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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 

 

 



Background : (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 I 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 ! 



-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 

       Basics : Principles and definitions   
 
 



 
 
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. 

Basics  



 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. 

More Basics: PD Physiology 



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   

 







Age and Gender differences in total body water   



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

 
 

Cherney ,Zeballos, Oreopoulos and Halperin:  PDI 2001 



Are PD patients overhydrated? 

Hassan et al, Int J Clin Exp Med 2016 



Overhydration in PD patients 

Hassan et al, Int J Clin Exp Med 2016 



4 L 
EFW 

2.4 L 1.6 L 

ICF 
(24 L) 

ECF 
(16 L) 

VP 
Expanded ECFV causes 
NaCl excretion returning 
the ECFV toward normal 

     Hyponatremia with weight gain:  
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Cherney et al. PDI 2000 



Hyponatremia induced by icodextrin  

k.I OCT 2002 



Hyponatremia induced by icodextrin  

k.I OCT 2002 
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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 lts of PD fluid with 
K conc. = 0 

 

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



 Accuracy of the Edelman´s equation 



Hyponatremia: how often? 

• Hyponatremia is defined as a NA plasma < 135 mmol/lt 

 

 

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

 

 

• Hypokalemia is more frequent can go as high as 50 %  



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 







What’s in the nephrologist’s head? 

• At least in mine I 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 ! 







All cause mortality and time dependent sodium level  

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  













-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]pw may follow the 
oral administration of KCl in hyponatremic patients 

Hypokalemia in PD  



Nakai et al. RRT , 2017 

 Hypokalemia in PD  





Hyponatremia in our PD patients n = 45 pts 
            (12 pts with NA <135 meq/lt) 

J de Arteaga, et al 2018 exp med. 
Hospital Privado Universitario  



Management 
Hyponatremic Normonatremic 

J de arteaga et al. Exp med 2018 

Laboratory and PD correlations with hyponatremia  



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  

 

 

• It may be assumed an association with a rather high transport state 

     (although this was not done in the analysis)   



Management 





Musso and Bargmann; Int. Jour. Urol 2014 



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



Summary I  

• 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 II  

• 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? 



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  
 
 

Summary III 




