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Overview

Definition and meaning : what’s in the nephrologist’ s head?

How often is hiponatremia in PD found ?

Pathophysiology: Go to the basics

Hypokalemia: a surrogate of malnutrition and hyponatremia

Management



Backgrou nd : (people who have published in the field
Canadians !! *)

Edelman et al. JCI 1958. (Nguyen and Kurst: AJRP)
Halperin: PDI 2000 *
Zanger : Seminars nephrology 2010 ( Pathophisiology)

Kim el al.:Progress in peritoneal dialysis (edit. R. Krediet): epidemiologic data):
2011

Musso and Bargmann : ( algorythm hyponatremia PD) Int. Urol. Nephrol. 2014*
Dimitriades and Bargman PDI 2014 *
P. Blake! (How low should we go in Na conc. in PD fluid) ? AJKD 2016*

C.M Rhee Nephrol Dial Transplant (2017) 32: 1224-1233: (Mortality )



What's in the nephrologist’s head?

At least in mine | maybe have taken some nihilist view:

Many times associated to hyperglycemia
Could be free water body excess?
Nutrition facts ?

Worried about mortality linked to hyponatremia ? maybe should !



Basics : Principles and definitions

-Hyponatremia is primarily due to the intake of water that cannot be
excreted

-Hypernatremia is primarily due to the loss of water that has not been
replaced

-Hypovolemia represents the loss of sodium and water

-Oedema is primarily due to sodium and water retention

Uptodate 2018



ENS

In absence of weight gain, loss of sodium from the ECF space will lead to movement of
water into the ICF to restore the equilibrium between intra and extracellular osmolality.
No hyponatremia

Hyponatremia accompanied by a quantitatively appropriate gain in weight, a gain of
electrolyte-free water is the basis for hyponatremia (Cherney et al., 2001).

Loss of potassium, along with an ECF anion, such as chloride or bicarbonate, results in
potassium efflux from ICF into ECF, with a shift of sodium into the cell for maintenance
of electroneutrality (Nguyen & Kurtz, 2004) and development of hyponatremia
(Cherney et al.,2001).

In patients without weight gain, loss of intracellular potassium, with an intracellular
anion, (phosphate), induces hyponatremia, due to movement of water from the ICF to
the ECF



More Basics: PD Physiology

Plasma Gibbs-Donnan effect and peritoneal NA
sieving, makes dialysate sodium lesser than plasma

In PD, convective sodium removal is predominant
over diffussion : more UF = more NA removal

Due to less NA sieving and more NA diffussion at the
end of a 4 hr dwell, CAPD removes more NA than APD

The basis for hyponatremia is a negative balance for
sodium plus potassium and/or a positive balance for
water.



Players in the pathophysiology of hyponatremia
with normal renal function

Plasma osmolality

Effective plasma volume

Total exchangable Na and K concentration

Total body water

Pituitary osmoreceptors and renal Vassopressin
Baroreceptors central and periferic



Differences between osmoregulation and volume
regulation
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Age and Gender differences in total body water
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Key questions hyponatremia in PD

Was there an appropriate weight gain?
Was there a significant decrease in the ECF volume?

Is there a retained organic molecule with a distribution of volume primarily in
the ECF Compartment?: (glucose,mannitol,icodextrin ??7? )

Was there a change in the conc. of bicarb in the plasma?

Cherney ,Zeballos, Oreopoulos and Halperin: PDI 2001



Are PD patients overhydrated?

43 PD patients

OH= 1.5L
60.5% (26/43)

COH SCOH
26.9% (7/26) W 73.1% (19/26)

LVH LVH
71.4% (5/7) W 68.4% (13/19)

Hassan et al, Int J Clin Exp Med 2016



Overhydration in PD patients

Table 2. Comparison between patients with OH <1.5 L and patients with OH>15 L

Variables

OH<15L(n=17)

OH>15L (n=26)

COH(n=7) SCOH (n = 19)
P‘l

P*t

Ptt:\-

Diabetes % (n)
DUV (ml/day)
RRF (ml/min)

471 (8/17)
787.7 +139.3
L7£5.6

42.9 (3/7)
7715+1194
78 +6.3

47.4(9/19) 0.985
7428 + 1286 0.784
73+49 0.971

BNP (pg/ml)
24 h SBP (mmHg)
24 h DBP (mmHg)

156.0+ 394
1356 +4.7
79.1+46

0.854
0.323
0.821

664.2 £ 63.2
150173
91.7+5.1

676.9+449 <0.001
1481+6.1 <0.001
923+43 <0.001

<0.001
< (0.001
<0.001

0.838
0.606
0.843
0.605
0.508
0.776

HbAlc (%)

Plasma hsCRP (mg/dl)
Plasma IL-6 (pg/ml)
Serum albumin (g/dl)
LVMI (gr/m?)

