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♦  Background:  Peritoneal dialysis (PD) has limited power for 
liquid extraction (ultrafiltration), so fluid overload remains a 
major cause of treatment failure.
♦  Methods:  We present steady concentration peritonal dialy-
sis (SCPD), which increases ultrafiltration of PD exchanges by 
maintaining a constant peritoneal glucose concentration. This 
is achieved by infusing 50% glucose solution at a constant rate 
(typically 40 mL/h) during the 4-hour dwell of a 2-L 1.36% glucose 
exchange. We treated 21 fluid overload episodes on 6 PD patients 
with high or average-high peritoneal transport characteristics who 
refused hemodialysis as an alternative. Each treatment consisted 
of a single session with 1 to 4 SCPD exchanges (as needed).
♦  Results:  Ultrafiltration averaged 653 ± 363 mL/4 h — twice the 
ultrafiltration of the peritoneal equilibration test (PET) (300 ± 
251 mL/4 h, p < 0.001) and 6-fold the daily ultrafiltration (100 ± 
123 mL/4 h, p < 0.001). Serum and peritoneal glucose stability 
and dialysis efficacy were excellent (glycemia 126 ± 25 mg/dL, 
peritoneal glucose 1,830 ± 365 mg/dL, D/P creatinine 0.77 ± 0.08). 
The treatment reversed all episodes of fluid overload, avoiding 
transfer to hemodialysis. Ultrafiltration was proportional to fluid 
overload (p < 0.01) and inversely proportional to final peritoneal 
glucose concentration (p < 0.05). 
♦  Conclusion:  This preliminary clinical experience confirms the 
potential of SCPD to safely and effectively increase ultrafiltra-
tion of PD exchanges. It also shows peritoneal transport in a new 
dynamic context, enhancing the influence of factors unrelated to 
the osmotic gradient.
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Peritoneal dialysis (PD) has a limited capacity to produce 
ultrafiltration; insufficient ultrafiltration increases mor-

bimortality and is one of the main causes of treatment failure 
(1–4). To achieve ultrafiltration, PD uses hypertonic dialysis 
solutions. This method is, in principle, powerful: even the 
solutions with lowest osmolarity (such as 1.36% glucose) 
initially induce great ultrafiltration fluxes of 2.7 to 7 mL/
min (5–7) — if maintained indefinitely, this would represent 
between 4 and 10 liters in 24 hours. But peritoneal absorption 
quickly lowers the osmolarity of the dialysis solution, reducing 
the ultrafiltration flux. Net ultrafiltration after a few hours is 
therefore small, sometimes even negative. It can be increased 
by shortening the exchanges, using dialysis solutions with 
higher osmolarity, and/or substituting glucose for icodextrin 
(which is absorbed more slowly) in long exchanges. But these 
methods have limited efficacy, and alternatives such as non-
commercial icodextrin mixtures with glucose or amino acids 
(8,9) and continuous flow PD (10–13) are complicated and 
expensive. As a result, PD fails to deliver enough ultrafiltra-
tion for some patients (especially those with anuria or high 
peritoneal transport characteristics), forcing them to transfer 
to hemodialysis either occasionally (14,15) or permanently, at 
great loss of life quality.

We present a simple, safe, and powerful method to increase 
ultrafiltration in PD: steady concentration peritoneal dialysis 
(SCPD). Our method maintains intraperitoneal glucose concen-
tration steady near its initial value during the whole exchange, 
keeping a high ultrafiltration flux during the whole period. 
Here we present the method and apply it in a preliminary 
clinical application to demonstrate its efficacy and potential. 

Our method uses a technique originally developed to pro-
vide parenteral nutrition through the peritoneal membrane 
(16–19). It consists of filling the peritoneal cavity with 1.36% 
glucose dialysis solution and then infusing hypertonic solu-
tion of nutrients (glucose and/or amino acids in the original 
experiments) slowly and constantly through the catheter. 
Intraperitoneal concentration reaches a steady state 2 – 
4 hours after starting the infusion and remains constant for 
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at least 6 hours (16,17). These studies found that hypertonic 
infusion rate does not need to be adjusted for each patient: the 
same infusion rate led to a narrow range of steady concentra-
tions across patients (1,177 ± 228 mg/dL, mean ± standard 
deviation) (18,19). These concentrations are low enough to 
be safe and high enough to induce significant ultrafiltration.

