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Abstract
Background

It has been noticed for years that ultra�ltration is important for survival in peritoneal dialysis. On the other
hand, ultra�ltration measurement is much more complicated than it thought to be. Both over�ll and �ush
before �ll used to be source of measurement error. However, controversy �nding around ultra�ltration in
peritoneal dialysis still exists.

Methods

Four different brands of dialysate were purchased from the market. The freshest dialysate available in
the market were intentionally picked. The dialysate were all 2L, 2.5% dextrose and traditional lactate
buffered PD solution. They were stored in four different conditions with controlled temperature and
humidity. The bags were weight at baseline, 6 months and 12 months of storage. Speci�c gravity was
measured in mixed 24 hour drainage dialysate from 261 CAPD patients in a cross sectional manner.

Results

There was signi�cant difference in dialysate bag weight at baseline between brands. The weight declined
signi�cantly after 12 months storage. The weight loss was more signi�cant in higher temperature and
lower humidity. The dialysate in non-PVC package lose less weight than PVC package. The speci�c
gravity of dialysate drainage was signi�cantly higher than pure water and related to dialysate protein
concentration.

Conclusion

Storage condition and duration, as well as the type of the dialysate package gave extra variance in over�ll
volume. The fact that speci�c gravity of dialysate drainage is higher than 1g/ml also contributes to
systemic measurement error of ultra�ltration in manual exchanges.

Trial Registration: ClinicalTrials.gov ID: NCT03864120 (March 8, 2019) (Understand the Difference
Between Clinical Measured Ultra�ltration and Real Ultra�ltration)

Background
It has been noticed for years that ultra�ltration is important for survival in peritoneal dialysis. It has been
part of the guideline target. 1–3 It is also an important parameter of peritoneal membrane function.
Incorrect ultra�ltration measurement may mislead the diagnosis of ultra�ltration failure. 4 On the other
hand, it has been noticed that ultra�ltration measurement is much more complicated than it thought to
be.4–6 Both over�ll and �ush before �ll used to be source of measurement error. The practice way of
measure ultra�ltration in CAPD patients was suggested to weight ”whole” drain bag and subtract an
appropriate over�ll volume. 6
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However, controversy �nding around ultra�ltration in peritoneal dialysis still exists. The UF difference
between APD and CAPD is di�cult to understand. It is widely accepted that CAPD is as good as APD in
terms of preserving residual renal function, if not better. Meanwhile, a favoured 24 hour UF in CAPD has
been noticed in several studies. 7–10 Neglecting over�ll used to be a reason for over estimating UF in
CAPD. However, there were studies which had clearly accounted for over�ll still found a favored UF in
CAPD compared to APD.10 The best ultra�ltration cutoff and related daily sodium removal are rather
different between studies. Even guidelines gave different target too. More recently, ISPD guideline decide
not to give any numeric target of ultra�ltration but emphasis the importance of ultra�ltration for patient
survival. 11

The current study is to give a detailed analysis of clinical measurement error in ultra�ltration in peritoneal
dialysis.

The study adheres to CONSORT 2010 reporting guideline.

Methods
Study design and material

Four different brands of dialysate were purchased from the market. The dialysate were all 2L, 2.5%
dextrose and traditional lactate buffered PD solution. Brand A and B were in PVC package. Brand C and D
were in non-PVC package. (Appendix Table 1) The freshest dialysate available in the market were
intentionally picked. The time duration between manufacture data to baseline measurement were from
43 to 105 days.

At baseline, the bags were weight as whole package. The outer package of 4 bags of each brands were
removed and weighted separately. The other bags were then stored in four different conditions with
controlled temperature and humidity. The whole bags were weight at baseline, 6 months and 12 months
of storage. The detailed temperature and humidity condition was shown as following.

Condition 1, 5℃ and uncontrolled humidity. N = 5 for each brand

Condition 2, 25℃ and 40% humidity. N = 4 for each brand

Condition 3, 30℃ and 30% humidity. N = 4 for each brand

Condition 4, 40℃ and 20% humidity. N = 5 for each brand

Sample size calculation

According to preliminary measurement, a 2L dialysate bag is weight around 2200 ± 5g. n = 4 is big
enough to pick 10 g difference between different brands. (type I error, 0.05 and power = 0.8) N = 5 is big
enough to pick a 12g (SD = 5) change in weight before and after storage. N = 3 is enough to pick a 20g
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(SD = 5) change in weight before and after storage. 5 bags of brand A, B and D were stored in each of the
4 conditions. For brand C, 4 bags were stored in condition 1 and 4, and 3 bags were stored in condition
2and 3.

