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Abstract

Background Our previously demonstrated continuous flow peritoneal dialysis (CFPD) technique in children with acute kid-
ney injury (AKI), although effective, was manpower heavy and expensive due to the high-volume pumps required. The aim
of this study was to develop and test a novel gravity-driven CFPD technique in children using readily available, inexpensive
equipment and to compare this technique to conventional PD.

Methods After development and initial in vitro testing, a randomised crossover clinical trial was conducted in 15 children
with AKI requiring dialysis. Patients received both conventional PD and CFPD sequentially, in random order. Primary out-
comes were measures of feasibility, clearance and ultrafiltration (UF). Secondary outcomes were complications and mass
transfer coefficients (MTC). Paired #-tests were used to compare PD and CFPD outcomes.

Results Median (range) age and weight of participants were 6.0 (0.2—-14) months and 5.8 (2.3-14.0) kg, respectively.
The CFPD system was easily and rapidly assembled. There were no serious adverse events attributed to CFPD. Mean +
SD UF was significantly higher on CFPD compared to conventional PD (4.3 + 3.15 ml/kg/h vs. 1.04 + 1.72 ml/kg/h; p <
0.001). Clearances for urea, creatinine and phosphate for children on CFPD were 9.9 + 3.10 ml/min/1.73 m?, 7.9 + 3.3 ml/
min/1.73 m? and 5.5 + 1.5 ml/min/1.73 m? compared to conventional PD with values of 4.3 + 1.68 ml/min/1.73 m?, 3.57 +
1.3 ml/min/1.73 m? and 2.53 + 0.85 ml/min/1.73 m?, respectively (all p < 0.001).

Conclusion Gravity-assisted CFPD appears to be a feasible and effective way to augment ultrafiltration and clearances in
children with AKI. It can be assembled from readily available non-expensive equipment.
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available materials and which uses gravity as the driving
force to circulate the fluid through the abdomen and to com-
pare this CFPD system to conventional PD in children with
AKI requiring dialysis.

Methods
Trial design

This study was a randomised crossover clinical trial of
consecutive eligible patients admitted to a multidiscipli-
nary paediatric intensive care unit (PICU). Participants
were allocated 1:1 to one of two treatment sequences:
CFPD/conventional PD or conventional PD/CFPD. The
crossover design was chosen owing to the heterogenous
population, with varying ages, sizes, severity of illness and
underlying diagnoses. Within-patient variation is less than
between-patient variation; therefore, fewer patients would
be required to demonstrate a treatment effect in a crosso-
ver design than in a parallel group-randomised controlled
trial. The main outcomes of clearance and ultrafiltration
are not affected by the previous dialysis, and thus, there is
no carry-over effect. The order in which patients received
the interventions was randomised using an online random
number generator (http://appstore.com/TheRandomN
umberGenerator). One investigator (PN) generated the
random allocation sequence and assigned patients to the
sequence of interventions after obtaining written informed
consent from the child’s legal guardian. It was not possible
to blind the therapy to the researchers; however, patients
were sedated and ventilated and therefore effectively
blinded to the therapy.

Participants, setting and location

Inclusion criteria Patients up to a maximum weight of 15
kg admitted to the PICU of Red Cross War Memorial Chil-
dren’s Hospital, Cape Town, with AKI, defined according to
the Kidney Disease Improving Global Outcomes (KDIGO)
criteria [8] were eligible for inclusion in the study, once
a decision to start acute dialysis was made by the attend-
ing paediatric nephrologists and intensivists. The Neonatal
KDIGO definition of AKI was used for infants under 120
days old [9].

Exclusion criteria Any patients whose clinical condition
contraindicated PD catheter placement (e.g. abdominal
wall defects, abdominal wall surgery, severe diaphragmatic
defects, burns or septic skin lesions covering the entire
abdominal wall) were excluded. Patients developing a pleu-
ral effusion secondary to PD were withdrawn from the study.
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This study was approved by the University of Cape
Town’s Human Research Ethics Committee (HREC
363/2017), and the protocol was registered on The
Pan African Clinical Trials Registry (registry number:
PACTR201801003005742 ). Informed consent was taken
from the child’s parent or legal guardian.