MATERIALS AND METHODS 

PATIENTS

We treated 6 PD patients with high or average-high peri-
toneal transport characteristics (Table 1). They suffered 
symptomatic fluid overload (edema, hypertension, and/or 
orthopnea), which did not reverse after modifying diet and 
PD scheme (including higher osmolarities and icodextrin; 
Table 1). The patients refused temporary or permanent trans-
fer to hemodialysis. After treating the first episode of each 
patient, we relaxed the inclusion criteria for their subsequent 
episodes, applying SCPD as a preemptive measure before fluid 
overload produced severe symptoms. In total, we treated 21 
episodes in the 6 patients.

Treatment protocol complied with the Declaration of 
Helsinki and was conducted in accordance with the laws about 
off-label use of medications with the approval of the Ethics 
Committee of Clinical Investigation of Area de Salud Valladolid-
Este (CEIC-VA-ESTE-HCUV) (PI 14-179 CINV 14 – 67) and the 
Investigation Committee of the Hospital Clínico Universitario 
de Valladolid, Spain. Patients provided their written informed 
consent before being treated.

TREATMENT

All treatments took place in our PD unit in ambulatory 
regimen. Each treatment consisted of a single session of 1 to 
4 steady concentration peritoneal dialysis (SCPD) exchanges 
(as needed to reverse the fluid overload episode). We per-
formed a total of 41 exchanges in the 21 treatments to the 6 
patients. The typical SCPD exchange was as follows (see next 
paragraphs for exceptions): We used the Baxter PD system with 
Luer connection (or adapted a non-Baxter one as described in 
the supplement). For each SCPD exchange, first we filled the 
peritoneal cavity with 2 L of 1.36% glucose dialysis solution 
(Physioneal 1.36; Baxter Healthcare Corporation, Deerfield, 

TABLE 1
Patients in the Study

	 Patient 1	 Patient 2	 Patient 3	 Patient 4	 Patient 5	 Patient 6	

Sex/age (years)	 M/86	 F/72	 F/66	 M/62	 F/49	 F/51	
Months on PDa	 17	 12	 84	 27	 4	 42	
Reasonb	 Overload	 Overload	 Overload	 Anasarca	 Overload	 Overload	
Week Kt/V	 2.18	 1.87	 2.31	 1.79	 2.44	 2.15	
D/P Urea/Creat.c 	 0.94/0.83	 0.89/0.77	 0.90/0.82	 0.91/0.75	 0.98/1.00	 0.87/0.64
Concentrationd	 2.27%+I	 1.72%+I	 2.12%	 2.27%+Dry	 1.82%	 2.27%+I	
Diuresis (mL/day) 	 550	 0	 0	 900	 2,750	 0	
PETe	 Highj	 Average-Highj	 Highk 	 Highj	 Highk	 Average-Highk

UF PET (mL/4 h)f 	 -100j	 400j	 400k	 200j	 250k	 650k	

Daily UF (mL/day)g	 270	 905	 569	 1,037	 -624	 850	

SCPD exchangesh 
	 4A-1M-2M-	

3A-3A	 4A-4A	 1M-1M-1M	 1M
	

1M-2M-1M-
	 1M-1M-1M-					   

2M-2M
	 2M-2A-1M	

Infusion ratei (mL/h)
	

40	 40
	 40,40,50,60	

40	 40	 40
			   50,60,50,50	

PD = peritoneal dialysis; M = Male; F = Female; D/P = dialysate-plasma ratio; PET = peritoneal equilibration test; UF = ultrafiltration; SCPD = 
steady concentration PD.
a 	Months in treatment with PD before the first treatment with SCPD.
b 	Reason why the treatment with SCPD was necessary. Overload = fluid overload.
c 	Dialysate-plasma ratio for urea and creatinine obtained in the last PET.
d 	Mean concentration of glucose of dialysis solutions used in the patient’s daily PD in the month prior to treatment. I = Icodextrin 7.5%.  

