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Hyperhydratation

Nacl extracellulaire: cedemes, HTA,
Recommandation: 5g/j dyspnée

Hyperhydratation intracellulaire

Isonatrique

Dialyse: correction des

troubles de I’hydratation
Balance sodée: convection++

Liquides (eau) Déshydratation intracellulaire (Na haut): soif

Déshydratation extracellulaire:




Na plasmatique évalué par la conductivité
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Pas disponible sur tous les générateurs

— Natrémie « vraie » du laboratoire

Urée [(mmaol /1) 14,354
Urée (apros) (mmal/l) 3.20012
Créatinine [ pmol/1) 776.152
Creéatinine (aprés) (pmol/T) 273
Kt/V équilibré 1.45399
PCRn (g/kg/jour) 0.826672
Protides (z/dl) 6.6
Protides (aprés) (g/dl) B
Sodium (mmol /1) /i-ﬂﬂ \
Sodium (apres] (mmal/1) \140 )
Potassium {mmol /1) MNT S
Potassium [aprés) (mumol /1) 34
Chlore [ mmuaol /1) a9
Chlore (apres) {mmol /1) 100
Calcium total (mmuol/1) 231
Calcium {apreés) [(mmol /1) 256
Phosphore [mmuol /1) 1.45476
Phosphore [apres) (mmaol /1) 0.5508
Bicarbonates [(mmaol/1) 23
Bicarbonates (apres) (mmuol/1) 27
Vit D3 [25-0H) ng/ml)

VitD 25-0H (D2+D3) [ng/ml)

PTH (ng/1) 348.11
BNFP {pg/ml) 812 893

Grande stabilité de la natrémie des patients
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Dialysate sodium (DNa) prescription practice in the Dialysis Outcomes and Practice Patterns Study countries. ANZ, Australia/New
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Dialysate Sodium Concentration and the Association with Interdialytic
Weight Gain, Hospitalization, and Mortality

Manfred Hecking "', Angelo Karaboyas ', Rajiv Saran *, Ananda Sen %, Masaaki Inaba ", Hugh Rayner ¥, Walter H




Waikar et al Sodium and Mortality in Dialysis
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Figure 2  Kaplan-Meier cumulative failure curves. Panel A demonstrates all-cause mortality by quartile of baseline serum sodium 1 549 HD HEM O stu dy

concentration. Panel B demonstrates cardiovascular mortality by quartile of baseline serum sodium. Panels C and D demonstrate Natrémie >4 m Eq / | associé a une baisse de la
all-cause and cardiovascular mortality. respectively. based on quartile of serum on time-updated analysis. Quartiles of serum -
sodium concentration were =136, 137-138, 139-141, >141 mEg/L in baseline analyses. and =136, 137-139, 140-141, >141 mortalité de 16%
mEg/L in time-updated analyses.
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ed martality risk associated with pre-HD SNa by ASNa level
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FIGURE 2: Association of niSBP with all-cause mortality. (A) Restricted cubic splines showing 5-year mortality for unadjusted, case-mix and
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FIGURE 3: Association of AiSBP with all-cause mortality. (A) Restricted cubic splines showing 5-year mortality for unadjusted, case-mix, and

case-mix+MICS adjustments. (B) Five-year mortality for unadjusted, case-mix and case-mix+MICS. (C) One-, 2- and 5-year mortality for
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Unlocking Vital Insights: The Nexus Between
Dialysate Sodium, Plasma Sodium, and Mortality

in a Global Hem odialysis Cohort N R S e
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Dialysate sodium =138 mmol/l was associated with higher mortality (HR 1.57, 95%

o Gox Proportional Hazard Madel Cl,1.25-1.98) adjusted for plasma sodium and its potential interactions.
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Dialysate Sodium: Rationale for Evolution over Time
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X. Geng, et al

Méta-analyse
Comparaisons dialysats:

Low: < 138mmol/L
Neutre: 138-140
High: > 140 mmol/I

International Journal of Surgery 79 (2020) 332-339

Lower dialysate Higher dialysate Mean Difference Mean Difference

ludy or Subgroup Mes SD A lMean D al \Weight IV, Fixed, 95% Ci IV, Fixed, 95% Cl
1.2.1 Predialytic MAP
Beduschi GC, etal.2013 102 11.4 20 1092 157 19 1.8% -7.20[16.01,1.67] i
Bogquin E, el al.1977 102,67 4.43 3F 106 432 37 354% -3.3315.32,-1.34] -+
Daugirdas JT, et al. 1985 1378 28 71364 24 7 02% 1402592 2872
Henrich Wil et al 1982 98 822 10 102 1665 10 11% -4.00[15.51, 7.51]
Inrig JK, et al.2015 1391 16 15 1444 184 186 1.0% -530[-1742 6.87]
Ogden DA, et al. 1878 90.63 10,92 12 9548 1409 12 1.4% -4 B5[1494, 524] .
Subtotal (95% Cl) 101 100 40.9% -3.60 [-5.45, -1.74] &
Heterogeneity; Chi®= 0,98, df=5 (P = 0.96), F= 0%
Testfor overall effect: Z=3.79 (P = 0.0001)
1.2.2 Intradialytic MAP
Daugirdas JT, et al. 1985 1274 18 ¥ 12586 17 7T 04% 1801654 2014]
Suckling RJ, et al. 2013 9 15 10 95 18 10 07% -4.00[-18.52 10.52]
Subtotal {95% CI) 17 17 11% -1.77 [-13.15, 9.62] e ——
Heterogeneity: Chi*=0.24 df=1 (P=0.63), F= 0%
Test for overall effect Z=0.20 (F=0.786)
1.2.3 Postdialytic MAP
Beduschi GC, etal 2013 a7 123 20 1003 124 18 23% -330[-1117,4.57] .
Boguin E, etal 1977 8833 376 37 10133 376 3F 480% -3.00[}4.71,-1.29] =
Henrich WL, et 31,1982 BY 6.32 10 92 21 10 7.4%  -500[-9.36,-0.64] e
van Kuijk WH, et al 1996 108 18 g b B | 23 g 04% -200[-21.08,17.08]
Subtotal (95% Cl) 76 74 581% -3.26 [4.82, -1.70] L 2
Heterogeneity, Chi*=0.72 df=3 (P=087) F= 0%
Testfor overall effect. 2= 410 (P = 0.0001)
Total (95% CI) 184 191 100.0% -3.38 [-4.57,-2.19] “
Heterogeneity; Chi*= 2.08, df=11 (P =1.00), F=0% _2:ﬂ ~1:EI 0 1:0 2:l]

Test for overall effect: 7= 5.58 (P = 0.00001)
Testfor subaroun differences. Chi*= 015, df=2 (P =093} F= 0%

Fig. 2. Forest plot of comparison between lower dialysate and higher dialysate with/regard to MAP.