261 CAPD patients follow up in our center were enrolled in the study. They were going through their
routine dialysis adequacy test. Speci�c gravity of the drainage dialysate was measured by weighting 1ml
of the mixed 24 hour drainage dialysate, the same sample as their dialysis adequacy test. Speci�c gravity
of pure water was also measured by same method as control. Dialysate sodium, potassium, protein and
glucose were also measured as part of their routine test.

Statistical analysis

One way ANOVA was used to measure the difference between different brands. General linear model were
used for repeated measurement of dialysate weight. One sample t test was used to clarify the difference
between dialysate speci�c gravity and water. The correlation between speci�c gravity and other
parameter were identi�ed by Pearson correlation. IBM SPSS statistics 20 was the software used for the
study.

Results
2L dialysate bag of different brand weight different at baseline

There was signi�cant difference in weight between the four different brands. The weight was from 2222 
± 1.9g to 2261 ± 3.7g for the whole 2L bag with outer package. (P < 0.01) The outer package itself was
different in weight too. It was between 19.1 ± 0.4g to 21.6 ± 0.3g. (P < 0.01) But the big weight difference
of whole dialysate bag could not be explained by the weight difference in outer package. (Table 1)

Table 1
Dialysate weight at baseline in different brand

whole bag outer package bag without outer package

A(n = 4) 2250 ± 3.6 19.7 ± 0.1 2230.3 ± 3.5

B(n = 4) 2221.9 ± 1.9 21.6 ± 0.3 2200.3 ± 1.8

C(n = 4) 2261.2 ± 3.7 20.4 ± 0.2 2240.8 ± 3.6

D(n = 4) 2229.8 ± 2.1 19.1 ± 0.4 2210.7 ± 2.1

P value < 0.01 < 0.01 < 0.01

Dialysate bag lost weight over 12 months of storage

Over the 12 months of storage, all dialysate bags lost weight. The dialysate bags lost more weight for 12
months storage time compared with 6 months. (P < 0.01, Table 2) The higher temperature and lower
humidity storage condition was related to more signi�cant weight loss. (Table 2)
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Table 2
Dialysate weight at baseline, 6 months and 12 months in different conditions

  baseline 6 months 12 months P value

condition 1 (n = 19) 2238.9 ± 16.5 2238.6 ± 16.5 2238.3 ± 16.6 < 0.01

condition 2 (n = 18) 2238.6 ± 14.9 2230.2 ± 15.2 2224.8 ± 15.8 < 0.01

condition 3 (n = 18) 2239.1 ± 13.7 2225.6 ± 14.2 2217.2 ± 15.3 < 0.01

condition 4 (n = 19) 2240 ± 16 2202.9 ± 21.3 2178.3 ± 26.7 < 0.01

Dialysate with PVC package lost more weight than non-PVC package

The weight loss for each brand over 12 months storage was shown in Fig. 1 and appendix Table 2. The
weight of dialysate bag at 12 months depended on baseline weight, storage condition and package type
(PVC or non-PVC). PVC package was related to more signi�cant weight loss over 12 month’s storage.
(Table 3)

Table 3
generalized linear model of dialysate weight at 12

months of storage

  Multivariate

  Coeff. 95% CI P

baseline weight .871 0.75,0.99 < 0.01

condition 1 60.975 56.21,65.74 < 0.01

condition 2 48.131 43.3,52.97 < 0.01

condition 3 39.756 34.85,44.66 < 0.01

condition 4(ref) 0    

non-PVC 16.296 12.69,19.91 < 0.01

PVC(ref) 0    

The speci�c gravity of dialysate drainage was signi�cantly higher than water and related to dialysate
protein concentration

The speci�c gravity of dialysate drainage was 1.0136 ± 0.009 g/l, which was signi�cantly different to
water. (n = 261, P < 0.01) All patients enrolled were on manual exchange and on traditional lactate
buffered dextrose solution. The correlation between speci�c gravity and protein concentration was
signi�cant. (r = 0.139, P = 0.024) (Table 4)
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Table 4
correlation between speci�c gravity and other solute concentration

  speci�c gravity potassium sodium chlorine glucose protein

speci�c gravity 1 .064 .113 − .037 − .011 .139*

potassium .064 1 .157* .261** − .344** .254**

sodium .113 .157* 1 .680** − .328** .270**

chlorine − .037 .261** .680** 1 − .450** .346**

glucose − .011 − .344** − .328** − .450** 1 − .368**

protein .139* .254** .270** .346** − .368** 1

* P < 0.05, **P < 0.01

Discussion
Ultra�ltration is clearly important for patient survival in peritoneal dialysis. It is also an important
parameter for peritoneal membrane function. It was thought to be the easiest variable to measure. Not
until post 2000, we started to recognize over�ll and �ush before �ll cause signi�cant measurement error
for ultra�ltration. 4–6 The current daily practice is to weight the “whole” drain bag and minus the over�ll
volume. Some carefully designed clinical trials measured dialysate bags before and after. However, the
controversy �nding around ultra�ltration still exists to some degree. In the current study, we clari�ed
several potential measurement errors for ultra�ltration.