Sample size

The sample size calculations were based on previous studies
on CFPD using ultrafiltration (UF) and clearances of cre-
atinine and urea [6, 7]. In a one-sided superiority trial, 18
children were estimated to be needed to show a 2.5% change
in the primary outcome measure at a 95% significance level.
Enrolment targets were not reached owing to COVID-19
research restrictions; however, after 15 patients had been
enrolled, a post hoc power calculation confirmed that this
sample size was sufficient and further recruitment was halted.

Baseline data

Baseline characteristics of the patients were recorded includ-
ing age, sex, weight and height, primary admission diagnosis
as well as comorbidities, indication for dialysis, medication
and AKI score.

Interventions

Gravity-assisted CFPD intervention

In vitro modelling of the gravity-assisted CFPD system Ini-
tial in vitro measurements, described in Supplementary
information A, were conducted to model the hydraulics of a
gravity-assisted CFPD system (Fig. 1). The system was eas-
ily assembled using inexpensive and available equipment.
Flow could be accurately measured by counting drops in
the IVI, giving set drip chambers up to a maximum of 200
drops per minute. This flow rate was considered adequate for
in vivo CFPD in children <15 kg body weight and could be
achieved with a bag height of 15 cmH,0. Outflow and inflow
could be adjusted by lifting or lowering the collection and
dialysis bags, respectively, and both were fine-tuned with the
roller clamps. Modelled intra-abdominal pressure (IAP) was
not affected by flow rate when adjusting flow using the roller
clamps while maintaining the same height as the inflow bag.
The maximum modelled TAP with outflow fully constricted
was equal to the height of the dialysate bag and occurred at
a static system state when inlet flow had ceased. The IAP
was much lower during flow than in the static system due to
head losses in the system determined by the Poiseuille equa-
tion. Head losses over constrictions and the PD catheters
increased with increased flow.
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Fig. 1 Set-up of in vitro
experiments of gravity-assisted
CFPD. Manometers inserted
along the line at several points
to measure pressure at different
flow rates, the height of delivery
and collection bags and during
constriction of in and out flow.
Drip chambers used to measure
the flow rate

Technique used to deliver CFPD to patients

Equipment Each participant required two PD catheters; a
high sensitivity scale; fluid giving sets (20 or 10 droppers
depending on the size of patient), 5 L bags of PD fluid;
buretrol to measure intraperitoneal fill volume accurately;
drainage bag; three 3-way taps; plus tubing to act as a
manometer.

Catheter placement Two PD catheters (8.5Fr Multipurpose
Cook Catheters (MPCC); Cook Medical Inc, Bloomington,
IN, USA) were placed at the bedside using the Seldinger
technique as described in our previous study [7], except
where a catheter had already been placed prior to study
recruitment, in which case only one additional MPCC was
inserted.

Dialysis fluid The initial fill volume was aimed at 20 mL/kg;
however, the fill volume was adjusted to maintain the initial
IAP below 10 mmHg (15 cmH,0). Initial glucose concentra-
tion was generally 2.5%, but this was adjusted according to
patient needs. The dialysis fluid was lactate-based unless the
attending nephrologist preferred a bicarbonate-based fluid.

Circulation of fluid (Fig. 2): Once the initial fill volume
had been infused via the buretrol, the continuous flow was
started. The flow rate, both into and out of the peritoneum,
was set by counting the number of drops that formed in the
inlet and outlet drip chambers, respectively. The flow rate
was adjusted by lowering or raising the collection bag or
the inflow bag and then fine-tuned using the roller clamps.
For the first three patients, the inflow was set at 25 mL/

Inlet Drip
Chamber

Manometer 1

Manometer 2

Roller Clamp

Manometer 3
Manometer 4
Manometer 5
Outlet Drip
Chamber
Manometer 6

Collection Bag

min/1.73 m2, and thereafter, the inflow rate was increased
to 50 mL/min/1.73 m?, as interim analysis demonstrated that
clearance at the lower rate was lower than expected. The out-
flow rate was set higher than the inflow rate by an increment
of 2. 5 ml/min/1.73 m? to compensate for ultrafiltration, as
per our previous studies [6, 7] and derived from adult stud-
ies [10].

Ultrafiltration volume After 2 h and thereafter 4 hourly,
the inflow was clamped, while the outflow continued drain-
ing for 20 min to allow the abdomen to empty completely.
The ultrafiltration rate was calculated as follows: true UF =
(mass of drainage bag at the end of session — mass of drain-
age bag at the beginning of session) — (mass of delivery bag
at the beginning of session — mass of delivery bag at the
end of session).