Dry=dry day.
e 	Transport state in the last PET.
f 	Ultrafiltration obtained in the last PET (4 hours).
g 	Mean daily ultrafiltration during the month previous to the first treatment.  
h 	Number and type of SCPD exchanges per treatment. A=automatic; M=manual. For example, 3A-3A means that the patient underwent 2 treatments, 

each of them composed of 3 automatic SCPD exchanges.
i 	Rate of infusion of 50% glucose during SCPD. All patients except patient 3 had the same rate in all exchanges.
j 	PET was performed with 2.27% dialysis solution.
k	 PET was performed with 3.86% dialysis solution. 
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IL, USA). Then we connected the catheter to an infusion pump 
via a Luer connection and infused standard parenteral 50% 
glucose solution (Braun perfusion solution) at a constant 
rate of 40 mL/h during the whole dwell time. We limited 
dwell time to 4 hours to avoid excessive peritoneal volume. 
Then we interrupted the 50% glucose infusion, disconnected 
the pump from the catheter, connected a new PD bag, and 
drained the peritoneal content. We administered as many 
consecutive SCPD exchanges (up to 4, see Table 1) as necessary 
to reverse symptoms and/or to obtain enough ultrafiltra-
tion so that remaining overweight over dry weight could be 
handled by the patient. Then, patients went back to their  
usual PD scheme. 

The last 22 exchanges followed the procedure described. 
We performed the first 19 exchanges using a standard auto-
matic cycler (Home Choice Pro; Baxter Healthcare Corporation, 
Deerfield, IL, USA), programmed for 4 hours with 2-L 1.36% 
glucose exchanges. We added a Luer 3-port valve between the 
cycler and the patient’s catheter, with the infusion pump con-
nected to the third port. During the procedure, we manipulated 
the 3-port valve to allow peritoneal infusion of 50% glucose 
only during dwell periods. Because of the great ultrafiltration 
volumes, the automatic cycler sometimes finished the drain 
phase before a complete drain, leading to an underestimation 
of ultrafiltered volume. Because of this software problem, 
we switched to the manual procedure described above. 
These issues were most severe in the first 4 exchanges of 
patient 1; we removed them from the analysis of ultrafiltration 
(Figures 1,2,3), but we kept them in the analysis of peritoneal 
and serum tolerance (Tables 2,3). 

In the last 6 exchanges of patient 3 the infusion rate was 
50 mL/h or 60 mL/h. We have excluded these exchanges from 

Figures 2 and 3, which rely on procedures having the same 
infusion rate. 

CLINICAL AND ANALYTICAL CONTROL

We took a blood sample before and after each treatment. 
Every 2 hours, we measured capillary glucose (Free Style 
Optium; Abbott Laboratories, Abbott Park, IL, USA). When 
we used a cycler, volumes of infusion and drainage were mea-
sured automatically; in the manual procedures, volumes were 
measured by weighting. We took samples from all effluents at 
the mid part of the drain to prevent contamination from 50% 
glucose solution that could remain in the catheter and around 
its intraperitoneal tip. In the days after each treatment, we 
recorded by phone the clinical course and dialysis parameters 
of the patients.

Figure 2 — Negative correlation between ultrafiltration volume 
and glucose concentration in the effluent of steady concentration 
PD exchanges. Symbols: Experimental data for the 31 exchanges 
where infusion rate was 40 mL/h and ultrafiltration was measured 
accurately. Line: Linear fit. r=-0.4, p=0.02. PD = peritoneal dialysis; 
UF = ultrafiltration.

Figure 3 — Ultrafiltration correlates with fluid overload. Successive 
ultrafiltration volumes in treatments with more than one consecutive 
SCPD exchange. The patients did not eat or drink during treatment, so 
each exchange reduces fluid overload by the amount of ultrafiltered 
volume. b) Circles: Ultrafiltration per SCPD exchange vs estimated 
overweight over the patient’s dry weight for patient 6. Overweight 
was estimated from clinical data (complemented in 2 cases by vecto-
rial bioimpedance) with an estimated accuracy of about ±0.25 kg, 
as indicated by the error bars. In treatments with a second SCPD 
exchange, overweight for the second exchange was calculated as 
overweight at the beginning of the treatment minus ultrafiltration 
of the first exchange. Line: linear fit (r = 0.98, p<0.0001). SCPD = 
steady concentration peritoneal dialysis.

