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Background: Critically unwell babies in intensive care units may develop acute renal failure. Options for
renal replacement therapy are limited by their small size and available technology.

Objectives: To determine the clinical efficacy, outcomes and safety profile of the NIDUS® (a novel infant
haemodialysis device) for babies under 8 kg, compared with current renal replacement therapy.
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ABSTRACT

Design: A clinical investigation using a non-blinded cluster stepped wedge design with paediatric
intensive care units randomised to sequences.

Setting: Paediatric intensive care units in six UK hospitals.

Participants: Children under 8 kg who required renal replacement therapy for fluid overload or
biochemical disturbance.

Interventions: Continuous renal replacement therapy was provided by the usual methods: peritoneal dialysis
and continuous haemofiltration (during control periods) and by the NIDUS (during intervention periods), a
novel device designed for babies with a smaller circuit and filter and volumetric control of ultrafiltration.

Main outcome measures: Primary outcome was precision of ultrafiltration compared with prescription;
secondary outcomes included biochemical clearances, accuracy of reported ultrafiltration and mortality.

Data sources: Bedside study data collected by weighing bags of fluid entering and leaving the device
were entered into the study database along with case descriptors. Some secondary outcome data was
collected via the Paediatric Intensive Care Audit Network.

Results: Ninety-seven participants were recruited by study closure, 62 to control and 35 to intervention.
The primary outcome was obtained from 62 control but only 21 intervention patients, largely because of
technical difficulties using NIDUS. The analysis comparing the available primary outcomes showed that
ultrafiltration with NIDUS was closer to that prescribed than with control: standard deviations controls
18.75, intervention 2.95 (ml/hour), adjusted ratio 0.13, 95% confidence interval (0.03 to 0.71); p = 0.018.

The mean clearances for creatinine, urea and phosphate were lower on peritoneal dialysis than NIDUS,
which were in turn lower than continuous veno-venous haemofiltration. The variability in the clearances
was in the same order.

Of the 62 control patients, 10 died (2/62 on peritoneal dialysis; 7/13 on continuous haemofiltration)
before discharge from paediatric intensive care unit (16%), compared with 12 out of 35 (34%) in the
NIDUS group: p = 0.04, 95% confidence interval for difference (0 to 36%).

Harms: No important adverse events occurred and the NIDUS has an acceptable safety profile
compared with other renal replacement therapies in this critically ill population with multi-organ
failure. Mortality was lowest for Peritoneal Dialysis, highest for continuous haemofiltration, with the
NIDUS in-between. Only one serious adverse device event which was reported to the Medicines and
Healthcare products Regulatory Agency.

Conclusions: NIDUS works effectively, delivering appropriate blood clearances and accurate,
controllable fluid removal (ultrafiltration), indicating that it has an important place alongside other
dialysis modalities for infant renal replacement therapy.

Future work: Findings from this study indicate some modifications are required to NIDUS to improve
usability. Further studies on use of the NIDUS device in other populations of babies for example those
with chronic renal failure, and long-term outcomes are required.

Trial registration: This trial is registered as ISRCTN 13787486.
Funding: This award was funded by the National Institute for Health and Care Research (NIHR)
Efficacy and Mechanism Evaluation Programme (NIHR award ref: 14/23/26) and is published in full in

Efficacy and Mechanism Evaluation; Vol. 11, No. 1. See the NIHR Funding and Awards website for further
award information.
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Plain language summary

Why do this study?

Some children in intensive care are so poorly that their kidneys do not work well, and they need help,
called dialysis, to get rid of fluid and chemicals from their blood. For babies, we currently use peritoneal
dialysis, where fluid is cycled in and out of the tummy, or adapted machines designed for bigger children
(continuous veno-venous haemofiltration). A new machine, the NIDUS® (Allmed, www.allmedgroup.com),
was developed specifically for babies weighing under 8 kg with much smaller tubing. NIDUS worked well
when studied in Newcastle but needed testing elsewhere.

What was the question?

How well does NIDUS work compared to other dialysis methods? What are the problems?

What did we do?

The study was done in six paediatric intensive care units who used their usual dialysis methods
(=control) in the first part of the study and then later swapped to using the NIDUS (=intervention).

What did we find?

We recruited 97 participants, 62 to control (49 peritoneal dialysis, 13 continuous veno-venous
haemofiltration) and 35 intervention (NIDUS). We found NIDUS provided much better control of fluid
removal. The CVVH machines were more efficient at blood cleaning than NIDUS, which was better than
peritoneal dialysis.

What does this mean?

We learnt a lot about babies needing kidney support in paediatric intensive care units and that all
methods have advantages and disadvantages. We showed that NIDUS could be very useful for some
participants because it cleans blood effectively and gives accurate, controllable fluid removal. We
have gathered important information to help us improve NIDUS to make it easier to use and run.
Many parents responded to our questionnaire and most told us they felt it was acceptable to be
approached about taking part in research despite the circumstances. This is very important for future
research studies.

We are very grateful to families for their generosity in becoming involved in this study.
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Scientific summary

Background

Critically unwell babies in paediatric intensive care units (PICUs) may develop acute renal failure and
require management with renal replacement therapy. Although mortality and morbidity vary and are
related to the underlying diagnosis, survival of babies in paediatric intensive care is worse for those with
fluid overload. Babies requiring renal replacement treatment present specific therapeutic challenges
because of their small size and the current technology available. Difficulties with vascular access and
blood flows, fluid balance, loss of circuits, filter clotting and hypotensive episodes at initiation are all
described in the literature. The need for new solutions and improved technology is well recognised.
Continuous veno-venous haemofiltration (CVVH) machines in use in the UK at the time of this study are
not approved for use in babies weighing <8 kg (<20kg in the USA), but because of lack of alternatives,
they are frequently used by clinicians outside of licence and recommendations.

Objectives

The objectives of the I-KID study were to determine the clinical efficacy, outcomes and safety profile of
a novel non-CE marked infant haemodialysis (HD) device for babies under 8 kg: the NIDUS® (Allmed,
www.allmedgroup.com) compared to current renal replacement treatment.

Methods

The study used a cluster-randomised standard stepped wedge (SW) design with 4 periods and 3
sequences, hence 12 treatment cells. The clusters were PICUs. Conventional therapy [peritoneal dialysis
(PD) or CVVH] was used in the control cells, with the NIDUS used in the intervention cells. Each site
was trained in setting up and using the NIDUS before switching to an intervention period. The design
meant that all participating centres had the chance to use both treatments during the course of the
study. PICU nurses were competency-assessed before each site could begin using the intervention;
24-hour on-call nurse/clinician telephone support was provided from Newcastle. Using a SW design
permitted phased training on the NIDUS and allowed within-centre comparisons to contribute to the
treatment estimate.

The setting was PICUs in six hospitals in the UK, chosen because of their experience of performing renal
replacement treatment in babies, and willingness to collaborate. Informed consent was sought from
parents/guardians of children weighing from 800 g to 8 kg who required renal replacement treatment for
fluid overload or biochemical disturbance (babies with suspected inborn errors of metabolism, for
example leading to hyperammonaemia were excluded). Because of the urgency of requirement to start
renal replacement treatment in some cases, where necessary, deferred consent was sought as soon as
possible.

Interventions

During control periods, renal replacement treatment was provided by the usual methods in each PICU: PD
and CVVH and, after a period of training and competency assessment, by the NIDUS during intervention
periods. In addition, one infant being treated on an extracorporeal membrane oxygenation circuit during the
control period had renal replacement treatment added by the integration of a HD filter inserted into that
circuit. There was no blinding.

Copyright © 2024 Lambert et al. This work was produced by Lambert et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the title, original
author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

XXV


www.allmedgroup.com

XXVi

SCIENTIFIC SUMMARY

Outcome measures

Primary outcome

The first observation of precision of fluid removal [ultrafiltration (UF)] from an episode lasting at least
one hour for CVVH or the NIDUS, or at least 5 hours for PD within 48 hours of the start of renal
replacement treatment.

Secondary outcomes (related to the primary outcome)

e average of all precision values observed on the patient
e biochemical clearance rates for creatinine, urea and phosphate
e precision of observed versus reported fluid removal (CVVH and NIDUS only).

Other secondary outcomes

e survival

e haemodynamic status (drop in blood pressure after connection to CVVH or dialysis device, requiring
intervention of fluid bolus or administration of inotropes)

e number of ventilator-free days during renal replacement treatment

e completion of intended renal replacement treatment course

e need for additional vascular or dialysis access

e unplanned change in circuits

e exposure to blood transfusion

e bleeding events

e anticoagulant use.

Secondary outcomes from questionnaires

e parent/guardian experience
e staff acceptability and usability of device.

Data sources

Data were collected on UF by timed weighing of fluid delivery and output bags used by the CVVH
(Prismaflex® and Aquarius®) and NIDUS. For PD using manual circuits, volumes delivered and removed
were measured by the bedside nurse. Timed UF and blood samples were performed to calculate
biochemical clearances.

Bedside study data were entered into a bespoke study database along with case descriptors. Some
secondary outcome data were collected via the Paediatric Intensive Care Audit Network (PICANet), as
this was already established in use at study sites.

Results

The planned sample size was 95 participants. By study closure 97 participants were recruited, 62 to
control and 35 to intervention. Descriptive summaries were similar in both control and intervention
groups; around half the participants had unplanned admissions to paediatric intensive care and
approximately a third were transferred from outside hospitals. Renal replacement treatment was
required post surgery in 52% of control and 40% of intervention cases. For those requiring renal
replacement treatment post surgery this involved cardiac bypass surgery in 97% of controls and
84% of intervention participants. Systolic blood pressure, median [interquartile range (IQR)] control
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68 (59, 78), intervention 68 (60, 86) mmHg and need for mechanical ventilation (>80%) were similar.
The median (IQR) age in controls 10.5 (7, 38) days was similar to that in the intervention group 11
(7, 61) days; the range of age of participants was between 1 and 477 days (approximately 15
months). The median (IQR) weights 3.2 (2.9, 3.9) and 3.7 (3.1, 5.6) kg were similar between control
and intervention.

Availability of primary outcome

The primary outcome was available on all 62 control patients but only 21 of the 35 intervention
patients. This was due to a range of reasons including difficulties in obtaining the information needed to
compute the UF rate (accurate timing and weighing data) and technical difficulties using the NIDUS: full
details are in the report.

Precision of UF

Analysis comparing the 62 control patients with the 21 intervention patients with a primary outcome
showed that UF with the NIDUS was closer to that prescribed than with control: standard deviations
(SDs) controls 18.75, intervention 2.95 (ml/hour), adjusted ratio 0.13, 95% confidence interval (0.03 to
0.71); p = 0.018.

For the NIDUS and CVVH devices, an important measure was to compare the difference between the
actual fluid removal measured and that reported by the device. This had a mean closer to zero for the
NIDUS than CVVH (means -0.44 vs. 11.6 ml/hour, respectively), with less variation in NIDUS than
CVVH (SDs 3.2 vs. 28.4ml/hour).

Biochemical clearances

The initial intention was to compare clearance rate on NIDUS with the control group. However, for
these variables combining PD and CVVH in this way proved to be misleading because NIDUS clearances
rates were intermediate between those of PD and CVVH.

The clearance for creatinine on PD was smaller and less variable (mean 0.08, SD 0.03 ml/min/kg) than

on the NIDUS (mean 0.46, SD 0.30 ml/min/kg), which was in turn smaller and less variable than for
CVVH (mean 1.20, SD 0.72ml/min/kg). The pattern was repeated for urea: PD (0.12, 0.06), NIDUS
(0.48,0.30) and CVVH (1.15, 0.67), all in ml/min/kg, and also for phosphate: PD (0.07, 0.04), NIDUS
(0.44,0.27) and CVVH (1.16, 0.71), all in ml/min/kg. All pairwise treatment comparisons of means and of
SDs gave p < 0.001.

More detail on the UF and clearances are provided in the results section of the main report.

Survival

Of the 62 participants receiving control treatment, 54 survived to 30 days (87%) and 52 (84%) survived
until discharge. For the 35 participants in the NIDUS group, 25 survived to 30 days (71%) and 23 (66%)
survived to discharge.

For the participants receiving PD 47 of 48 participants (98%) survived to 30 days, and 46 (96%) survived
to discharge, whereas for the 13 participants on CVVH the corresponding values were 7 (54%) and
6 (46%). The participant receiving ECMO plus haemodialysis is not included in these figures.

Exposure to blood transfusion while on renal replacement treatment

Median (IQR) haemoglobin concentrations prior to starting renal replacement treatment were
similar. However, only 7 (15%) of the participants on PD required a blood transfusion, whereas

12 (92%) of the 13 on CVVH required blood transfusion and 27 (77%) of those on NIDUS required
blood transfusion. Five of the ten babies, whose CVVH circuits were via conventional central
venous access lines, required priming with blood rather than saline, but none of the NIDUS circuits
needed this.
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Use of inotropes or fluid bolus

Hundred per cent of participants on PD, seventy-seven per cent of those on CVVH and eighty-nine per
cent of those on NIDUS were reported as receiving additional fluid bolus (defined as 80 ml/kg by the
PICANet) or inotropes infusion in the first 48 hours of renal replacement treatment.

Safety reporting

There were 27 adverse events (AEs) across 23 participants (15 control, 8 intervention). Adverse device
events were only reported for the NIDUS intervention. There was one adverse device event which was
possibly related to the NIDUS device/tubing set. There were 17 serious adverse events across 15
participants (8 control, 7 intervention). One serious adverse device event was reported throughout the
study.

Conclusions

The I-KID study provides important new information about renal replacement treatment in babies on
PICUs. The results show that the UF obtained with the NIDUS was closer to that prescribed than with
control. Moreover, the UF reported by the NIDUS was a reliable reflection of the true UF. Clinically both
aspects are important. While measurement of UF with PD is easy and accurate, the uncontrollability and
unpredictability of UF is clinically recognised as an issue. It is also very important to be able to rely

on the information given by a dialysis/filtration device being accurate for the clinician to make
appropriate adjustments to the patient’s overall fluid balance. Conversely, if the device gives inaccurate
information to the clinical team it contributes to uncertainty and difficulty in overall fluid management.
Manufacturers are aware of the inherent imprecision of their devices and give warnings in their technical
documentation and indeed, concern regarding variability in fluid removal was the initial reason for
licensing restriction of CVVH devices. There is currently only one device licensed for babies under 8kg,
the Cardio-Renal Pediatric Dialysis Emergency Machine (CARPEDIEM®) (Medtronic, www.medtronic.com),
which was not in use in the UK during this study time and was not available for study in I-KID.

The clearance comparison between PD and NIDUS reflects that found in a previous study, whereas this
is the first comparison between CVVH (Prismaflex® and Aquarius®) and NIDUS. Given the greater blood
flow and larger filter surface area of the CVVH devices, these results are as anticipated. Clinically, the
NIDUS would provide adequate biochemical clearance for controlling biochemical disturbance in babies
with acute renal failure.

Many babies requiring renal replacement treatment in PICUs are critically unwell, as reflected by the
vast majority of participants in I-KID having multi-organ failure; most were on positive pressure
ventilatory support. There was a very high use of inotrope infusions, but it is unclear whether this was
largely ‘routine use’ in babies postoperatively after cardiac surgery or related to hypotensive episodes.
The survival data reflects the high mortality associated with the underlying clinical diagnoses. Mortality
was lowest for PD and highest for CVVH, with NIDUS in between. Babies who are unwell and
particularly post surgical may require blood transfusion for a number of different reasons. Few babies on
PD required blood transfusion but rates were much higher in babies treated with CVVH and NIDUS.
Those participants may have been more unwell or the process of haemofiltration and dialysis renal
replacement treatment increases the need for blood transfusion. Half of the CVVH circuits connected to
the babies’ central venous lines required blood priming, but none of the NIDUS circuits did.

Recruitment was high in the first part of the study, when most participants were entering the control phase,
but was less good as the study progressed and sites were mainly enrolling babies into the intervention
phase. The study faced a number of challenges to delivery, including moratoria on non-COVID-19 research
during the early phases of the COVID pandemic. The number of control cases on PD (vs. CVVH) was higher
than we had estimated.
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There were AEs reported in both control subgroups and in intervention cases. NIDUS was shown to
have an acceptable safety profile compared with other modalities used in this critically unwell
population.

Implications for health care

The I-KID study had high input from public and parents at all stages from the early development phase
onwards and this was crucial to ensuring acceptability to participant parents. Importantly, most parents
who responded to the questionnaire indicated they felt it was acceptable to be approached about taking
part in research despite the circumstances. This is important for future research studies in critical care.

The study required and achieved a high degree of support from clinicians and nursing staff. An important
safety profile has been created and user feedback from I-KID has provided vital information on
improvements required to NIDUS to improve usability.

Peritoneal dialysis is likely to remain a commonly used technique for babies with less severe renal failure
who require less intensive dialysis. Many postoperative babies (especially those undergoing cardiac
surgery) have a PD catheter inserted during surgery, which is sometimes just used for draining ascitic
fluid and can be easily used for dialysis if required. However, insertion of a PD catheter is not without its
risks, and there is room for future studies questioning the best immediate postoperative renal support
modality. Where PD is not possible or fails, it is clear that NIDUS provides a good therapeutic option to
be considered.

Largely the results were in concordance with clinical experience of renal replacement treatment in
babies and with previous NIDUS animal and compassionate use reports. The results show that the
intervention device, NIDUS, works effectively delivering appropriate blood clearances and accurate,
controllable fluid removal (UF), with an appropriate safety profile, indicating that it has an important
place alongside other dialysis modalities in the management of babies with renal failure.

Trial registration

This trial is registered as ISRCTN 13787486.
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Chapter 1 Introduction

Background

There are several populations of babies requiring renal replacement therapy (RRT). Those included in this
study were critically ill infants in paediatric intensive care units (PICUs), who mostly did not have intrinsic
renal disease and therefore were likely to have had good potential for renal recovery. Many were
postoperative, especially post cardiac surgery, whose major problem was an acute kidney insult, fluid
overload and poor urine output, and others who are septic or have renal failure as part of multiorgan
failure. Although mortality and morbidity in PICU vary and are related to the underlying diagnosis,
survival of babies in PICU is worse in those with fluid overload or needing RRT, of whom up to 20-40%
may die.'-¢ RRT is supportive until kidney recovery, and although most survivors are independent of

RRT at discharge from PICU, data on chronic renal sequelae are lacking. Children requiring RRT in PICU
have been reported to have longer lengths of stay and have required more days of ventilator support.®
There are over 200 infants per year in the UK receiving treatment with continuous RRT in PICU.7#

Some babies were excluded - for example, those with an inborn error of metabolism, such as urea cycle
defects, causing hyperammonaemia, as they require emergency, very rapid removal of toxic metabolites
by higher-than-normal dialysis clearances, and babies with severe intrinsic renal disease, which is often
congenital, who are usually treated with chronic peritoneal dialysis (PD) at home, unless they required
urgent RRT because of failure of chronic dialysis.’?

Types of ‘dialysis’ treatment

The word ‘dialysis’ is frequently used as a lay term to encompass all of the processes involved in
replacing the function of the kidneys, that is cleaning the blood of waste chemicals and removing fluid
from the body in a controlled way. However, medically it has a specific and more limited meaning and
describes waste products being removed from the blood into fluid by a process of diffusion down their
concentration gradients, and this may lead to confusion. In this report, we only use the term in a specific
sense, as defined below.

Peritoneal dialysis is the process by which fluid is instilled cyclically into the abdomen and allowed to
dwell, and during this time waste chemicals move across the lining peritoneal membrane between

the blood that supplies the abdominal organs and the fluid by diffusion, prior to drainage. In PD, fluid
removal or ultrafiltration (UF) is generated by the osmotic gradient between the blood and the dialysis
fluid which causes water to cross into the peritoneal space.

Haemotherapy; both haemodialysis (HD) and continuous veno-venous haemofiltration (CVVH) are types of
treatment in which blood is drawn from the patient into a disposable plastic circuit on a machine, processed
through a filter which has a membrane that separates the blood from treatment fluids, and then returns it
to the patient. We will call both of these treatments haemotherapies, and they share the need for vascular
access into a central vein, an extracorporeal blood circuit which has a tendency to clot and typically requires
anticoagulation treatment to stop that, but the mechanisms by which they remove chemical wastes differ.

Continuous veno-venous haemofiltration removes waste chemicals by filtering large volumes of plasma
water and replenishing it with a chemically balanced replacement fluid. It generates UF by replacing
slightly less fluid than it filters. CVVH machines are the devices conventionally used to provide
haemotherapy to critically ill babies in a PICU setting, of which the Prismaflex® (Baxter Healthcare,
www.baxterhealthcare.co.uk) and Aquarius® (Nikkiso, www.Nikkosomedical.com) are the most
commonly used in the UK.

Haemodialysis removes waste chemicals by dialysis as they diffuse across the filter membrane from
the plasma into dialysate fluid being pumped across the other side. It generates UF by increasing the
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INTRODUCTION

pressure gradient between the plasma and the dialysate fluid. Conventional HD devices are widely

used to provide therapy to children with chronic renal failure. NIDUS® (named for the Newcastle Infant
Dialysis and Ultrafiltration System) has been developed specifically to treat small infants, either in an
acute PICU setting or for chronic use as required. Conventional HD devices generate the pressure
gradient necessary for UF by a computer-controlled regulation of the blood and fluid pump speeds. The
NIDUS generates the necessary UF pressures by volumetrically controlling the blood flow using syringes.