Monitoring All children were in PICU and received continu-
ous invasive and non-invasive monitoring as per standard
practice. While the child was on CFPD, the intra-abdominal
pressure was monitored hourly via a manometer directly
from the PD catheter or via a bladder transducer. Tidal vol-
ume was also monitored for patients on pressure ventilation.
If there was thought to be over-distension or the IAP was
greater than or equal to 15 cmH,O0, aliquots of 5 ml/kg were
drained until the IAP was acceptable. Any dialysate removed
from the abdomen because of over-distension was added to
the outflow total volume for analysis.

Conventional peritoneal dialysis (control)

Conventional PD was performed as per international guide-
lines [11], with fill volume initially 20 ml/kg, glucose
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Fig.2 Set-up of the system to
deliver gravity-assisted CFPD Delivery
the volume of initial fill volume.
Drip chambers to measure

flow rate. Flow adjusted by
lifting and lowering delivery
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concentration 2.5%, dwell time 45—60 min, inflow 1-10 min
and outflow 20 min, adjusted according to patient require-
ments. Dialysis was performed manually using the Fresenius
PD Paeds system.

Deviation from the published protocol

We initially planned to treat each patient for 24 h with each
dialysis technique, but after review of the first two patients
and noting a considerable change in clinical condition over
a two-day period, the total time on each intervention was
limited to 68 h to account for the high acuity of illness. It
was felt that shortening the duration of consecutive dialysis
periods would therefore allow better comparison between
the study periods and reduce the period effect.

Laboratory analysis
Blood

Blood was taken from the patients at baseline and then 6
hourly thereafter, coordinated with routine blood samples.
The following analytes were measured using routine and
standardised methodologies on the AU480 (Beckman Coulter,
Brea, California, USA) platform: urea, creatinine, phosphate,
sodium, potassium, albumin, bicarbonate and glucose. Briefly,
urea was measured by kinetic enzymatic methodology using
urease and glutamate dehydrogenase (coefficient of variation
(CV) 1.1%). Creatinine was measured with coupled enzymatic
reactions beginning with creatininase (CV 2.4%). Phosphate
was measured colourimetrically using molybdate (CV 2
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.9%). Sodium and potassium were measured using ion-selec-
tive electrodes (CV 0.8% and 1.3%, respectively). Albumin
was measured colourimetrically using bromocresol green (CV
1.0%). Bicarbonate was measured in a coupled enzymatic
assay using phosphoenolpyruvate carboxylase and malate
dehydrogenase (CV 2.3%). Glucose was measured using the
enzymatic hexokinase method (CV 1.5%). Quality control
checks were assessed and noted to be acceptable.

Dialysate

After measuring the volume of dialysate after the first 2-h
session of CFPD or the first cycle of conventional PD,
a sample of the dialysate was collected and sent to the
laboratory for measurement of urea and creatinine. All the
spent dialysate (inclusive) after the first session was then
pooled. This fluid was then sent to the laboratory, and the
following analytes were measured: urea, creatinine, phos-
phate, sodium and glucose. The analysis of these analytes
was validated for routine measurement in fluid samples
using the methodologies described above.

The values for phosphate measured in the dialysate fluid
were expected to be lower than the reported sensitivity of the
routine assay (0.48 mmol/L). Therefore, a modified, manu-
ally performed assay was developed utilising the same meth-
odology, but with a significantly lower sensitivity (0.045
mmol/L). This modified assay was validated for use in this
study. The measuring range was optimised to be linear at low
concentrations of phosphate (0.045-2.890 mmol/L) with a
CV of 3.9%, which is within allowable limits of imprecision
according to biological variation [12].
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Outcomes
Primary outcomes

1. Feasibility of technique
2. Ultrafiltration
3. Clearances

Secondary outcomes

1. Adverse events/complications
Complications systematically looked for were as fol-
lows: raised IAP with resultant deleterious effects on
ventilation, leaking catheters, blocked catheters, perito-
nitis, hyperglycaemia and electrolyte disturbances. Any
other unsuspected adverse events were documented.
2. Mass transfer coefficients (MTC)

Calculations

Ultrafiltration and clearance rates were calculated over the
full duration of each modality, including filling and drainage
times. For both interventions, UF was measured by the dif-
ference between the volume of infused fluid and the amount
drained, expressed as mL/kg/h.