LVH % (n)

72+09
24+10
04+0.2
39+04

924 £ 232
23.5(4/17)

74+10 0.434

..V

76113

A ~ o~

0.533

~ s s A

0.700

A~ s e

+3+066

172+ 100
7.2+31
33+03

153.4 £ 42.7
68.4 (13/19)

.4 L V.O V.UV L

159189
6.5+4.7
3204

155.6 £ 62.4

71.4 (5/7)

0.007
0.014
0.001
0.040
0.061

V.UV L

<0.001
<0.001
<0.001
<0.001
0.007

V. JdLO

0.759
0.694
0.528
0.927
0.882

Data presented as mean * SD or % (number of patients). OH = over-hydration, COH = clinical over-hydration, SCOH = su
clinical over-hydration, P* = statistical significance between patients with OH < 1.5 L and patients with COH > 1.5 L, P** = sta-
tistical significance between patients with OH < 1.5 L and patients with SCOH > 1.5 L, P*** = statistical significance between
patients with COH = 1.5 L and patients with SCOH = 1.5 L, DUV = daily urine volume, RRF = residual renal function, BNP =

plasma brain natriuretic peptide, 24 h SBP = mean 24 hour systolic blood pressure, 24 h DBP = mean 24 hour diastolic blood
pressure, PGLI = peritoneal glucose load index, hsCRP = high sensitivity C-reactive protein, IL.-6 = interleukin 6, LVMI = left

ventricular mass index, LVH = left ventricular hypertrophy.

—

Hassan et al, Int J Clin Exp Med 2016




Hyponatremia with weight gain:
(electrolyte free water gain is the basis)

VP
Expanded ECFV causes

NaCl excretion returning
the ECFV toward normal

4L
EFW




GAIN OF SOLUTES IN THE ECF
compartment basis for
Hyponatremia PD

Glucose
or

Mannitol
Icodextrin

Cherney et al. PDI 2000



Hyponatremia induced by icodextrin
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Hyponatremia induced by icodextrin

! f J J -+ —

16 24 72 168

0 2 4 8 12

Time, hours

k.l OCT 2002



DEFICIT OF SOLUTES IN THE ICF
COMPARTMENT: K+ loss causes
NA influx to ICF for
electroneutrality: basis for
HYPONATREMIA




Loss of K+ from the ICF WITH
Accompaning anion: causes water shift
to ECF: Hyponatremia




JANUARY 2001 - . . s HYPONATREMIA

TRUE HYPONATREMIA

Did body weight increase appropriately?

I l

YES: so NO =
Water gain Na® +/- K" loss

* Seek source of EFW
and reason for VP to Contracted ECF volume?
explain water gain
= Rule out edema | I

state (e.g., CHF)

YES NO

Large K" deficiency? Added ECF solutes?

YES NO YES 0

¢ KC1 deficit with * Look for cause * Hyperglycemia or Metabolic
Na*shift into ECF of NaCl deficit mannitol-like solutes alkalosis?
(sea Figure 3)

YES NO

e KCI deficit with » Catabolic state
H* shift into cells * Defect K+ RNA-P

(see Figure 4)

Figure 2 — 2An appreoach teo the patient with hyponatremia is demcnstrated in £flow-chart




Players in the pathophysiology of hyponatremia
on PD

Plasma osmolality ?

Effective plasma volume?

Total exchangable Na and K concentration
Total body water

Thirst

Pituitary osmoreceptors and renal Vassopressin
Baroreceptors central and peripheric



What makes Hyponatremia from PD patients different
from others?

-Normal kidney function can manage solute and fluid balance
independently.