Favours [Lower dialysate] Favours [Higher dialysate]

Conductivité basse: réduction de la PA avant et apres la dialyse
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Lower dialysate Higher dialysate Mean Difference Mean Difference
Study or Subaroup Mean SD Total Mean SD Total Weiaght IV, Fixed. 95% Cl IV, Fixed. 95% Cl
Akdag S, etal.2015 185 058 22 215 076 24 182% -050[088,-0.11]
Beduschi GC, etal.2013 25 063 20 279 192 18 32% -0.29[1.22 0.64]
Boquin E, et al 1877 185 085 37 252 085 37 186% -0.57[-0.96,-0.16]
Chambers G, et al.2002 235 065 16 242 07 16 128% -0.07[054,040] s
Daugirdas JT,etal 1885 222 0.81 7 261 087 7 36% -0.39[1.27,049
Henrich VWL, et al.1982 18 063 10 23 063 10 9.2% -0.50[-1.05 0.05] ———r
Inrig JK, et al.2015 226 112 15 257 091 16 54% -0.31[1.03, 0.41] .
LiuJ, et al.2016 28 06 28 3 08 29 208% -020F057,017] ———— Delta Poids
Ogden DA etal.1978 223 114 12 288 168 12 23% -0.45[-1.56, 0.66]
Quereda C, et al.1988 1.88 069 8 202 0.71 8 59% -0.04[0.73,065]
Conductivité basse: < 138 Total (95% CI) 175 177 100.0% -0.35[-0.51,-0.18] >
réduction de la natrémie et Heterogeneity: ChiF= 4.96, df= 9 (P = 0.84), F= 0% A 1 o

Testfor overall effect Z= 4.06 (F < 0.0001) Favours [Lower dialysate] Favours [Higher dialysate]

de la prise de poids

Fig. 3. Forest plot of comparison between lower dialysate and higher dialysate with regard to interdialytic weight gain.

Lower dialysate Higher dialysate Mean Difference Mean Difference

tudy or Subarol 1& : 2 Mean D Total 2 [V, Random, 95% Cl IV, Random, 95% Cl
Beduschi GC, etal 2013 1363 7.3 o 1393 39 18 50%  -3.00 [-6.67, 0.67]
Boguin E, etal. 1877 1381 2.5 T O1371 5 3T 108%  -2.00[3.86,-0.14)
Daugirdas JT, et al.1985 137.7 32 T 1398 34 T 54% -210[5.56,1.36)
Henrich WL, et al 1982 140 3.2 10 142 19 10 8089%  -2.00F4.31,0.31] e
Ihrig JK, etal.2015 1368 29 15 1378 22 16 11.0% -1.80}362, 002 = =
LiudJ, etal 2016 1381 1.8 28 1381 2.7 28 143%  -1.00[218,014] = |
LiuJ, etal.2016a 13681 1.6 28 1379 1.7 29 158% -1.80[2.66,-0.94] ==
Ogden DA, et al 1978 133 381 12 135 433 12 5.0%  -2.00 [5.26,1.26] D It N
Ogden DA, et al 19763 13231 7.24 12 142 504 12 31% -969114.60,-470] ¥ elta d
Suckling RJ, et 21,2013 1358 233 10 14027 192 10 107% -4.37[624,-250] o
wah Kuijk ¥WH, et al 1996 135 27 9 1399 2 g 93% -490[710,-2700 ——————
Total (95% CI) 188 189 100.0% -2.62[-3.59, -1.66] “I' . .

Heterogeneity: Tau®=1.34; Chi*= 24.84, df= 10 (P = 0.006); = 60%

L
) 1
Test for overall effiect Z= 5.34 (P < 0.00001) <4 & g 2 s

Favours [Lower dialysate] Favours [Higher dialysate]

Fig. 4. Forest plot of comparison between lower dialysate and higher dialysate with regard to predialysis serum [Na™].



Lower dialysate  Higher dialysate Risk Ratio Risk Ratio

_Studyor Subgroup  Events  Total Events Total Weight M-H. Random. 85% Cl M-H. Random, 85% Cl
Beduschi GC, et al.2013 113 060 36 864 14.0% 2.83 [1.96, 4.06] —e—
Boquin E, etal.1977 174 444 132 444 181% 1.32[1.10,1.58] —
Chambers G, et a1.2002 24 48 20 48 13.4% 1.20 (0.7, 1.86] ——
Daugirdas JT, et al 1885 13 63 13 63 092% 1.00 [0.50, 1.98]
Henrich WL, et al. 1982 24 180 8 180 B8.0% 3.00 [1.38, 6.50]
Intig JK, et 21,2015 3 45 0 48 09%  7.46[0.40,140.45) b
LiuJ, et al. 2015 428 4368 430 4524 10.68% 1.03[0.01,117] -+
Quereda C, etal. 1988 a7 102 56 102 16.8% 1.73[1.33,2.25) ——
van Kuijk WH, et 211996 2 g 0 0 Not estimable
Conductivité > 140: Total (95% CI) 6309 6363 100.0% 1.54 [1.16, 2.05] = Hypo TA
. ! Total events 878 595
réduction des chutes = =

Heterogeneity: Tau®= 0.11; Chi*=41.17 df=7 (P < 0.00001); F=83%

1 |
Test for overall effect Z=2.97 (P =0.003) s us 1 : :