Clearances, expressed as ml/min/1.73 m?2, for urea, cre-
atinine and phosphate for both methods were calculated by
dividing dialysate concentration (D) by average plasma con-
centration (P) multiplied by the total dialysate volume (V)
collected after fully draining the abdomen at the end of the
study period (clearance = D/P x V).

For patients on conventional dialysis, the MTC was calcu-
lated at the end of the first cycle according to the formulas of
Garred, as modified by Krediet [13] and expressed per body
surface area: MTC (mL/min/1.73 m?) = Vd/t X In [Vi x P/
(Vd x (P—Dt)]) x 1.73/BSA, where Vd is volume drained, t
is dwell time, Vi is volume instilled, P is mean plasma con-
centration, Dt is dialysate concentration at the end of dwell,
and BSA is body surface area.

For CFPD, the MTCs were calculated according to for-
mulas by Gotch (ml/min) [10] adjusted for BSA: MTC = [Kt
(Qp+ Qf (1-0.33 x S) — 0.67Qf X S X (Qp + QN]/(Qp — Kt
+ Qf)) X 1.73/BSA, where Kt is clearance, Qp is flux into
the patient in ml per minute, Qf is flux by UF in ml per min-
ute, and S is sieving coefficient (which is approximately 1
for small solutes). The actual inflow and ultrafiltration rates
were used rather than the initial target rates.

Statistical analysis
Data were entered manually into an Excel database (Micro-

soft, Washington, USA) and exported to SPSS version 7
(IBM, New York, USA) for statistical analysis. Descriptive

statistics (proportions, means and/or medians) and central
tendency were calculated for all outcomes and covariates at
baseline and when participants underwent the comparative
treatment (the two respective study arms). Primary outcome
variables were found to have a normal distribution and were
therefore analysed using parametric measures. Paired #-tests
were performed to compare outcomes for the two dialysis
techniques. A p-value of less than 0.05 was considered sig-
nificant. A Bonferroni correction was applied to account for
the effect of multiple testing.

Results
Participants

Between 2018 and 2021, consent was obtained from 16 eli-
gible participants. Following consent but prior to randomisa-
tion, it was found that one patient had developed a pleural
effusion while receiving out-of-study PD and this patient
was therefore excluded. Fifteen patients were randomised,
nine to first receive CFPD and six to first receive conven-
tional PD (Fig. 3). All randomised patients were included in
the final analysis (Table 1).

The mean (standard deviation) (SD) time of conventional
PD was 8.1 h (5.02) compared to 8.7 (6.57) h on CFPD (p =
0.71). In thirteen patients, the percentage of glucose used in
both modalities was identical, while in two patients, the per-
centage of glucose in the dialysis fluid used in conventional
PD was higher than in CFPD (4.25% vs. 2.5%).

Outcome and estimations

Initial analysis showed that the order of sequence assignment
did not affect the change in any of the primary outcome
measures (see Supplementary information B). The interven-
tions were therefore treated as independent samples in the
final analysis.

Primary outcomes

1. Feasibility of gravity-assisted CFPD technique

The equipment was easily assembled in a sterile fash-
ion, and treatment could be instituted within approxi-
mately 20 min of catheter insertion. Adequate flow rates
were achieved with the investigational system, and it
was possible to measure IAP directly from the peritoneal
cavity during CFPD using a manometer. The target flow
rate was 8.8 ml/min, and the average achieved flow rate
was 8.2 ml/min. The mean actual flow rate of CFPD was
44 ml/min/1.73 m? (range: 28-78) (Table 2). The mean
+ SD fluid used in ml/kg/h on conventional PD was 13.3
+ 2.4 ml/kg/h compared to CFPD which was 73 + 33
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Fig. 3 Participant flow

Participants screened
for elligibility

(n=16)

Participants
randomised (n=15)

CFPD - conventional

PD (n=9)

Withdrawn/excluded
(n=0)

Included in analysis

Conventional PD-CFPD
(n=6)

Withdrawn/excluded
(n=0)

Included in analysis

(n=9) (n=6)

ml/kg/h. There were no major adverse events. An analy-
sis of ventilatory settings, heart rate, blood pressure and
blood saturation was performed in an attempt to dem-
onstrate safety. These parameters were compared with
each other using paired #-tests for each modality for the
full time period that each patient was on the modality.
There were no significant differences noted (see Sup-
plementary information C for analysis).