Haemotherapies can be provided to babies who are on extracorporeal membrane oxygenation (ECMOQO)
support using a simple technique in which the ECMO blood circuit can be used to pump blood through
a dialysis filter. Using ECMO plus haemodialysis (ECMO + HD), the flow of dialysis fluid is controlled
by adapting intravenous infusion pumps, and UF is controlled by adjusting the difference between the
speeds of the inflow and outflow pumps.

The problems

Providing RRT to young babies may be severely challenging because of their small size and immaturity,
both for PD, and for haemotherapy solutions which require the use of devices that have disposable
extracorporeal blood circuits. Publications indicate similar problems faced by clinicians worldwide who
use adult devices because of a lack of alternatives, and the need for new solutions including improved
device technology.%!!

Acute peritoneal dialysis

Acute PD is the technically easiest method for providing RRT, and is carried out manually using simple
circuits in small infants, with fresh dialysis fluid being run in and out of the patient’s abdomen through
a catheter under gravity, as no suitable automated cycling devices exist. There is no lower size limit,
and it is used frequently to support infants after open-heart surgery.?'? Complications are common in
the smallest participants including leakage of dialysate from the access entry point, drainage difficulties
and the risk of developing peritonitis or hyperglycaemia, and it cannot be used in babies who have had
abdominal surgery such as for necrotising enterocolitis, which is common in small, unwell babies, or in
infants with congenital abdominal wall defects.* UF is unpredictable, but can be monitored easily as the
dialysate is drained and collected using calibrated burettes. The clearance of waste chemicals is relatively
slow. Both the UF and biochemical clearances may fall or fail altogether, especially in unstable babies
who develop splanchnic vasoconstriction which limits the supply of blood to the peritoneum.

Continuous veno-venous haemofiltration

Most small infants on RRT haemotherapy are treated with CVVH. These devices were initially designed and
built to treat adults, then Gambro developed the Prisma® with smaller volume circuits which was approved
for use in all sizes of children by the Food and Drug Administration (FDA) in the USA, and obtained
Conformité Européenne (CE) marking in Europe. However, it was subsequently recognised that its control
and reporting of UF was insufficiently precise to guarantee delivering safe treatment to smaller children,
even in those being kept in neutral fluid balance. It should be remembered that the typical circulating
blood volume of an infant is approximately 80 ml/kg of body weight. For this reason, the FDA withdrew

its approval for using the Prisma in children of <20kg, and Europe limited its CE mark to children <8kg.*
Gambro report that their latest iteration, the Prismaflex, has a fluid removal accuracy of £30 ml/hour or
300 ml/day.** Unfortunately, poor fluid control in conventional haemotherapy is a consequence of its
inherent technology which relies upon the device computing pressure gradient measurements rather than
volumetric monitoring, and erratic and unrecognised variations in the UF have been shown in vitro in the
two CVVH devices commonly used in the UK, the Prismaflex and the Aquarius.*®> These volume changes
have the potential to cause dehydration or fluid overload in small babies, but such machines are used
extensively worldwide outside practice recommendations due to a lack of more suitable devices.

Other problems with using CVVH in babies also result from their small size compared with the blood

access, flow and volume requirements of conventional haemotherapy circuits. Specifically, existing
CVVH devices require double-lumen central venous access lines with recommended minimum 7-French,
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size, and continuous 40 ml/minute blood flows, both of which may be difficult to achieve in the smallest
babies. Also, they have extracorporeal circuit volumes of 50-70 ml, which exceeds the safe limit of
removal of 10-15% of blood volume in babies under 5kg. This necessitates priming their circuits with
blood products, or by using saline and precipitating a sudden haemodilution as the therapy is started.
Exposure to foreign blood carries a risk of causing tissue sensitisation, with potential consequences for
children who may later require organ transplantation. The sudden exposure of a baby to a relatively large
transfusion also has the inherent risk or causing abrupt pH and other aberrant chemical changes, which
may be reduced by pre-dialysing the circuit.*®

Because of these device limitations, common clinical consequences of these limitations of CVVH devices
include cardiovascular instability with hypotensive episodes on connecting and commencing therapy
and at any time due to variations in UF control, difficulties providing vascular access and sufficient blood
flows, which may result in the clotting of circuits and multiple blood transfusions.3-¢17:18

NIDUS technology

The NIDUS began development in 1995 specifically to provide RRT to very small infants, and has a novel
circuit that operates using different physical principles from conventional systems. It uses syringes
rather than peristaltic pumps to drive the blood flow, which provide precise volumetric control of UF,
and uncouple the baby’s blood flow capacity from the requirements of the dialysis filter, allowing it

to sample more slowly. Its minimum circuit volume of <10 ml does not require blood priming and only
requires a relatively small single-lumen central venous access line. By 2005 an early automated version
had been used to treat four babies of 0.8 to 3.4 kg, and this was subsequently re-engineered to produce
the I-KID study intervention device, the NIDUS.? During development it was tested on piglets of 1 to
8kg, and was used to dialyse 10 babies of 1.8 to 5.9kg in a PICU and a paediatric nephrology setting,
including 354 dialysis sessions totalling 2475 hours, where it was found to be safe.?! Its UF precision and
biochemical clearances were consistently superior to PD in both the animal and clinical studies.

Other novel infant RRT devices

There are two other haemotherapy devices being developed to provide RRT in babies as small as

2.5kg, but neither was available for us to include in the I-KID study. A group in the USA have used the
Aquadex® (Nuwellis, www.nuwellis.com) adult haemofiltration device in parallel with intravenous pump
controllers to regulate the flow of replacement fluid and to generate UF.??2 An Italian group has produced
and CE marked an infant CVVH device, the CARPEDIEM®, using a miniaturised conventional circuit.?%2*
Although this has been used in some European centres, and has recently gained FDA approval, it was
not available in the UK to enable comparisons when the I-KID study started.

Rationale

The need for improved device technology for infant RRT has been widely stated.'%1252¢ |[ncreasing
success and breakthroughs in neonatal surgery including cardiac, will continue to produce a need for
safe and effective postoperative management of fluid overload, acidaemia and biochemical disturbance
in the smallest newborns.

The I-KID clinical investigation was designed to determine the clinical efficacy, outcomes and safety of
a novel non-CE-marked infant HD machine, the NIDUS, compared with currently available RRT in the
UK. NIDUS is specifically designed for use in babies between 0.8 kg and 8 kg. A pilot trial of NIDUS used
in 10 babies in a single cardiothoracic PICU gave strong support for a study to provide evidence for the
efficacy and safety of NIDUS in wider clinical use.?! In vitro comparison of NIDUS with Prismaflex and
Aquarius has lent support to possible improvement in control of UF.*® For this reason, the I-KID clinical
investigation was designed to determine the efficacy and safety of the NIDUS in PICUs across the UK,
and compare it with conventional therapies, including PD, and Prismaflex and Aquarius CVVH machines
in a randomised controlled trial (RCT). Safety monitoring, an important focus of the study, was enhanced
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INTRODUCTION

by the fact that the NIDUS makes a continuous downloadable recording of all of its activity data for
subsequent analysis and scrutiny, including volumes, flows, pressures, alarms and responses to alarms
and events.

The NIDUS was developed by a team of clinicians, scientists and academics in Newcastle upon Tyne,
with significant public involvement, and the devices used in the I-KID study were manufactured under
licence by Allmed. The study was therefore designed such that the team that developed the device could
provide training and support for the other centres.

Research questions, aims and objectives

Main study objectives

To compare the novel non-CE-marked infant HD machine, the NIDUS, to conventional standard RRT in
children under 8 kg in PICU. The study aimed to evaluate the clinical efficacy of the NIDUS in improving
accuracy of UF fluid removal and to monitor safety and patient outcomes using a cluster-randomised
stepped wedge (SW) study design. The study also compared NIDUS separately with each of CVVH

and PD.

In addition, the study was designed to look at the incidence and severity of the adverse effects of renal
replacement, and to generate a safety profile in the application of NIDUS in the clinical environment.
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Chapter 2 Methods

hapter 2 contains material reproduced from Lambert HJ et al. 2021.%” This article is distributed

under the terms of the Creative Commons Attribution 4.0 International License (http:/
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were made.

The Creative Commons Public Domain Dedication waiver (http:/creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Objectives

To compare the use of the NIDUS with conventional RRT in children and babies under 8 kg treated
in PICU.

Study design

This multi-site clinical investigation used a randomised SW cluster design with four periods and three
sequences.?® Conventional therapy (PD or CVVH) was used in the control cells, with NIDUS used in the
intervention cells. In all sequences, the treatment in the first period was conventional therapy, while in
the last treatment period all sites used NIDUS. The sequences differed in the timing at which the change
from conventional therapy to NIDUS occurred, as shown in Figure 1. The nature of the study meant
there was no blinding.

The six clusters in the SW design were the PICUs in six National Health Service Hospital Trusts with
tertiary nephrology units in the UK where the study was conducted. Each site was randomly allocated to
one of the sequences in the design, with two sites allocated to each sequence. See Randomisation of the
SW design for further details.

Each site was trained in setting up and using the NIDUS before switching to the intervention period. The
design meant that all participating sites had the chance to use both treatments during the study. Using
the SW design permitted the phased training on the NIDUS and allowed within-site comparisons to
contribute to the treatment effect estimate.

I-KID Study SW Cluster design

Sequence | Period 1 Period 2 Period 3 Period FU

S1
S2
S3

S1,52,S3 = sequences in SW design - two sites randomised to each sequence
C = Control Period - Conventional treatment in unit

T = Transition period - Results from 1 patient not used

| = Intervention Period - whole unit uses NIDUS®

FU = Follow up is up to one month after last patient

The periods were planned to be 4.5 months long.

FIGURE 1 [|-KID study design sequence.

Copyright © 2024 Lambert et al. This work was produced by Lambert et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the title, original
author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

METHODS

The SW design was chosen over a conventional RCT with individual patient randomisation for reasons of
safety, ethics, acceptability and efficiency. This study took place in the PICU environment, necessitating
a level of urgency to recruit, consent and initiate RRT without compromising the participants’ health
further which raises ethical concerns.?’ Further discussion on the choice of the design is given in

Chapter 4.

Data on UF accuracy and biochemical clearance from the first patient in each site treated after transition
to NIDUS was not used in the analysis. This was because the lack of familiarity of staff using NIDUS for
the first time under clinical conditions which could lead to unreliable observations. This was not applied
in the Newcastle site, due to prior use/experience of the NIDUS device.

Participants
The study recruited participants in PICU who met the following eligibility criteria:
Inclusion criteria

e Participants with a body weight of 0.8 kg-7.99 kg who require continuous RRT for acute renal
insufficiency or fluid overload as part of their standard clinical care.

e Person with legal parental responsibility (PR) for the patient able to provide written informed consent
for the patient to take part in the study.

Exclusion criteria

e Patient with known chronic renal failure already on established adequate RRT.

e Patient already established on adequate RRT for whom entry into the study would require additional
central venous access, if that access is not clinically indicated.

e Patient with an underlying metabolic diagnosis, including hyperammonaemia.

e A clinical decision is made that the patient should not receive RRT using NIDUS.

e Unable to receive written informed consent for data collection from a person with legal PR for
the patient.

Two main changes were made to the eligibility criteria during the course of the study as shown in
Appendix 1, Table 33. These were the introduction of deferred consent for the study, reflecting common
practice in emergency situations in PICU so as not to delay treatment, and the acceptance of use of
estimated body weight.

Settings and locations

The study was conducted in PICUs in six NHS Hospital Trusts with tertiary nephrology units in the UK.
The participating sites were Birmingham Children’s Hospital, University Hospitals Bristol, Evelina London
Children’s Hospital, Great Ormond Street Hospital, Newcastle upon Tyne Hospitals (Royal Victoria
Infirmary and Freeman Hospital) and University Hospital Southampton.

Identification and screening

Potential participants were identified as they presented on PICU by the doctor or nurse at the site with

delegated responsibility. They were screened against the study inclusion and exclusion criteria using the
patient medical notes.
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As part of standard care, parents/guardians were told about the clinical need for the patient to receive
dialysis treatment. Parents/guardians were also told that the PICU at their hospital was taking part in the
I-KID study and the rationale for the study was introduced.

This initial approach was done sensitively by clinical staff, communicating carefully, and taking into
consideration how the parents/guardians were feeling at that time and the individual situation of
the patient.

A log was completed to document all participants who fulfilled the eligibility criteria for the study. This
included those who were approached and were subsequently included or excluded, as well as those who
were not approached and the reasons why.

Recruitment and consent

The decision to start the patient on RRT was always clinical and would commence at the discretion

of the responsible clinician before consent was obtained if it was in the patient’s best interest to not
delay treatment. As part of standard care, staff discussed with the parent/guardian the need for dialysis
and the current methods of RRT being used within the PICU. This included the NIDUS during the
intervention period.

Study Information Sheets, including Summary Information Sheets which were produced in collaboration
with parent advisors, were provided to parents/guardians of all eligible participants. Tailored consent
was obtained appropriate to the phase of the study (usual treatment/intervention).

A parent who was involved in the study development from the start was included as a co-applicant to
ensure that methods used were acceptable and sensitive.

For all study periods in this emergency situation, the patient’s parents or legal guardians were
approached for written consent, as soon as practicable after starting RRT, ideally within 48 hours
(deferred consent).

Parents/guardians of a baby who was confirmed as eligible to take part in the study but who passed
away were also be given the opportunity to take part in the study. Delayed consent from bereaved
parents was in line with best practice recommendations from the CONNECT study.° Consent from
bereaved parents was received either in hospital or by post and may have involved a telephone
discussion where appropriate because of distance, using the bereaved parent/guardian information
sheet and consent form.

Parents/guardians who provided consent were given further opportunities to discuss the study and
ask questions. All parents/guardians had the right to withdraw the patient from the study at any time
without having to give a reason.

If consent was not received, the method of dialysis used was decided by the clinician considering the
best option for that patient and what methods were available in the PICU at that time. The patient was
not entered/or continued in the I-KID study and no (further) study data were collected.

The parent/guardian specifically consented to the patient’s general practitioner (GP) being informed of
their participation in the study.
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Details of study interventions

Parents/guardians continued to receive full supportive care as required whether the patient received
the control or intervention therapy. The initial requirement for the patient to have RRT was made by
the lead clinician in PICU and was initiated according to the usual indications practiced by the attending
clinical team. The control and intervention therapies were administered by the NHS clinical team
ordinarily treating the patient with support from research nurses.

Control therapy (usual treatment)

Participants were treated with current RRT options available at the participating site, either PD or
CVVH, when in the control phase of the design. Staff in PICU were already trained in the clinical
use of these RRT methods. Additional training was given regarding the procedures needed to obtain
measurements of UF and biochemical clearance.

All sites used PD. Each site was also able to perform CVVH either using the Gambro Prismaflex, or the
Baxter Aquarius. In the absence of suitable and safe alternatives, these machines are used off licence
during standard care. In one site, RRT was also provided for infants on ECMO by connecting a dialysis
filter between the arterial and venous ends of the ECMO circuit and controlling the rate of dialysate
flow using pumps designed to regulate intravenous infusion lines (ECMO + HD). The NIDUS machine
was not available for use during the control period.

Control therapy was used in the control period according to usual clinical practice until changeover
to NIDUS according to the SW design. Eligible participants who declined consent to the I-KID study
received standard therapy.

Tests of RRT efficacy

Children recruited to this study had two types of tests of the efficacy of their RRT, measurement of the
(UF precision) and measurement of the rate of clearance of chemicals from their blood. The details of
these are given below, and separate detailed information and bedside data recording sheets for PD, the
Prismaflex, the Aquarius, for ECMO + HD, and the NIDUS are available in the project documents.

Measurement of UF precision

The quantity of fluid removed by RRT was measured over an accurately timed period to calculate the
actual UF rate that the therapy had achieved, and for each modality this was compared with the UF rate
that the clinical team had documented they required. For the CVVH and NIDUS therapies, the measured
UF was also compared with the volume of UF that the device displayed it had achieved.

For PD, the total volumes of dialysate fluid infused and drained were measured volumetrically using the
calibrated burettes that are integral to the clinical circuits, as is undertaken for every complete dialysis
cycle in normal clinical practice. To minimise errors that may occur due to variations in the completeness
of emptying of the peritoneal space during some PD cycles, the collection periods were between 5 and
7 hours long, and were timed to ensure they only included completed cycles. The achieved hourly UF
rates were calculated by subtracting the mean volume infused from the mean volume drained.

For CVVH and the NIDUS, the UF rates which were set by the operators and recorded by the devices
were volumetric (ml/hour), and these were compared with the actual UF rates that were measured
gravimetrically by assuming that all of the fluids had a density of 1 g/ml. This method was employed
because both types of infant haemotherapy use closed fluid circuits, which means that the total
combined weight of the fresh and waste fluid bags remains constant in the absence of any UF, and it
can be assumed that any increase in their net weight will represent fluid added by removal from the
baby’s circulation. In the case of CVVH machines, the saline infusion used to deliver heparin into the
circuit also enters the device’s closed circuit and adds to the increase in net weight of the bags, so it was
deducted from the measured weight gain, but this was not so for the NIDUS because in that circuit it is
removed without entering the closed fluid system.

NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/VGJT3714 Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 1

Thus, the weights of all of the dialysate and/or replacement fluid bags, plus the waste-fluid drainage
bags were recorded at the start and end of each study period by suspending them over a stable weighing
balance capable of weighing up to 16 kg, and sensitive to changes of 0.1 g, and by recording the volume
of heparin solution infused by the CVVH devices. The calibration of the weigh-scales was checked to

be accurate to within £1 g using a 5kg weight, and +0.1 g using a 10 g weight before each study, and the
fluid bags were suspended carefully in precisely the same manner each time, avoiding any stretching or
contact of their connection lines with the device. For both types of device, the minimum collection study
period was set at one hour. If the clinical requirement for UF changed during any of the study periods,
the timing of the altered settings was recorded, and this was accounted for in the rate calculations.

For ECMO + HD, the change in the weight of the fresh dialysate fluid bag was recorded, and the volume
of waste dialysate fluid was measured in a calibrated drainage container. The rates of the dialysate
inflow and outflow infusion pumps were recorded, and the clinically set UF rate was taken as the
difference between these rates.

Measurement of biochemical clearance

We calculated the clearance of creatinine, urea and phosphate by measuring the rate of accumulation of
each chemical in the dialysate and/or replacement fluid and comparing that to its plasma concentration.
This requires the measurement of the plasma and waste fluid concentrations of these three metabolites,
and a knowledge of the waste fluid flow rate. The urea and phosphate were measured using standard
methods in the clinical laboratories of the participating centres, and creatinine was measured by

an enzymatic assay to avoid measuring non-creatinine chromogens in the plasma by the previously
widely used alkaline picrate reaction. Clearances were expressed as ml of plasma totally cleared of that
chemical per minute of therapy.

For PD, the biochemical clearance test was performed at the same time as the UF test, that is over a
timed period of five to seven hours. The whole volume of waste fluid collected during that study was
mixed, and a sample of this was used for the chemical assays.

For the CVVH and NIDUS the biochemical clearances were measured either just before or just after
doing the UF test because each study would have interfered with the precision of the other one. When
the standard extracorporeal circuit was mounted on the device, an extra extension tube and three-way
tap were inserted into the waste fluid drain line close to the main drainage bag, with a small collection
bag attached to the side connection. During the collection period of at least 20 minutes, the tap was
turned to allow waste fluid to be collected as it was produced, and a sample of this was assayed for the
metabolites. The rate of fluid drainage was calculated as the total of dialysis and/or replacement fluid
flow rates set on the machine plus the volume of ultrafiltrate set.

For EMCO + HD, as for PD, the whole volume of waste fluid collected during the study period was
mixed, and an aliquot was chemically assayed.

In all clearance studies, the test was performed within one hour of a blood sample being taken for
creatinine, urea and phosphate measurement for clinical reasons. No extra blood samples were taken for
the tests; instead, the timing of the biochemical clearance tests was adjusted to coincide with routine
blood sampling, which is typically twice daily in babies on RRT in PICUs.

Details of the calculations used for each modality for both UF and clearances are available in Report
Supplementary Material 1.

Intervention therapy (NIDUS)
The NIDUS was only available for use by trained staff during the intervention period for that site.
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The main instrument is used in conjunction with a device-specific blood tubing set and a NeoFlux1®
(Allmed, www.allmedgroup.com) HD filter, and withdraws small volumes of blood (5-10ml) from the
patient, passes it through the filter and then returns it to the patient, via a single lumen vascular access
catheter. Blood movement is controlled using driven syringes and pinch valves. Its extracorporeal circuit
volume with the syringes empty is 4.9 ml, which is small enough to prime safely with saline, without the
need for blood products. UF is controlled by the differential movement of the two operating syringes,
with the difference in volume between the two syringes is removed as UF. Dialysate is pumped around
the outside of the filter via a peristaltic pump, allowing dialysis to occur by diffusion. The NIDUS makes
a constant recording of all activity data, including volumes, flows, pressures, alarms and response to
alarms, downloadable for safety purposes.

