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Learning 
Objectives

 Understand pathophysiology of fluid overload in PD 

 Identify clinical consequences and risk factors

 Review assessment tools and management strategies



PD: 
Global 
Landscape

Cho Y et al, NDT 2024; 39(suppl2): ii18-ii25

Median incidence of PD 22.4 pmp (prev 20.8 pmp) 
Median prevalence of PD 21 pmp

HD prevalence 
322.7 pmp



Reasons for 
PD cessation

ANZDATA 2024
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“Fluid overload is common.”

And may be more common than what we think..



How reliable is 
clinical 
assessment of 
fluid overload? 

107 patients on HD – 
mid-week - 
asymptomatic

Tsikliras NC et al, Haemo Int; 2021; 25: 391-8



Other 
methods to 
assess fluid 
status

 Serum Biomarkers
 B type natriuretic peptide (BNP) 

 Mainly reflects filling pressure of the left atrium – i.e. 
cardiac congestion (reflective of cardiac dysfunction and 
volume overload) 

 Lung Ultrasound 
 Can be used to assess the extravascular content of the 

lungs 

 Reflects pulmonary wedge pressure – i.e., LV preload 
and circulating volume in relation to cardiac function 
rather than just fluid status

Other methods to assess fluid status 

https://cvphysiology.com/blood-pressure/bp017
Picano E et al, JASEcho, 2006; 19(3): 356-63

https://cvphysiology.com/blood-pressure/bp017
https://cvphysiology.com/blood-pressure/bp017
https://cvphysiology.com/blood-pressure/bp017


Bioimpedance 
Measurement

 Uses a flow of electrical current through the body tissues to assess body 
composition based on measured impedance ( a compound of resistance 
and reactance) 

• Model presume that the body is composed of 3 linked cylinders – arm, leg and the 
trunk  (assumes constant fat-free mass – which is inaccurate in higher BMI)

• Resistance is related to water content whereas reactance is related to integrity of 
the cell membrane

Kim YL & van Biesen W, Semin Nephrol 2017; 37(1): 43-53



• Cross sectional, observational, multi-centre study in 28 
centres in 6 European countries 

• To analyse hydration status in prevalent PD patients using 
bio-impedance spectroscopy:

• Absolute Δ Tissue Hydration (AΔTH)  = amount of ECW in 
the tissue detected by the BCM – predicted amount of 
water present in the tissue under normal physiological 
conditions. 

• Of 639 patients included:

• 53.4% met ‘over-hydration’ criteria (AΔTH>90th 
percentile of normal population)

• Severe fluid overload, defined as a relative change in 
tissue hydration above 15% was present in 25.2% of 
the study population (meaning ~ 1 in 4 PD patients 
have severe fluid overload!) 

Decline in trend with slower 
transporter status – but ++ IQR 

overlap

Van Bissen W et al, PLoS ONE 2011; 6(2): e17148

? Problem of 
Prevalence – 

~40% of patients 
with <500mL/day 

urine output



• Longitudinal, international, prospective 
observational study of incident PD 
patients 

• 1092 incident patients (58.1% male) from 
135 centres in 35 countries (Asia, Europe, 
Latin America)

• 56.4% were ‘overhydrated’ using BCM 

Ronco C et al, NDT 2015; 30: 849-58

When in doubt – fluid 
overload is more likely 

than not! 

Target Weight in PD = 
normotensive, 

euvolaemic and 
symptom free



“Fluid 
overload is 
common and 
associated 
with adverse 
patient 
outcomes”

Manera K et al, AJKD 2020; 75(3): 404-12 



• From IPOD-PD Study, 719 patients meeting inclusion 
criteria were included (e.g.,  f/up >6 months, valid 
measurement of BCM data at month 6).

• BCM was measured at baseline and every 3 monthly. 

• Outcome: time to technique failure (defined as 
composite of death + t/f to HD)

• Transplantation was considered a competing event 

Vrtovsnik F et al, CKJ 2021; 14(2): 570-7



Vrtovsnik F et al, CKJ 
2021; 14(2): 570-7

Sub-HR 2.74 (1.75-4.31) p<0.0001

Sub-HR 2.20 (1.19-4.07) p=0.01 

Sub-HR 1.85 (1.12-3.05) p=0.02



Ng JKC et al, PLoS One 2018

• Single-centre study of 311 incident PD patients, 
median follow-up of 27.3 months.  

• Volume status measured by BIS:
• Volume of Overhydration (OH)
• OH/extracellular water (ECW)ration 
• ECW/total body water (TBW) ratio 
• ECW to intracellular water (ICW) ratio (E:I ratio)
 

• Outcomes:
• Patient survival
• Technique survival
• cardiovascular event-free survival

• Fluid overload present in :
• 272 (87.5%) when defined as OH volume >1.1L
• 274 (88.1%) when defined as OH/ECW ratio >7% 
• 305 (98.1%) when defined as ECW/TBW >40% 





Understand 
the CAUSE/s 
to inform 
strategies of 
ACTION

Inadequate peritoneal 
ultrafiltration

Reduced residual 
kidney function

Increased dietary salt 
and fluid intake



Fluid 
Restriction

 Generally, “restrictive” (e.g., 1.5L/day)

 NHS Oxford Kidney Unit patient information brochure for 
PD states:

 Your fluid allowance = 750mL + previous days 24-hour urine 
output 



Let’s talk 
about fluid – 
‘obvious’ and 
‘hidden’