Ultrafiltration (Table 3)

Mean + SD UF was significantly higher on CFPD (4.3
+ 3.15 ml/kg/h) compared to conventional PD (1.04 +
1.72 ml/kg/h) (p < 0.001). Only one patient (no. 10) had
a lower UF on CFPD.

Clearances (Table 3)

Mean + SD clearances for urea, creatinine and
phosphate for children on CFPD were 9.9 + 3.10 ml/
min/1.73 m?, 7.9 + 3.3 ml/min/1.73 m? and 5.5 + 1.5
ml/min/1.73 m?, respectively, compared to 4.3 + 1.68
ml/min/1.73 m%, 3.57 + 1.3 ml/min/1.73 m? and 2.53
+ 0.85 ml/min/1.73 m?, respectively, with conventional
PD (all p < 0.001). Full data were available for urea
and creatinine, but phosphate clearance data were only

available for 11 (73.3%) patients. When expressed as ml/
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kg/h, the mean + SD clearance for urea on CFPD was
19.5 ml + 5.4 ml/kg/h.

Secondary outcomes

1.

Complications (Table 4)

Lactate, in all but two patients, decreased or remained
stable on dialysis, despite mostly using lactate-based flu-
ids. Bicarbonate-based fluids were used for one patient
(no. 3) with rising lactate and acute liver failure. For the
other patient (no. 14), the persistent lactic acidosis was
thought to be due to very poor cardiac output.

Mass transfer coefficients

Mean + SD MTCs for urea and creatinine on CFPD
were 12.7 + 7.11 ml/min/1.73 m? and 8.96 + 5.3 ml/
min/1.73 m? compared to 6.2 + 5.13 ml/min/1.73 m?
and 4.17 + 2.3 ml/min/1.73 m? on conventional PD (p
= (0.004 and p = 0.002, respectively)

Discussion

In this paper, we demonstrated a simple, technologically
light method of performing gravity-assisted CFPD in chil-
dren with AKI using low-cost, readily available equipment.
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Table 1 Baseline characteristics of patients

Patient Sequence Age (months) Wt (kg) Underlying diagnosis Percentage fluid overload  AKI stage before dialysis
(FO) since admission to
PICU
1 0.2 2.3 Diaphragmatic hernia 4% Urine stage 2; creat stage 2
2 0 0.33 2.5 TGA post-cardiac surgery  Clinically FO++ 3% from  Urine stage 3; creat stage 2
the previous day, ++
fluid in OT
3 1 15 9 Shocked gastroenteritis 9% Urine stage 3; creat stage 2
paracetamol poisoning,
liver failure
4 0 7 5.8 AVSD repair; sepsis; 26% Urine stage 2; creat stage 3
arrhythmia
5 1 11 8.6 Gastroenteritis, sepsis 15% Urine stage 3; creat stage 3
1 54 6.5 Shocked gastroenteritis, 8% Urine stage 3; creat stage 3
sepsis, gangrenous foot
7 0 3 3 TOF post-central shunt 9% Urine stage 0O; creat stage 3
8 1 0.26 33 TGA post-surgery 22% Urine stage 3; creat stage 2
9 1 11.5 6.71 TOF post-surgery repair 9% Urine stage O; creat stage 2
10 0 0.5 2.7 TGA post-surgery repair 24% urine stage 1; creat stage 0
11 0 10 10 Septic shock Clinically FO ++ (trans- Urine stage 2; creat stage 3
ferred from another
hospital for dialysis)
12 1 1.5 3.5 Hemi truncus arteriosus; 6% FO Neonatal creat stage 3 urine
congenital syphilis stage 0
13 1 35 14 HUS diarrhoea associated ~ Clinically FO ++ (trans-  Urine stage 2; creat stage 3
ferred from another
hospital for dialysis)
14 0 6 5 TAPVD post-septostomy 5% Urine stage 0; creat stage 3
15 1 14 12 Myocarditis 2% Urine stage 2; creat stage 2
Median(range) 6 (0.2-14) 5.8(2.3-14)

AKI, acute kidney injury;, AVSD, atrioventricular septal defect; HUS, haemolytic uraemic syndrome; PICU, paediatric intensive care unit;
TAPVD, total anomalous pulmonary venous drainage; TOF, tetralogy of fallot

Sequence assignment: 0 = conventional PD first, 1 = CFPD first

The method was easily and rapidly assembled at the bedside
with readily available equipment. Counting drops formed in
the drip chambers were an acceptable way of achieving the
desired flow rates for CFPD.