Figure 1 — Steady concentration PD increases ultrafiltration for all 
patients. Black: Estimated ultrafiltration of a 4-hour exchange in the 
daily PD scheme for each patient, calculated with slight excess as daily 
ultrafiltration divided by 5 (to account for the infusion and drain times). 
Gray: Ultrafiltration in the last PET; PET was done with 2.27% glucose 
for patients 1, 2, and 4 and with 3.86% glucose for patients 3, 5, and 6.  
White: Ultrafiltration per exchange of SCPD (average across all 
exchanges; error bars limit the full range of measurements; 4 measure-
ments for patient 1 were excluded because ultrafiltration could not 
be measured accurately, see Materials & Methods). The group of bars 
on the right-hand side shows the average values across all patients.
PD = peritoneal dialysis; PET = peritoneal equilibration test; SCPD = 
steady concentration PD.
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From the blood and peritoneal fluid samples, we measured 
urea, creatinine, glucose, total proteins sodium and dialysate 
osmolarity by usual laboratory methods. Plasma osmolarity 
was calculated as Osmolarity = 2* [Sodium in mEq/L] + [Glucose 
in mg/dL] / 18 + [Urea in mg/dL] / 6, where [ ] denotes con-
centration. For each exchange, we calculated ultrafiltration 
as the weight of the effluent minus the weight of the virgin 
dialysis solution, and minus 160 g (to account for the 160 mL of 
infused 50% glucose solution; we assumed a density of 1 g/mL).

RESULTS

ULTRAFILTRATION

Steady concentration PD succeeded in increasing ultrafil-
tration for all patients (Figure 1). Average ultrafiltration per 
SCPD exchange was 653 ± 363 mL/4 h (mean ± standard devia-
tion; range -70 to 1,512 mL/4 h). This is more than twice the 
ultrafiltration obtained in their last peritoneal equilibration 

test (PET) (300 ± 251 mL/4 h, range -100 to 650 mL/4 h; p < 
0.001, Wilcoxon signed-rank test), and more than 6 times 
higher than the ultrafiltration of their usual PD scheme (100 ± 
123 mL/4 h, range -125 to 207 mL/4 h; p < 0.001, Wilcoxon 
signed-rank test).

Four exchanges of patient 1 were removed from this analysis 
because of inaccurate measurement of ultrafiltration volume. 
Adding these 4 exchanges would not change our conclusions: 
the average ultrafiltration of patient 1 would decrease to 445 ± 
469 mL/h, still higher than his ultrafiltration for PD and PET, 
and all differences would remain statistically significant.

CLINICAL OUTCOME

All episodes of fluid overload reversed with SCPD exchanges. 
In some cases, 1 exchange produced enough ultrafiltration to 
reverse the episode, while other cases required up to 4 con-
secutive exchanges (Table 1). Some patients recurred with new 
episodes after the first treatment (from 1 week to 6 months, 
mean 58 days between successive treatments). Steady con-
centration PD was as effective with these recurring episodes 
as it had been with the first one, so no patient had to leave PD 
because of ultrafiltration failure. Patient 6 suffered from arte-
rial hypertension, needing 4 antihypertensive drugs at high 
doses. After the first treatment with SCPD, we could withdraw 
all the antihypertensive drugs, and she has not needed them 
again (this patient has experienced 5 treatments in 5 months, 
Table 1). We did not find any adverse side effects or experience 
any complications during the treatment and successive days. 
In particular, no cases of contamination took place.

SERUM TOLERANCE

We found excellent serum tolerance. Serum glucose rose 
only slightly during the treatment (from 110 ± 21 mg/dL to 
126 ± 25 mg/dL; p < 0.01, Wilcoxon signed-rank test). We 
monitored serum glucose every 2 hours during the treatment, 
and found no excessive deviations at any point (range 73 – 
200 mg/dL). Serum osmolarity remained constant during the 
treatment (p = 0.4, Wilcoxon signed-rank test), also without 
excessive deviations (range 285 – 330 mOsm/L; Table 2).

PERITONEAL TOLERANCE

Peritoneal glucose concentration and osmolarity remained 
in all cases at safe levels. Initial glucose concentration was 
always around 1,360 mg/dL (nominal value of Physioneal 
1.36, which may be slightly modified by mixture with the 
residual volume), and final concentration after each exchange 
was 1,885 ± 420 mg/dL (range 874 to 2,711 mg/dL; p < 0.01, 
Wilcoxon signed-rank test). Likewise, osmolarity rose from 
345 mOsm/L to 380 ± 20 mOsm/L (range 333 to 422 mOsm/L; 
p < 0.01, Wilcoxon signed-rank test). The highest values of 
these ranges correspond to the 6 SCPD exchanges when infu-
sion rate for 50% glucose was 50 mL/h or higher. For the 35 
exchanges with infusion rate 40 mL/h, glucose concentration 