Allmed are the manufacturers of NIDUS device, circuit and filters. Devices were loaned, three to each
site (except Newcastle that has two), in case of breakdown or multiple recruits.

Sites were supported in their use of the investigational device, both clinically and technically. A 24-hour
helpline was available to contact on-call renal nurses from Newcastle upon Tyne Hospitals (NUuTH),
experienced in the use of NIDUS, in order to provide immediate support to study nurses at the bedside.
Clinical telephone or videolink support was also available from Dr Heather Lambert (Chief Investigator)
and Dr Malcolm Coulthard at all times as backup to the nursing advice. Allmed and NuTH Medical
Physics provided continued support in response to immediate technical queries.

Support was both reactive and proactive. A monthly teleconference with representatives from each
site and the I-KID Trial Management Group (TMG) enabled users from different sites, with different
experiences, a platform to feedback to one another and Trial Steering Committee (TSC) members.
Regular meetings between the clinical and technical teams were essential to manage and review the
ongoing support offering and to respond to user requests regarding interventional aspects of the study.

During the intervention period, standard therapy continued to be used for those participants
who did not meet the criteria for the NIDUS machine (see Inclusion criteria and Exclusion criteria in
the Introduction).

Clinicians caring for participants patients under 8 kg who started on conventional dialysis methods,
which had failed and where the patients did not meet the inclusion criteria for the study, had the option
to use/switch to the NIDUS machine for compassionate use. These cases were initially discussed with
the Chief Investigator. Local trust process and the process set out by the Medicines and Healthcare
products Regulatory Agency (MHRA) processes for compassionate use were followed by sites when
appropriate. No data from these patients were used for the study.

Site training and delivery of interventions

Study induction and control phase

During the control phase, sites followed routine clinical practice with the addition of conducting a
number of research activities; and so, training involved the detailing and demonstration of these
activities, namely, bag-weighing and fluid sampling methods. Initiation visits were conducted at each
site in the months prior to the start of the study. The site Pl and senior members of the clinical and/
or research team received the training in person. These trained individuals then cascade-trained other
team members at their own site. In addition to the introduction of research activities, information
was disseminated with regard to the study rationale and protocol, the principles of the NIDUS (how it
differs from conventional RRT) and the content and location of specific documentation required when
carrying out research activities. This included an overview of safety reporting procedures and document
version control.
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Intervention phase

As per study design, intervention phase training followed a stepped approach, where sites were trained
approximately two months before they were due to crossover to use the NIDUS. Each site had a
minimum of four training days.

These sessions aimed to ensure that key members were competent to use the device and its
components. This involved detailing and demonstrating how to set up and run the NIDUS, and how
to troubleshoot potential issues that may occur in practice. The device’s operating principles, and key
differences compared with conventional RRT devices were discussed. Largely, the emphasis of this
face-to-face training was to allow hands-on time with the device. As with the control phase, members
were also shown, and then asked to demonstrate, how to accurately perform device-related research
activities, i.e. bag-weighing and fluid sampling methods.

Trainees were considered, and signed off as, competent to use the device if they showed that they
could correctly follow guidance documentation to set up the device, perform procedures required when
running the device, and if they showed a comprehensive understanding of the NIDUS and how they
might troubleshoot issues via answering a set of trainer-led questions and discussion. A number of key
individuals including senior nurses and the PI at each site were signed off as competent to both use the
device and cascade train others. Sites were responsible for ensuring their skills were maintained during
the study and this was supported by the I-KID training team, for example by conducting additional
training sessions.

Parents/guardians were asked about their experiences and staff were asked about acceptability and
usability of the device, using questionnaires.

Updates to guidance and training documents

User documentation, including documents used for training, device-use guidance documents and
research activity guidance and recording documents (to be used at the bedside), were continuously
reviewed and amended throughout the trial. On-going user feedback from sites largely facilitated this
process. Aspects of accessibility and clarity of content were reviewed. Documentation, such as the
training packages, began as paper copies that were also available online via study specific shared drives
(Microsoft Teams and Google Drive); then, were adapted to become direct online material (accessible
via a QR code or web link), in an app-like format, created using the Google Forms forum. This ‘app’, in its
final form, provided a step-by-step, image-guided walkthrough of device set up and running procedures;
it was used as a training tool and for guidance during clinical use of the NIDUS. Additional training was
provided where appropriate, including prior to resumption of the study post the interruption caused by
the COVID-19 pandemic, and included virtual video-linked training.

Outcomes

The principal aim of this study was to assess the precision of fluid removal compared with prescription -
a measure that represents fluid removal precision of the dialysis system. Namely, does the dialysis
methodology provide the hourly fluid removal that the clinical team wanted? The measurement of the
required quantities is described in the section Measurement of UF precision and in Figure 2, below.

Primary outcome
The first observation of precision of fluid removal (UF) from an episode lasting at least an hour within
48 hours of the start of RRT.
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FIGURE 2 Data collection timeline for Prismaflex, Aquarius and NIDUS (top); data collection timeline for PD (bottom).

Secondary outcomes: related to the primary outcome

e average of all precision values observed on the patient
e biochemical clearance rates for creatinine, urea and phosphate
e precision of observed versus reported fluid removal.
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Secondary outcomes: mortality data

e death within 30 days of the start of RRT (collected by the I-KID team)
e death before discharge from PICU [collected via PICANet (Paediatric Intensive Care Audit Network) -
see below].

Secondary outcomes: collected through PICANet

Paediatric Intensive Care Audit Network is an audit database recording details of the treatment of all
critically ill children in PICU. Data are routinely collected on admission to PICU and thereafter daily
returns are made, with detailed renal data. This custom renal data set uses precise definitions and terms
for the information collected. PICANet publishes an annual report and makes regular download of data
to the site of origin for audit and quality improvement purposes. Some of the descriptive and secondary
outcome data in I-KID was collected via PICANet, and with consent from parents/guardians as part of
the I-KID study-specific data were shared with the I-KID study by the sites. The reason for using this
process for some data collection was to try to ensure as near as possible complete data collection as
these data were being collected routinely by sites who were used to doing this in a regular way. The
I-KID study also aimed to not cause additional workload by duplicating similar data sets.

e haemodynamic status (drop in blood pressure after connection to a RRT device, requiring
intervention of fluid bolus or administration of inotropes)

e completion of intended RRT course

e need for additional vascular or dialysis access

e unplanned change in circuits

e exposure to blood transfusion

o bleeding events

e anticoagulant use

e number of ventilator-free days (calculated as number of days on RRT minus number of days on RRT
and on ventilator).

Secondary outcomes: questionnaire results

e parent/guardian experience measured using questionnaires
o staff acceptability and usability of device measured using questionnaires.

Changes to primary outcome variable

The protocol initially specified that the primary outcome variable should be measured during data
phase 1 (0-7 hours), provided the data collection episode exceeded one hour. However, because of the
time constraints for clinical teams managing critically ill babies and the complexity of the study testing,
the protocol was formally updated so that; if the site team were unable to collect the primary outcome
during the first phase of data collection, then the next available collection period was used to measure
the primary outcome, provided this was within the first 48 hours of RRT.

Sample size

The sample size calculation followed the model of Hussey and Hughes, adapted to accommodate
unequal cluster sizes.?® No interim analyses were planned and the study was monitored by a DMEC.

If the observed fluid removal rate is X and the rate prescribed by the treating physician is A, then

the aim of the primary analysis is to compare the different treatments with respect to how closely X
conforms to A. To this end the primary outcome is defined as Y = log|X-A|, where log denotes the natural
logarithm. If X is distributed as a Normal variable with mean A and standard deviation (SD) g, then Y will
be distributed, log o + log |Z|, where Z has a standard Normal distribution. This variable is approximately
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Normally distributed with variance %n? and mean difference between treatment groups of log(c /

o : the ratio of SDs is the parameter of principal interest.

control

NIDUS)

The study uses a SW cluster design and historical data from PICANet indicated that the annual numbers
of participants for the six sites could be taken to be N = 14, 14, 14 (Evelina, GOSH, Southampton) 9, 9
(Birmingham, Bristol) and 3 (Newcastle). The aim of the power calculation was therefore to determine
the length, L, of periods in the design to achieve the desired power.

The model initially assumed for the primary outcome is the linear mixed model applied to SW designs by
Hussey and Hughes, namely the kth response in cluster i in period j is

Yik = 7 + 0Xij + & + g, (%)

where y is the period effect, X,.J. is 0 or 1, being 1 only if NIDUS is allocated to cluster i in period j:

is a random term accounting for the extra variation in y due to site i, and the g, is the individual-level
residual with variance assumed to be %1228 The treatment effect of NIDUS relative to control is 6 and
the variance of &, is such as to yield the postulated intraclass correlation of ICC.

The formula for the standard error of the estimate of 6 can be obtained using standard methods, such
as those in Matthews and Forbes but amended to allow for different numbers of participants being
allocated to each site.3! On the grounds of simplicity, and because there is no indication to the contrary,
it was assumed that there would be no period-to-period variation in recruitment within a site.

If the length of each period is L months, then it was assumed that the number recruited in each period
and each site would be NL/12. A clinically important change in the precision of the UF rate was judged
to be a ratio of 3 between the SDs, so the aim was to detect a change of log 3, that is, 1.098. The power
will be 80% using a two-sided significance level of 5%. The sample size calculation will determine a value
of L to achieve this.

The power of the trial will vary according to which sequences were allocated sites of the different sizes.
The randomisation was restricted as described below, which reduced the size of this effect. A purpose-
written R program showed that the power when L = 4.5 months was 0.80, if the smallest site was
allocated to sequence 2 and 0.79 otherwise. This was for an ICC = 0.1. For ICC = 0.05, the values were
0.84 and 0.82, respectively and for ICC = 0.2, 0.77 and 0.75. With such a novel outcome variable there
was no specific prior knowledge of the ICC. In cluster randomised studies values of ICC below 0.1 are
common. The sample size was based on this value: smaller values would not compromise the power of
the study; the larger values are judged to be unlikely but, if true, would lead to only small loss of power.

From analysis of PICANet audit data, in 2011-13, approximately 200 children under one year old
received were provided with renal support (CVVH, PD or both) annually in the participating PICUs. Of
these about 50% were under one month old. PICANet data did not include weight but it was all those
under one month would weigh under 8 kg, and around 70-80% of the older group would weigh less
than 8kg. Overall, it was anticipated that 35-40% of these children would receive CVVH or CVVH + PD.
Taking account of these figures and making conservative allowance for those refusing consent or
dropping out for clinical reasons, it was anticipated that I-KID would be able to recruit about 63 babies a
year from the combined units, with a target of 95 participants recruited over 20 months. In reality, I-KID
recruited 97 participants over 24 recruiting months.

Randomisation of the SW design

The design for I-KID was a three-sequence SWD and six sites, allocating two sites to each sequence.
As indicated previously, three sites (Evelina, GOSH and Southampton) were expected to recruit at rates
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about 50% higher than Bristol and Birmingham and much higher than Newcastle. It was convenient to
designate the first three sites as large sites and the others as small sites. If two large sites were allocated
to the same sequence, then two small sites would be allocated to another, and the design would

have become rather unbalanced - for example if Newcastle and another small site were on the same
sequence then the probability of periods with no recruits in that sequence might have been too high.
Moreover, if the allocation process had allowed very different numbers of participants to be allocated to
the different sequences, the variation in power between allocations could have been noticeable.

On the basis of these considerations, it was decided to restrict the randomisation so that one large site
and one small site were allocated to each sequence. This will mitigate the risk of a sequence with very
low recruitment and control the variation in power between different allocations.

The procedure for randomisation was as follows. The Senior Trial Manager produced a list in which each
of the symbols A, B and C was associated with one of the large sites in an arbitrary order. A second

list associated the symbols a, b and c with the small sites. These lists were not revealed to any other
member of the TMG. The Senior Trial Statistician used the base function sample in R to produce

a random permutation of the symbols A, B and C, with the first element of the permuted list being
allocated to sequence 1, the second to sequence 2 and the last to sequence 3. This was repeated for
the symbols a, b and c. This allocation, with one upper case and one lower case letter allocated to each
sequence was passed to the Senior Trial Manager, who was able to form the random allocation of sites
to sequences by substituting the actual site names for the symbols.

The allocations were revealed to the sites in sequence 1 only as far ahead of the end of period 1 as

was necessary for training and for the sites to make appropriate practical arrangements. At this stage
the allocations for the remaining sites were not revealed. The same procedure was adopted for sites
changing over after period 2, although in this case concealment of the allocation of the sites to sequence
3 was unnecessary.

All parents/guardians were fully aware and informed of the treatment that the patient received.

Statistical analyses

The analyses undertaken at the end of the study are outlined below. No interim analyses of efficacy
variables were planned or undertaken.

Primary analysis

The primary analysis of the primary outcome used a linear model with a categorical period effect, to
allow for time effect during the study, and a binary treatment effect comparing NIDUS and controls.
Differences between sites were accommodated by a fixed categorical effect. The log of the duration
over which X and A were observed was included as a covariate. The fit of the model was assessed using
standard diagnostic methods. The treatment effect estimated log o, /0,5, @nd results are presented
in terms of the estimated ratio and 95% confidence interval (Cl). It should be noted that the outcome
measure is based on the assumption that X-A has zero mean: if this assumption was not borne out by
the data, alternative methods would be used.

Sensitivity analyses

1. The choice of a fixed effect for sites was unusual but obviated the need for the form of the disper-
sion structure of the responses to be specified. This approach is one of the methods outlined in Mat-
thews and Forbes and was adopted because of the very uneven and fragmented intervals between
recruitment periods consequent on recruitment suspensions, largely due to the COVID-19 pandem-
ic.3! A sensitivity analysis uses the more usual approach of a generalised estimating equation (GEE),
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adjusted for the small number of clusters using the method of Morel-Bokassa-Neerchal.3?
This correction differs from that specified in the original Statistical Analyses Plan (SAP) and is
preferred because it has recently been found to have good properties with SW designs and can be
implemented in Stata.®®

2. The definition of the primary outcome in the original protocol required that the values of X and
A be observed within six hours of the inception of RRT. This was amended when it became clear
that initial attempts at RRT were often interrupted because of the extreme clinical condition of the
participants, which meant that other clinical procedures supervened (see Changes to primary out-
come variable in Outcomes section). However, a sensitivity analysis was performed with the outcome
following the original definition.

3. Recruitment had to be paused on several occasions, for varying durations and patterns. Pauses
due to COVID-19 affected the whole study, whereas technical problems with NIDUS only affected
those sites using NIDUS at the time. The intention to treat (ITT) principle was followed, with all
available data analysed. However, for pauses in periods 2 and 3 when both control and NIDUS were
in use, pauses only to NIDUS sites for some of those periods could lead to difficulty in the inter-
pretation of the associated period effect. A sensitivity analysis omitted all participants recruited to
control groups during the intervals when recruitment to NIDUS was paused.

Secondary analyses

Variables related to primary outcome

The values of X and A were observed in several episodes during the treatment of a patient. While the
first computable value of log|X-A| was used as the primary outcome, the mean of all valid values of
log|X-A| on a patient was used as a secondary outcome. To be valid the value had to be based on a
collection period that started within 48 hours of the inception of RRT and lasted for at least an hour. The
linear model used had the same form as for the primary analysis.

Biochemical clearance values: first recorded value

The rate of clearance of each of creatinine, urea and phosphate (PO,) was computed during each
episode of RRT. The first such observation from each patient was analysed. A linear model with
categorical covariates for centre, period and a binary treatment indicator with constant residual variance
was proposed in the SAP. However, as will be shown in the results section, for these variables it was
subsequently realised that it would be misleading to combine participants who received PD with those
who received CVVH. It was also found that assuming a common residual variance was inappropriate, so
the analysis used generalised least squares to compare the three treatment groups, assuming separate
residual variances for each group.

Biochemical clearance values: average of recorded values

The analysis for the first recorded value was repeated, with outcome now being the mean of each of
the clearances computed on each patient. Only observations from treatment episodes starting within
48 hours of the start of RRT are used.

Analysis of mortality

Descriptive summaries of mortality at 30 days after the start of RRT and on discharge from PICU were
presented, and standard methods for binary variables were used to compare between NIDUS and
control groups.

Analysis of PICANet outcomes

Information on variables collected from PICANET were analysed using descriptive summaries and,
where indicated in the SAP, standard methods for comparing binary variables between NIDUS and
Control were employed. Numbers of observations in each site by period group were sufficiently small
that more sophisticated models were avoided. Period effects were seldom observed in analyses of other
variables, which gives some support to the use of these simpler methods.
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Subgroup analyses (all pre-specified)

Primary outcome by NIDUS, CVVH and PD

This analysis presented comparisons of the primary outcome between treatment groups of NIDUS, PD
and CVVH, that is the primary analysis but with the control group split into CVVH and PD. The mean
log|X-A| was also compared between these groups.

Mortality data by NIDUS, CVVH and PD
Descriptive statistics comparing mortality 30-day post RTT and on discharge from PICU were presented
by NIDUS, CVVH and PD.

PICANet Variables by NIDUS, CVVH and PD
Descriptive statistics comparing the variables collected via PICANet were presented by NIDUS, CVVH
and PD.

Actual versus reported fluid removal rates

The Aquarius, Prismaflex and NIDUS devices report the amount of fluid that they claim to have removed
(A,). For these devices it was therefore possible to compare the amount actually removed, X, with that
reported to have been removed, A,. This is of clinical importance, as the management of a patient could
be seriously compromised if these two quantities are discrepant. The SAP anticipated analysing log|X-A|
provided that X-A, appeared to have mean zero. This was not the case, so generalised least squares were
used, with categorical covariates for centre and period and a binary indicator to distinguish NIDUS and
CVVH. Different residual variances were allowed in the two treatment arms.

Study oversight and management

Trial management

The TMG was responsible for overseeing management of the study. The TMG met approximately every
four to eight weeks during the course of the study. TMG meetings involved the Chief Investigator, trial
statisticians, local co-applicants, members from the Northern Medical Physics and Clinical Engineering
Directorate for technical support and development of the NIDUS device, a sponsor representative and
trial management team members from Newcastle Clinical Trials Unit (NCTU).

Data management
A study-specific MACRO database was designed and built by the database manager with input from the
TMG. Data for participants were entered into the electronic case report forms by local site staff.

Sites were asked to send all serious adverse device event (SADE) reporting forms, serious adverse event
(SAE) logs and device deficiency (DD) logs were sent from site to the central study team in Newcastle
using secure email.

The occurrence of events such as blood transfusions and access line changes were recorded by local site
staff via the PICANet enhanced renal audit reporting system. Staff at site downloaded the PICANet data
for their participants who had been consented to the study. The downloaded dataset was sent to the
Database Manager at NCTU by secure email.

Data were handled, digitalised and stored in accordance with the Data Protection Act 2018.

Study oversight

Study oversight was provided by the study sponsor (the NuTH NHS Foundation Trust), the TSC and
the Independent Data Monitoring Committee. A Clinical Safety Sub-Group consisting of clinicians from
the TMG, representatives from Medical Physics and a sponsor representative reviewed all SADE and
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SAE safety reports. Device deficiencies that led to a SADE or had the potential to become a SADE
underwent expedited reporting by Sponsor to the MHRA, in line with the requirements for a clinical
investigation (see Appendix 7, Figure 28). SAEs that were not consistent with the usual clinical pattern
for participants requiring RRT in PICU were recorded by site on the study SAE log. SAEs which were
excluded from reporting in the protocol were recorded in the study database. All device deficiencies in
the intervention arm were recorded by site on a DD log.

Patient and public involvement

Patient, Care and Public Involvement (PCPI) heavily shaped the study design. Feedback was sought from
a group of parents with children on dialysis in Newcastle upon Tyne where considerable support was
given to the study and the SW design. It was felt that obtaining consent for the type of dialysis method
to be used would add to families’ stress and anxiety. Also, that parents were likely to default to the
position of the medical team.

The choice of a SW design was strongly influenced by advice given through PCPI. The method of
randomising the site, rather than the patient, and delayed consent to collect and record information
for the study was supported by a Newcastle University Research Consumer Group, parents who were
consulted and health professionals. This study took place in the Paediatric Intensive Care environment,
necessitating a level of urgency to recruit, consent and initiate RRT without compromising the
participants’ health further which raised ethical concerns.?

One of the study’s co-applicant is a parent who has experience of the NIDUS in use and has been
involved in the study development from the start to ensure that methods were acceptable, inclusive and
sensitive. They were also involved in presenting at the study launch and the PICANet study day. The
Study Information Sheets were produced in collaboration with several parents and advice from parents
has been sought on how best to disseminate the study results.

Initial development of NIDUS infant dialysis device was in response to concerns raised by parents of
babies in whom other dialysis had failed and for whom there were no alternatives. One parent, CB, has
been involved in study development from start and brings an important perspective, ensuring inclusion
of compassionate use and that methods are acceptable and sensitive. Feasibility and ethical concerns
of three families about individualised randomisation and consent in a life-threatening situation, which
then have shaped the study design. Discussion with Newcastle Research Consumer Group provided
invaluable feedback about how very important they considered this study to be; they discussed the
problems of consent and individual randomisation and had favourable views of the cluster wedge step
design proposed as units are randomised to intervention not individuals; they supported inclusion of
compassionate use in the study. Parents in charity parent group Children’s Heart Unit Fund were asked
to comment on drafts of the Plain language summary.
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Chapter 3 Results

Patient flow

The CONSORT flow diagram has been prepared in accordance with the CONSORT extension for SW
designs and is available as Figure 3.3* Six sites were allocated into one of three sequences with two
sites per sequence. There were five recruitment pauses that occurred throughout the study; most of
which were specific to NIDUS recruitment with the exception of the period when COVID-19 pandemic
restrictions were in place.

