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IS THE EFFECT OF LOW-GDP SOLUTIONS ON RESIDUAL RENAL FUNCTION MEDIATED BY  
FLUID STATE? AN ENIGMATIC QUESTION WHICH STILL NEEDS TO BE SOLVED

Fluid overload is still a problem in peritoneal dialysis (PD). 
In a recent international multicenter study of 639 patients 

on PD, approximately 25% were classified with severe fluid 
overload according to bioimpedance indices reflecting extra-
cellular hypervolemia, whereas only 40% were classified as 
normovolemic (1). Two recent studies found that the mean 
degree of fluid overload in PD was comparable to pre-dialysis 
values in hemodialysis (HD) patients (2,3). This is of clinical 
importance, given the relation between fluid overload with 
hypertension and cardiac congestion, although there is no 
evidence for an inferiority of PD as compared to HD regarding 
the effect on blood pressure regulation or cardiac structure 
(3,4). Recently, a relation between fluid overload and mortality 
was also observed in PD patients, confirming previous findings 
in HD patients (5,6). 

Regulation of fluid balance during PD treatment is 
dependent upon 3 basic factors: salt and water intake, peri-
toneal ultrafiltration (or reabsorption), and residual diuresis 
(6–9). Peritoneal ultrafiltration was inversely related to the 
extracellular:total body water (ECW:TBW) ratio, assessed by 
bioimpedance (8). Importantly, both total and peritoneal fluid 
and sodium removal were related to outcome (9). Due to altera-
tions in the peritoneal membrane based on long-term exposure 
to unphysiologic concentrations of glucose and glucose deg-
radation products, higher glucose concentrations are often 
needed to maintain adequate peritoneal ultrafiltration during 
long-term treatment but at the risk of initiating a vicious cycle 
leading to further peritoneal membrane damage (10).

The relevance of diuresis and residual renal function (RRF) 
for PD treatment is evident from its relation to survival in 
prospective observational studies (11). The extent to which 
the relation between RRF and outcome is mediated by the 
effect on fluid overload or uremic toxins removal is not com-
pletely clear. Residual renal function was found to be inversely 
associated with the presence of fluid overload (12), although 
this has not been a uniform finding (1). Still, a recent study 
subdivided patients according to the median value of the RRF 
decline during the first year of PD. Whereas left ventricular 
diameter and mass improved in the subgroup experiencing a 
slower decline in RRF, these parameters remained stable in the 
subgroup with the faster decline in RRF (13).

As preservation of both peritoneal membrane function and 
RRF are both of major importance for the success of long-term 
PD, it would be a great asset if both the decline in RRF and 
peritoneal membrane function could be positively influenced 
by modification of the PD strategy. By improving biocompat-
ibility, the use of PD solutions with lower concentrations of 
glucose degradation products (GDP) and more physiological 
pH levels (to be called “low-GDP solutions” in this review) may 
be a further step towards achieving this goal. 

Despite the variety of low-GDP solutions on the market, 
common mechanisms behind the beneficial effects of low-
GDP solutions on peritoneal membrane function are, amongst 
 others, a lesser peritoneal and systemic toxicity of glyoxida-
tion and advanced glycation end-products (14). Where there 
is ample evidence for a beneficial effect of low-GDP fluids on 
cell viability, as well as on peritoneal membrane structure and 
function from experimental trials, long-term data in humans 
are more scarce (15,16). In the largest randomized controlled 
study on this subject, after an increase in the D/P creatinine 
ratio in the short term, low-GDP solutions were associated with 
a stabilization of peritoneal membrane function as compared to 
standard solutions (17,18). Importantly, peritoneal ultrafiltra-
tion volume is generally found to be higher with conventional 
as compared to low-GDP solutions of the same glucose concen-
trations (17,19). Although the underlying mechanisms have 
not been fully elucidated, more pronounced vasodilation and 
peritoneal capillary recruitment with conventional solutions 
may be implicated (20).  

Next to the effects on peritoneal membrane, there are data 
in the literature suggesting a better preservation of RRF with 
the use of low-GDP solutions. In the balANZ trial, the slope 
of the decline in RRF was not significantly different between 
the low-GDP and the conventional group, but the time to 
anuria was longer in the group treated with low-GDP solutions 
(17). In a subsequent meta-analysis, RRF and urine volume 
12 months after the start of PD were significantly higher in 
patients treated with low-GDP as compared to conventional 
solutions (21,22). Whereas the beneficial effect of low-GDP 
solutions on peritoneal membrane function has strong theo-
retical underpinnings, the effects on RRF and/or diuresis are 
more enigmatic, although it has been proposed that the 
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lesser systemic glyoxidation toxicity may play a role, as e.g. 
3,4-dideoxyglucosone-3-ene (3,4-DGE) was shown to induce 
apoptosis in renal epithelial cells (23,24). However, given the 
lower peritoneal ultrafiltration observed with the use of low-
GDP fluids, it has also been suggested that differences in fluid 
status might be partly responsible for the better preservation 
of RRF and diuresis with the use of low-GDP solutions (25). 
However, there are no studies comparing fluid status using 
objective techniques, between patients treated with con-
ventional and low-GDP solutions. In order to shed more light 
on this question, a single-center study by Lichodziejewska-
Niemierko et al., of which the results are published in this 
volume of PDI, allocated 18 patients to either conventional 
or low-GDP solutions and followed for 24 months. The main 
outcome of the study is that, in the 14 remaining patients who 
were eligible for assessment, the peritoneal ultrafiltration 
volume declined in the low-GDP group while the “overhydration 
index” assessed by multifrequency bioimpedance, reflecting 
the percentual expansion of the extracellular compartment, 
was higher at the end of follow-up (26). 