-Whereas in PD , solute and water transport in PD are closely
linked

-PD patients are challenged daily with 8 to 14 Its of PD fluid with
Kconc.=0

-The main osmotic agent, glucose induces hyperinsulinemia :
shift of K to intracellular space



Accuracy of the Edelman’s equation

I 1 | L
125 150 175 200
Nag + Kg

TBW

Fig. 1. Quanttative effect of the slope and y-intercept on the
plasma water Na ' concentration ([Na '],). The quantitative sig-
nificance of the slope and y-intercept in the Edelman equation
can be graphically depicted by comparing the [Na '], (mm) to
(Na., + K)o TBW (mm) as calculated according to (i)
[Na ' Jpw = (Na. + K ) TBW (rop line) and (i1) [Na ' Jow = 1.11
(Na., + K )/ TBW — 25.6 (botftom hne), where Na_, and K_. are
total exchangeable Na' and K ', respectively, and TBW is total
body water. (Reproduced with permission from reference 39.)




Hyponatremia: how often?

* Hyponatremia is defined as a NA plasma < 135 mmol/It

* Incidence :in PD around 10 to 20 % (but can also be more)..

* Hypokalemia is more frequent can go as high as 50 %
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Hyponatremia and Hypokalemia

In Peritoneal Dialysis Patients

Sejoong Kim
Department of Internal Medicine, Gachon Umversity of Medicine and Science
Korea

Progress in peritoneal dialysis
Editor: Ray Krediet, 2011



De novo hyponatremia in incident PD patients

1 year observational study, single center at Gachon, Korea
51 patients enrolled

1 yr after pts divided in 2 groups: NA < 135 and NA >135



Month 1

Momnth 13

Parameters i~ NN . S
Serologic parameters
C-reative protein (mg/dL) 0.15 0.13 0.20 0.13
Glucose (mg/ dL) 173 130 160 120+
Creatinine (mg/dL) 7.6 7.4 10 7.9
Albumin (mg;/ dL) 3.1* 3.7 3.4 3.6
Cholesterol (mg/dL) 179 171 200 1589
Sodium (mEq/L) 136 140 134+ 139
Potassium (mEq/L) 3.7 4.2 3.8 4.3
Chloride (mEq/L) 99 101 95* 101
Total CO; (mEq/L) 234 23.0 22.3 25.9
Peritoneal function and adequacy tests
D/P Cr 0.64 0.67 0.75* 0.66
Maximum dip in DPNa 0.071 0.070 0.091 0.071
Ultrafiltration capacity (mL) 500 875 700 200
Weight (kg) 66.5 65.8 00.5 65.5
nPINA (g/kg/dav) 0.581 0.88 0.79 0.88
Total Kt/ Vurea 2.05 2.28 2.19 212
GFR (L /week/1.73m?) 448 451 53.1* 43.8

Table 1. Serum levels of the parameters at months 1 and 13 (Lee et al., 2010). Values are
presented as the median. HIN, hyponatremia; ININ, normonatremia. D /P Cr, dialysate-to-
plasma creatinine ratio at 4 hours; Maximum dip in DPNa, the difference between the initial
D /P sodium and the lowest D /P sodium; nPINA, protein equivalent of total nitrogen
appearance normalized to desirable body weight (generating rate of urea); GFR, Glomerular
Filtration Rate (average of creatinine clearance and urea clearance). * P-value < 0.05,

h}-‘ponatfenua group vs. normonatrermic group.



Hyponatremia and Hypokalemia in Peritoneal Dialysis Patients

Catabolic state.
Free water gain intracellular potassium
(Gain of body weight) or phosphate loss
(No gain of body weight)

High dialysate Pseudohyponatremia
ultrafiltration volume and others

Fig. 1. Pathophysiology of hyponatremia in PD patients




What’s in the nephrologist’s head?

At least in mine | maybe have taken some nihilist view:

Many times associated to hyperglycemia

Could be free water body excess?

Nutrition facts ?