Favours [Lower dialysate] Favours [Higher dialysate]

de tension et des

crampes Fig. 5. Forest plot of comparison between lower dialysate and higher dialysate with regard to intradialytic hypotension.
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Lower dialysate  Higher dialysate Risk Ratio Risk Ratio

udy or Subgroup : ents otal Wei Random, 95% Cl M-H. Random, 95% Cl
Beduschi GC, etal.2013 91 960 34 864 201% 2.41 [1.64,3.53] —
Boguin E, et al 1977 121 444 58 444 218% 2.09 [1.57,2.77] ——
Chambers G, et al.2002 5 48 3 48 71% 1.67 (0.42, 6.59]
Daugirdas JT, et al.1985 6 63 2 63 59% 3.00([0.63, 14.30]
Henrich WL, etal.1982 115 180 &0 180 22.3% 1.92 [1.52, 2.42] =¥
LiuJ, etal.2016 271 4368 204 4524 231% 0.95([0.81,1.12] -

ram

Total (95% CI) 6063 6123 100.0% 1.77 [1.15, 2.73] - ampes
Total events 609 451
Heterogeneity, Tau®= 0.21; Chi*= 45.45, df= 5 (P < 0.00001); F= 89% o= ] 0=2 0 P 2 5 150

Thstioravaralf gieek £=SF =101 Favours [Lower dialysate] Favours [Higher dialysate]

Fig. 6. Forest plot of comparison between lower dialysate and higher dialysate with regard to intradialytic cramps.



Répartition des natréemies début et fin de

/
Sseance 2025
Tassin Personal data Natrémie fin de dialyse:

Natrémies début dialyse: 137,5 £ 2 mmol/L
137,5 £ 3,4 mmol/I Médiane 138

Médiane 138 mmol/L 132-143 mmol/L
124-148 mmol/L
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Le controle automatique de Na permet d’ajuster la conductivité au sodium serique

Table 1:. Comparison of conductivity, ultrafiltrate volume, replacement volume and pre/postdialysis blood pressure in the five study phases.

Phase 0 Phase 1 Phase 2 Phase 3 Phase 4
5008 machine 6008 machine 6008 machine 6008 machine 6008 machine
Prescribed dialysate Na (mmol/L) 1291 4052 139:1 4 D52 137.1 + 0.45P Automatic Na Automatic Na
control control
(range 135-141) (range 134-142)
Conductivity (m5/cm) 13.95 4+ 0.09 14.08 + 0.082 13.88 + 0.08P 13.74 + 0.11¢ 13.70 4+ 0.13%d
Interdialytic weight gain (mL) 2564 4+ 796 2626 + B28 2527 £ 714 2428 L+ 732 2364 4+ B24%
Dry body weight (kg) 68.95 + 1/7.56 68.93 + 17.58 68.86 + 17.55 68.79 + 17.58 68.78 £+ 1/7.61
HDF replacement volume (L) 30.7 £ 121 339 + 15.2 31.36 + 125 31.0 +£ 119 30.73 + 12.8
Predialysis Na (mmol/L) 13797 + 1.81 138.49 L 2.58f 13793 + 241 137.63 + 2.62 137.93 + 251
Postdialysis Na (mmol/L) 139.72 +£ 1.11 140.35 + 1.238 138.91 £+ 0.91° 137.81 + 1.18° 137.58 + 1.62°
Predialysis SBP (mmHg) 135.95 + 240 136.58 + 241 134.19 + 22.0 13353 + 229 130.70 + 21.5%8
Predialysis DBEP (mmHg) 65.14 + 15.3 69.28 L 13.50 67.78 + 13.2 66.78 + 129 66.99 + 13.0
Postdialysis SEP (mmHg) 138.91 4+ 27.2 137.51 +£ 256 135.29 + 244 13460 + 239 135.00 4+ 229
Postdialysis DBP (mmHg) 65.28 + 15.1 £9.33 + 164 67.08 + 13.8 66.83 + 13.3 66.81 + 13.0

Clinical Kidney Journal, 2023, vol. 16, no. 5, 859-867
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Automated individualization of dialysate sodium concentration
reduces intradialytic plasma sodium changes in hemodialysis

Michaela Sagova' | Ralf Wojke* | Andreas Maierhofer’ | Malte Gross® & |
Bernard Canaud” | Adelheid Gauly’

32 patients en HDF
Mesures des transferts de Na+

Cross-over: Na fixe (139) — Na control
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Intérét des profils ?

ﬂ Profil d’UF descendant: enlever plus de liquide au début

Associé a un profil de Na descendant: apporter du Nacl pour améliorer la tolérance a la déplétion volémique initiale et diminuer la soif
apres la séance

o

Prescrire une conductivité moyenne proche de la natrémie initiale du patient

142 1200

Moyenne=139
136

400




Effect of Sc.:dium Balance.and th? Combina!tion of > Nephrol Dial Transplant. 2006 Nov;21(11):3231-7. doi: 10.1093/ndt/gfI375. Epub 2006 Sep 5.
Ultrafiltration Profile during Sodium Profiling
Hemodialysis on the Maintenance of the Quality of Impact of sodium and ultrafiltration profiling on

Dialysis and Sodium and Fluid Balances haemodialysis—related hypotension

seng, Joon Ho™T; Park, Geun Ho'; Lee, Sun Young'; Lee, Seung Won'; Lee, Seoung Woo™T; Kim, Moon-Jag™ T
Author Information@

, ) Yi Lun Zhou 1, Hui Lan Liu, Xiao Feng Duan, Ying Yao, Yi Sun, Qun Liu
Journal of the American Society of Nephrology 16(1):p 237-246, January 2005. | DOI: 10,1681/ ASN.2004070581

Poids sec plus souvent obtenu en fin de dialyse

Profil neutre en Na + profil d’"UF décroissants Diminution de la prise de poids inter dialytique

Meilleure tolérance hémodynamique



I Sodium

31% des centres en France prescrivent un sodium fixe pour tous (140-
142 mmo/L)

Revue de la littérature: pas d’évidence sur la survie

Natrémie et conductivité basses sont associées a la mortalité
(observatoires)

Intéréts des profils Na (balance neutre) + UF décroissants (a tester)

Respect du régime a 5 g de sel par jour

Etude en vie réelle chez 50 000 dialysés: 140 vs 137 en cours
RESOLVE (2020-2024), résultats en attente (pas d’individualisation)




Le potassium




Kaliémie

98% K+
intracellulaire

K+ dialysat:
1= hyperK+ > 8 mEq/I ?