UF and clearances were significantly higher in CFPD,
similar to the results of our previous studies [6, 7], as well
as experimental studies in adult patients with chronic kidney
disease [14—16]. In this study, we used half the continuous
flow rate compared to our previous studies, yet managed
to achieve a similar increase in UF relative to conventional
PD, although a slightly lower relative increase in clearance.
This indicates that the faster rates may be unnecessary. In
critically ill children and neonates, a relatively high fluid
volume, often in excess of 150 ml/kg, is frequently necessary
to deliver adequate nutrition and continuous drug infusions
[17, 18]. In low- and middle-income countries where extra-
corporeal techniques are not available, the increased ultra-
filtration and clearance attained by this technique may be
useful when conventional PD is insufficient. The increased

clearances may be an advantage in hypercatabolic AKI,
where there are difficulties getting sufficient clearance of
small solutes. Small solute clearances achieved of 9.91 ml/
min/1.73 m? (19.5 ml/kg/h) approximate the recommended
prescription for extracorporeal CKRT [8]. It can also be pos-
tulated that this technique may be beneficial for the removal
of ammonia in neonates with inborn errors of metabolism,
but this has not been demonstrated.

Outflow blockages and with continued inflow as well as
unpredictable UF during CFPD could both precipitate a rise
in TAP. Recent in vitro studies have attempted to predict
UF in CFPD based on mass transfer equations and using
the transporter status of patients [19]. In this current model
of gravity-assisted CFPD, we believe that there is a degree
of autoregulation: As the IAP increases (due to increased
UF), back pressure on the inflow arm temporarily decreases
inflow and increased pressure on the outflow arm increases
outflow. This contrasts with when pumps are used, which
regulate inflow and outflow more rigidly. In only one patient
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Table 2 Flow rates on CEPD in ml/min/1.73 m?

Patient no. Actual flow rate (ml/ Target flow
min/1.73 m?) rate (ml/
min/1.73 m?)
1 30 25
2 30 25
3 34 25
4 78 50
5 28 50
6 56 50
7 61 50
8 46 50
9 29 50
10 56 50
11 48 50
12 50 50
13 33 50
14 52 50
15 31 50

Mean flow rate 44 (range: 28-78)

was fluid drained from the abdomen because of rising IAP
while on CFPD. In cases where IAP is a concern, it is pos-
sible to use low fill volumes but still maintain UF. This was
previously demonstrated in children by Sagy et al. [20], who
successfully treated severe fluid overload in children using
no fill volume and a continuous flow of fluid through the
abdomen. Generally, we feel it is preferable to regulate the
outflow to maintain an intraperitoneal volume. In this way,
more of the peritoneal membrane is recruited with more
surface area available for exchange. It is important, as shown
in our experimental studies, to keep the inflow bag as low as
possible but still maintain adequate flow. If outflow blocks,
the static pressure in the abdomen (IPP) would equal the
column of water above the abdomen. IAP during continuous
flow will also be higher if the inflow bag is higher.

Table 3 Treatment effect

In four patients, the potassium level dropped and required
replacement. As with conventional PD, we would recom-
mend that potassium be added to the bags once the plasma
potassium falls below 4 mmol/L [11]. When using lactate-
based fluids, there is a risk of causing increased serum lac-
tate (as with conventional PD) in cases where lactate han-
dling by the liver is compromised. This was not found to be
a problem with our patients.

MTCs in CFPD were increased compared to conventional
PD, in keeping with previous studies [21] but lower than
those calculated in chronic adult PD patients on CFPD [10].
Postulated reasons for this could be the lower fill volumes
in paediatric patients leading to lower peritoneal membrane
recruitment as well as the acute illness of the children which
may affect perfusion of the peritoneal membrane. The flow
rates in the adult study [10] were also double which could
affect the mixing of the dialysate fluid.

CFPD, in this format, uses approximately six times as
much fluid as conventional PD. Because of the small size
of children with AKI, the fluid volumes are still relatively
low compared to what it would be in adults, thus keeping
the costs down.