Control your 
THIRST

SALT RESTRICTION

 <2g (87mmol/L) / day 
recommended in PD  

 Strategies:
 Fresh, minimally processed 

foods
 Remove salt on table 
 Cook with little/no added 

salt
 Use herbs/spices to flavour 
 Limit the use of commercial 

sauces, dressings and instant 
products 

 Choose foods with lower 
sodium content (e.g., 
<120mg/100g of sodium = 
best)

GLYCAEMIC CONTROL

 Diet

 PD Prescription – lower 
glucose strength 

 Glucose-lower treatments 
 OHG – DPP4 inhibitors (e.g., 

linagliptin) 
 Insulin – tailored to 

individual needs (consider 
PD prescription); multiple 
daily injection preferred (mix 
of long- and short-actings) – 
if unable premixed 70/30 or 
70/25 



2 Gram Sodium Diet, University of Washington Medical Centre 



Work your 
KIDNEYS 

 Diuretics should be utilised (and 1st therapeutic choice in those 
with preserved RKF) 

 Options include:
 Loop diuretics – frusemide (up to 500mg/day) 

 Others – HCT, metolazone 

• 61 incident patients on CAPD 
randomised 1:1 to 250mg daily 
frusemide vs. placebo 

Medcalf JF et al, KI 2001; 59: 1128-33



Witoon R et al, Kidney Res Clin Pract 2019; 38: 108-15

• Single-centre, double-blinded, RCT 
• 51 adult CAPD patients were 1:1 randomised 

to receive:
• Triple Diuretics: frusemide 1000mg/day, 

HCT 100mg/day, spironolactone 
50mg/day OR

• Single Diuretic: frusemide 1000mg/day 
plus placebo 

• 6 months 
• Primary outcome was the difference in urine 

output at 3 and 6 months compared with 
baseline 

No difference in adverse events



Make sure PD 
is working 
(optimally)

 Rule out constipation 

 Ensure proper adherence to prescription 

 Rule out catheter flow dysfunction 

 Rule out hernias/leaks 

 Optimise PD prescription with cautious increase in 

concentration of dextrose-based solutions as needed 



Avoid Constipation

Kosmadakis G et al, PDI 2019; 39(5): 399-404



Check 
Adherence to 
PD and 
implement 
timely 
intervention



Optimise PD 
Prescription

Auguste BL & Bargman JM. AJKD 2022; 81(1): 100-9



Fast vs. Slow

Fast (high) Transporter

 Reach urea/creatinine 
equilibrium quickly

 Reduction in dialysate 
volume after ~2 hrs 
(glucose absorption)

 Reduction in creatinine 
clearance after 4 hrs 
(convective creatinine re-
absorption)

 Short dwells more effective

 APD often useful

 Icodextrin useful

Slow (low) Transporter

 Solute D/Purea/creatinine 
increases progressively

 UF continues late into dwell

 Clearance continues to 
increase with longer dwell 
times

 CAPD – (or APD (CCPD) but 
often less effective)



Mujais S & Vonesh E, KI 2002; 62 (81): S17-S22



Morelle J et al, PDI 2021; 41(4): 352-72
Auguste BL & Bargman JM. AJKD 2022; 81(1): 100-9

Predicted UF = 

~ 300mL X 3 (2.5%, 3 hour 
dwell) 

+ 600mL (7.5% 10 hour)
= 

1.5L



Consider sodium sieving.. 

Rippe, B. & Davies, S., 2011. Permeability of peritoneal and glomerular capillaries: what are the differences according to pore theory? PDI 31(3), pp.249–258.

-Crystalloid osmotic gradient (glucose) 
-Colloid osmotic agent (icodextrin)
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IcodextrinGlucose

AQP: 
Reflection co-efficient
1                             1                                             

Why no Sodium Sieving ?

Water

Blood Blood DialysateDialysate

Plasma

Small Pores:
Reflection 

co-efficient  
0.03                          0.5

Water

OSMOTIC pressure drives ONCOTIC pressure drives



Sustained UF 
with icodextrin 
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Sustained 
UF with 
icodextrin 
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Rodríguez–Carmona, et al. Peritoneal dialysis international. 2002;22(6):705-713.
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Significantly lower 
risk of 
uncontrolled fluid 
overload with 
icodextrin use 

Goosen K et al, AJKD 2020; 75(6): 830-6



Utility of 
Hybrid 
dialysis

 Combining PD with HD to achieve better solute and volume 
control 

 Involves adding 1-2 HD sessions/week to a 5- to 7-day per 
week PD regimen. 

 Majority of the published reports on hybrid dialysis comes 
from Japan 

Maruyama Y & Yokoyama K, Renal Replace T 2016





What about in 
Acute Fluid 
Overload – is it 
time for HD?

Mujais S & Vonesh E, KI 2002; 62 (81): S17-S22



Take Home 
Message

 Fluid overload is common in PD (in both incident and 
prevalent patients) and an important (modifiable) 
cause of harm (including CVE, mortality, HD t/f)

 Target weight = symptom free + euvolaemic + 
normotensive 

 In order to succeed in fluid management, we need to 
address both non-PD and PD-related issues:

 Salt, fluid, glycaemic control 

 Maximise RKF – diuretic use

 Optimal bowel management 

 Tailored PD prescription (and ensure adherence) 



y.cho3@uq.edu.au
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