TABLE 2
Serum Levels Before and After Each Treatment

	 Initial	 Final	 Range
	 (mean±SD)	 (mean±SD)	 (min–max)

Glucose (mg/dL) 	 114±21	 132±28*	 73–200
Osmolarity (mOsm/L) 	 305±13	 304±13	 285–330
Urea (mg/dL) 	 121±29	 114±28*	

Creatinine (mg/dL) 	 8.9±2.3	 8.8±2.3*	

Total protein (g/dL)	 6.4±0.9	 6.7±0.8	
Hematocrit (%)	 34±2.6	 34±3.7	

SD = standard deviation.
*	Statistically significant differences between initial and final values, 

Wilcoxon signed-rank test (p<0.01). Lack of asterisk means p>0.05.

	 TABLE 3
Levels in Dialysis Solution Before and After Each Exchange

			   Final	 Range
		  Initiala	 (mean±SD)	 (min–max)

Glucose (mg/dL)          				  
	 Infusion at 40 mL/h (n=35)	 1,360	 1,788±367*	 874–2,462
	 Infusion at ≥50 mL/h (n=6)	 1,360	 2,452±211*	 2,218–2,711
Osmolarity (mOsm/L)
	 Infusion at 40 mL/h (n=35)	 345	 375±17*	 333–405
	 Infusion at ≥50 mL/h (n=6)	 345	 411±9*	 398–422
Urea (mg/dL) 	 0	 106±27*	 60–158 
Creatinine (mg/dL) 	 0	 6.74±1.64*	 4.7–9.7  
D/P Urea 	 0	 0.91±0.07*	 0.78–1.05
D/P Creatinine 	 0	 0.77±0.08*	 0.60–1.03

SD = standard deviation.
a	 Nominal values for Physioneal 1.36.
*	Statistically significant differences between initial and final values, 

Wilcoxon signed-rank test (p<0.001).
	

This single copy is for your personal, non-commercial use only. 
For permission to reprint multiple copies or to order presentation-ready 

copies for distribution, contact Multimed Inc. at marketing@multi-med.com



559

PDI	 SEPTEMBER  2016 - VOL. 36, NO. 5	 INCREASING ULTRAFILTRATION IN PD

was 1,830 ± 365 mg/dl, ranging from 874 to 2,462 mg/dL and 
exceeding 2,270 mg/dL (2.27%) in only 2 cases (Table 3).

DEPURATIVE EFFECT OF SCPD EXCHANGES

Steady concentration PD depuration efficacy was compa-
rable to that of standard PD (Table 3). Serum levels of urea 
and creatinine decreased slightly during each treatment (urea  
from 121 ± 29 mg/dL to 115 ± 28 mg/dL, and creatinine from 
8.9 ± 2.3 mg/dL to 8.8 ± 2.3 mg/dL; mean ± standard deviation; 
p < 0.01 in both cases, Wilcoxon signed-rank tests). Dialysate-
plasma ratio (D/P) at the end of SCPD exchanges was 0.91 ± 
0.07 for urea and 0.77 ± 0.08 for creatinine; these values are 
comparable to those in the PET for the same patients: D/P 
urea 0.92 ± 0.04, D/P creatinine 0.80 ± 0.12 (p > 0.3 for both, 
Wilcoxon signed-rank test, Table 1).

THE ORIGIN OF VARIABILITY IN ULTRAFILTRATION: CORRELATION 
WITH FINAL GLUCOSE CONCENTRATION

Both ultrafiltration and final peritoneal glucose concen-
tration varied widely, even across identical SCPD exchanges 
performed on the same patient. And instead of the usual 
positive correlation between glucose concentration and ultra-
filtration, we found a negative one: exchanges that produced 
lower ultrafiltration had a higher final concentration of peri-
toneal glucose and vice versa (Figure 2; r = -0.4, p = 0.02). This 
analysis only uses the exchanges with infusion rate 40 mL/h. 
Our conclusions would not be affected if we included the 6 
exchanges with infusion rates of 50 or 60 mL/h (in fact the cor-
relation in Figure 2 would become stronger, r = -0.5,  p = 0.002).

This correlation mixes both intra-patient and inter-patient 
variability. In order to remove the effect of inter-patient vari-
ability, we fitted the data with a linear mixed model, adding 
a random factor to remove the effect of differences across 
patients. This model still finds a significant negative cor-
relation between ultrafiltration and final peritoneal glucose 
concentration (r = -0.37, p = 0.02).