[ Clusters randomised (n = 6) ]

v v

e N\ N A
Sequence 1 Sequence 2 Sequence 3
Clusters allocated (n = 2) Clusters allocated (n = 2) Clusters allocated (n = 2)
Birmingham and Southampton Newcastle and GOSH Bristol and Evelina
N J \ J J
y y
e N\ N ~
period 1 Assessed for eligibility (n = 24) Assessed for eligibility (n=9) Assessed for eligibility (n = 19)
Started 05/12/2018 Recruited (n=7) Recruited (n = 6) Recruited (n = 10)
Not recruited due to Not recruited due to
o Weight >7.99kg,n=8 o Weight >7.99kg,n=2
L J \ J J
......... A\ 4 A 4 A 4
Period 2 ( N ( N ( h
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e Recruitment pause to NIDUS (25/05/2019 -
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_____________________ ® Recruitment pause,n=1 e Recruitment pause,n=1* o Weight >7.99kg,n=3
* Weight >7.99kg,n =15
_ J U J U J
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Period 4 H Assessed for eligibility (n = 51) Assessed for eligibility (n = 25) Assessed for eligibility (n = 51)
Started 05/10/2020 (Bristol and Evelina) Recruited (n = 8) Recruited (n = 2) Recruited (n=7)
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FIGURE 3 CONSORT flow diagram.3* Shaded boxes indicate that the sites were under intervention conditions and white

boxes indicate that sites were under control conditions. Screening of participants continued during recruitment pauses.

Only the numbers of participants not recruited due to recruitment pauses and high screening weight are reported in the

boxes; details of other non-recruited cases are in Table 1. Newcastle switched to NIDUS later than GOSH as Newcastle still

needed to complete the function testing of the device.

* The site was recruiting into control during this period but had confused the pause to recruitment to NIDUS with the end
of the study. The reason documented was ‘Study finished early’.
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Screening

Recruitment began on 5 December 2018 and ended on 31 August 2021. A total of 376 participants
were screened of which 102 were deemed eligible but not recruited, and 97 were recruited into I-KID.
Reasons for the 279 participants not included into the study are summarised in Table 1. Details of those
labelled as ‘Other’ are presented in Report Supplementary Material 1 Table SCR1 and Table SCR2. A weight
exceeding 7.99 kg (n = 78) and the clinical decision by the attending clinician not to use NIDUS were the
most common reasons for ineligibility of screened participants. For most of the participants who were
eligible but not recruited, this was because of the various recruitment pauses.

Of the 102 eligible participants who were not included, 59 were from the control phases and 43 from
the intervention phases. Of the 177 ineligible participants, 42 were from the control phases and 135
from the intervention phases.

Recruitment

Study recruitment, together with the periods in which this was paused, along with the associated
reasons is shown in Figure 4. A diagram of participant recruitment over time is presented in Figure 5. Line
graph of actual versus projected recruitment with observed recruitments numbers by site and arm in
Figure 6.

Protocol deviations, study losses and compliance

Protocol deviations and violations
In total there were 23 deviations and violations. Full details are in Appendix 2, Table 34.

Losses to follow up, withdrawals and death

There were no withdrawals and no losses to follow up. Twenty-two participants died by the 30-day
follow-up or by the time they were discharged from PICU, whichever came earlier (10 control, 12
NIDUS). Full details are in Appendix 2, Table 35 and see also Key findings in Chapter 4.

Treatment compliance
Details of treatment compliance can be found in the section on treatment compliance in Appendix 2.

Baseline characteristics

The baseline characteristics of the 97 participants (62 control, 35 intervention) recruited to the study
are described in Table 2. Descriptive statistics of laboratory measures before the initiation of RRT are
presented in Table 3. The treatment groups appeared balanced with respect to baseline characteristics
and pre-RRT laboratory measurements, though with a slightly higher proportion of males and higher
creatinine and urea values in the intervention arm. Tables giving baseline characteristics by the modality
of RRT are in Appendix 3, Tables 38 and 39. Further descriptive statistics of age (days) at screening,
weight (kg) at RRT initiation, and Paediatric Index of Mortality 3 (PIM3) scores by period and sequence
are presented in Report Supplementary Material 1 Section SBL1.
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Study Recruitment
. MHRA withdrawal of Recruitment pause to Study:
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FIGURE 4 Cumulative actual and projected recruitment by intervention arm by month.
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FIGURE 5 Line graph of actual vs. projected recruitment. Shaded areas describe the various recruitment pauses: (a)
recruitment pause to NIDUS [20/05/2019-26/06/2019]; (b) recruitment pause to NIDUS [23/09/2019-18/10/2019];
(c) COVID-19-related pause [02/03/2020-05/10/2020]; (d) recruitment pause to study [04/11/2020-18/12/2020]. One
patient was recruited into the intervention arm with MHRA approval; (e) Evelina recruitment pause [04/11/2020-06]. The
black vertical line indicates the date the study restarted post COVID-19 [05/10/2020].

Primary outcome measure

Auvailability of primary outcome

The actual fluid removal rate, X, and the prescribed removal rate, A, were observed during several
episodes throughout the period that a patient was on RRT. The primary outcome variable was defined as

log|X-A| from the first episode at which X and A were available, provided that the episode lasted at least
an hour and started within 48 hours of the inception of RRT.
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Birmingham (13)
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FIGURE 6 Patient recruitment over time. Top table: The cumulative actual and projected recruitment numbers. Middle
table: The monthly recruitment figures into the control arm by site. Figures in parentheses next to the site are the total
numbers recruited into the control arm for that site. Bottom table: The monthly recruitment figures into the intervention
arm by site. Figures in parentheses next to the site are the total numbers recruited into the intervention arm for that site.

TABLE 2 Baseline demographic characteristics

Age at screening, days

Control (n = 62)

Intervention (n = 35)

Total (n = 97)

Mean (SD) 52.10 (100.80) 91.66 (136.85) 66.37 (115.99)
Median (IQR) 10.50 (7.00-38.00) 11.00 (7.00-124.00) 11.00 (7.00-61.00)
Range 1.00-477.00 1.00-443.00 1.00-477.00
Available, n 62 35 97

Sex, n (%)
Female 27 (43.55) 8(22.86) 35 (36.08)
Male 35(56.45) 27 (77.14) 62 (63.92)

Weight at RRT initiation, kg?
Mean (SD) 3.76 (1.59) 4.33(1.72) 3.97 (1.65)
Median (IQR) 3.20 (2.90-3.90) 3.70(3.10-5.60) 3.50 (3.00-4.60)
Range 1.80-10.10 1.00-7.80 1.00-10.10
Available, n 62 35 97

Type of weight measurement, n (%)
Actual weight 51(82.26) 34 (97.14) 85 (87.63)
Estimated weight 11 (17.74) 1(2.86) 12 (12.37)

continued
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RESULTS

TABLE 2 Baseline demographic characteristics (continued)

Control (n = 62)

Gestational age at delivery (completed weeks)

Mean (SD)
Median (IQR)
Range
Available, n
Type of admission to unit, n (%)
Planned - following surgery
Unplanned - following surgery
Planned - other
Unplanned
Previous ICU admission, n (%)
ICU
PICU
Neonatal ICU
None
Unknown
Source of admission, n (%)
Same hospital
Other hospital
Elective admission, n (%)
No
Yes

Main reason for PICU admission, n (%)

Other
Bronchiolitis
Recovery from surgery

Seizure disorder

If admission was recovery from surgery, what was procedure, n (%)

Bypass cardiac procedure

Non-bypass cardiac procedure

Other procedure

37.93(2.25)

38.00 (37.00-39.00)
28.00-41.00

61

31 (50.00)
1(1.61)
2(3.28)
28 (45.16)

0

4 (6.45)
29 (46.77)
26 (41.94)
3(4.84)

40 (64.52)
22 (35.48)

29 (46.77)
33(53.23)

30 (48.39)
1(1.61)
31 (50.00)
0

30(96.77)
0
1(3.23)

Is evidence available to assess past medical history? n (%)

Yes
No
Systolic blood pressure, mmHg
Mean (SD)
Median (IQR)

55(88.71)
7(11.29)

72.20 (19.45)
68.00 (59.00-78.00)

Intervention (n = 35)

36.49 (3.74)

38.00 (35.00-39.00)
26.00-41.00

35

13(37.14)
1(2.86)
4(11.43)
17 (48.57)

1(2.86)
4(11.43)
12 (34.29)
18(51.43)
0

23(65.71)
12 (34.29)

18(51.43)
17 (48.57)

20(57.14)
2(5.71)
12 (34.29)
1(2.86)

10 (83.33)
1(8.33)
1(8.33)

35 (100.00)
0

74.86(22.33)
68.00 (60.00-86.00)

Total (n = 97)

37.41 (2.95)

38.00 (37.00-39.00)
26.00-41.00

96

44 (45.36)
2 (2.06)
6(6.19)
45 (46.39)

1(1.03)
8(8.25)
41 (42.27)
44 (45.36)
3(3.09)

63 (64.95)
34 (35.05)

47 (48.45)
50 (51.55)

50 (51.55)
3(3.09)
43 (44.33)
1(1.03)

40 (93.02)
1(2.33)
2(4.65)

90 (92.78)
7(7.22)

73.19 (20.49)
68.00 (60.00-82.00)

24
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TABLE 2 Baseline demographic characteristics (continued)

Control (n = 62)

Range 40.00-137.00
Available, n 59

Base excess source, n (%)

Arterial 44 (70.97)
Capillary 6(9.68)
Venous 4 (6.45)
Available, n 54

Lactate source, n (%)

Arterial 44 (70.97)
Capillary 7 (11.29)
Venous 4 (6.45)
Available, n 55

Mechanical ventilation, n (%)
Yes 50 (80.65)
No 12 (19.35)

Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 1

Intervention (n = 35)
36.00-134.00
35

23 (65.71)
6(17.14)
3(8.57)
32

23 (65.71)
7 (20.00)
3(8.57)
33

30(85.71)
5(14.29)

Received continuous positive airway pressure within first hour, n (%)

Yes 5(8.06)
No 57 (91.94)

Pupil reaction, n (%)

Both fixed and dilate 0
Other reaction 56 (90.32)
Unknown 6(9.68)

PIM83 score
Mean (SD) 0.070 (0.100)
Median (IQR) 0.023 (0.013-0.065)
Range 0.005-0.445
Available, n 62

Logit of PIM3 score

Mean (SD) -3.36 (1.29)

Median (IQR) -3.74 (-4.30 to -2.67)
Range -5.29 to -0.22
Available, n 62

2(5.71)
33(94.29)

1(2.86)
28 (80.00)
6(17.14)

0.095(0.172)

0.027 (0.014-0.131)
0.006-0.972

35

-3.05(1.67)

-3.58 (-4.24 to -1.90)
-5.12t0 3.54

35

Total (n = 97)
36.00-137.00
94

67 (69.07)
12 (12.37)
7(7.22)
86

67 (69.07)
14 (14.43)
7(7.22)
88

80 (82.47)
17 (17.53)

7(7.22)
90 (92.78)

1(1.03)
84 (86.60)
12(12.37)

0.079 (0.130)

0.025 (0.014-0.093)
0.005-0.972

97

-3.24 (1.44)

-3.68 (-4.28 to -2.28)
-5.29 t0 3.54

97

N/K, not known.

a One participant on Prismaflex had a total body weight of 10.1 kg but their dry weight was estimated to be 7.7 kg and

was deemed acceptable for study eligibility.

The PIM3 score quantifies a paediatric patient’s probability of death in ICU. ICU based on information available between
the first contact with the PICU team and one hour after admission.
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TABLE 3 Descriptive statistics of laboratory data collected before initiation of RRT

Control (n = 65)

Intervention (n = 32)

Total (n = 97)

Sodium, mmol/I

Mean (SD) 145.42 (6.33)

Median (IQR) 146.00 (141.00-149.00)
Range 130.00-157.00
Available, n 62

Potassium, mmol/I

Mean (SD) 4.67 (0.81)
Median (IQR) 4.45 (4.00-5.20)
Range 3.50-6.70
Available, n 60

Creatinine, mmol/I

Mean (SD) 77.24 (98.21)
Median (IQR) 51.50 (40.00-68.00)
Range 12.00-623.00
Available, n 62

Urea, mmol/|
Mean (SD) 8.33(7.96)
Median (IQR) 6.15 (3.50-10.60)
Range 1.70-45.40
Available, n 62

Phosphate, mmol/I

Mean (SD) 2.21(0.64)
Median (IQR) 2.20(1.75-2.70)
Range 0.61-3.58
Available, n 62

Actual bicarbonate, mmol/I

Mean (SD) 21.74 (4.32)

Median (IQR) 21.50 (18.40-25.40)
Range 12.70-33.00
Available, n 62

Base excess, mmol/I

Mean (SD) -3.44 (6.01)

Median (IQR) -4.25(-7.75 to 0.85)
Range -18.00 to 10.30
Available, n 60

141.57 (6.52)

143.00 (136.00-146.00)
128.00-156.00

35

4.88 (1.00)

4.80 (4.20-5.50)
3.30-8.30

35

106.00 (113.38)
74.00 (56.00-110.00)
9.00-678.00

35

12.54 (9.81)

9.50 (4.70-17.20)
2.20-36.80

35

2.43(0.68)
2.43(2.13-2.93)
0.65-3.53

35

20.53 (4.79)

20.20 (17.50-24.00)
6.50-31.60

34

-4.95 (6.73)

-4.55 (-8.00 to -1.45)
-26.70 to 9.10

32

144.03 (6.63)

144.00 (140.00-148.00)
128.00-157.00

97

4.75(0.89)

4.60 (4.10-5.20)
3.30-8.30

95

87.62(104.28)
60.00 (42.00-87.00)
9.00-678.00

97

9.85(8.86)
7.20(3.70-11.70)
1.70-45.40

97

2.29 (0.66)
2.36 (1.79-2.75)

0.61-3.58
97
21.31(4.50)

21.40 (18.05-24.15)
6.50-33.00
96

-3.97 (6.27)
-4.25(-7.75 to 0.20)
-26.70 to 10.30

92
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TABLE 3 Descriptive statistics of laboratory data collected before initiation of RRT (continued)

Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 1

Control (n = 65) Intervention (n = 32) Total (n = 97)
pH
Mean (SD) 7.33(0.12) 7.28(0.13) 7.31(0.12)
Median (IQR) 7.33(7.24-7.43) 7.29 (7.21-7.36) 7.32(7.24-7.40)
Range 7.02-7.52 6.86-7.54 6.86-7.54
Available, n 62 35 97
Haemoglobin, g/|
Mean (SD) 125.89 (28. 99) 114.46 (26.86) 121.76 (28.63)
Median (IQR) 125.50 (111.00-148.00) 120.00 (90.00-129.00) 123.00 (101.00-140.00)
Range 56.00-194.00 65.00-184.00 56.00-194.00
Available, n 62 35 97
Platelets, x107/I
Mean (SD) 201.18 (112.39) 146.53 (82.21) 181.82 (105.59)
Median (IQR) 207.50 (113.00-257.00) 124.00 (95.00-209.00) 163.50 (101.50-241.50)
Range 34.00-582.00 20.00-337.00 20.00-582.00
Available, n 62 34 96
Primary indication for starting RRT, n (%)
Fluid volume control 32 (51.61) 17 (48.57) 49 (50.52)
Biochemical control 8(12.90) 9(25.71) 17 (17.53)
Fluid and chemical equally 22 (35.48) 9 (25.71) 31(31.96)

For the 62 participants who received the control treatment, the primary outcome was available for 61
participants. For one patient, who was receiving PD, the first episode to provide X-A started 67 hours
after the inception of RRT. However, as the analysis of the primary outcome was by ITT, this observation
was included in the analysis of the primary outcome.

For the 35 participants who received NIDUS, a primary outcome was available for 21 participants.
One of these 21 participants was a transition baby and was excluded from the primary analysis. For
14 participants receiving NIDUS no value of X-A was available. The reasons for the 14 missing values
are summarised in Table 4, with more detail provided in Appendix 2, Table 37. In most cases the reason
why no value of the primary outcome was available was that technical difficulties were experienced

in establishing or sustaining RRT using NIDUS. In some of these 14 cases, the patient spontaneously
started to pass urine so RRT was no longer needed; others were so sick that they died very quickly. In
five cases it was recorded that another method of RRT was attempted but in none of these cases was
a value of X-A available, which probably reflects the clinical circumstances at the time. Three of the 14
participants without a primary outcome were transition babies, so would not have been included in the
primary analysis even if they had had outcomes recorded.

Description of primary outcome

Summaries of the baseline characteristics of the 20 participants receiving NIDUS who were included in
the primary analysis, are given in Appendix 3, Tables 40 and 41. Also, in these tables are the summaries of
the 11 participants allocated to NIDUS that would have been included in the primary analysis had values
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No.
allocated

No. to NIDUS

allocated without
to primary
Centre NIDUS outcome?

TABLE 4 Reasons for missing or non-computable primary outcome

Reasons for missing outcome

No.
without
primary
outcome
Outcome for with a
participants without reported
primary outcome DD

Birmingham 13 43 Multiple filter changes and access Changed to Aquarius 0
issues (n = 1) (n=2)
Problems with circuit and ACT Not known (n = 2)°
(h=1)
Multiple filter clots (n = 1)
Air bubbles in syringe withdraw pack
and filter clot (n = 1)
Southampton 6 43 Blood leaking into waste bag (n = 1) Changed to 2
Problems with blood in circuit and Prismaflex (n = 2)
filter clots before patient passed Decision to insert a
urine (n = 1)° PD catheter instead
Patient needed ECMO after a few for RRT (n = 1)
hours (n = 1) Started passing urine
Multiple filter clots (n = 1) (n=1)
Newcastle 1 0 NA
GOSH 8 52 Machine malfunction (n = 1)° Started passing urine 5
Filter clot 20 minutes after start. (n=1)
Was not connected to new filter as Died on day of RRT
patient passed urine (n = 1) initiation (n = 1)
Filter clot after cryoprecipitate and Not known (n = 3)°
platelets administered; futility of
treatment agreed between medical
team and family (n = 1)
Filter clot despite a good line (n = 1)
Filter clot due to non-compliance
with NIDUS-specific heparin
guidelines (n = 1)
Bristol 7 1 Air bubbles and filter clot (n = 1) Not known (n = 1) 1
Evelina 0 0 NA
Total 35 14

a Indicates that the number includes a patient who was the first to be recruited at the transition to NIDUS and would
not have been included in the primary analysis.

b Denotes that one of the participants in this total was a transition baby, so would not be included in the primary
analysis.

for X-A been available. Summaries of the same variables comparing the 62 control participants and the
20 Intervention participants included in the primary analysis are in Appendix 3, Tables 42 and 43.

Descriptive statistics for the data used for the primary analysis are in Table 5. The use of log|X-A| for the
primary outcome was based on the assumption that the expectation of X-A is zero. The means and SDs
for X-A shown in Table 5 lend support to this assumption. A histogram and boxplot of X-A are shown

in Figures 5 and 6 to illustrate that this variable appears to be symmetrically distributed about zero: it
should also be noted that the spread is considerably less in the intervention than the control group.
Further descriptive statistics of X-A by period and sequence are presented in Report Supplementary
Material 1 Table SPO1.
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FIGURE 7 Boxplot and histogram of first computable precision (X-A) by arm. Top: Boxplot of precision by arm for n = 83
participants with a computable precision measurement. Mid-blue points denote the participants in the control arm and the
Orange points denote participants in the intervention arm. Point in dark blue indicates the NIDUS participant recruited
during a transition period (precision = -13.12). Bottom: Histogram of precision by arm. Colour scheme is in accordance
with the boxplot.

Copyright © 2024 Lambert et al. This work was produced by Lambert et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For attribution the title, original
author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

29



30

RESULTS

TABLE 5 Descriptive statistics for quantities related to the primary outcome log|X-A|

Control (n = 62) Intervention (n = 20)

X, ml/hour
Mean (SD) 14.42 (21.93) 14.88 (9.37)
Median (IQR) 9.67 (4.00-16.83) 12.88 (9.08-19.57)
Range -5.17 to 143.32 0.54 to 36.67
A, ml/hour
Mean (SD) 15.87 (15.14) 15.36 (10.14)
Median (IQR) 10.00 (5.00-28.48) 12.26 (8.58-21.15)
Range 0.00-60.00 0.00-40.00
Precision (X-A), ml/hour
Mean (SD) -1.45 (18.75) -0.48 (2.95)
Median (IQR) -1.67 (-9.36 to 5.58) -0.55(-2.48 to 0.26)
Range -49.17 to 85.32 -3.33t0 10.32
log|X-A|
Mean (SD) 1.85(1.40) -0.02 (1.41)
Median (IQR) 1.93(1.26-2.75) 0.31(-0.72 to 0.94)
Range -3.03 to 4.45 -3.91t02.33

A linear model with categorical covariates for centre, period and treatment arm was fitted to X-A to
investigate further. Only the effect for period 2 was significant out of the 11 fitted parameters and this
seemed to be due to a marked outlier in period 2 and in the control group (see Appendix 4, Figure 14).
There was no compelling evidence against the assumption that X-A has zero mean, so the primary

analysis was based on log|X-A|.