2= standard
3 = hypoK (début < 4)

Objectif: < 6 mEq/I

Diététique
Aldactone, IEC,ARA2

Elimination digestive++
Diurese
Résines échangeuses

\ 4

85% diffusion

Risque Tb rythme: garder
un gradient sang-dialysat <
1,5 mEqg/I (profils)

J rapide/intense: troubles rythme

Alcalinisation= transfert
intracellulaire




Serum and Dialysate Potassium Concentrations and Survival
in Hemodialysis Patients

Csaba P. Kovesdy,* Deborah L. Regidor,*® Rajnish Mehrotra,* Jennie Jing,*

Both Incidant and Pravalent
MHD Patients
n=74.219

L&)

All cause Mortality Hazard Ratio 13-
n

-

o
o

Grande étude
observationnelle USA
L'hyperkaliémie est

pa
w

associée a la mortalité
N d’avantage que
I’hypokaliémie

Both Incident and Prevalent /
MHD Patients
n=74219

-
L

Cardiovascular Mortality Hazard Ratio
in

f=
o

N I I - T e e e
k ‘g.tfﬂ.n ‘ruﬁu&g_aﬂﬂ,ﬁ#ﬂ.ﬁ?‘p, 0
Potassium (mEg/L)

Clin | Am Soc Nephrol 2: 999-1007, 2007. doi: 10.2215/CIN.04451206



Dialysate Potassium, Serum Potassium, Mortality and

Arrhythmia Events in Hemodialysis: Results from the Dialysis

Outcomes and Practice Patterns Study

Angele Karaboyas, MS', Jarcy Zee, PhD', Steven M Brunelli, MD, MSCEZ, Len A Usvyat,

Potassium du dialysat 1-1,5 mEqg/L:

augmente le risque d’arythmie

France

Pre-dialysis Serum K (mEg/L)
7.0 -

6.5
6.0
55 A1

5.0

L

4.5 4

40 -

3.5

Patient

95th
75th
50th
25th

5th

Mean

Rus Ger Ita Tur Chi Spa AINZGCC UK Bel Can Swe Jpn Fra US

NPts 554 925 759 382 1224 950 455 1174 624 739 826 813 2310 259 5821

Figure 2a. Pre-dialysis serum K distribution by country in DOPPS phase 5 (2012-2015)

Dialvaate K (mEg/1L)

o

HR (25% CI), All-cause HR (95% CI), Arrhythmia
mortalifty composite”
N patients (%) U justed Adj “m' Unadjusted Ad justed "

1L0-15
20-25
3.0-40

BLL4{15%) 096 (090-103) 104 00%7-1,11) 1.0900951.24) 1. {10130
A3017{61%) 1 {Ref) 1 (Ref.) 1 {Ref) | (Ref)
13405 (25%0) LIB{107-1.18) 0950901000 1LOS(096-1.15) .95 (0.86-1.04)

Percentile

France K dialysat 2 et surtout 3 mEg/L majoritaire

% of patients
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Am J Kidney Dis. 2017 February ; 69(2): 266-277.



Attention au dialysat a 3 mEq/| en cas de kaliémie > 5 mEqgl/L

45%
40%
35%
30%
= 3-Yr
ﬁ 25% Crude
@<35 o Death
I
m35-<40 a 20%  Rate
04.0-<50 li ; 15%
0z50 I
J g 10%
,’% h
$1.0 | o
0 L “
Lo
< : Serum Potassium

<35 (mEglL)

Figure 5. Three-year crude mortality| rates in 16 groups of serum
and dialysate K concentrations.

Meilleure survie: Kaliémie 3,5 -4 mEq/L

Et dialysat a 3 mEq/L

Clin | Am Soe Nephrol 2: 999-1007, 2007. doi: 10.2215/CJN.04451206



The modifying effect of the serum-to-dialysate potassium gradient
on the cardiovascular safety of SSRIs in the hemodialysis population:
a pharmacoepidemiologic study

Larger serum-to-dialysate K* gradients during hemodialysis may augment proarrhythmic risks

BesSgradm of higher QT-prolonging potential selective serotonin reuptake inhibitors (SSRIs). Citalopram
Methods Results K* gradient  K' gradient
E] . 24 mEq/L <4 mEq/L
o 1 ID? higher QT-prolonging N=951 NS10155
. potential SSRI new-users 5
Retrospective cohort study :
25099 U.S. hemodialysis patients 13992 lower QT-prolonging .
2007-2017 pofential SSRI new-users ) N=12699

Comparing higher vs. lower QT-prolonging potential SSRIs
K* gradient HR (95% ClI) for SCD

24 mEq/|l =—p .17 (116-4.03)
<4 mEq/L =—————b 0.95 (0.78-116)

After new-use of a higher vs. lower
QT-prolonging potential SSRI

: The risk of SCD associated with higher QT-prolonging SSRIs was elevated among patents with
Conclusion : s :
serum-to-dialysate K* gradients =2 4 mEq/L.

) Assimon, M., et al. NDT (2022)

_ERA
Gradient Kaliémie-dialysat > 4: risque arythmie (> QT :
Y d Y (>Q @NDTSocial




Dialysate Potassium and Mortality in a Prospective Hemodialysis Potassium du

Cohort

Antoney Ferrey', Amy S. You!, Csaba P. Kovesdy?-?, Tracy Nakata!, Mary Veliz!, Danh V.
Nguyen* Kamyar Kalantar-Zadeh'®, and Connie M. Rhee!

Ferrey et al.

dialysat a 1 mEq/I
est associé a la

mortalité en cas

d’hyperkaliémie

50 4
40 4

30 4

20 1
16 1

1.0 1

05 4

All-Cause Mortality Hazard Ratio

Am J Nephrol 2018 : 47(6): 415423 do1:10.1159/000489961.

— -A—  Unadusted
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1.'0 2?0 3?0 l.'O 2TO 3?0
Dialysate Potassium Dialysate Potassium
SERUM POTASSIUM <5.0mEq/L SERUM POTASSIUM >5.0mEqg/L.

Figure 2.
Baseline dialysate potassium concentration and all-cause mortality, stratified according to

pre-dialysis serum potassium level. using case-mix adjusted Cox models: Serum potassium
<5mEq/L (Panel A) vs. serum potassium > 5 mEq/L (Panel B).