Limitations of this study: This was a single-centre, small
sample study of a highly heterogeneous population with
different underlying conditions and severity of illness, and
without blinding to intervention allocation. Despite these
limitations, the results were consistent among most par-
ticipants, supporting the study’s internal validity. However,
the findings may not be generalisable to all patients treated
in the PICU or to different socio-geographic settings. The
short time each patient was on each modality may not be
long enough to demonstrate feasibility and sustainability.
Further studies would be necessary to demonstrate sustain-
ability without increased risk of complications such as peri-
tonitis. A further limitation may be that the initial patient
number, according to the original power calculation, was not
achieved. A post hoc power calculation however did confirm
that the number of patients was sufficient.

Variable Conventional PD, CFPD, mean (SD) Mean difference (CFPD- Cohen’s D effect P*
mean (SD) CONYV) (95%CI) size (95%CI)

UF (ml/kg/h) 1.05 (1.73) 4.10 (3.15) 3.05 (1.62-4.49) 1.18 (0.50-1.83) <0.001
Clearance urea (ml/min/1.73 m?) 4.33 (1.69) 9.91 (3.10) 5.58(3.83-7.33) 1.77(0.94-2.58) <0.001
Clearance creatinine (ml/min/1.73 m?) 3.58 (1.31) 7.91 (3.33) 4.33 (2.75-5.90) 1.52 (0.76-2.26) <0.001
Clearance phosphate (ml/min/1.73 m?) 2.53(0.85) 5.48 (1.60) 3.10(2.09-4.11) 2.05 (0.98-3.12) <0.001
MTC urea (ml/min/1.73 m?) 6.25 (5.13) 12.80 (7.11) 6.55 (2.48-10.61) 0.89 (0.28-1.48) 0.004
MTC creatinine (ml/min/1.73 m?) 4.17 (2.32) 8.96 (5.31) 4.79 (2.17-7.40) 1.01 (0.37-1.63) 0.002

CFPD continuous flow peritoneal dialysis, CI confidence interval, MTC mass transfer coefficient, PD peritoneal dialysis, UF ultrafiltration

*All variables remained statistically significant after the Bonferroni correction
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Table 4 Complications

Adverse event Number  Action taken
of events
Raised intra-abdominal pressure whilst on ~ No adverse event under either conv PDor 0
dialysis CFPD
No adverse event under conv PD but 1 5 ml/kg fluid drained from the abdomen
adverse event under CFPD
Adverse event observed under conv PD but 0
not under CFPD
Adverse events observed under both conv 0
PD and CFPD
Peritonitis No adverse events under either conv PD or 15
CFPD
No adverse event under conv PD but 0
adverse event under CFPD
Adverse event observed under conv PD but 0
not under CFPD
Adverse events observed under both conv 0
PD and CFPD
Catheter leak No adverse events under either conv PD or 0
CFPD
No adverse event under conv PD but 1 Small leak therefore treatment continued
adverse event under CFPD
Adverse event observed under conv PD but 0
not under CFPD
Adverse events observed under both conv 0
PD and CFPD
Catheter block/poor drainage No adverse event under either conv PDor 0
CFPD
No adverse event under conv PD but 3 In and outflow catheters swapped in 2
adverse event under CFPD patients. Treatment discontinued after
block in one patient
Adverse event observed under conv PD but 1 Treatment terminated after catheter block
not under CFPD
Adverse events observed under both conv 0
PD and CFPD
Hyperglycaemia requiring insulin therapy ~ No adverse event under either conv PD or 0
CFPD
No adverse event under conv PD but 0
adverse event under CFPD
Adverse event observed under conv PD but 0
not under CFPD
Adverse events observed under both conv 1 Insulin infusion started
PD and CFPD
Hypokalaemia requiring replacement No adverse event under either conv PDor 0
CFPD
No adverse event under conv PD but 4 Potassium supplemented
adverse event under CFPD
Adverse event observed under conv PD but 0
not under CFPD
Adverse events observed under both conv 0

PD and CFPD

CFPD continuous flow peritoneal dialysis, PD peritoneal dialysis
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In conclusion, gravity-assisted CFPD is an effective
technique for increasing UF and clearances in children with
acute PD. It can be rapidly assembled in low-resource set-
tings with readily available, inexpensive equipment and
without the need for electricity. This could be done by phy-
sicians accustomed to performing acute PD in children.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-022-05852-3.
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