Analysis of log|X-A|

The linear model described in Primary analysis under the Statistical analyses section was fitted. The
difference in means Control - Intervention is =2.00, which corresponds to a ratio of the SDs of X-A of
exp(-2.00) = 0.13, that is the SD of the true fluid removal rate around the prescribed rate for NIDUS

is 13% of that under control, with 95% CI from 3 to 70%. This is shown in the first row of Table 6. Note
that this figure is consistent with the ratio of the sample SDs in Table 5, namely 2.75/18.75 = 0.16. The
fit of the model was assessed using standard methods and found to be satisfactory: full details of the
fitted model are in Appendix 4, Tables 44 and 45.

Three forms of sensitivity analysis are also described in the Statistical analyses section. The first two used
the same statistical model, applied to outcomes (1) collected in the first six hours of RRT (as per original
protocol) and (2) outcomes adjusted for periods when recruitment to NIDUS was interrupted. In these
two cases P = 0.017, and 0.015, with the ratio of SDs estimated at 10% and 12%, respectively. The

final form uses a GEE to allow for between-centre variation, with fixed effects for treatment and period
effects. Two versions were used: the first computed standard errors from the robust sandwich estimator
(Liang and Zeger, 1986) and the second adjusted the standard errors for the small number of centres
using the method of Morel, Bokossa and Neerchal.??% Both analyses gave P < 0.001 and estimated the
SD ratio as 10%, and with slightly narrower Cls than for the models with fixed centre effects.
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TABLE 6 Estimated treatment differences from model fitted to log|X-A| and estimate ratio of SDs of X-A

Estimated treatment effect

Mean difference (95% Cl); p-value Ratio of S/ /S, .. (95% CI)

Primary outcome (full analysis -2.00 (-3.64 to -0.35); p = 0.018 0.13 (0.03 to0 0.71)
population, ITT)

n 82
Sensitivity analysis: data from O to -1.97 (-3.95 to0 0.02); p = 0.052 0.14 (0.02 to 1.02)
6 hours only

n 63
Sensitivity analysis accounting for -2.13(-3.83to -0.43); p = 0.015 0.12 (0.02 to 0.65)

recruitment interruptions?
n 75
Sensitivity analysis: GEE applied to full analysis population (ITT)

GEE with (Liang and Zeger) robust -2.29 (-3.50 to -1.08); p < 0.001 0.10 (0.03 to 0.34)
sandwich standard errors

GEE with Morel-Bokossa-Neerchal -2.29 (-3.41to0 -1.17); p < 0.001 0.10(0.03 to0 0.31)
bias-corrected standard errors

a Participants recruited during recruitment pauses to NIDUS were excluded.

The estimate of the ratio of the SDs of X-A remains stable in the region 10% to 14% across all analyses:
the upper end of the Cl remains less than one except for the 0-6 hours sensitivity analysis, which is
based on the smallest dataset used here.

Secondary outcome measures

The secondary outcomes fall into four categories: (1) the same variable used for the primary outcome
but averaged over all available episodes; (2) outcomes related to biochemical clearances; (3) measures
of mortality and (4) variables collected from PICANet. The data from transition babies were excluded
from analyses (1) and (2) but not from (3) and (4) as these data could have been unaffected by a lack of
familiarity with NIDUS.

Average value of log|X-A|

The average value of all the available log|X-A| collected within 48 hours of inception of RRT was
computed (see Table 7). This analysis excluded the patient on PD whose only value of log|X-A| was
collected more than 48 hours from the start of RRT. There were up to four observations on each patient:
in the control group the number of participants providing 1, 2, 3 or 4 observations was 6, 18, 13, 24,
respectively, whereas in the NIDUS group the corresponding numbers were 9, 3, 5, 4.

TABLE 7 Average values of log|X-A|

Control (n = 61) Intervention (n = 20) Total (n = 81)

Average log|X-A|

Mean (SD) 1.88(1.12) 0.15(0.97) 1.45(1.31)
Median (IQR) 1.88(1.26-2.48) 0.29 (-0.38-0.69) 1.55(0.52-2.24)
Range -0.69 to 4.11 -1.96 to 2.33 -1.96 to 2.33

Control patient with sole observation over 48 hours excluded and including only collection periods over one hour.
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The same linear model used for the primary outcome was fitted. The estimated treatment difference
(NIDUS - Control) (95% Cl) was —2.05 (-3.22 to -0.88), with P = 0.001. This corresponds to a ratio of
SDs NIDUS: control of 0.13 (0.04 to 0.41), which is in line with the primary analysis but with a narrower
ClI. Full details of the fitting of the model are in Appendix 5.

Rates of biochemical clearance

The rates of clearance of creatinine, urea and phosphate (in ml/min) were computed from all episodes of
RRT where the necessary data were available. Data from transition babies were excluded (three for each
metabolite). Two analyses were performed for each metabolite, one on the first observed clearance and
the second on the mean of all clearances available on a patient.

The SAP prescribed comparing two groups, namely NIDUS and non-NIDUS groups. The results of this
analysis are shown in Tables 8 and 9 where we see that for each metabolite there is a difference between

NIDUS and control for the residual SD but no evidence of any difference in the mean clearances.

TABLE 8 Descriptive statistics of the first computable biochemical clearance measures by control and NIDUS

Control NIDUS

Creatinine clearance, ml/min/kg

Mean (SD) 0.33(0.56) 0.46 (0.30)
Median (IQR) 0.10 (0.07-0.14) 0.39 (0.31-0.47)
Range 0.02-2.91 0.06-1.50
Available, n 61 25

Urea clearance, ml/min/kg
Mean (SD) 0.35(0.53) 0.48 (0.30)
Median (IQR) 0.13 (0.09-0.30) 0.43(0.33-0.57)
Range 0.03-2.69 0.01-1.60
Available, n 60 27

Phosphate clearance, ml/min/kg
Mean (SD) 0.31(0.54) 0.44 (0.27)
Median (IQR) 0.08 (0.06-0.14) 0.35(0.27-0.50)
Range 0.03-2.58 0.11-1.41
Available, n 58 26

Descriptive statistics do not include the first patient recruited at transition to NIDUS at a site.

TABLE 9 Results comparing NIDUS with Control for creatinine, urea and phosphate clearance

Mean difference (95% Cl);

p-value SD control and ratio SDs

(95% ClI)

NIDUS - control Syous/S

control

First computable creatinine clearance (ml/min/kg) 0.0(-0.36t0 0.35); p=0.99 0.29 0.55
0.52 (0.37 t0 0.77)

First computable urea clearance (ml/min/kg) 0.01(-0.32t0 0.34); p=0.95 0.28 0.52
0.54 (0.39 t0 0.79)

First computable phosphate clearance (ml/min/kg) 0.0(-0.32t00.33);p=0.98 0.26 0.52
0.49 (0.35t0 0.71)
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However, this analysis is misleading because, for each metabolite, the mean clearance rate was generally
larger for CVVH than for NIDUS and for NIDUS was larger than PD (see Figures 8-10). To combine these
two groups, one with generally larger values and one with smaller values than for NIDUS would seriously
misrepresent the data. The analysis comparing three interventions, CVVH, PD and NIDUS (with the
single Manual HD and ECMO excluded) was specified as a subgroup analysis in the SAP, and this is
presented in Tables 10 and 11. It is also clear from Figures 8-10 that the residual SD differs between PD,
NIDUS and CVVH, so generalised least squares was used to fit a model with categorical covariates for
centre, period, treatment at three levels and separate residual variances in each treatment group.

Descriptive statistics of the first computable clearances are given in Table 10, with the results from
fitting the model given in Table 11.

Further details of the fitting of the model and its assessment are in Appendix 5 and Appendix 6 (Tables 46
and 47).

Table 11 shows that the biochemical clearance rate for PD was smaller than that for NIDUS, which in
turn was smaller than that for CVVH for each metabolite. The SD of the clearance rate was also smaller
for PD than NIDUS, and smaller for NIDUS than CVVH, again for each metabolite.

The results for the mean biochemical clearances were very similar to those shown here for the first
clearance (details not shown).

Analysis of mortality and of variables collected through PICANet

Descriptive statistics for mortality, using measures collected through PICANet and by the NIDUS team,
are shown in Table 12. Other variables collected through the routine returns made to PICANet are
presented in Table 13.
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FIGURE 8 Boxplot of first computable biochemical clearance by mode of RRT - creatinine.
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FIGURE 10 Boxplot of first computable biochemical clearance by mode of RRT - phosphate.
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TABLE 10 Descriptive statistics of the first computable biochemical clearance measures by PD, CVVH and NIDUS

PD CVVH NIDUS

Creatinine clearance, ml/min/kg
Mean (SD) 0.08 (0.03) 1.20(0.72) 0.46 (0.30)
Median (IQR) 0.08 (0.06-0.10) 0.93(0.75-1.47) 0.39 (0.31-0.47)
Range 0.02-0.15 0.47-2.91 0.06-1.50
Available, n 47 13 25

Urea clearance, ml/min/kg
Mean (SD) 0.12 (0.06) 1.15(0.67) 0.48 (0.30)
Median (IQR) 0.11 (0.09-0.14) 0.91(0.83-1.24) 0.43(0.33-0.57)
Range 0.03-0.30 0.42-2.69 0.01-1.60
Available, n 46 13 27

Phosphate clearance, ml/min/kg
Mean (SD) 0.07 (0.04) 1.16 (0.71) 0.44(0.27)
Median (IQR) 0.06 (0.05-0.08) 0.99 (0.62-1.39) 0.35(0.27-0.50)
Range 0.03-0.23 0.34-2.58 0.11-1.41
Available, n 45 12 26

Descriptive statistics do not include the first patient recruited at transition to NIDUS at a site.

TABLE 11 Results comparing NIDUS with each of PD and CVVH for creatinine, urea and phosphate clearance

SD PD and
Mean difference (95% Cl); Mean difference (95% ClI); ratio SDs SD CVVH and

p-value p-value Syious’ Sep ratio SDs

NIDUS - PD NIDUS - CVVH (95% Cl) S, ipus/ Sy (95% CI)

NIDUS"™ TCVVH

First computable 0.32(0.13 to 0.5); -0.80 (-1.23 to -0.37); 0.30 0.03 0.72

creatinine clearance p =0.001 p < 0.001 10.92 (7.90 to 0.42 (0.26 to 0.63)
(ml/min/kg) 15.16)

First computable 0.31(0.13 to 0.50); -0.72 (-1.12 to -0.31); 0.30 0.06 0.67

urea clearance (ml/  p =0.001 p < 0.001 5.09 (3.66 to 0.45(0.27 to 0.67)
min/kg) 7.07)

First computable 0.31(0.15t0 0.47); -0.78 (-1.21 to -0.34); 0.27 0.04 0.71

phosphate clearance p < 0.001 p < 0.001 7.42(5.29 to 0.38 (0.23 to 0.58)
(ml/min/kg) 10.38)

Analysis was performed on full analysis population (ITT). All participants include those who were not the first to be recruited at transition
to NIDUS at a centre. All generalised least squares models were adjusted for centre and period. The participant on manual HD and ECMO
was not included. 95% Cl for the ratio of SD are profile-likelihood intervals. Test of hypothesis that three SDs are equal gave p < 0.001 for
all three analyses. Sample sizes of each analysis are presented in Table 10.

The mortality outcomes are binary as are the other PICANet variables apart from ventilator-free days.
The intervention and control groups were compared for binary outcomes using standard x? tests, with
differences described by both absolute differences and odds ratios, each with associated 95% Cls.

Comparisons were based on the full data, including transition babies, as these variables should not be
affected by unfamiliarity with a new device and most are routinely collected through PICANet.
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TABLE 12 Descriptive and inferential statistics for mortality outcomes

Control Intervention Total Difference in

n = n = n = X2 df, p percentage A A
(n=62) (n = 35) (n=97) 2, df; (95% Cl) OR (95% CI)

Survival until PICU discharge?, n (%)

Alive 52(83.87) 23(65.71) 75(77.32)  xA(1)=4.21, 18.2 (0.0 to 36.4) 2.71(1.03 to 7.27)

p = 0.040
Dead 10(16.13) 12(34.29) 22 (22.68)

Survival until 30 days post RRT, n (%)
Alive 54(87.10) 25(71.43) 79 (81.44) x*(1)=3.63, 15.7 (-1.5t0 32.8) 2.70(0.95 to 7.67)

p =0.057
Dead 8(12.90) 10(28.57) 18 (18.56)

a Discharge as defied by PICANet.

TABLE 13 Descriptive statistics and inferential statistics of PICANet outcomes

Control Intervention Total Difference in

(n=62) (n = 35) (n=97) X3, df, p percentage (95% Cl) OR (95% Cl)

Completion of planned RRT, n (%)

No 4(8.16) 11 (52.38) 15(21.43) x%1)=17.07, -44.2(-66.9to-21.5) 0.08 (0.02 to 0.31)
p < 0.001

Yes 45(91.84) 10(47.62) 55(78.57)

Missing 13 14 27

Survival until PICU discharge, n (%)
Alive 52(83.87) 23(65.71) 75(77.32) x¥1)=4.21, 18.2 (0.0 to 36.4) 2.71(1.03 to 7.27)
Dead 10(16.13) 12(34.29) 22 (22.68) p = 0040

Survival until 30 days follow-up, n (%)
Alive 54(87.10) 25(71.43) 79 (81.44) x¥1)=3.63, 15.7 (-1.5to0 32.8) 2.70(0.95 to 7.67)
Dead 8(12.90) 10 (28.57) 18 (18.56) p=0057

Need for additional vascular or dialysis access on RRT while in PICU, n (%)
Yes 62(100.00) 35(100.00) 97 (100.00)

Haemodynamic status (drop in blood pressure after connection requiring intervention), n (%)
No 3(4.84) 4(11.43) 7(7.22) x4(1) = 1.41, -6.6(-18.4t05.2) 0.39 (0.08 to 1.87)
Yes 59 (95.16) 31(88.57) 90 (92.78) p=0228

Fluid bolus given?
No 57(91.94) 33(94.29) 90 (92.78)
Yes 5(8.06) 2(5.71) 7(7.22)

Summaries 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
(see footnote) 0.0, 0.0, 1.0 0.0, 1.0 0.0, 0.0, 1.0

Inotropes administered?®
No 4 (6.45) 4(11.43) 8(8.25)
Yes 58(93.55) 31(88.57) 89 (91.75)

Summaries 0.0, 1.0, 0.0,0.75,1.0, 0.0, 0.9,
(see footnote) 1.0, 1.0,1.0 1.0, 1.0 1.0,1.0,1.0
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TABLE 13 Descriptive statistics and inferential statistics of PICANet outcomes (continued)

Control Intervention Total Difference in

(n=62) (n = 35) (n=97) X2, df, p percentage (95% Cl) OR(95% CI)

Unplanned filter change on RRT while in PICU, n (%)
No 55(88.71) 14 (40.00) 69 (71.13) x%1)=25.85, 48.7(30.7 to 66.8) 11.79 (4.18 to 33.25)
Yes 7(11.29) 21 (60.00) 28 (28.87) p <0001

Exposure to blood transfusion on RRT while in PICU, n (%)
No 42(67.74) 8(22.86) 50(51.55) x*1)=18.05, 44.9(26.8to 63.0) 7.09 (2.74 to 18.36)
Yes 20(32.26) 27(77.14) 47 (48.45) p <0001

Heparin use on RRT while in PICU, n (%)
No 45(72.58) 2(5.71) 47 (48.45) x*(1)=40.05, 66.9(53.4to 80.4) 43.68 (9.43 to 202.20)
Yes 17 (27.42) 33 (94.29) 50 (51.55) p <0001

Citrate use on RRT while in PICU, n (%)
No 59 (95.16) 34(97.14) 93(95.88) x%1)=0.22, -2.0(-9.7t0 5.7) 0.58 (0.06 to 5.78)
Yes 3(4.84) 1(2.86) 4(4.12) p=0637

Prostacyclin use on RRT while in PICU, n (%)
No 62(100.00) 35(100.00) 97 (100.00)

Other anticoagulant use on RRT while in PICU, n (%)

No 60(96.77) 35(100.00) 95(97.94) x*1)=1.15, -3.2(-7.6t01.2) 0(0to 9.46)
p =0.283

Yes 2(3.23) 0 2(2.06)

Any anticoagulant use on RRT while in PICU, n (%)

No 44 (70.97) 2(5.71) 46 (47.42) x*%1)=38.20, 65.3(51.6t078.9) 40.33 (8.74 to 186.08)
p < 0.001

Yes 18 (29.03) 33(94.29) 51 (52.58)

PD 5 0 5

Prismaflex 4 0 4

Aquarius 8 0 8

Manual HD 1 0 1

and ECMO

NIDUS 0 33 33

Ventilation-free days on RRT while in PICU
Mean (SD) 0.37(1.62) 1.66(8.32) 0.84(5.16)

Median 0.00 0.00 0.00

(IQR) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Range 0.00-12.00 0.00-49.00 0.00-49.00
Available,n 62 35 97

a Haemodynamic status is a composite binary variable, being 1 only if either a fluid bolus or an inotrope was ever
administered while on RRT. The summary statistics are the minimum, lower quartile, median, upper quartile and
maximum of the proportion of days on RRT when fluid bolus/inotrope was given.
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Subgroup analyses

Pre-specified subgroup analyses

The SAP specified the following subgroup analyses:

1. Repeat the primary analysis but with the control group split into CVVH and PD, so that NIDUS is

compared with CVVH and PD separately.

2. Descriptive statistics of mortality and of the variables collected through PICANet presented sepa-

rately for those allocated to PD, CVVH and NIDUS.

3. Comparison of the actual filtration rate (X) and the filtration rate reported by the dialysis device (A,).

This quantity is only relevant to participants allocated to NIDUS or CVVH.

The patient receiving Manual HD with ECMO was omitted from these analyses.

Primary outcome compared between NIDUS, CVVH and PD
Descriptive statistics of the primary outcome between NIDUS, PD and CVVH are presented in Table 14,
with the results of analysis in Table 15. The analysis used the same model used for the primary analysis,

TABLE 14 Descriptive statistics of the primary outcome by PD, CVVH and NIDUS

Variable

X, ml/hour
Mean (SD)
Median (IQR)
Range
Available, n

A, ml/hour
Mean (SD)
Median (IQR)
Range
Available, n

Precision (X-A), ml/hour
Mean (SD)
Median (IQR)
Range
Available, n

log|X-A|
Mean (SD)
Median (IQR)
Range

Available, n

PD (n = 48)

8.13(7.92)

6.67 (2.75-12.42)
-5.17 to 27.83
48

11.79 (12.57)
10.00 (4.00-13.50)
0.00-60.00

48

-3.67 (15.10)
-1.40(-10.92 to 5.12)
-49.17 to 27.83

48

1.82 (1.30)

1.88 (1.15-2.73)
-3.00 to 3.90
48

CVVH (n = 13)

38.74 (37.19)

31.85 (20.64-40.00)
0.47 to 143.32

13

30.56 (15.60)

30.22 (20.00-39.03)
6.23-58.00

13

8.19 (27.29)

-1.67 (-6.13 to 7.24)
-15.65t0 85.32

13

1.90 (1.80)
1.98(1.59-2.75)
-3.03 to 4.45
13

NIDUS (n = 20)

14.88 (9.37)

12.88 (9.08-19.57)
0.54 to 36.67

20

15.36 (10.14)
12.26 (8.58-21.15)
0.00-40.00

20

-0.48 (2.95)
-0.55(-2.48 to0 0.2¢)
-3.33t0 10.32

20

-0.02 (1.41)

0.31 (-0.72 to 0.94)
-3.91t02.33

20

Analysis only included non-transition babies and primary outcome measurements derived over >1 hour. Of the 82
participants on PD, CVVH and NIDUS with computable primary outcome, one was from a baby on NIDUS who was the
first to be recruited at a site. The patient on manual HD and ECMO was not included.
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TABLE 15 Comparison of the first computable log|X-A| between NIDUS, PD and CVVH

NIDUS - PD NIDUS - CVVH

Mean difference (95% Cl); p-value -2.00 (-3.65 to -0.35); p = 0.019 -2.19 (-3.94 to -0.44); p = 0.015

Ratio of s /s (95% Cl) 0.14 (0.03 to 0.70) 0.11 (0.02 to 0.64)

NIDUS® ~control

Analysis performed on full analysis population (ITT). All participants include those who were not the first to be recruited
at transition to NIDUS at a site and whose primary outcome was derived over a duration 21 hour. All linear models
adjusted for centre, period and log of duration. The participant on manual HD and ECMO was not included.

but with the treatment factor now having three levels: full details of the fitted model are in Appendix 6.
The results were similar to the results when CVVH and PD are combined, with the SD of log|X-A| on
NIDUS being 14% of that for PD and 11% of that on CVVH.

Descriptive statistics of mortality by NIDUS, CVVH and PD
Mortality statistics by PD, CVVH and NIDUS are shown in Table 16.

Descriptive statistics of variables collected through PICANet, by PD, CVVH and
NIDUS
Descriptive statistics of these variables are in Table 17.