Relative frequency (%)

Kaliémies début:

4,8+ 0,8 mmo
Med 4,8

3,2 a7,4 mmol/L

Données personnelles Tassin 2025

Delta kaliémie début —fin:
|/L -1,4 + 0,7 mmol/L a -3 a +0,6 mmol/L

Kaliémies fin:
3,4+ 0,3 mmol/L

Médiane: 3,4
2,83 4,5 mmol/L

K+ dialysat
2 mEg/L : 90%
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Delta K début-fin

3,5

3,0

2,5

2,0

1,5

1,0

0,5

0,0

-0,5

-1,0

Kaliémie début

y =-2,290 + 0,766 x
n=103
r=0,89; P<0,001

|

K_D

Avec un dialysat a 2 mEg/L
de potassium, la baisse du

la kaliémie dépend de la
kaliémie de début




Potassium du dialysat?

Hyperkaliémie plus dangereuse que I’hypokaliémie

lus d’arythmi
Un dialysat avec un potassium < 2 mEq/L: S

Plus de mortalité en cas d’hyperkaliémie

Un gradient Kaliémie-potassium du dialysat > 4 mEg/L est associé au risque d’arythmie

Potassium du dialysat a 3 mEg/L est dangereux si la kaliémie de début > 5,5 mEq/L

Dialysat 2 mEq/L: standard si kaliémie début >4 mEg/L

Dialysat 3 mEq/L si < 4 mEqg/L ou en standard avec résines échangeuses adaptées




Le calcium




Ca début: Ca fin:
2,15-2,5 mmol/I 2,15- 2,75 mmol/L?

Calcémie totale (ou ionisée) pas corrigée

Cinétique du calcium:

Apports dietétiques
Médicamenteux
Vitamines D
Renouvellement osseux

KDOQI: 1,25 mmol/L
KDIGO: 1,25-1,5 mmol/L

Recommandations

v

EBPG: 1,5 mmol/L



Facility distribution™ of practice patterns
related to mineral metabolism (3)

Facility Distribution
25" %ile 50" %ile 757 Y%ile

Practice ] _
(m=patients; n=facilities)  ° Paients

Low ({<2.5 mE Dialysate
calcium (n=7,629; n=307) 40.5 0 24.3 96.3

Japan (n=2,123; n=4) 23.4 0 0 9.1
Dialysat 1,25 mmol/L
Europe (n=1,839; n=101) 18.5 0 4.5 i

US (n=3,667: n=142) 64.1 25.6 89.4 100

= Among initial cross section of patients at start of DOPPS | (19596 in US, 1998 in Europe, 1955 in Japan).
Young BEW et al. Kidrey Int 6711791187, 2005.

D&PPS




Effet au long terme d’une calcium du dialysat 1,25 mmol/L

SCIENTIFIC REPORTS | (2018)8:5310 | DOI:10.1038/s41558-018-23658-y

‘Long-term effects of low calcium

_dialysates on the serum calcium
levels during maintenance

“hemodialysis treatments: A
-systematic review and meta-
“analysis

MasahiroYoshikawa>*, Osamu Takase>?, Taro Tsujimura (¥, Etsuko Sano™?,
¢ Matsuhiko Hayashi®, Tsuyoshi Takato® & Keiichi Hishikawa™*

! J, Calcémie début

A LCD HCD Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI _Year IV, Random, 95% Cl
Holgado 899 133 11 949 047 10 104% -050(1.37,0.37) 2000 -
Spasovski 1002 409 26 1018 104 26 36% -016F1.78,1.46) 2007
Lu 942 068 35 1034 08 38 282% -0.92[126,-058 2016 o
He 907 085 59 958 09 51 287% -051[084,-018] 2016 —
Kim 84 07 30 86 08 34 291% -020(052,012] 2017 —1
Total (95% CI) 161 159 100.0% .0.52(.0.85,.0.20] S
Heterogeneity. Tau®= 0.07; Ch*= 9.32, df= 4 (P = 0.05), P= 57% ¢ 3 _%' 3 g 2= ‘
Tastfor overall effect Z= 315 (? = 0002) Favors LCD Favors HCD
C
LCD HCD Mean Difference Mean Ditference
Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI_Year IV, Random, 95% CI
Séncher 89 63 1 79 5 9 204% 2000[2091,6091] 2000 e
Holgado 252 196 11 108 89 10 35% 143.00(14.71,271.29] 2000
Spasovski 786 447 26 538 296 26 347% 24 8014.18, 45 41) 2007 -
Lu 12162 3382 35 6864 1023 38 415% 5298(41.31, 6465 2016 =
Total (95% CI) 83 83 100.0%  39.59[14.80, 64.38) 3
Heterogeneity Tau®= 350.31; Chi*= 9.16, df = 3 (P = 0.03), P=67% -;bo ; 130 5 : 60 230

Testfor overall effect Z= 313 (P=0002)

Favors LCD Favors HCD



Apres 12 mois

Role de I'HPT

Table 2

CACS

Laboratory values at baseline and at study completion.

S.J. Kim et al. / International Journal of Cardiology 243 (2017) 431-436

P=0.004

=

1000+

CACS

baseline

LCD (N=30)

12 months

1,25

P=0.2

Baseline
SCD (N=34)

12 months

1,5

Fig. 2. Changes in the coronary artery calcium scores {CACS) from baseline to month 12.

LCD (1.25 mmol/L)

SCD (1.5 mmol/L)

LCD vs. 3CD

Variable Baseline (n = 36) Final (n = 30) Pvalue’ Baseline (n = 40) Final (n = 34) P value’ Pvalue™
Calcium corrected {mg/dL) 86406 84 +07 0.1341 87406 8.6 + 0.6 0.678 0.3812
Phosphorus (mg/dL) 51418 54418 04549 46+ 15 44+ 16 0.7301 0411
Ca = P product (mg”/dL*) 43.8 4+ 14.8 453 4+ 140 0.768 404 + 134 378 4+ 131 0.5602 0.583
Intact PTH (pg/mL)? 81.5 (603 to 121.5) 151.0 (114.6 to 198.9) 0.0002 90.0 (66.7 to 121.5) 716 (52.2 to 98.1) 0.2033 0.0007
Cholesterol

Total (meg/dL) 1463 4 336 139.4 4 353 0.2613 147.3 + 31.8 1403 4 25.8 0.4188 0.5776