The first question is whether this study adds support to 
the hypothesis that the better preservation of RRF associated 
with the use of low-GDP solutions may be related to differ-
ences in fluid status. Despite the difference in fluid status, 
no significant differences in urine volume were observed 
between both groups, so the present study does not provide 
direct evidence for the hypothesis. An important limitation of 
the study is the lack of randomization. It should be noted that 
the limited statistical power of the study can have affected 
the interpretation of these results, given the fact that urine 
volume declined by 30% in the low-GDP group and by 40% in 
the group treated with conventional solutions. Despite this 
decline in urine volume, patients were continued on 4-times 
daily exchanges with 1.5% solutions during the follow-up. 
Therefore, the absence of a significant change in fluid status 
observed with the conventional glucose solutions remains 
somewhat unexplained in the absence of detailed data on fluid 
intake. However, from the data presented, it appears likely 
that the increase in fluid overload with low-GDP solutions is at 
least partly related to the lower ultrafiltration as compared to 
conventional glucose solutions. It is also clear that the present 
study does not provide direct evidence for a causal relation 
between differences in fluid state and the better preservation 
of RRF with low-GDP as compared to conventional solutions. 
However, the next question is whether the study supports a 
possible association between mild fluid overload and the better 
preservation of RRF and/or residual diuresis with the use of 
low-GDP solutions observed in previous literature.  

Available evidence suggests that fluid state may affect 
RRF, as forceful fluid removal may lead to a decline in RRF in 
PD patients (27). Also, a subanalysis of a randomized trial 
comparing icodextrin with glucose solutions showed that 
fluid-depleted patients, according to ECW measurements by 
bromide dilution, experienced a more rapid decline in RRF 
(28). In the NECOSAD cohort, the decline in RRF was faster in 
patients who experienced episodes of dehydration, assessed 

according to clinical criteria (29). However, whereas fluid 
depletion likely affects RRF and diuresis in a negative way, the 
more pertinent reciprocal question is whether the latter are 
positively influenced by (mild) fluid overload (30). Although 
a relation between urine volume and fluid overload appears 
likely from the Guytonian mechanism of pressure natriuresis, 
there are not yet hard data to support this assumption in 
dialysis patients. A recent observational study in 237 patients 
showed no differences in the change in RRF between different 
tertiles of the ECW:TBW ratio assessed by bioimpedance in 
incident PD patients, nor a relation between changes in the 
ECW:TBW ratio and the change in RRF during 12 months of 
follow-up (31). However, the different ECW:TBW tertiles may 
not fully correspond with the physiologic classifications of 
fluid depletion, normovolemia, and fluid overload. In addi-
tion, the ECW:TBW ratio, which is also a predictor of outcome 
in PD patients, can be influenced by other factors, such as 
differences in muscle mass or fat tissue mass between patients 
(30,32). Notably, the relation between the ECW:TBW ratio and 
the overhydration index which was used both in the present 
study and in previous cohorts (1,20) is weak (r = 0.31), sug-
gesting that these parameters partly reflect different entities 
(6). The discussion on the best normalization procedure for 
mulltifrequency bioimpedance parameters is not fully closed, 
given the fact that the overhydration index is also influenced 
by a certain assumption regarding the hydration of lean tissue 
and fat mass (32,33).

In a randomized trial of 160 PD patients comparing the 
effects of routine versus technique-assisted assessment of fluid 
state, no differences in changes in urine volume were observed 
between both groups, despite a significant difference in fluid 
status of about 0.8 L at the end of 3 months follow-up (34). 
However, in this study, even with the use of technique-assisted 
prescription of fluid state, patients still remained generally 
fluid overloaded both in the control and intervention group. A 
last argument from physiology is that an effect of fluid overload 
on RRF (including the removal of uremic toxins) is less likely 
than a possible effect on residual diuresis, for which there is 
a sound physiologic explanation through pressure natriuresis. 
However, in the literature, both entities, which likely only 
partly overlap, are not always strictly distinguished. 

Interestingly, differences in fluid state between conven-
tional and low-GDP solutions in the present study were only 
detected by bioimpedance, whereas no changes in biomarkers 
such as N-terminal pro-brain natriuretic peptide (NT-proBNP) 
and echocardiographic parameters were observed. Also in a 
recent study, agreement between different techniques, such 
as bioimpedance, NT-proBNP, and vena cava echography used 
to assess fluid state in dialysis patients was relatively weak 
(35). The data from the present study suggest that bioimped-
ance may be more sensitive in detecting small changes in fluid 
state as compared to the other parameters, although in the 
absence of gold standard techniques, this cannot be proven. 

In conclusion, the results of the study of Lichodziejewska-
Niemierko et al. do not directly support the hypothesis that 
differences in the preservation of RRF between low-GDP and 
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conventional solutions may be partly related to differences 
in fluid state due to reduced peritoneal ultrafiltration. Still, 
it does not negate the presence of such a relation, as it pro-
vides preliminary evidence for potential differences in fluid 
status between low-GDP and conventional solutions of the 
same  tonicity. The study may aid in the design of future trials 
in which the effect of conventional and low-GDP solutions, 
carefully distinguishing between RRF and residual diuresis, 
are compared while fluid state is prescribed to a preset target, 
using technique-assisted monitoring, e.g. by bioimpedance. 
Such a trial could also provide more definite evidence for the 
presence or absence of a relation between peritoneal ultrafil-
tration, fluid status, and preservation of RRF in PD patients. 
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