TABLE 16 Descriptive statistics of mortality by PD, CVVH and NIDUS

PD (n = 48) CVVH (n = 13) NIDUS (n = 35)
Survival until PICU discharge, n (%)
Alive 46 (95.83) 6 (46.15) 23(65.71)
Dead 2(4.17) 7 (53.85) 12 (34.29)
Survival until 30 days post RRT, n (%)
Alive 47 (97.92) 7 (53.85) 25(71.43)
Dead 1(2.08) 6 (46.15) 10 (28.57)

TABLE 17 Descriptive statistics of PICANet outcomes and mortality by PD, CVVH and NIDUS

PD (n = 48) CVVH (n = 13) NIDUS (n = 35)

Completion of planned RRT, n (%)

No 3(6.25) 1(7.69) 11 (31.43)

Yes 41(85.42) 4(30.77) 10 (28.57)

Missing 4(8.33) 8(61.54) 14 (40.00)
Survival until PICU discharge, n (%)

Alive 46(95.83) 6 (46.15) 23(65.71)

Dead 2(4.17) 7 (53.85) 12 (34.29)

Survival until 30 days follow-up, n (%)

Alive 47 (97.92) 7 (53.85) 25(71.43)
Dead 1(2.08) 6(46.15) 10 (28.57)
continued
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TABLE 17 Descriptive statistics of PICANet outcomes and mortality by PD, CVVH and NIDUS (continued)

PD (n = 48) CVVH (n = 13) NIDUS (n = 35)
Need for additional vascular or dialysis access on RRT while in PICU, n (%)
Yes 48 (100.00) 13 (100.00) 35 (100.00)

Haemodynamic status (drop in blood pressure after connection requiring intervention), n (%)

No 0 3(23.08) 4(11.43)
Yes 48 (100.00) 10(76.92) 31(88.57)
Fluid bolus given?
No 48 (100.00) 9 (69.23) 33(94.29)
Yes 0 4(30.77) 2(5.71)
Summaries (see footnote) 0.0, 0.0, 0.0,0.0,0.0 0.0,0.0,0.0,0.1, 1.0 0.0,0.0,0.0,0.0, 1.0

Inotropes administered?

No 0 4 (30.77) 4(11.43)
Yes 48 (100.00) 9 (69.23) 31 (88.57)
Summaries (see footnote) 0.4,1.0,1.0,1.0, 1.0 0.0,0.0,0.7,1.0, 1.0 0.0,0.7,1.0,1.0, 1.0

Unplanned filter change on RRT while in PICU, n (%)
No 48 (100.00) 7 (53.85) 14 (40.00)
Yes 0 6 (46.15) 21 (60.00)
Exposure to blood transfusion on RRT while in PICU, n (%)
No 41 (85.42) 1(7.69) 8(22.86)
Yes 7 (14.58) 12(92.31) 27 (77.14)
Heparin use on RRT while in PICU, n (%)

No 43(89.58) 2(15.38) 2(5.71)

Yes 5(10.42) 11(84.62) 33(94.29)
Citrate use on RRT while in PICU, n (%)

No 48 (100.00) 10(76.92) 34 (97.14)

Yes 0 3(23.08) 1(2.86)
Prostacyclin use on RRT while in PICU, n (%)

No 48 (100.00) 13 (100.00) 35 (100.00)
Other anticoagulant use on RRT while in PICU, n (%)

No 48 (100.00) 11 (84.62) 35 (100.00)

Yes 0 2 (15.38) 0

Any anticoagulant use on RRT while in PICU, n (%)

No 43(89.58) 1(7.69) 2(5.71)

Yes 5(10.42) 12(92.31) 33(94.29)
Ventilation-free days on RRT while in PICU

Mean (SD) 0.06 (0.24) 1.54 (3.36) 1.66(8.32)

Median (IQR) 0 (0-0) 0(0-2) 0(0-0)

Range 0-1 0-12 0-49

a Haemodynamic status is a composite binary variable, being one only if either a fluid bolus or an inotrope was ever
administered while on RRT. The continuous summary statistics are the minimum, lower quartile, median, upper quartile
and maximum of the proportion of days on RRT when fluid bolus/inotrope was given.
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Difference between actual fluid removal and value reported by the procedure (X-A)

For NIDUS and CVVH, an important measure was to compare how close the actual fluid removal (X) was
to that reported by the device (A,). As this was not relevant for PD nor for HD and ECMO, the analysis
used data from the 48 NIDUS and CVVH participants in the study. At least one measurement of X-A,
was available for 34 participants (13/13 CVVH and 21/35 NIDUS). Descriptive statistics of X-A, are
presented in Table 18.

The analysis anticipated in the SAP assumed that X-A, would have zero mean but stipulated that this
should be confirmed before proceeding to the proposed analysis. A general linear model fitted to the
first computable X-A, on treatment arm, site, period and duration was used to assess this assumption
(see Appendix é, Table 48). This suggested that X-A, does not have zero mean and also that the residual
SDs varied between arms. Consequently, the analysis fitted the usual model of centre, period, treatment
and duration to the difference in X-A, using generalised least squares, with different residual variances
in the two treatment groups. Results are in Table 19. Further details on the fitting and assessment of the
model are presented in Appendix 6, Table 49.

Table 19 shows that X-A, is substantially smaller on NIDUS than on CVVH, with a SD on NIDUS of
about 17% that on CVVH and the adjusted mean of X-A, is 28.2ml/hour (95% CI 6.8 to 49.5) smaller

on NIDUS than CVVH. However, some caution should be exercised in interpreting this analysis, which
considers only 33 participants. The adjusted mean difference is substantially larger than the difference in
unadjusted means (mean 11.6 ml/hour on CVVH vs. -0.4 on NIDUS), so the conclusions could be highly
dependent on the effect of a small number of influential observations on the fitted model.

TABLE 18 Descriptive statistics of the first computable measurement of X-A, across arms

CVVH (n = 13) NIDUS (n = 20) Total (n = 33)
X, ml/hour
Mean (SD) 38.74 (37.19) 14.88 (9.37) 24.28 (26.67)
Median (IQR) 31.85 (20.64-40.00) 12.88 (9.08-19.57) 19.35 (9.98-30.96)
Range 0.47-143.32 0.54-36.67 0.47-143.32
A,, ml/hour
Mean (SD) 27.10 (21.49) 15.32 (10.56) 19.96 (16.54)
Median (IQR) 26.40 (16.15-36.77) 12.30 (7.37-22.50) 17.39 (8.65-28.89)
Range -16.67 to 61.60 0.00-39.24 -16.67 to 61.60
X-A,, ml/hour
Mean (SD) 11.64 (28.43) -0.44 (3.18) 4.32(18.58)
Median (IQR) -0.46 (-4.52 to 29.39) -1.01(-1.75 to -0.12) -0.84 (-2.39 t0 0.37)
Range -22.10to0 81.72 -3.65t012.20 -22.10to0 81.72
Duration, hours
Mean (SD) 5.81(0.73) 5.31(1.34) 5.51(1.15)
Median (IQR) 6.00 (5.20-6.00) 5.77 (4.44-6.00) 6.00 (5.00-6.00)
Range 4.58-7.20 2.60-7.50 2.60-7.50

Observations only include only non-transition babies and outcomes which were derived over 21 hour. Of the 21 NIDUS
participants with a first computable measurement, one was the first participant recruited at transition to NIDUS whose
measurement was derived over three hours. One NIDUS participant’s first computable measurement of X-A, was derived
over a period less than one hour and so their measurement from the phase 2a collection, which was derived over a
period of approximately four hours, was used instead.
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TABLE 19 Comparison of first computable X-A, between NIDUS and CVVH

Mean difference Estimate
(95% Cl); p-value Ratio of SDs s/ o/Sc\i Estimate of SD of SD
NIDUS - CVVH (95% Cl); p-value Snibus Scwvh
First computable -28.18 (-49.53 to 0.17 (0.09 to 0.31); p < 0.001 3.68 22.19
X-A, -6.84); p = 0.017
n 33

Analysis performed on full analysis population (ITT). All participants include those who were not the first to be recruited
at transition to NIDUS at a site and whose outcome was derived over a duration 21 hour. Generalised least squares
model adjusted for centre, period and duration of collection. The 95% ClI for the ratio of SDs is the profile-likelihood CI.

The adjusted difference in means is very different to the difference in unadjusted means. The results
should be treated with caution as this analysis is based on small samples and the adjusted estimates
could be affected by a few points that have a marked effect on the fitted model.

Safety

Adverse device effects (ADE), SADE, non-SAE which were not consistent with the usual clinical pattern
for participants requiring RRT in PICU, and SAE, regardless of consistency with usual clinical pattern,
were recorded. ADEs and SADEs were specific to participants in the intervention arm as the event had
to be judged to be possibly, probably or definitely caused by the NIDUS device/tubing set.

A total of 35 events were initially recorded for 29 participants. Two participants on NIDUS, from the
same site, were reported to have had small intraventricular haemorrhage (IVH) detected via ultrasound.
It was noted from the site team that at the time of the two events, they had only recently introduced
routine head ultrasound scans for participants that were being treated on NIDUS. The reasons for

the scans were to look for intracranial bleeds but it is not known whether such bleeds were related

to the disease severity of the patient or if they were related to the use of heparin. The scans had not
been carried out for participants who had previously been treated on the NIDUS or had been dialysed
using other modalities that required anticoagulation. It was clarified that ultrasound scans of the head
were performed routinely in neonatal units as preterm babies are at risk of developing an intracranial
haemorrhage. However, the scans were not routinely carried out in most PICUs. Thus, these two events
are reported in a line listing (see Report Supplementary Material 1 Table SAF1) and separate from tables
where the frequency (%) of adverse events (AEs) are tabulated. Additionally, after discussion with the
Cl, it was decided that six recorded safety events concerning filter clots were to be recorded as device
deficiencies instead.

Thus, a remainder of 27 events across 23 participants were tabulated (15 control, 8 intervention) (see

Table 20). The number of participants affected by each adverse event is presented in Table 21 and the
number of occurrences of each adverse event is presented in Table 22.

TABLE 20 Number of AEs per participant in each arm

Control (n = 65) Intervention (n = 32)

No event 50 24
One event 13 6
Two events 2 2

Table does not include the two IVH events.
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TABLE 21 Number of participants affected by AEs (worst reported severity) by arm

Control (n = 15) Intervention (n = 8) Overall (n = 23)
n % n % | %

Blood pressure decreased 0 0 1 12.50 1 4.35
Mild 0 0 1 1

Bradycardia 0 0 1 12.50 1 4.35
Severe 0 1 1

Cardiac arrest 1 6.67 0 0 1 4.35
Severe 1 0 1

Chylothorax 2 13.33 0 0 2 8.70
Moderate 2 0 2

Death 4 26.67 7 87.50 11 47.83
Severe 2 4 6
Missing severity 2 3 5

Debridement 1 6.67 0] 0 1 4.35
Missing severity 1 0 1

Dyskinesia 1 6.67 0 0 1 4.35
Mild 1 0 1

Manufacturing equipment issue 1 6.67 0 0 1 4.35
Moderate 1 0 1

Mediastinitis 1 6.67 0 0 1 4.35
Moderate 1 0 1

Necrotising enterocolitis neonatal 1 6.67 0 0 1 4.35
Moderate 1 0 1

PD complication 1 6.67 0 0 1 4.35
Mild 1 0 1

Pneumothorax 1 6.67 0 0 1 4.35
Missing severity 1 0 1

Postoperative wound infection 2 13.33 0 0 2 8.70
Moderate 2 0 2

Pulmonary haemorrhage 0 0 1 12.50 1 4.35
Severe 0 1 1

Vocal cord paralysis 1 6.67 0 0 1 4.35
Mild 1 0 1

Table does not include the two IVH events.
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TABLE 22 Number of occurrences of each AE (all reported severities) by arm

Number of AEs in Control Number of AEs in Overall Number of
Arm (n=17) Intervention Arm (n = 10) Events (n = 27)
n % N %
Blood pressure decreased 0 0 1 10.00 1 3.70
Mild 0 1 1
Bradycardia 0 0 1 10.00 1 3.70
Severe 0 1 1
Cardiac arrest 1 5.88 0 0 1 3.70
Severe 1 0 1
Chylothorax 2 11.76 0 0 2 6.30
Moderate 2 0 2
Death 4 23.53 7 70.00 11 40.74
Severe 2 4 6
Missing severity 2 3 5
Debridement 1 5.88 0 0 1 3.70
Missing severity 1 0 1
Dyskinesia 1 5.88 0 0 1 3.70
Mild 1 0 1
Manufacturing equipment issue 1 5.88 0 0 1 3.70
Moderate 1 0 1
Mediastinitis 1 5.88 0 0 1 3.70
Moderate 1 0 1
Necrotising enterocolitis neonatal 1 5.88 0 0 1 3.70
Moderate 1 0 1
PD complication 1 5.88 0 0 1 3.70
Mild 1 0 1
Pneumothorax 1 5.88 0 0 1 3.70
Missing severity 1 0 1
Postoperative wound infection 2 11.76 0 0 2 6.40
Moderate 2 0 2
Pulmonary haemorrhage 0 0 1 10.00 1 3.70
Severe 0 1 1
Vocal cord paralysis 1 5.88 0 0 1 3.70
Mild 1 0 1

Table does not include the two IVH events.
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A total of eight non-SAEs which were not consistent with the usual clinical pattern for participants
requiring RRT in PICU occurred across seven participants (6 PD, 1 Prismaflex) (see Table 23). There was
one ADE which was possibly related to the NIDUS device/tubing set (see Table 24). There were 17 SAEs
across 15 participants (8 control, 7 intervention) (see Table 25). One SADE was reported during the
study (see Table 26).

Parent questionnaire

All parents/guardians of the patient were given the opportunity to answer a questionnaire about their
experiences of having a baby on dialysis and their experiences taking part in the study. A total of 106
observations for the parent questionnaire were recorded in MACRO. It should be noted that this figure
is purely the number of observations in the parent questionnaire data. The study team did not record
whether a questionnaire was actually handed out to parents and so it cannot be determined if the
observations with missing data are actually non-responders or perhaps empty entries in the database.
Of the 106 parent questionnaires recorded in MACRO, only 34 contained non-null responses.

The 34 observations corresponded to the experiences of carers of 34/97 participants in the study [4
CCVH (2 Prismaflex, 2 Aquarius), 15 PD, and 15 NIDUS]. Descriptive statistics of close-ended questions
are presented in Table 27 while a listing of responses to open-ended questions is presented in Table 28.

Across all dialysis types, parents gave positive feedback about information provided to them, their
baby’s comfort during dialysis, and the acceptability of the different dialysis treatments. Parents also
indicated that, despite the inevitably high levels of stress for them at the time of their baby being unwell,
they found it acceptable to be asked to participate in research, and would recommend this to other
parents. Many parents commented on the importance of research in developing new treatments, and
their wish to help other babies and families in similar situations.

Staff questionnaire

Staff using the CVVH, PD and/or NIDUS machine were asked to complete a questionnaire about the
acceptability and usability of the RRT device. A total of 140 observations for the staff questionnaire were
recorded in MACRO. It should be noted that this figure is purely the number of observations in the staff
questionnaire data. The study team did not record whether a questionnaire was actually handed out to
staff and so it cannot be determined if the observations with missing data are actually non-responders
or perhaps empty entries in the database.

A total of 65 observations of the staff questionnaire had non-null records in MACRO, with a response
to at least one item on the questionnaire. It was possible for responses to several questionnaires

to be based on the experience of delivering RRT to one study participant. These 65 observations
corresponded to the experience of delivering RRT to 43/97 participants in the trial [18 PD, 5 CVVH
(Aquarius) and 20 NIDUS] - with a range of one to five staff questionnaires per patient. Descriptive
statistics of close-ended questions are presented in Table 29. Responses to the open-ended questions
are not presented in this report.

Most staff reported that they had received sufficient training in each type of dialysis and felt confident in
using, however, some did express some concerns about this, which would need addressing in the future.
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TABLE 27 Descriptive statistics of close-ended questions on parent questionnaire

Carers of participants Carers of participants Carers of participants
on NIDUS (n = 15)

on CVVH (n =4)

on PD (n = 15)

Questionnaire completed by, n (%)

Mother 0 6 (40.00) 5(33.33)
Father 1(25.00) 2(13.33) 2(13.33)
Both parents 1(25.00) 2(13.33) 2(13.33)
Missing 2 (50.00) 5(33.33) 6 (40.00)

Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 1

Total carer
responses (n = 34)

11(32.35)
5(14.71)
5(14.71)

13(38.24)

How helpful was the information provided in increasing your understanding about the dialysis used for your baby?, n (%)

Very unhelpful 0 0 0
Unhelpful 0 0 0
Made no difference 0 1(6.67) 0
Helpful 0 7 (46.67) 4(26.67)
Very helpful 2 (50.00) 2(13.33) 5(33.33)
Missing 2 (50.00) 5(33.33) 6 (40.00)

How would you rate your baby’s comfort level while being treated with this dialysis?, n (%)

Very uncomfortable 0 0 1(6.67)
Uncomfortable 0 0 0
Neutral 0 1(6.67) 1(6.67)
Comfortable 1(25.00) 4(26.67) 3(20.00)
Very comfortable 1(25.00) 5(33.33) 4 (26.67)
Missing 2 (50.00) 5(33.33) 6 (40.00)

0

0

1(2.94)
11(32.35)

9(26.47)
13 (38.24)

1(2.94)
0
2(5.88)
8(23.53)
10 (29.41)
13(38.24)

Given your baby’s medical condition, overall how acceptable did you find this dialysis treatment for your baby?, n (%)

Very unacceptable 0 1(6.67) 1(6.67)
Unacceptable 0 0 0
Neutral 0 0 1(6.67)
Acceptable 1(25.00) 6 (40.00) 1(6.67)
Very acceptable 1 (25.00) 3(20.00) 6 (40.00)
Missing 2 (50.00) 5(33.33) 6 (40.00)

2(5.88)
0
1(2.94)
8(23.53)
10 (29.41)
13 (38.24)

Given that your baby was unwell, in your opinion, how acceptable was it to be asked to take part in a research study

about baby dialysis?, n (%)

Very unacceptable 0 0 0
Unacceptable 0 0 0
Neutral 0 1(6.67) 0
Acceptable 1(25.00) 5(33.33) 2(13.33)
Very acceptable 1 (25.00) 4 (26.67) 7 (46.67)
Missing 2 (50.00) 5(33.33) 6 (40.00)

0

0

1(2.94)

8(23.53)
12(35.29)
13 (38.24)

continued
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TABLE 27 Descriptive statistics of close-ended questions on parent questionnaire (continued)

Total carer
responses (n = 34)

Carers of participants
on NIDUS (n = 15)

Carers of participants
on PD (n = 15)

Carers of participants

on CVVH (n = 4)

How likely would you be to recommend to other parents with a baby with similar medical needs, that they take partin a
research study like this one?, n (%)

Very unlikely 1(25.00) 0 0 1(2.94)
Unlikely 0 0 0 0
Neither likely nor 0 0 0 0
unlikely

Likely 0 3(20.00) 2(13.33) 5(14.71)
Very likely 1(25.00) 7 (46.67) 7 (46.67) 15 (44.12)
Missing 2 (50.00) 5(33.33) 6 (40.00) 13(38.24)

TABLE 28 Responses to open-ended questions on parent questionnaire

CVVH PD NIDUS
In your opinion, e None e It helped getting all the nasty fluid out e Machine meant to be more accurate
what were the e Ableto Giving him more comfort and easing e |t did what it needed to do and our
benefits for flush out off the puffiness child did not need to be put through
your baby of unwanted e Too help get rid of excess fluid any stress to use it
this dialysis toxins None Minimal amount of blood outside
treatment? Not particularly invasive, simple to her body
apply Having an option for a 1 kg baby and
managing to remove the excess fluid
It did kick start the kidneys To give his kidneys a rest in order to
Output of urine/waste as his kidneys try to recover as best as they could
had taken a knock from being on by- None. The NIDUS let us down over
pass machine so long during his heart 2 days
surgery To support her kidneys, expel fluid
collected from body
Helping other children None as machine/use kept stopping
HELP IMPROVE KIDNEY FUNCTION so didn't really get to see the benefit
Unsure of what they were, | was told but gave time for PD catheter to
he needed it take
He looked completely different the
next morning which was reassuring
the fluid was coming off nicely
e She needed the treatment post
surgery as she wasn'’t producing any
urine. It worked after a couple of days
In your opinion, e None e Don't know any Blood clotting and blocking tubes
what were the e |t stopped draining No issues for our little one, however,
difficulties for e None there were problems with the ma-
your baby with e We were made aware about the chine at times which were possibly
this dialysis micro risk of the fluid which would be linked to clotting of blood
treatment? checked for growth
e No difficulties | know of Consistence. Due to products
e None known needed while on extracorporeal life
e None support
e NONE THAT I'M AWARE OF Slight brain bleed due to heparin

(grade 1 IVH)
The line was temperamental
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TABLE 28 Responses to open-ended questions on parent questionnaire (continued)