HDL {mg/dL) 432 4129 4264+ 114 0.2344 436 + 164 43.1 + 166 0.9745 0.5067

LDL {mg/dL) 803 + 26.2 83.6 4 322 0.2644 804 + 257 809 4+ 2738 04773 0.6702
Triglyceride (mg/dL)* 99.5 (815t0121.5) 92 (795 to 106.4) 0.5601 995(815t01343)  972(80.1t01179) 06994 08431
Albumin (g/dL} 39403 40403 0.1804 37404 39404 0.0409 0.5653
ALP (U/L) 783 4+ 349 904 + 321 0.0002 744 4+ 315 802 4 33.0 01777 02217
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Table 2. Logistic regression of factors associated with progressors

and Fibroblast Growth Factor-23 Are the Main

Factors Associated with the Progression of Vascular
Calcification in Long-Hour Hemodialysis Patients

Guillaume Jean® Eric Bresson® Christie Lorriaux® Brice Mayor?
Patrick Deleaval® Charles Chazot®

Jean-Marc Hurot®

Odds ratio  95% CI 1]
Age, vears 1.039 0.9772-1.106 0.2
Dialysis vintage, months  1.003 0.998-1.009 0.3
Female gender (.51 0.185-1.426 0.2
Diabetes 3.13 0.979-9.43 0.052
FGE-23, log RU/ml 1.0001 1.0000-1.0002  0.049
PTH, pg/ml 1.006 1.0017-1.012 0.009
Phosphorus, mmaol/l 2.3 (.358-15.399 0.4

PTH > 191 pg/ml: > calcifications aortiques

Sensitivity

’"? e ct pTH =191 pa/mi

Sensitivity: 62
Specificity: 58.9

' AUC=0653 {0.54-0.75)
£ statistic = 2.53

p=0.01
B B B B A
20 40 a0 80 100
100 - Specificity

Flg. 2. ROC analysis of serum PTH levels for predicting VC out-
come. AUC = Area under the curve,

Le calcium du dialysat

n’est pas associé a la
progression des CV

Table 1. Comparison of patients’ characteristics, biological and
treatment data between progressors and non-progressors

Non- Progressors
Progressors (n=38)
(n=47)
Age, vears 67418 6b.6+ 9
Female gender, % 52 44
Dialysis vintage, months 82105 768178
Body mass index 252155 265*6
Diabetes, % 28.3 44.7
Stroke, % 174 52
Peripheral vascular disease, % 19.6 237
Cardiac disease, % 13 184
Liver disease, % 13 10.5
Cancer, % 88 13.2
Tobacco use, n 22 32
Parathyroidectomy, % 15.6 9.5
Warfarin, % 15.2 21.1
Statins, % 37 44.7
Mative vitamin D, % 89 92
Alfacalcidol, % 39 36.8
Weekly dose, jug 34+2 316
CaCOs, % 10 9.2
Daily dose mg 8331450 777390
Sevelamer, % 3.6 38.2
Daily dose, mg 3,680+1,440 4,160+ 2240
Cinacalcet, % 97 237
Daily dose, mg 525+ 10.6 535x8
25-Hydroxyvitamine D, nmol/l 105+ 356 108.7 £ 36.5
Calcemia, mmol/1 2222000 223101
Hypercalcemia episodes, n (%) 0 1(2.6)
Phosphatemia, mmol/I 1.33+0.2 1.41+0.2
Phosphatemia>1.7mmol/l,n (%} 3 (6.3) 4(10.5)
PTH, pg/ml 179.6 £ 103 24432 114*
PTH >585 pg/ml. % 0 0
b-ALP, pg/l 223+15 21115
t-ALP, U/l 279+ 180 2796151
CTX, pg/l 2409 2108
FGE-23, log RU/ml 2,640+2810 4204+4,110%
Albumin, g/l J&.1x+2.6 35537
CRP, mg/l 12+10 141%11.8
Hb, g/l 11.6+0.9 1.7+09
Dialysate calcium, mmaol/] 1481401 148 +0.1
Dialysis session time, min 39070 38070
Kt/v 25405 24+04
nPCR, g/ke/day 132403 127+02
Hip BMD, g/m’ 0.7+0.14 0.72+0.17
Wrist BMB, g/m* 0.47 £0.1 0.5x0.1
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Role de la concentration en calcium du dialysat: CCD

Biological impact of targeted dialysate calcium changes
in haemodialysis patients: the key role of parathyroid hormone

Guillaume J eanl, Brice Mayorl, Jean-Marc Hurotl, Patrik Deleavall, Christie Lorriauxl, Eric Zaoui’
and Charles Chazot'

'NephroCare Tassin-Charcot, Sainte Foy-Les-Lyon, France and *Laboratoire du Grand Vallon, Sainte Foy-Les-Lyon, France

Correspondence and offprint requests to: Guillaume Jean; E-mail: guillaume-jean-crati@wanadoo.fr

1 CCD (0,25 mmol/L) si PTHi > 300 pg/ml et Ca < 2,45 mmol/L

4 CCD (0,25 mmol/L) si PTH < 150 et Ca > 2,2 mmol/L



Effet du changement de calcium du dialysat sur la

2.5

2.3

2.1

DCa mmol/L 1.25 > 1.5

calcémie totale

78 HD, apres 3 mois,

*

+1.7%

-2.5%

1.5 => 175



Effet sur la PTH

700 =
600 =

500 =

* % %
300 = -
* % %

200 T/ - +175% k&

100 p= E

O | I I I I I I I
DCammol/L 125 => 15 15 > 1.75 175 > 15 15 > 1.25




Balance calcique et HDF
OO0 %

Jean et al EDTA 2013

L'HDF online amplifie les échanges selon les delta iCa - DDC



Relative frequency (%)

Données personnelles Tassin 2025

Calcémie début: 2,18 + 0,15 mmol/L
Médiane: 2,15
1,8 a 2,57 mmol/L

30

o1

Calcémie fin: 2,4 £ 0,18 mmol/L

Médiane 2,4
1,9 a 2,9 mmol/L
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700

y =-616,818 + 520,782 x
n=105
— | r=0,61; P <0,001

600p—

500p—

400p—

PTH

300p—

200p—

100p—

-100f—,

Les CCD sont prescrits selon les PTH,

Mais aussi PTX, calcémie, Cinacalcet, marqueurs osseux
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Calcium dialysat: 1,25

1,75




Pas d’impact du calcium du dialysat sur la survie (Etude ARNOS

régionale observationnelle)

