £ 0.14 0.08 0.95 +£0.13 0.94 £ 0.14 0.51 0.99 +£0.13 094 +0.13 0.15
Qverhydration, | 21 +£21 1.9+15 0.73 1.8+1.9 21 +17 0.76 1.7+£14 20£19 0.51

Kopp et al, kidney international reports, 2024
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Dialysate [Na*]: 138 vs. 142 vs. 135 mmol/|

Dialysate [Na*] 142 mmol/|
ek a Muscle Na* b Skin Na*
138 mmol/l *
____ 40- n.s. *
135 mmol/| - 409
Treatment time 7.0 hours 5 weeks
! ! ! 3 3 a0
visit 1 visit 2 visit 3 z =
:::—MRI ;l:u';mm :gl;—mm 'Ea 20- E 204
EBlaod pressure Blood pressure Bloed pressure 4 =
a b
10+ 10
R w 6‘$ P N @0‘\\
&
Figure 6. Study synopsis of interventional cross-over adaptation of dialysate [Na 1. Upper panel: timeline of stepwise changes in dialysate \..g:‘(\ ,{b"’
[Na™] from 138 to 142 to 135 mmol/l with according visits 1 to 3. Lower panel: Representative **Na-MR images of the left calf during visits 1o 3.
Calibration tubes with 10, 20, 30, and 40 mmol/l NaCl are situated below the leg; the brightness of the resonance signal reflects the Na' amount.
2Na-MRI, ®Na magnetic resonance imaging; a.u., arbitrary unit; BCM, body compasition manitar. c d SYStO'iC Blood Pressure
Dialysate Na™* Dialysate Na* Dialysate Na* P value 200+ ns. p=0.07
138 mmoll 142 mmoll 135 mmold 138 vs. 142/
Characteristics n=10 n=10 n==8 142 vs. 135
. 150
Demographics >
Age, yr 60.5 + 13.2 - - - E
3ody weight, kg 898+ 145 8994+ 1563 898+146 0.80/0.74 100
AD-related parameter
4D vintage, yr 5.6 (IQR 7.1) = = = -2 T T T 50
Treatment time, h 700QR1.6) 7.4 (IQR1.7) 7.4 (IQR 2.3) 0.34/0.67 \,g,b \;\, 6‘6& o g <~‘$
Jitrcfiliration volume, | 2.1 £ 1.6 19+£13 1.7 +09 0.62/0.83 & ‘:«s
_aboratory data g N>
Serum Na*, mmol/l 1386 + 4.4 1388 +£2.2 1406 + 3.0 0.78/0.12
Serum K™, mmol/l 556 +0.7 55+ 0.7 57 +09 0.60/0.12
3IS data
Total body water, | 46.7 £ 6.1 473+ 6.1 449 + 43 0.16/0.34
Extracellular water, | 220+£31 229+38 209=+27 <0.05/0.11
nilfucellulur water, | 241 4+29 244+25 2404122 0.60/0.09 Kopp et al, kidney international reports, 2024
‘atio ECW/ ICW 090+ 008 094 +009 087+010 0.09/0.05




LE SODIUM TISSULAIRE A-T-IL UN IMPACT CLINIQUE ?

Relationship between skin sodium content and LVM (schneider et al, JASN, 2017)

Schneider et al, JASN, 2017
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Figure 4. Relationship between skin sodium content and LVM.



SODIUM TISSULAIRE ET RISQUE CV EN HD

Methods Results n=52 patients 145 — v
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FIGURE 2: Kaplan-Meier curves for overall survival (A) and event-free survival as a composite of all-cause mortality and MACE (B) after skin [Na™] quartile stratification.

Salerno F, Lemoine S, MciIntyre CW. Clin Kidney J 2022
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RESULTATS CONFIRMES PAR UNE AUTRE EQUIPE

HD-Control HD-CVD
Male 60 y/o patient Male 58 y/o patient
HD-related parameter
HD vintage, years 1.6 (IQR 3.4) 2.5(IQR 4.8) 0.22 < Control
HD technique 24 BHD/5HDF 20 BHD/3 HDF g
Treatment time, h 4.5 (IQR0.75) 4.75 (IQR 0.75) 0.39 o
Residual diuresis, mL/d 500 (IQR950) 300 (IQR500)  0.30 =
IDWG, kg 1.8+1.1 1.8+1.5 0.94
Ultrafiltration, L 2.241.1 2.3£1.2 0.71
Dialysate Na*, mmol/L 138 (IQR 3) 138 (IQR0) 0.39 a
Dialysate bicarbonate, mmol/L 32 (IQR 3) 32 (IQR 3) 0.95 Skin A
Laboratory data *
Plasma Na*, mmol/L 138+2 13943 0.19 501 501 w
BISdata 5 5
Total body water, L 38.2+5.9 40.6+7.7 0.25 = %] o S 30
ECW, L 18.7+3.2 20.0+34 0.18 % 20+ % 204
ICW, L 19.5+3.2 20.6+4.6 0.37 £ ol : £
Ratio ECW/ICW 0.96+0.12 0.99+0.11 0.43
G 0
b HD-Control HD-CVD c HD-Control HD-CVD
Excess ECW
“Chicken or egg”?: Is tissue Na+ overload -
\I/ involved in the development of CVD or does Y
. . . 5 24
‘\ CVD itself lead to tissue Na+ retention? 2] 5, 0%
: O
. § 24
d HD-Control HD-CVD

Friedrich et al, Kidney Blood Press Res 2022
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SODIUM ET INFLAMMATION ?

NT-proBNP

hs Troponin |
1051 *
10‘1
£ 085
E oReie)
10‘1
o)
10 b
a HD-Control HD-CVD b HD-Control HD-CVD
Interleukin-6

pg/ml

C HD-Control HD-CVD

Friedrich et al, Kidney Blood Press Res 2022



LE SODIUM TISSULAIRE AUGMENTE DANS LES PATHOLOGIES

INFLAMMATOIRES
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EN CONCLUSION

- Le sodium peut étre mesuré en HD

- Le sodium cutané peut étre mobilisable

— Le sodium cutané semble étre prédicteur indépendant des évenements cardiovasculaires
— Le sodium tissulaire est sensible aux interventions thérapeutiques

- Sodium cutanée: cible pour amélioration de la survie ?

— Etude sur plus grosse cohorte nécessaire mais probleme d’accessibilité de I'IRM




PERSPECTIVES

Mesure des variations de
sodium tissulaire au cours de la
séance

Module sodium

Mesure des variations de
sodium tissulaire au cours de la
séance
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