CVVH PD NIDUS

e Asabove e 1. Failure to work when effective-

e Not answered ness was critical. 2. Time wasted
when another piece of equipment
could have done the job. 3. Made to
be paralysed to enable the machine
to work, which it didn’t

e Issues with the machine running
smoothly

e Told neck catheter was too small,
then filter on machine went, then
pressure on machine went so was
stop/start continuously

e There were none. It achieved its
fluid removal

TABLE 29 Descriptive statistics of responses to staff questionnaire

Staff delivering Staff delivering care  Staff delivering
care to participants to participants on care to participants Total staff
onCVVH (n=9) PD (n = 24) on NIDUS (n=32) responses (n = 65)
Role, n (%)
PICU nurse 9 (100.00) 22(91.67) 31(96.88) 62 (95.38)
Missing 0 2(8.33) 1(3.13) 3(4.62)
Grade, n (%)
Band 5 1(11.11) 11 (45.83) 8 (25.00) 20(30.77)
Band 6 8(88.89) 11 (45.83) 17 (53.13) 36 (55.38)
Band 7 0 0 6(18.75) 6(9.23)
Band 8 0 0 1(3.13) 1(1.54)
Missing 0 2(8.33) 0 2(3.08)
CVVH trained, n (%)
No 0 7(29.17) 4 (12.50) 11 (16.92)
Yes 9 (100.00) 13 (54.17) 27 (84.38) 49 (75.38)
Missing 0 4(16.67) 1(3.13) 5(7.69)
If yes, years of experience with CVVH
Mean (SD) 5.56 (3.64) 4.12(2.41) 5.68 (4.64) 5.23(3.94)
Median (IQR) 6.00 (2.00-9.00) 4.00 (2.00-5.00) 4.00 (2.00-7.00) 4.00 (2.00-7.00)
Range 1.00-10.00 1.00-10.00 0.50-20.00 0.50-20.00
Available, n 9 13 25 47
PD trained, n (%)
No 2(22.22) 3(12.50) 8 (25.00) 13 (20.00)
Yes 6(66.67) 19 (79.17) 21 (65.63) 46 (70.77)
Missing 1(11.11) 2(8.33) 3(9.38) 6(9.23)
continued
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TABLE 29 Descriptive statistics of responses to staff questionnaire (continued)

Staff delivering Staff delivering care Staff delivering

care to participants to participants on care to participants Total staff
onCVVH (n=9) PD (n = 24) on NIDUS (n =32) responses (n = 65)

If yes, years of experience with PD

Mean (SD) 7.00 (4.29) 5.09 (4.4¢6) 7.67 (4.41) 6.49 (4.49)
Median (IQR) 7.00 (4.00-10.00) 4.75 (2.00-7.00) 9.00 (4.00-10.00)  6.00 (3.00-10.00)
Range 1.00-13.00 0.00-18.00 2.50-20.00 0.00-20.00
Available, n 6 18 19 43

NIDUS trained, n (%)

No 5(55.56) 18 (75.00) 4(12.50) 27 (41.54)
Yes 3(33.33) 1(4.17) 27 (84.38) 31 (47.69)
Missing 1(11.11) 5(20.83) 1(3.13) 7(10.77)

If yes, years of experience with NIDUS

Mean (SD) 0.08 (0.14) 1.00 (+) 0.41(0.48) 0.40(0.47)
Median (IQR) 0.00 (0.00-0.25) 1.00 (1.00-1.00) 0.33(0.08-0.50) 0.33 (0.00-0.50)
Range 0.00-0.25 1.00-1.00 0.00-2.00 0.00-2.00
Available, n 3 1 22 26

| have received adequate training in how to use this type of dialysis, n (%)

Strongly disagree 2(22.22) 2 (8.33) 2 (6.25) 6(9.23)
Disagree 1(11.11) 3(12.50) 4 (12.50) 8(12.31)
Neither agree nor disagree 0 3(12.50) 4 (12.50) 7 (10.77)
Agree 1(11.11) 11 (45.83) 17 (53.13) 29 (44.62)
Strongly agree 5(55.56) 3(12.50) 5(15.63) 13 (20.00)
Missing 0 2(8.33) 0 2(3.08)

Compared to using other types of dialysis, | found this type of dialysis, n (%)

Much harder to learntouse 0 0 0 0

Slightly harder to learn to use 2 (22.22) 0 1(3.13) 3(4.62)
As easy as other types to 4 (44.44) 5(20.83) 16 (50.00) 25 (38.46)
learn to use

Slightly easier to learntouse 1 (11.11) 3(12.50) 10 (31.25) 14 (21.54)
Much easier to learn to use 2(22.22) 9 (37.50) 5(15.63) 16 (24.62)
Missing 0 7(29.17) 0 7(10.77)

After training, | felt confident | could use this type of dialysis safely, n (%)

Strongly disagree 2(22.22) 1(4.17) 1(3.13) 4 (6.15)
Disagree 1(11.11) 1(4.17) 2(6.25) 4(6.15)
Neither agree nor disagree 1(11.11) 3(12.50) 6(18.75) 10 (15.38)
Agree 3(33.33) 13(54.17) 22 (68.75) 38 (58.46)
Strongly agree 2(22.22) 4 (16.67) 1(3.13) 7 (10.77)
Missing 0 2(8.33) 0 2(3.08)
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TABLE 29 Descriptive statistics of responses to staff questionnaire (continued)

Staff delivering Staff delivering care  Staff delivering

care to participants to participants on care to participants Total staff
onCVVH (n=9) PD (n = 24) on NIDUS (n=32) responses (n = 65)

This type of dialysis machine is user-friendly, n (%)

Strongly disagree 0 1(4.17) 0 1(1.54)
Disagree 0 0 0 0

Neither agree nor disagree 2(22.22) 3(12.50) 4 (12.50) 9(13.85)
Agree 6(66.67) 13(54.17) 22 (68.75) 41 (63.08)
Strongly agree 1(11.112) 13 (54.17) 6(18.75) 38 (58.46)
Missing 0 2(8.33) 0 2(3.08)
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Chapter 4 Discussion

The research question

The I-KID study was undertaken because of an unmet clinical need for improved technology to perform

RRT in babies in PICU. Current techniques of PD and CVVH were compared with a novel device, NIDUS,
specifically designed for babies between 0.8 kg and 8.0 kg. While PD sets used are licensed there was

no licensed HD or CVVH device available in the UK at present, for this size of baby. Clinically it was well
recognised that RRT methods were challenging in babies.*°

Having shown promising results in pilot studies, the main research question was how does the novel
device NIDUS perform in a normal clinical PICU environment??! The primary outcome was the precision
of UF delivered compared with clinician prescription, with related secondary outcomes of precision

of UF compared with information from the device, and the clearances achieved, with a range of other
secondary outcomes largely provided via PICANet data. It was important to establish a safety profile of
the new device.

Summary of key findings

From the primary outcome in this randomised cluster SW study comparing dialysis methods in babies in
PICU, we found that the intervention device NIDUS delivered greater precision of UF than the control
methods. The comparison of how close actual fluid removal was to that reported by the device showed
that the difference between observed and machine reported was substantially smaller for NIDUS
compared with CVVH, but it should be noted that this analysis was on a small sample of 33 cases and
was influenced by some outlying values. The clearances of creatinine, urea and phosphate were lowest
using PD, better using NIDUS - which provides creatinine clearance of a similar magnitude to a newborn
baby with normal renal function - and highest using the CVVH devices. Overall, 77% of babies survived
to PICU discharge, 96% of those receiving PD, 46% of those receiving CVVH and 66% of those receiving
NIDUS. These figures reflect the high mortality associated with the underlying clinical diagnoses.

The study faced a number of challenges to delivery, including a delay in the start of the study due to
regulatory issues and the wider effects of the COVID-19 pandemic.

The study was found acceptable to parents who provided feedback.

Recruitment

Recruitment to the I-KID study from opening in December 2018 through to March 2020 (periods 1, 2
and 3) was much as expected. The majority of the reasons for ineligibility were due to weight exceeding
7.99 kg and these were evenly distributed across time periods but primarily from sequence 1 (63 of 78
cases), which suggests screening was interpreted differently by different sites. Another group of babies
excluded were those with an underlying metabolic diagnosis (22) who were evenly distributed across
time and sites.

There were 46 patients in the NIDUS phase of the study who were excluded because the attending
clinician did not wish to use NIDUS, and this is potentially a notable source of bias. However, two items
should be noted. First, the exclusion criterion ‘clinical decision by the attending clinician to not use
NIDUS' was in the study protocol from the early development phase and was included at the insistence
of PICU consultants who were clear that in the very difficult and complex clinical situations in which
they worked, this had to be a clinical management option. Without this exclusion the I-KID study
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would not have gained clinical support necessary for the trial to happen. Second, it should be borne in
mind that this is a device trial: the primary outcome assesses how well the method of RRT delivers the
prescribed UF rate. It is believed that the clinical condition of the patient will affect such an outcome
much less than it would some measure of efficacy.

While there will be multiple reasons for the exclusion under this heading, it should be noted that 37 of
the 46 exclusions were in the 4th time period. The outcomes in I-KID that were measured at the bedside
were time-consuming and onerous. It is therefore possible that when making a decision which is finely
balanced, clinicians might have been influenced by knowing the workload recruitment would impose on
staff who, at that time, had been facing the challenges of the COVID-19 pandemic for many months.

Pauses to recruitment

The longest pause to recruitment was from March to October 2020 for five sites (March 2020 to June
2021 for one site) and was largely as a result of COVID-19 and the withdrawal of non-COVID-19
research activity in UK hospitals from March 2020. The beginning of this period was a little confusing.
As a result of a protocol amendment submitted to request to do some additional anticoagulation

studies (to answer clinical questions raised by site clinicians), the MHRA requested further clarification
and information and withdrew their notice of no objection until they had reviewed that additional
information which was submitted on 6 March 2020. The notice of no objection was reinstated by MHRA
based on the submission of information and clarification and without any further changes.

There were three pauses to recruitment for technical issues related to problems with consumables used
on the NIDUS device (see Table 30). All were instigated as a result of a cautious approach by the Chief
Investigator on receipt of the first information from sites about any issues that could pose a risk to the
safety of participants.

TABLE 30 Pauses to recruitment

Reason Solution Comments
20/05/2019- Fine tubing on sets at More robust tubing Tubing sets for I-KID study were assembled by
26/06/2019 one site peeled away used and glued to hand by Allmed. Sites were used to using more
from connector if too connector robust adult-sized tubing sets
much tension applied Additional training
to sites rehandling of
tubing
23/09/2019- Blood leak noted in Faulty batch of Allmed identified a change in manufacturing
18/10/2019 filter filters identified and process which resulted in glue-weakening filter
withdrawn; new filters fibres. Process amended and quality control
supplied to sites tightened
02/03/2020- MHRA withdrawal of MHRA awaiting MHRA reinstated on 26/06/2020 following
05/10/2020 no objection; coincided clarification following our withdrawal of protocol amendment
with site shutdown protocol amendment. relating to additional coagulation studies and
of recruitment to all Sites still closed to submission of additional documentation for
non-COVID studies all non-COVID study clarification (06/03/2022)
from March 2020 recruitment Communication with MHRA to receive more

urgent response was not pursued as MHRA
engaged in COVID-related work and sites
unable to recruit to non-COVID studies

04/11/2020- Blood leak from Safety warning issued Air bubble detectors are standard and similar to
18/12/2020 disconnect of three- and additional training those used on other devices; user handbooks
way tap above bubble provided to remind instruct users to ensure clean and dry. To
detector users to ensure air prevent/reduce risk of this happening in future
bubble detectors the air bubble detectors will be repositioned in
remain clean and dry the next version of NIDUS device
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All technical problems were fully investigated and assessed by the Clinical Safety Subgroup and by
MHRA before restarting. Liaison with the manufacturer Allmed was critical and they were supportive in
addressing manufacturing issues.

Baseline characteristics of the 97 participants

Composition of control group

Of the 62 babies in the control group 48 received PD, 13 CVVH and one baby on ECMO had HD via
a filter in the blood circuit. From baseline PICANet data from 2011 to 2013 when this study was first
proposed, we had expected in I-KID that the modality of RRT in the control group to be more evenly
split between PD and CVVH. In the study development we had sought data on dialysis modality by
weight but as PICANet collected age and not weight data at that time, we therefore made some
assumptions using weight for age centiles to estimate numbers of potential recruits.

There are no clinical guidelines for choice of dialysis modality in babies under 8 kg and the modality
used is influenced by individual clinicians own experience. Moreover, it is well recognised that simply
performing a study in a clinical environment can subtly change clinical practice and fine details of
routine data collection.® Although it was not intended to influence current practice for the control
group it is possible that starting I-KID actually influenced choice of RRT modality. At study launch, site
initiation and study training visits the issues of reported problems and the current regulatory status of
CVVH devices being used off-licence and against manufacturers advice was highlighted. In addition,
on reflection, the study tasks for collection of data for the primary outcome and related secondary
outcomes (filtration and clearances) were probably easier to perform for the babies on PD than babies
on CVVH or NIDUS because of wider nursing familiarity with PD and how these tasks fitted with normal
clinical practice. For the volumetric study for babies on PD the main bedside study tasks were accurate
timing and collecting and sending of a fluid sample, whereas for the CVVH devices and intervention
NIDUS device there were additional bag-weighing tasks and the collection of fluid for clearance
calculation was more complex for bedside staff.

Age and weight of participants

There was a wide age range of participants: the median [interquartile range (IQR)] age in controls 10.5
(7-38) days was similar to that in the intervention group 11 (7-61) days; the range of age of participants
was between 1 and 477 days (c. 16 months). It is recognised from previous PICANet reports that use

of RRT is skewed towards the younger end of the age range of babies expected to fall in the under 8 kg
weight range.”® The 50th centile for weight of a 9-month-old baby is around 8 kg, whereas, at the upper
end of the age range of 15 months, 8kg is on the 2nd centile for weight. However, it should be noted
that weight and age do not closely correlate in sick babies.?”

Admission to PICU and use of RRT commonly occur for babies following surgery for congenital
abnormalities especially cardiac, which tends to be required in the early postnatal period. This is also
reflected in the median (IQR) weights 3.2 (2.9-3.9) kg and 3.7 (3.1-5.6) kg which were similar between
control and intervention and not dissimilar to the average birth weight of a term baby (37-40 weeks
gestation) in the UK which is around 2.5-4 kg.

One participant was 10kg with estimated dry weight of 7.7 kg; estimated dry weight was permitted in
the protocol, as some babies can become severely oedematous by several litres of fluid. The median
gestational age was 38 weeks in both the control and intervention groups with a range of 26-41 weeks
which is not unexpected.

Descriptive data were similar in both control and intervention groups; around half the participants had
unplanned admissions to PICU and approximately a third were transferred from outside hospitals. RRT
was required post surgery in 52% of control and 40% of intervention participants. For those requiring
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RRT post surgery this involved cardiac bypass surgery in 97% of controls and 84% of intervention
participants. Systolic blood pressure median (IQR) was 68 (59-78) mmHg for control, and 68 (60-86)
mmHg for intervention, and the need for mechanical ventilation (>80%) was similar in the two groups.

PIM3 score

The Paediatric Index of Mortality 3 (PIM3) is a score to quantify a patient’s probability of death was
developed as mortality risk prediction model (range 0-1) for all admissions to PICUs, a heterogeneous
patient population of which those receiving RRT from a very small subset. It is based upon information
from the first hour of admission. The median (IQR) PIM score was similar in control 0.023 (0.013-0.065)
and in intervention 0.027 (0.014-0.131) groups, although the corresponding values for PD of 0.02
(0.01-0.05) and CVVH 0.06 (0.01-0.20) suggest a lack of homogeneity in the control group.

Laboratory data pre-initiation of RRT

Laboratory data collected pre-initiation of RRT were similar for control and intervention groups for
plasma sodium, median (IQR) control 146 (141-149) mmol/l, intervention 143 (136-146) mmol/|, and
for plasma potassium control 4.45 (4.0-5.2) mmol/I, intervention 4.8 (4.2-5.5) mmol/I. Plasma creatinine
and urea appeared slightly higher in the intervention group than in the control group: creatinine 74
(56-110) pumol/Il versus 51.5 (40-68) umol/l and urea 6.15 (3.5-10.6) umol/I versus intervention 9.5
(4.7-17.2) umol/l, respectively. Within the control group plasma creatinine was higher in the CVVH
group 94 (42-218) umol/I than the PD group 51 (39.5-62) umol/I. This raises the possibility that the
severity of renal failure was different in these subgroups or that the threshold for starting this modality
of RRT may have been different.

The median platelet count was lower in the intervention, 124 (95-209), than control 207 (113-257)
groups.

Indication for starting RRT

The clinical decision that the participant required RRT was made by the attending clinical team
irrespective of the I-KID study. Decisions about clearances and UF aims and prescriptions were made
based on individual patient clinical parameters by the clinical team. For the NIDUS device, advice was
given in training sessions and as written information about the need for anticoagulation with heparin,
and how to monitor this. The need for very frequent (hourly) monitoring of activated clotting time (ACT)
assays was reinforced after we received early reports of filter clotting.

The primary indication for starting RRT in the control and intervention groups, was similar in that in
about half of the cases it was for fluid volume control alone, the rest having RRT started for biochemical
control or both.

Key findings

Ultrafiltration (fluid removal)

The results show that the UF obtained with NIDUS was closer to that prescribed than with control.

If the precision denotes the UF obtained minus the UF prescribed, X-A, then when calculated for the
primary outcome, that is the first observation on X-A from each patient, Figure 7 shows this is much less
dispersed about O with NIDUS than with control. Results in Tables 5 and 6 indicate that SD of X-A using
NIDUS is about 13% of that using control 95% CI (3 to 71). If the information from all determinations of
X-Ain the first 48 hours post RRT is considered, then the SD using NIDUS is still estimated to be 13% of
that using control, but with a narrower 95% Cl (4 to 41).

When the results for the primary outcome in participants receiving CVVH and PD are each compared

with NIDUS the picture is very similar. The SD for NIDUS is 14% of that for PD, 95% CI (3 to 70) and
11% of that for CVVH 95% Cl (2 to 64).
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A concern is that while UF values were obtained for all participants allocated to control, values were
obtained from only 21 of the 35 participants receiving NIDUS. Of the 14 participants with no primary
outcome, three were transition babies in the transition period so would have been excluded from the
primary analysis. The reasons for this are given in Table 4 with more details in Appendix 2, Table 37 and
are almost all related to technical issues with NIDUS, in particular its filter. Nevertheless, the failure

to obtain the primary outcome in such a high proportion of one treatment group in a conventional
therapeutic study would raise serious concerns about bias. While these missing data are a definite
weakness, it should be borne in mind that in this study the comparison is between properties of
methods of RRT - we are concerned with how closely the method of RRT delivers the prescribed UF -
and this is likely to be less affected by patient characteristics.

We note that prescribed UF rates were substantially lower for NIDUS median 12 (8.6-21) range
0-40ml/hour, and for PD median 10 (4-13.5) range 0-60ml/hour than for CVVH median 30 (20-39)
range 6-58 ml/hour. The difference in settings may be related to the understanding that CVVH achieves
biochemical clearance by convection (and is increased by increasing UF and replacement/dilution fluid).
Whereas PD and NIDUS primarily achieve biochemical clearance by diffusion.

Precision of RRT device

For NIDUS and CVVH devices, an important measure is to compare the difference between the actual
fluid removal and that reported by the device: The results in Table 18 show this to have a mean closer to
zero for NIDUS than CVVH (means -0.44 vs. 11.6 ml/hour, respectively), with less variation in NIDUS
than CVVH (SDs 3.2 vs. 28.4 ml/hour). The formal analysis reported in Table 19 shows a similar ratio of
SDs (17%, 95% Cl 9% to 31%), but with a markedly different adjusted mean difference. This, and the
difference in SDs, may be heavily influenced by large discrepancies on CVVH in period 2.

It is clinically very important to be able to rely on the information given by the device is accurate; then
the clinician is able to make adjustments to the participants overall fluid input to counter discrepancies.
Conversely if the device gives inaccurate information to the clinical team it contributes to uncertainty
and difficulty in overall fluid management. Manufacturers are aware of the inherent imprecision of
their devices and give warning in their technical documentation (e.g. Prismaflex £30ml/h, £300 ml

per 24 hours). In vitro studies of the fluid removal precision of RRT devices when set to ‘treat’ bags of
saline using infant settings showed that the variances between the displayed and actual UF volumes
for Prismaflex and Aquarius were wide at 14.0 and 30.3ml by 15 minutes, respectively, while that for
NIDUS was close to zero at 0.17 ml by 15 minutes.'® These variances were seen whether the devices
were set at relatively high UF rates (40 ml/hour) or to maintain neutral fluid balance.

Clearances

Biochemical clearance rates for creatinine, urea and phosphate

There is clear evidence that the mean clearance for each metabolite was lower on PD than NIDUS, and
was lower on NIDUS than CVVH (see Table 11). It was also shown that the variation in the clearance
for each metabolite was lowest for PD, highest for CVVH, with NIDUS having intermediate variation in
clearance rates.

For PD the median (IQR) creatinine clearance was 0.08 (0.06-0.10) ml/min/kg, for CVVH 0.93 (0.75-
1.47) ml/min/kg, and for NIDUS 0.39 (0.31-0.47) ml/min/kg. The results for biochemical clearance of
creatinine, urea and phosphate are similar in that the biochemical clearance delivered by PD is less than
that delivered by NIDUS which is less than that delivered by CVVH.