Worried about mortality linked to hyponatremia ? :

maybe should !
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Table 1. Baseline characteristics among incident peritoneal dialysis patients according to baseline sodium level

Serum sodium level (mEq/L)

134to <136 136 to <138 138 to <140 140 to <142 1420 <144

N 4687 148 251 654 1368 1424 672 170 N/A
Age, years (+5D) 5815 5014 5816 56 = 15 56 = 16 5815 60 £ 15 59 £ 16 <0.001
Female (%) 45 6l 47 43 46 ! 40 32 <0.001
Race/ethnicity (%)
Caucasian 60 67 58 58 58 61 64 63 0.16
African-American 20 10 20 18 21 21 20 24 0.009
Asian 5 5 4 b 5 4 4 1 0.04
Hispanic 11 14 14 15 12 10 9 7 <0.001
Other 4 4 4 3 1 4 3 5 058
Primary insurance (%)
Medicare 4 51 44 46 # 45 4 42 0.20
Medicaid 4 5 6 5 1 4 2 4 0.03
Other 52 45 50 50 53 51 54 54 <0.001
Comorbidities (%)
Diabetes 58 67 69 71 60 53 52 48 <0.001
Hypertension 48 39 49 48 45 49 51 50 0.06
Atherosclerotic heart disease 13 12 14 13 13 12 14 13 098
Other cardiovascular disease 9 7 10 12 9 9 10 7 037
Congestive heart failure 6 5 9 8 5 5 6 4 0.03
Cerebrovascular disease <1 <] 1 <1 1 0 <1 <1 048
Thyroid disorders 15 18 17 16 14 14 16 12 041
COPD 2 1 3 3 1 2 2 3 0.77
Malignancy 1 <1 <1 1 1 2 1 1 092
HIV <1 0 0 <1 0 0 0 0 0.76
Alcohol 0 0 0 0 0 0 0 0 007
Liver disease <1 g 1 <1 1 0 <1 0 0.09
Use of APD (%)
At study entry 4 35 37 42 45 16 47 51 <0.001
Any time during study follow-up 83 80 76 81 85 4 85 87 0.001
Laboratory tests [mean = SD or median (IQR)]
4-h PET D/P creatinine 0.64 = 012 064 =012 065012 065 +£0.12 063012 0.64 £0.12 0.64 £0.12 0.64 = 0.13 0.18
4-h PET ultrafiltration volume (mL) 300 (100, 400) 400 (200, 500) 300 (175, 400) 300 (100, 450) 300 (200, 450) 300 (100, 400) 275 (100, 400) 225 (0, 400) <0.001
Renal urea clearance (renal Kt/V) 1208 1007 10+ 08 L1+08 1308 L3048 1308 1308 <0.001

Peritoneal clearance (peritoneal Kt/V) 1.4+04 1605 15+ 04 1505 14 £ 04 14+04 1404 14+04 <0001



All cause mortality and time dependent sodium level

5 A ===f=== Minimally Adjusted 5 - B ===f——Polassium-Adjusted
—&—— Case-Mix —8— Glucose-Adjusted
i — -t —  Case-Mix+Laboratory A — =0 —  Bicarbonate-Adjusted
3 -

All-Cause Mortality Hazard Ratio (95% CI)
All-Cause Mortality Hazard Ratio (95% Cl)
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NDT 2017 .32




Conclusions

-Lower sodium levels over time associates to higher mortality

-The mechanism/s of this association is unknown

-Hyponatremia with loss of residual renal function associated
to mortality and correction of sodium derrangements deserve
further studies



BIOIMPEDANCE STUDIES
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TABLE 1
Baseline Characteristics in Patients on PD and
Healthy Con

trols

PD patients
(rn=60)

Healthy
controls
(n=60)

Demographic data

Age (years)

Gender {(male/female)

SBP (mmHg)

DBP {(mmHg)
Biochemical parameters

Ma* (mmol/L)

K" {mmol/L)

Phosphate (mmol/L)

Urea nitrogen {(mmol/L)

Creatinine (pumol/L)

Albumin {g/L)

CEP (mg,/dL)

Body fluid composition

BW (kg)

BMI

TBW (kg)

ICV (kg)

ECV (kg)

ECV/TBW

ICV/ECVY
Hand-grip test {(kg)
Membrane transport (D/P Cr)
Adequacy of dialysis

Kt/

WCC (L/week,/1.73 m?)
RRF (mL/min/1.73 mZ2)
Na*/H,0 balance

Water intake (L)

Water output (L)

Ma* intake (mmol/day)

Ma* output {(mmol/day)