THE ORIGIN OF VARIABILITY IN ULTRAFILTRATION: CORRELATION 
WITH FLUID OVERLOAD

In treatments involving several successive SCPD exchanges, 
ultrafiltration was lower in each subsequent exchange than 
in the previous one (Figure 3a; p < 0.01, Wilcoxon signed-
rank test). This trend is consistent with ultrafiltration being 
proportional to fluid overload, which is reduced by each suc-
cessive exchange.

Further evidence of the relation between ultrafiltration and 
fluid overload comes from the data of patient 6, whose degree 
of fluid overload covered a wide range during the study: this 
patient underwent 5 treatments with a total of 8 SCPD exchang-
es over 5 months, and her estimated overweight (over her dry 
weight) at the beginning of each treatment decreased from 4 
to 2 liters. For this patient, ultrafiltration obtained by SCPD 
was proportional to the degree of fluid overload (Figure 3b; 

p < 10-4, linear correlation). Patient 6 is an exception in her 
wide range of fluid overload at the beginning of each treatment 
(all other patients started every treatment with a more similar 
degree of fluid overload).

DISCUSSION

Steady concentration PD achieves high ultrafiltration in a 
short period, even in patients with impaired ultrafiltration: 
in our 6 patients, who had high peritoneal transport char-
acteristics, it extracted on average 653 mL in 4 hours—more 
than twice the ultrafiltration achieved by the PET and more 
than 6 times the ultrafiltration obtained in their regular 
dialysis regime.

This enhanced ultrafiltration is clinically signif icant. 
Steady concentration PD succeeded where our usual methods 
to control fluid overload had failed (these methods included 
dialysates up to 2.27% glucose and icodextrin). Steady con-
centration PD reversed all episodes of fluid overload and could 
be repeated when necessary to treat new episodes, allowing all 
patients to remain in PD technique for as long as was needed. 
Steady concentration PD is simpler, more accessible, and 
cheaper than alternative resources, such as non-commercial 
icodextrin mixtures (8,9) or continuous flow PD (10–13); it is 
simple enough to be implemented in any small PD unit such 
as our own, thus having the potential to save many patients 
from the disadvantages of being transferred to hemodialysis, 
either occasionally (14,15) or permanently.

We found no side effects beyond hemodynamic adapta-
tion to rapid ultrafiltration, including the occasional need to 
decrease antihypertensive medication. Likewise, we found no 
complications; in particular, in spite of using Luer connectors 
not specific to PD and increasing the number of connection 
and disconnection maneuvers, we did not have any case of 
contamination. Contamination risk will be further reduced in 
the future, with procedures and instrumentation tailored for 
SCDP. These procedures must also ensure that 50% glucose can 
never be infused before filling the peritoneum with dialysis 
solution, because this might produce serious complications.

Plasmatic tolerance to the infused hypertonic glucose 
solution was excellent: plasma glucose and osmolarity 
remained close to basal levels during all treatments, which 
lasted between 5 and 21 hours. Longer or more aggressive 
treatments are unlikely to be needed, because our patients 
were high transporters in an extreme clinical situation; lower 
infusion rates and/or shorter times will suffice for most 
patients. Peritoneal tolerance was also good: peritoneal glu-
cose concentration and osmolarity remained well below the 
level of 3.86% peritoneal solutions used in the PET, ensuring 
short-term peritoneal membrane safety. The highest perito-
neal glucose concentrations (between 2,462 and 2,711 mg/dL) 
correspond to exchanges with infusion rates of 50 to 60 mL/h 
(Table 2). Therefore, infusion rates up to 40 mL/h are advis-
able to ensure low peritoneal glucose concentration. Steady 
concentration PD will probably achieve enough ultrafiltration 
with even lower peritoneal concentrations, closer to the initial 

This single copy is for your personal, non-commercial use only. 
For permission to reprint multiple copies or to order presentation-ready 

copies for distribution, contact Multimed Inc. at marketing@multi-med.com



560

PÉREZ-DIAZ et al.	 SEPTEMBER  2016 - VOL. 36, NO. 5	 PDI

1,360 mg/dL, which would be preferable to ensure long-term 
peritoneal safety. Further research should improve the tech-
nique to achieve a narrower range of concentrations around 
the desired value. Modifications of the infusion rate seem the 
obvious option, but modifications of other parameters, such as 
exchange duration or filling volume, may suffice (see below). 