Tableau 2
Analyse selon le modéle de Cox et survie a 42 mois.
Covariables b SE p Exp(b) 95 % CI of Exp(b)
CCD 1,75 vs. 1,25 mmol/L -0,210 0,3056 04 0,8045 0,4433-1,4599
Age (an) 0,0462 0,0063 < 0,0001 1,0476 1,0347-1,0606
25-0H-D (ng/L) —-0,007 0,0036 0,049 09929 0,9859-0,9999
Diabéte (%) 0352 01526 0,020 14232 1,0570-1,9163
100 Sexe masculin (%) 00104 0,1440 0,94 1,0105 0,7631-1,3381
Cardiopathie (%) 0582 D,1518 0,0001 1,7912 1,3322-2 4084
IMC {kgjmz) —0,044 0,0166 0,0084 0,9569 0,9263-0,9886
E: ¥ nPCR (g/kg/j) ~0,493 0,2489 0,045 0,6080 0,3742-0,9879
O CDD : concentration en calcium du dialysat.
T 9F
=
@ 1A
@
o B
= 1,75 mmol/l
3 ok Pas de différence de calcémie, de PTH, de traitements
=
£ & 1,25 mmol/!
- ”\\
™.
1,5 mmol/l
[ u 4 | g ] y L ) 1 g 1
0 10 20 30 40 50
Nombre 3 risque Mois
Groupe 1,25 mmoli
177 150 121 100 86
Groupe 1,5 mmoVl
959 790 665 570 454
Groupe 1,75 mmol
158 135 112 102 88

Fig. 1. Courbe de survie selon la concentration en calcium du dialysat (CCD)
{Kaplan-Meyer). Comparaison de la survie entre une CCD de 1,25 et 1,75 mmol/L : Jean, G. et al. (2013). Nephrol Ther 9(2): 103-107.
0,7 (0,52-1,09) p=0,1. ’




Calcium Dialysat: centres FMC France
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Blood Purif 2012,33:199-204
DOl 10.1159/000334157

Purfication

Effects of Citrate Acid Concentrate (Citrasate®)
on Heparin N Requirements and Hemodialysis
Adequacy: A Multicenter, Prospective
Noninferiority Trial

Jeffrey J.Sands? Peter KotankoP ¢ Jonathan H.Segal? Chiang-Hong Ho?

—
—

Passage du

Bicarbonate au :

Citrasate: baisse de la
calcémie, début et fin,
de 0,1 mmol/l vs

augmentation de 0,03
mmol/I avec dialysat
bicarbonate

CDD 1,25 mmol/I

Table 2. Laboratory values

B: standard dialysate Pl: P2 P3:
+ 100% HN CD+100% HN CD+80% HN CD+67%HN

n 277 254 224 195

WBC, 100/l 6771213 6.80+2.20 6.68 £2.00 6.85+ 228
p value vs. B 0.761 0.912 0.314

Heb, g/dl 11.81 +1.15 11.70* 1.08 11.65 *1.09 11.61 112
p value vs. B 0.006 0.040 0.016

Pre-HD Ca, mg/dl 8.85+0.74 8.781+0.76 8.78 £0.70 8.771+0.72
p value vs. B <0.001 0.124 0.007

% change pre-HD Ca! -1L18X4.56 -0.87 £4.56 -1.03+5.13
p value vs. B <0.001 0.005 0.006

Post-HD Ca, mg/dl 8.99 £ 0.57 B.52 1045 8.55+0.50 8571047
p value vs. B <0.001 <0.001 <0.001

% change post HD Ca' -5.00+4.71 -4.79+5.75 -4.50+539
p value vs. B <0.001 <0.001 <0.001

Intradialytic change ( post-/pre-HD) in Ca, mg/dl 0.14 +0.63 -0.25 +0.62 -0.23 £ 0.57 -0.20+0.56
p value vs. B <0.001 <0.001 <0.001

% intradialytic change in Ca 1.9617.39 -2351+7.41 -2.24 1+ 6.56 -1.88 +6.43
p value vs. B <0.001 <0.001 <0.001

Pre-HD iCa, mg/dl 471 +045 4691043 468 +0.41 4.70+042
p value vs. B 0.002 0.084 0.064

% change pre-HD iCa' -0.73*6.62 -0.51 +6.27 -0.35*+6.86
p value vs. B 0.088 0.234 0.482

Post-HD iCa, mg/dl 4811034 4.35+0.28 42610.26 428+0.26
p value vs. B <0.001 <0.001 <0.001

% change post-HD iCa' -055+493 -11.13%+543 -10.83£5.13
p value vs. B <0.001 <0.001 <0.001

Intradialytic change (post-/pre-HD) in iCa, mg/dl  0.09 £0.39 -0.34£0.37 0411035 -0.41£035
p value vs. B <0.001 <0.001 <0.001

9% intradialytic change in iCa 25100 -68%75 -8.3x73 -8.3%+6.9
p value vs. B <0.001 <0.001 <0.001

Effet surla PTH ?



Individualizing the dialysate calcium concentration

Curr Opin Nephrol Hypertens 2015, 24:000-000 Guillaume Jean and Charles Chazof
e —— el
Quand diminuer le CCD ™ ou = et Exces apports vitamine

D et calcium ou
hypercalcémie

osseuse
Quand augmenter le CCD J ou= ™ HPT Il
PTX
Cinacalcet
Balance calcique adaptée Demande du temps
Optimisation des cibles biologiques Demande une stratégie définie
Compliance parfaite Demande 3 différentes CCD
Réajustement aux événements Demande une surveillance rapprochée

médicaux/chirurgicaux (PTH, Ca)



Conclusion calcium dialysat

Pas de données de
survie/calcifications
interprétables en I'absence
d’étude avec individualisation du
CCD

Si une seule concentration a
choisir: 1,5 mmol/L

Ajustement des apports vitamino-
calciques

Si ajustement:
1,25 mmol/L : hypercalcémie, PTH basse
(calcémie normale/haute)
1,5: standard

1,75: hypocalcémie, PTH haute (calcémie
normale/basse)

1,75: attention a ’HDF, mesurer le calcium
de fin de séance, attention aux
valvulopathies calcifies

Mesure PTH rapprochées (mensuelle)



| es bicarbonates

-/



HCO3 dialysat: Alcalose post: vomissements,
Apports de HCO3-Na 28-40 mmol/L Céphalées, hypoTA,
Per os arythmie ({ Ca++, LK+, L Mg)

HCO3 (Bicarbonates) HCO3 pré: Ischémie cérébrale,

hypoventilation
Production d’acides fixes
= consommation HCO3

Acidose:

- Ostéoporose (tampons osseux)
- Protéolyse musculaire

- Résistance insuline

- HyperK+

- Vasodilatation
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Am J Kidney Dis. 2013 October ; 62(4): . doi:10.1053/5.ajkd 2013.03.035.
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Figure 1. Distribution of dialvsate bicarbonate prescription. by country
. . . y y ANZ=Australia and New Zealand; BE= Belgium; CA= Canada; FR=France; GE=
USA: prescription de bicarbonates plus elevee Germany: IT: Italy; SP= Spain: SW= Sweden: UK= United Kingdom: US= United States.