47.2+13.6
26/34
141+212
88+142

139.3x£3.0°
4 408
1.71+0.48°
26.1+x6_82
1,052x3092
38144
0.32+0.1°

57.2+10.8
22942 .01
30.5+6.1
20.2+3.9
10.3+2.1
0.33+0.03P
1.97x0.022
3242.8
0.642+0.11

2.3x0.4
F1.2+20.9
4215

1.7+0.4
1.5+0.4
10418
122+21

48 .7+11.7
26/34
118+12
7849

142 .1+1.8
L. 2202
1.18x0.05
4. 710
69+9
432
0.12+0.02

58.1+7. 4
22 2+1.97
30.8+x1.9
21.0x2.7
9.8x1.7
0.32+0.01
2.14+0.01




TABLE 2
Clinical Characteristics of PD Patients who Developed Hyponatremia

A B C D E F G H I
Gender F F M F F M M F F
Age 40 51 17 68 38 37 54 53 57
BMI 21.9 24.1 20.1 23.8 21.2 22.4 23.8 23.7 18.1
Etiology of ESRD CGN CGN CTIN HN FSGS LN CGN CGN CGN
Length of PD (months) 5 19 21 9 5 7 3 22 27
Time to develop hyponatremia 4 ; g 10 P 3 6 5 8

(months)

History of hypertension + + — + + + + + —
Diuretics — + — + + + — + —
Lipid-lowering agents — — — — + — — + +
Episodes of peritonitis — — + + — — — — —
PD exchanges/day 4 4 4 4 5 5 4 4 5
Edema — — + + + + - — -
Pre-BP (mmHg) 130/80  150/96  140/80  160/90 160/100 150/94  140/90  150/92  126/76
Post-BP (mmHg) 00/50  100/60  130/70 136/80 180/110 170/98  50/94  160/90  130/80

PD = peritoneal dialysis; BMI = body mass index; ESRD = end-stage renal disease; CGN = chronic glomerulonephritis; CTIN = chronic
tubulointerstitial nephritis; HN = hypertensive nephrosclerosis; FSGS = focal segmental glomerulosclerosis; LN = lupus nephritis;
BP =blood pressure.

199



YAN et al. MARCH 2016 - VOL. 36, NO. 2 PDI

TABLE 3
Changes in Body Fluid Composition in PD Patients with Hyponatremia

Na* BW TBW IV ECV
(mmol/L) (kq) (kq) (kg) (kq) ICV/ECV ECV /TBW
Before After Before After Before After Before After Before After Before After Before After

Type I Hyponatremia

A 138 130 56.7 53.0 301 285 204 197 9.7 8.8 210 224 032 031

B 137 129 61.5 58.7 345 309 231 213 114 9.6 203 225 033 031
Type II Hyponatremia

C 140 127 543 509 319 296 205 183 114 113 180 162 036 0.38

D 139 129 577 544 311 298 202 186 109 112 185 166 035 0.38
Type III Hyponatremia

E 141 131 535 55 341 353 222 226 118 126 188 179 0.34 0.35

F 137 129 582 59.8 364 379 240 265 124 134 193 183 034 035
Type IV Hyponatremia

G 136 128 64.4 68.7 389 416 261 275 128 141 2.04 195 033 034

H 138 120 501 611 319 323 213 215 106 108 20 199 033 0.33

I 139 130 46.2 505 237 279 157 185 8.0 0.4 1.96 1.97 034 0.34

PD = peritoneal dialysis; Na*=plasma sodium; BW= body weight; TBW=total body water; ICV =intracellular cell volume; ECV = extracellularvolume.




hyponatremia in PD patients ‘

body weight or total body water ‘

ICVIECV ICVIECV ‘
decreased increased
type | type I type V
hyponatremia hyponatremia hyponatremia

clinical significance clinical significance clinical significance clinical significance

® Na* loss via large
ultrafiltration in PD

ey

¢ Na* supplement

® malnutrition
® chronic inflammation|

pure Na*/K’ loss without
total body water change

therapy

® NaCl/KCl supplement

® treat underlying
inflammation
® correct malnutrition

increased

| ICVIECV |
decreased
| type lll | type IV |
~ hyponatremia hyponatremia

clinical significance

® [oss of residual renal
function
¢ ultrafiltration failure

®excessive water intake

® jcodextran-based
dialysate
o shift to hemodialysis

¢ | water intake

Figure 3 — Algorithm to approach the hyponatremiain non-diabetic PD patients. PD = peritoneal dialysis; ICV/ECV = ratio of intravascular volume
to extravascular volume; Na* = plasma sodium; K* = plasma potassium; NaCl=sodium chloride; KCl= potassium chloride.