Over�ll exists in all brands, but different in each brand

We knew over�ll exists in all brands. But how big the difference is was not clear to the public.
Theoretically, over�ll should be different between brand, type and even batch. We picked the 2L, lactate
buffered, 2.5% dextrose dialysate from four different brands. It was just to get a rough idea of how big the
difference was. Ideally, the manufacturer should be encouraged to publish regular audits of over�ll for
each type of dialysate.

Storage condition does make difference for long storage duration

According most dialysate storage instruction, lower than 0 degree should be avoided. The expiration date
is 24 months. From the current study, it was clear the storage duration and condition did make difference
in dialysate volume. In practices, we de�nitely suggest dialysate should not put in incubator for long time,
which would cause signi�cant evaporation. It could also be a problem in clinical trials. Because dialysate
supplement in clinical trials may not be as frequent as routine clinical use. This problem could be more
signi�cant in the investigation arm than the control arm, which may give systemic error when comparing
ultra�ltration. For clinical trials, weight dialysate bags before and after is strongly suggested. The fact
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that temperature and humidity had effect on dialysate volume may also contribute to the center effect of
ultra�ltration and sodium removal.

PVC and non PVC package show difference in evaporation

We also noticed the different character in evaporation between PVC and non PVC package. So far, there is
no clinical data on ultra�ltration comparing PVC and non PVC package. An ongoing clinical trial from
China may give us some useful information. 12 The problem of storage duration and difference in
evaporation character should be carefully treated.

Neglecting the effect of speci�c gravity leading to overestimate of ultra�ltration in CAPD

It is not surprise that the speci�c gravity of dialysate is slightly higher than pure water. However, it is
supposed to be neglectable by almost the whole PD society. Ultra�ltration in manual exchange is
measured by weight and transform to volume by divided by 1g/ml (speci�c gravity of pure water). While
in APD, ultra�ltration is directly measured by machine in volume. Taking the average speci�c gravity from
our dextrose only cohort; the potential over estimation of UF in CAPD with 8L prescribe input volume and
1L UF was calculated as following.

Reported UF (L, misleading by kg)

= [8L (input volume) + 1L (UF)] * 1.0136 (g/ml) − 8L (input volume)

= 1.122(L, misleading by kg) (over estimate for 0.122L)

For icodextrin, the speci�c gravity is even higher than dextrose solution. As we don’t have icodextrin in
Shanghai, Prof Simon Davies kindly shared the information with us. From three long dwell icodextrin
dialysate samples in Stoke on Trent, the mean speci�c gravity was 1.026 ± 0.006g/ml. In another word,
the potential over estimation of UF in CAPD in a single icodextrin dwell (2L) with 0.4L UF was calculated
as following.

Reported UF (L, misleading by kg)

= [2L (input volume) + 0.4L (UF)] * 1.026 (g/ml) − 2L (input volume)

= 0.461(L, misleading by kg) (over estimate for 0.061L)

The gap between weight and volume is big enough to give systemic error when comparing ultra�ltration
between CAPD and APD. However, measuring dialysate volume manually is not feasible. It may cause
even bigger measurement error and also increase the risk of contamination. Weight instead of volume
measurement is still a reasonably way for daily practice. Mobile volume measuring tool may help with
this problem in clinical trial scenario.
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Limitation: In the current study, we got the dialysate bags from market. We had tried our best to get the
freshest dialysate available in the market for the study. The time between manufactory to baseline
measurement was still slightly different between brands (from 43 to 105 days). On the other hand,
theoretically, over�ll should be different between brand, type and even batch. It may give some bias when
comparing between brands. However, the study was design to clarify the difference itself rather than
report the exact �gure of the difference.

There is argument that in real life dialysate is not likely to store in that extreme conditions as in the
current study. The study was simply to clarify the fact that storage condition (temperature and humidity)
and duration would make difference on dialysate weight rather than working out an exact �gure of how
big the difference is.

Conclusions
In conclusion, ultra�ltration measurement in peritoneal dialysis is much more complicated than we
thought. Over�ll and �ush before �ll has been noticed for some time. Storage condition and duration, as
well as the type of the dialysate package also give variance in over�ll volume. The fact that speci�c
gravity of dialysate drainage is higher than 1g/ml also contributes to systemic measurement error of
ultra�ltration in manual exchanges.
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Figure 1

Over the 12 months storage, dialysate lost signi�cant weight. The weight loss was more signi�cant in
higher temperature and lower humidity. PVC package was related to more signi�cant weight loss over 12
month’s storage.
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