Steady concentration PD has excellent dialysis properties. 
Dialysate-plasma ratio for creatinine and urea were similar 
to those measured in the same patients’ PET, and serum urea 
and creatinine decreased slightly but significantly during the 
treatment (probably due to the increased convection caused by 
the additional ultrafiltration). These good dialysis properties 
are irrelevant for occasional use of this technique, but open 
the possibility of including regular SCPD exchanges in the PD 
scheme of some patients.

Besides its therapeutic potential, SCPD provides a tool to 
study peritoneal fluid transport in a different dynamical con-
text than that of PD. A full analysis is beyond the scope of this 
paper and beyond the quality and quantity of our experimental 
data, originally recorded to evaluate the efficacy and safety of 
the treatment. But we cannot fail to notice the wide variability 
in ultrafiltration and final peritoneal glucose concentration, 
the seemingly paradoxical negative correlation between them 
(Figure 2), and the positive correlation between ultrafiltra-
tion and fluid overload (Figure 3). This positive correlation 
has already been observed in other studies (20–22) and can 
be explained by the Starling forces: fluid overload increases 
capillary hydrostatic pressure and reduces capillary colloid 
osmotic pressure, facilitating ultrafiltration (23,24). The 
negative correlation between ultrafiltration and final glucose 
concentration can be explained as follows: the same amount of 
infused glucose will be more concentrated in a smaller volume 
(when ultrafiltration is low) than in a larger one (when ultra-
filtration is high). But we still need to explain why identical 
procedures give such variable outcomes. For different patients, 
the variability is probably dominated by differences in their 
peritoneal characteristics (such as the osmotic conductance). 
But we also find high variability within the same patient, and 
the negative correlation between glucose concentration and 
ultrafiltration holds when we remove the effect of differences 
across patients. A possible source of intra-patient variability 
is measurement error due to residual volumes. We took special 
care to achieve complete drainages and do not believe that 
this error can explain all of the observed variability, but we 
have no way to check this with certainty. Another factor that 
may play a role is intraperitoneal pressure, which opposes net 
ultrafiltration (25–33) either by opposing the flow of water 
outwards to the capillaries, by increasing lymphatic absorption 
rate, or by increasing the flow of the intraperitoneal fluid to the 
surrounding tissues (29–38). While the role of intraperitoneal 
hydrostatic pressure is debated (38,39), clinical experience 
suggests that smaller fill volumes increase ultrafiltration in 
some cases (20,29,40,41).

This small pilot study has several limitations. The increase of 
ultrafiltration is evident in our sample, but when generalizing 
our conclusions we must take into account that we only treated 

6 patients, all of whom are high or average-high transporters. 
Also, we have not compared SCPD with an acute treatment with 
3.86% glucose exchanges. 

Besides its use in the hospital, SCPD could be performed by 
the patients at home, once adequate procedures and materials 
are developed (perhaps including a portable pump if diurnal 
exchanges are needed). This ambulatory SCPD would help 
diminish the number of patients suffering from the increased 
morbimortality associated with chronic fluid overload (4,42). 
It may also be an excellent resource for pediatric PD patients, 
who need high ultrafiltration and also nutrition that could 
be provided by SCPD with glucose and amino acid solutions 
(18,19). Also, the low glucose concentrations achieved by SCPD 
would preserve peritoneal function in the long term, perhaps 
even improving it in the same way as peritoneal rest (43), but 
without the need of discontinuing PD.

Each SCPD exchange results in absorption of almost 59 g 
of glucose on average. This is more than 3 times the amount 
absorbed in the same period of time in a regular PD exchange 
(17 g on average). This increased glucose load is not a problem 
for acute treatments with SCPD, but must be taken into account 
when using it regularly. 

Further study is needed to establish the optimum duration 
of the exchange and intraperitoneal volume, the best composi-
tion of the infused hypertonic solution (glucose, amino acids, 
mixtures, etc.), and the most adequate speed of infusion. 

In conclusion, SCPD may provide an effective and safe tool 
to manage ultrafiltration in PD, opening new therapeutic 
possibilities to optimize and increase the flexibility of PD treat-
ments, and providing a new tool to study peritoneal transport. 
This new method is at an early stage, with great potential for 
improvement as future research refines its methodology.
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