Hypokalemia in PD

-Changes in K balance with a commensurate change in Ke will affect the
[Na]pw inducing Na shifts between the intracellular compartment
(ICF) and extracellular compartment (ECF).2-5

-In 1954,,Laragh demonstrated that a rise in the [Na]Jpw may follow the
oral administration of KCl in hyponatremic patients



Hypokalemia in PD

Intestinal bacterial overgrowth

Poor dietary intake h
Impaired inflammatory response

Intestinal dysmotility r

Comorbidity  )Hypokalemia Peritonitls

Intraluminal pressuret

Intestinal mucosal permeabilityt
Cellular uptake

Bacterial translocationt

Loss via Dialysate

Nakai et al. RRT, 2017



Malnutrition Intracellular shaft
and comorbidity (glucose exposure)

Loss of K in dialysate Dietary K restriction

Fig. 2. Pathophysiology of hypokalemia in PD patients




Hyponatremia in our PD patients n = 45 pts
(12 pts with NA <135 meq/It)
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Laboratory and PD correlations with hyponatremia

Hyponatremic Normonatremic

132.83£1.33

creatin

3154057

Dsmol 298.16 £ 11.61

J de arteaga et al. Exp med 2018



Conclusions

* In our PD prevalent population (2017) hyponatremia was found in
25,5 % of pts . 4pts presented hyperglicemia

 There was a correlation to hypoalbuminemia and the use of
icodextrin

* |t may be assumed an association with a rather high transport state

(although this was not done in the analysis)



Management



Int Urol Nephrol (2014) 46:2239-2241
DOI 10.1007/s11255-014-0817-8

NEPHROLOGY - LETTER TO THE EDITOR

Asymptomatic hyponatremia in peritoneal dialysis patients:
an algorithmic approach

Carlos G. Musso + Joanne M. Bargman




hypokalemia:
potassium supply
serum potassium
& nutritional

status malnutrition:

Asymptomatic nourish with
Hyponatremia caution

*

serum glucose & hyperglycemia:
icodextrin use insulin

*First, rule out pseudohyponatremia

Fig. 1 Initial evaluation of asymptomatic hyponatremia. *First, rule
out pseudohyponatremia

Musso and Bargmann; Int. Jour. Urol 2014




Fig. 2 Extracellular volume
evaluation. RRF renal residual
function, Na sodium, ADH
antidiuretic hormone, ECV
extracellular volume

Extracellular Volume Status
evaluation by clinical exam & bioimpedance

LOW:
HIGH: :
increase Na suppl
reduce water supply and NORMAL: PRI

increase ultrafiltration - inadequate suppresion

re-evaluate of ADH in high RRF re-evaluate
If persists despite ECV - reset osmostat .

correction [1—‘5 " If persists despite ECV

correction

Musso. C, Bargmann J. Int Jour.Urol. 2014




Summary |

Hyponatremia PD is prevalent around ( 10 % ) not so as
hypokalemia ( till 50 %) There could be an association with
mortality but rests to be confirmed

Pseudohyponatremia should be first ruled out and is possible in :
hyperglycemia, paraproteinemias or dislipiemias

Its pathogenesis seems mostly due to water intoxication , but
malnutrition should be ruled out in presence of hypokalemia,
hypoalbuminemia

Water excess may be assesed by clinical but more accurately by
bioimpedance parameters .



Summary |l

In the few published studies plasma water Na concentration does not
correlate with the different compartment values ( TBW ICW,ECW )

In case of free water excess, it seems reasonable to achieve free water
ultrafiltration (hypertonic bags, APD )

In absence of water excess , enhance nutrition and intracellular ions ( K
+ . PO4++)

From the clinical point of view in our own population, hyponatremia
appears to correlate with hypoalbuminemia and icodextrin use

High transport state?? Inflamation?



Summary il

From a fast clinical standpoint:

Discard hyperglycemia and pseudohyponatremia

Asess total body water and compartments as best as possible

Use the rest of the variables to assess malnutrition or inflammation

Act accordingly : UF, diuretics , nutrition
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