DOPPS: mortalité associée a la prescription d’un bicarbonate élevé

Tenton et al.

Adjustment variables

Model 1: Unadjusted*

Page 13

& HR=1.02 (0.96-1.10)

Model 2: + Age, Gender, BMI HR=1.06 (0.99-1.13)

Model 3: + 13 Comorbidities i HR=1.09 (1.02-1.16)

Model 4: + Patient-level adjustments** —e  HR=1.09 (1.02-1.16)

Model 5: + Facility-level adjustments*** @ HR=1.08 (1.01-1.15)

Model 6: + Serum Bicarbonate @ HR=1.08 (1.02-1.16)
n,#n U.éﬂ 1.00 1.:|U 1.I20 1.50

Hazard Ratio (95% Cl) per 4 mEg/L higher DB

Figure 2. Association between prescribed dialysate bicarbonate (per 4 mEq/L higher) and all-

cause mortality, by levels of adjustiment



Bicarbonates prescrits sont associés a la mortalité infectieuse et aux hospitalisations cardio-vasculaires,

Mortality
All-cause ® HR=1.08 (1.01-1.15)
Cardiovascular & HR=1.04 (0.93-1.17)
Sudden death ® HR=1.03 (0.88-1.19)

— Infection-related _—

Hospitalization HR=1.39 (1.15-1.67)
All-cause — HR=1.08 (1.03-1.14)
Cardiovascular @ HR=1.09 (1.01-1.19)
Arrhythmia ® HR=1.03 (0.91-1.18)
Infectinn-re!ated @ HR=1.04 (0.93-1.17)

0.75 0.90 1.00 1.10 1.25 1.50 1.70
Adjusted Hazard Ratio (95% CI) per 4 mEg/L higher DB

Figure 3. Association between prescribed dialvsate bicarbonate (per 4 mEq/L higher) and
various clinical outcomes



L WBLLLILIAAE LE LLLIAL WOLRALAAE LASRLIL 413 .

Am T Kidney Dis 2013 October ; 62(4): . do1:10.1053/5.ajkd 2013.03.035.

Association of Dialysate Bicarbonate Concentration With
Mortality in the Dialysis Outcomes and Practice Patterns Study
(DOPPS)

Francesca Tentori, MD'-2, Angelo Karaboyas, MS', Bruce M. Robinson, MD, MS'-3 Hal

Tentorn et al. Page 15

Hazard Ratio (95% CI) Dialysate Bicarbonate (mEg/L)

1.50 ADB33-37 mDB3238
(Ref)

DOPPS: avantage de prescrire 1.25

bicarbonates < 32 mmol/L
pour la survie 1.10 &

1.00 — - : = : -

0.90 & ¢ @

Q®——

0.80

0.70

All patients S.Bicarbs19  S.Bicarb 20-24  S. Bicarb 225

Figure 4. Associarion between 3 categories of prescribed dialyvsate bicarbonate and all-cause
mortality, overall and by serum hicarbonate
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Am J Kidaey Dis. 2013 October ; 62(4): . doi:10.1053/1.ajkd.2013.03.035.

Association of Dialysate Bicarbonate Concentration With
Mortality in the Dialysis Outcomes and Practice Patterns Study
(DOPPS)

C’est bien lI'acidose qui est associée a la mortalité

Francesca Tentori, MD'-2, Angelo Karaboyas, MS', Bruce M. Robinson, MD, MS'-3, Hal

Hazard Ratio (95% CI)

148 ® Non-individualized facilities a Individualized facilities
1.50
.ﬁ.
1.25 {
@
1.10 A
A
1.00 1 I ‘ L] H L ' L -l ] | ]
(Ref.)

0.90 | ot
0.80 t
0.70 | <17 18-19 20-21 22-23 24-25 26-27 > 28

: (6%) (9%) (18%) (23%) (21%) (13%) (9%)

Serum Bicarbonate [mEq/L]
(% of patients)

Figure 5. Association between categories of serum bicarbonate and all-cause mortality, in non-
individualized and individualized facilities
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Prescription

b | car b on ates aux hospitalisations sans doute en rapport avec une acidose métabolique

Les prescriptions de bicarbonates élevés sont associées a la mortalité et

En France et surtout aux USA les bicarbonates prescrits sont (trop?) élevés

'alcalose post dialyse est associées a une symptomatologie (Céphalées,
hypotension, arythmie...)

Prescription initiale 32 mmol/L?

Ajustement pour Hco3 post dialyse < 28 mmol/L

En cas d’acidose pré-dialyse: penser a l'alcalinisation orale (bicarbonate de

sodium).




Na mmol/L

Ca++ 1,5
Hco3+ 35

Début dialyse

Na mmol/L 135
K+ 3,5
Ca++ 2,5
Hco3+ 25
PTH pg/ml 18

Na mmol/L

K+ 3
Ca++ 1,25
Hco3+ 30




Irbesartan
Tablets, USP

300 my

Rx Only
30 Tablets

Nebivolol Tablet

... mais la dialyse ne peut (doit) pas tout faire !

CINACALCET |
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Furosemide
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- Amlodipine : HIE NEoHATE
Taplets . s OFFICINAL

z Each tablet cogtains 13.87mg aniesipine
besilate equivalent to 10 mg amiodipine



Conclusions: prescrire les ions de |a dialyse

(menu vs a la carte)

individualisation

prescription inter-dialytique
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