The clearance comparison between PD and NIDUS reflects that found in previous study whereas this is
the first comparison between CVVH (Prismaflex and Aquarius) and NIDUS devices.?* Given the greater
blood flow and larger filter surface area of the CVVH devices these results are as anticipated. Clinically,
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the NIDUS would provide adequate biochemical clearance for controlling biochemical disturbance in
babies with acute renal failure.

Secondary outcomes (mortality)

Of the 62 participants receiving control 54 survived to 30 days (87%) and 52 (84%) survived until
discharge. For the 35 participants in the NIDUS group, 25 survived to 30 days (71%) and 23 (66%)
survived to discharge. These comparisons gave p = 0.057 and 0.040, respectively (see Table 12).

When the groups receiving PD and CVVH are compared with NIDUS there is a suggestion that survival
was highest in PD: out of 48 participants 47 survived to 30 days (98%) and 46 (96%) to discharge, whereas
for the 13 participants on CVVH the corresponding values were 7 (54%) and 6 (46%) (see Table 16).

No formal statistical modelling of the effect of variables on death rates in the groups has been carried
out. However, it is noticeable that the means of a variables measuring the risk of death (PIM3) and
extent of renal disease (baseline creatinine) are in the same order as the death rates in the treatment
groups: in the order PD, NIDUS, CVVH the means of PIM3 are 0.02, 0.027, 0.06 and for creatinine
before RRT 52, 106 and 172 mmol/I.

While I-KID has provided evidence that NIDUS delivers more precise UF, there is no indication that this
has translated into lower mortality. I-KID was not designed to detect differences in mortality. While it

is to be hoped that improved methods for RRT will lead to better patient outcomes, mortality will be
principally dependent on the diagnosis, so it is likely that the effect of the performance of the method of
RRT on mortality will only be detected in larger studies.

Causes of death are presented in Table 31. Most deaths were assessed to be unrelated to the RRT
device with the exception of two which were possibly related to the ECMO + HD and NIDUS devices,
respectively.

TABLE 31 Table of causes of death and relationship with device

Pl view of
causality being
Statusat On RRT due to RRT
Device 1 month atdeath Pl notes/AE TERM on MACRO therapy
1 NIDUS Alive No Hemophagocytic lymphohistiocytosis (HLH) type 2, No
leading to multiorgan failure
2 NIDUS Alive On Complex unexplained illness including sepsis and No
chronic  hypogammaglobulinaemia, leading to multiorgan
PD failure
3 NIDUS Dead No Group A streptococcal septicaemia, leading to No

multiorgan failure

4 NIDUS Dead No Hemophagocytic lymphohistiocytosis (HLH), No
veno-occlusive disease, disseminated adenovirus
infection, and stem cell transplant, leading to
multiorgan failure

5 Prismaflex Alive No Complex congenital heart disease requiring cardiac No
surgery
Cardiac arrest

6 Prismaflex Dead No Complex congenital heart disease requiring cardiac No
surgery, leading to multiorgan failure

7 Prismaflex Dead No Medulloblastoma treatment leading to veno- No
occlusive disease (VOD), leading to multiorgan
failure

NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/VGJT3714

Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 1

TABLE 31 Table of causes of death and relationship with device (continued)

Index

10

11

12

13

14

15

16

17

18

19

20

21

22

Device

PD

PD

ECMO + HD

NIDUS

NIDUS

NIDUS

NIDUS

NIDUS

NIDUS

NIDUS

NIDUS

Aquarius

Aquarius

Aquarius

Aquarius

Status at
1 month

Alive

Dead

Dead

Dead

Dead

Dead

Dead

Dead

Dead

Dead

Dead

Dead

Dead

Dead

Dead

On RRT

atdeath Pl notes/AE TERM on MACRO

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Complex congenital heart disease requiring cardiac
surgery, and tracheo-broncho-malacia, leading to
multiorgan failure

Complex congenital heart disease requiring cardiac
surgery, and prematurity

Complex congenital heart disease requiring ECMO,
and leading to multiorgan failure

Diabetic fetopathy (infant of diabetic mother),
hypertrophic cardiomyopathy, respiratory distress
syndrome at 35 weeks gestation

Congenital nephrotic syndrome

Prematurity (32 weeks gestation), patent ductus
arteriosus, necrotising enterocolitis totalis with
perforation (operated), gastric necrosis and perfora-
tion (partial gastrectomy), Escherichia coli sepsis

Complex congenital heart disease requiring
cardiac surgery and ECMO. E. coli (ESBL) sepsis,
necrotising enterocolitis, necrotising pneumonia,
pneumothoraces

Complex congenital heart disease requiring cardiac
surgery, leading to multi-organ failure

Complex congenital heart disease requiring cardiac
surgery and ECMO, and leading to multiorgan failure

Complex congenital heart disease requiring cardiac
surgery and ECMO. Cardiac arrest

Chronic lung disease causing pneumonitis and
prolonged hypoxia, developed multiorgan failure and
pulmonary haemorrhage

Prematurity plus massive cystic hygroma, hypoten-
sion and cerebral haemorrhage. Sepsis with systemic
inflammatory response syndrome

Congenital lung hypoplasia, plus congenital myopa-
thy. (Was also on ECMO treatment)

Congenital left diaphragmatic hernia (operated),
hypoplastic lungs requiring ECMO therapy, pulmo-
nary embolism, pulmonary hypertension, bilateral
chylothoraxes

Group B streptococcal sepsis, persistent pulmonary
hypertension, neurological injury

Congenital alveolar capillary dysplasia, treated with
ECMO

Pl view of
causality being

due to RRT
therapy

No

No

Possibly related
to ECMO
complications

No

No

No

No

No

SADE reported
Possibly related
to NIDUS
therapy

No

No

No
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Secondary outcomes (collected through PICANet)

Completion of planned RRT

While 41 (85%) of the 48 babies on PD completed the planned RRT, there is a suggestion that fewer
babies on CVVH and NIDUS completed planned RRT but the data were missing for 60% and 40% of
these two groups.

Need for additional vascular or dialysis access
All the babies requiring RRT needed additional vascular or peritoneal access to facilitate this.

Haemodynamic status (drop in blood pressure after connection, requiring

intervention)

We collected data on haemodynamic instability requiring intervention related to commencement of RRT.
We requested data on additional fluid bolus (PICANet data collection defines this as >80 ml/kg) and/

or inotropes used in the first day and second day after RRT started. Hundred per cent of participants on
PD required intervention, 77% of those on CVVH and 89% of those on NIDUS. These data may simply
reflect that nearly all babies were haemodynamically unstable or that babies, particularly post cardiac
surgery, are on inotropes almost routinely.

Unplanned filter change

Unplanned filter changes cause additional work for bedside nursing staff, interfere with continuity

of delivery of RRT (UF and clearance) and blood may be lost from the baby in the filter - the amount
being related to whether the loss of filter was due to high pressures (‘sludging’) or blood clot and
whether any ‘washing back’ of the circuit and filter is achieved and its priming volume (Prismaflex HF20
circuit = 60ml; Aquarius HFO3 circuit = 96 ml; NIDUS Neoflux1 circuit = 14.8 ml). Forty-six per cent of
babies on CVVH and 60% on NIDUS required an unplanned filter change. The high rate of filter loss on
the NIDUS due to high-pressure alarms and in some cases clotting of the filter have reinforced the case
for requiring a new design of filter geometry specifically for this device. The NeoFlux1 filter used on the
NIDUS was chosen because it was the only one of appropriate size (surface area and priming volume)
that was CE marked and manufactured.

Exposure to blood transfusion while on RRT

Babies who are unwell and particularly post surgery may require blood transfusion for a number of
reasons. Median (IQR) haemoglobin concentrations prior to starting RRT were similar. However, only

7 (15%) participants on PD required a blood transfusion, whereas 12 (92%) on CVVH required blood
transfusion and 27 (77%) of those on NIDUS. This suggests that the process of haemotherapy RRT
increases the need for blood transfusion, which fits with clinical experience of CVVH and HD. Three of
the 13 cases of CVVH obtained their venous access from the baby’'s ECMO circuit, and of the remaining
ten, five had their CVVH circuits primed with a combination of packed red blood cells and either
crystalloid or plasma products, and five were primed with saline. All of the NIDUS circuits were primed
with saline. In retrospect, it was an oversight of the study that the volume of transfusion given was

not recorded.

Anticoagulation

Most babies on haemotherapy RRT require anticoagulation to prevent clotting of the dialysis/CVVH
circuit. However, in some babies who have a clinical coagulopathy there is an attempt to use devices
without additional anticoagulation to reduce the risk of bleeding. Usually the anticoagulation used was
heparin - used in 85% of the babies on CVVH. Regional citrate anticoagulation is being increasingly
used for children on CVVH to prevent the need for systemic anticoagulation but in the I-KID study
was only used in two of the 13 babies. The NIDUS device (because of the single vascular access

line technology) cannot be used with citrate and thus heparin anticoagulation is required. It was
reported as being used in 33 of the 35 babies on NIDUS, with two babies reported as having no
anticoagulation used.
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Safety profile

It was obligatory to report safety to the MHRA (device deficiencies, SADEs, SAEs) on the NIDUS as this
was the device under investigation. Although CVVH in children weighing <8kg is currently undertaken
without regulatory approval (off-licence) and against the advice of the device manufacturers, it is not
common practice to make regular safety reports on clinical use outside the I-KID study. Similarly, few
clinicians report complications encountered when undertaking manual PD in infants during normal
clinical practice. However, the participating sites were encouraged to make regular safety reports about
problems they encountered during the control period of the I-KID study in a manner similar to that
which they would be doing for NIDUS during the intervention period.

The details of the safety profile are tabulated (see Tables 20-26, 31 and 34). ADEs, SADEs, AEs which
were not consistent with the usual clinical pattern for participants requiring RRT in PICU, and, SAEs,
regardless of whether they were consistent with usual clinical patterns, were recorded.

ADEs and SADEs were specific to participants in the intervention arm only as the event had to be
judged to be possibly, probably or definitely caused by the NIDUS device/tubing set.

A total of 35 AEs were initially recorded spanning 29 participants, but six of these were due to the loss
of filter/filter clot which is an expected occurrence in this type of therapy. In addition, two participants
in the intervention group were reported to have small intraventricular haemorrhage (IVH) detected

via routine head ultrasound, but they were not reported as symptomatic. This investigation which was

introduced by one site for NIDUS participants only and was not available for control babies at that site.
Thus, there were 27 AEs across 23 participants (15 control, 8 intervention).

There was one SADE reported during the study and one ADE which was possibly related to the NIDUS
device/tubing set. There were 17 SAEs across 15 participants (8 control, 7 intervention).

Study design

The study design chosen was a result of various factors. We knew from PICANet data that most RRT

in small babies in the UK is concentrated at 11 sites (this is largely related to case mix; those sites

with a paediatric cardiothoracic surgery unit doing more RRT.” As we only had 18 NIDUS devices the
maximum number of sites, we could use was six to enable sites to have three intervention devices each
- potentially one in use, one for a second baby recruited and one as backup in case of device problem.
By the time the study started there were only 17 devices available, one having been lost to regulatory
testing, thus it was decided that Newcastle as the original development site with small recruitment
potential and with onsite engineers and scientists should have two devices.

In most circumstances the best design for a clinical study comparing two interventions is to randomise
individual participants to one or other treatment. However, in I-KID this would open the possibility

of two participants on the same PICU being treated differently. Discussion with parents and public
revealed a strong feeling that asking parents to consent to individualised randomisation to dialysis type
was not possible or desirable when most parents would have no prior knowledge of what dialysis was.
Moreover, they would already be overwhelmed by the sheer amount of medical information they were
being given at the time and thus most parents in that situation would defer to the clinician’s decision. It
was also felt that having babies in the same unit on different devices at the same time could add to staff
confusion and cause additional distress to parents to see an adjacent baby had the ‘new’ device when
theirs had not been offered it - or vice versa.

Consequently, we opted for a form of cluster-randomised design, in which random allocation was
applied to PICUs, not participants. As pointed out, I-KID was designed to study RTT in participants
under 8kg, where only a limited number of sites in the UK could participate and where resources
limited this further to just six sites. With six participating sites it was always going to be difficult,
notwithstanding random allocation, to ensure that the intervention groups in a conventional
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parallel-group cluster-randomised trial were comparable. This difficulty was heightened because the
tertiary centres which participated in [-KID will inevitably have developed slightly different specialisms -
for example some are co-located with quaternary cardiothoracic units.

This led to consideration of forms of cluster-randomised trials which can yield within-cluster information
on intervention effects. A cluster-randomised crossover design would achieve this, in which three sites
received the control intervention at the outset, and the other three NIDUS. Halfway through the study
the sites would change to offering the other intervention. This form of design was not adopted because
(1) there could be carryover effects, which in this case would largely be to do with the way staff treat
participants needing RRT and, more importantly, (2) because there was a strong indication from staff

in Newcastle who had used NIDUS during its development and compassionate use, of a reluctance

to change from NIDUS to conventional therapy for these very sick children. Taken together, these
considerations, where cluster allocation, availability of within-cluster information on intervention effects
and reluctance to change back from NIDUS once used, led to the choice of SW design.

We anticipated that training sites to use new technology in a busy clinical environment and supporting
them in the early stages of use would be challenging and time consuming. A further advantage of the
SW design was that not all sites crossed over to the new device at the same time.

The SW design is a form of crossover designs, one in which there is substantial confounding of the
treatment effect with time. Consequently, a valid analysis will almost certainly have to allow for the
effect of time through the study, as well as any effect of treatment. In addition, the model needs to
accommodate the fact that observations from each cluster, that is site, may be correlated. This is done
by allowing a separate term in the model for each site, and usually this term is assumed to be random
with a dispersion matrix taking a form specified up to the value(s) of the dispersion parameters in

the model.

The model originally posited for I-KID assumed a general period effect, modelled by a categorical
variable, and assumed that different observations within a site would have a given correlation, with
those from different sites being uncorrelated - an equi-correlation structure. While there were some
relatively short interruptions to the study when recruitment to NIDUS alone was paused, there was

a much more extended pause due to COVID-19 from March 2020 for eight months for five sites and
longer for a sixth site. This interruption was from the start of period 4 in the design and the general
form of the period effect meant that this did not need modification. However, the much greater interval
between observations taken in the fourth period compared with the intervals in earlier periods, called
into question the form of the dispersion assumptions that had been made. Moreover, for a study with
fewer than 100 participants, modelling a more elaborate dispersion structure would be inadvisable.

A compromise was to assume a fixed site effect, so no dispersion structure needed to be specified.

A disadvantage is that this model is potentially less efficient (Matthews and Forbes) but will be less
vulnerable to the effect of mis-specification of the dispersion structure.

There were technical problems in establishing RRT in some participants using NIDUS and, when this
occurred in the earlier parts of the intervention phase at a site (period 2 in sequence one and period

3 in sequence two), the rate of recruitment to NIDUS seemed slow. In parallel group studies, there is
always an option to extend the study, however, with a SW design of three sequences and four periods,
by the end of period 3 the only option would be to extend period 4. However, the information on the
treatment effect contained in period 4 is limited - in the extreme case where the intra-class correlation
is zero, then there is no information on the treatment effect in period 4. While it remains the case that
there less information on the treatment effect in the final period than in periods 2 and 3, the reduction
in information is lessened if fixed centre effects are fitted, which was a useful consequence of the
decision to use fixed centre effects. For a related discussion of the information content of cells in a
SWD, see Kasza and Forbes.%®
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Questionnaires

i) Parents/carers questionnaires

We were very keen to learn from the experiences of parents/carers of participants in the I-KID

study. We received 34 responses, 17 from control participants and 15 from intervention, of which
approximately half were filled in by fathers or both parents, and half by mothers alone. Given all the
other demands on parent and carers when their child is in PICU this is perhaps as expected, and

the I-KID team are very grateful to the families for taking the time to give important feedback. The
responses were generally very positive about the provision of information in increasing understanding
about the dialysis used for their baby. Most respondents found it acceptable to be asked to take part in
a research study about baby dialysis given that their child was so unwell, and importantly most would be
likely to recommend other parents to take part in a similar research study if they had a baby with similar
medical needs. We credit these positive findings to the input that the I-KID team had from parents in
the design of the study, and in the production of parent-facing information.

ii) Staff questionnaires

One of the fundamental reasons for doing the I-KID study was to learn about staff experience of using
the novel NIDUS device in a normal PICU clinical environment. We thus attempted to collect data

on use of NIDUS and other methods of RRT, and received 65 responses relating to the experience of
delivering therapies to 43 participants.

Staff views on training were similar for the three different modalities of RRT, with most respondents
reporting that learning each technique was of similar difficulty, and feeling confident to use them all
safely once they had received adequate training. It is notable that for each type of RRT, there were some
respondents who did not feel confident to use it.

Strengths of study

The I-KID study had high input from public and parents at all stages from the early development
phase onwards and this has been crucial in ensuring acceptability to participant parents. As the first
comparison of these three different dialysis modalities in infants in PICU, |-KID provides important
new information about RRT in babies on PICU. The study achieved a high degree of enthusiasm
and support from clinicians and nursing staff, who worked very hard to make it work in sometimes
challenging circumstances.

Largely the results were in concordance with clinical experience of RRT in babies and with previous
NIDUS animal and compassionate use reports.?! The results for UF and clearances support the view that
NIDUS is worth pursuing through regulatory procedures as it has a potential place alongside established
RRT modalities, particularly PD in clinical therapy.

An important safety profile has been created and I-KID has provided vital information on improvements
required to the NIDUS device to improve usability.

Limitations of study

Recruitment was high in the first part of the study in the control phase but was less good as the

study progressed through the intervention phase. There were pauses to recruitment for technical
(consumables) reasons, but the largest interruption was due to the COVID-19 pandemic. This impacted
directly on the ability to recruit to the study with all sites unable to recruit from March to October 2020.
For one site (which recruited large numbers to control), ongoing COVID issues affected recruitment to
intervention through June 2021. More indirectly, and difficult to quantify was the effect of the ongoing
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aftermath, reopening the study when PICU staff were described as tired and facing staffing problems
due to COVID-19 absences. In addition, we underestimated the effect on nursing staff of having to
learn a new technology and do additional study tasks - bag-weighing and timed sample collections - at
the bedside. It is of note that despite provision of additional training sessions and updates, 37 of the
46 cases where the clinician chose not to use NIDUS were in the 4th time period that is post-COVID
recruitment pause. We noted that study financial provision of additional nursing support does not
always translate to availability when needed, which was unpredictable.

There were more missing data than was ideal, especially for the primary outcome in the intervention
group. The number of patients not recruited to NIDUS due to consultants exercising their clinical
judgement not to use the device on some patients was also larger than anticipated. The number of
control cases on PD (vs. CVVH) was higher than we had estimated and expected. It may be that these
factors combined to leave a slight imbalance in creatinine, urea and PIM3 between intervention and
control, with potentially higher morbidity in the HD groups. However, this would have limited effect on
device performance, the principal focus of I-KID.

Because of the unanticipated need for additional circuits and filter changes, study sites faced some
additional costs for intervention cases.

Public and patient involvement

We had high engagement from parents and patient groups as summarised in Table 32 below.

Participant representation

Patients became eligible for screening and subsequent inclusion in the study based purely on their
clinical condition and need for RRT. Eligibility criteria (see Chapter 2) were deliberately broad to allow
inclusion of a wide range of infants, with no exclusions on the basis of sex, biological age, race, ethnicity
or other protected characteristics.

The sites, in particular those in London and Birmingham, have catchment areas with significant
ethnic diversity.

For ethical reasons, it was essential that there was a person with legal PR for the patient who was able
and willing to provide written informed consent for the patient to take part in the study. Only one infant
had to be excluded from the study because of lack of availability of parent/guardian.

The I-KID TMG and PIs considered and discussed the possibility of potential language and
communication barriers (both in respect of non-English speakers and deafness) to the provision of
informed consent. Because of the severity of the participants’ iliness and to minimise burden on the
parents of eligible infants, we asked clinical teams to use the same routine translation services they
were using for clinical discussions to explain the study and discuss the content of the participant facing
information, either in person or via phone (e.g. big word type services in common use in the NHS). Our
rationale was that seeking consent for a study such as I-KID, in such a complex high-risk clinical PICU
situation, required a conversation between clinician and parent/guardian, not simply a translation of
information sheets into a range of community languages, which therefore was not undertaken. Parental
input to the design of the participant information materials was sought, to ensure comprehensibility and
accessibility of these documents (see Public and patient involvement).

To minimise the burden of data collection on participating sites, we did not seek to record ethnicity
or socioeconomic status of participants or their families; nor are these variables routinely captured by
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DISCUSSION

PICANet. Due to the young age of study participants, we recorded their sex assigned at birth, rather
than gender. Of the 97 infants recruited to the study, 35 (36%) were female and 62 (64%) were male.
Median age at screening was 11 days (IQR 7-61 days). PICANet data, across all PICUs participating

in PICANet, for 2018-20 all-cause admissions (https:/www.picanet.org.uk/annual-reporting-and-
publications/) for infants aged under two months shows a 60% male, 40% female split, roughly in line
with the pattern observed in I-KID, suggesting that there was no participation bias with respect to sex
of infant.

Research team and wider involvement

I-KID research team composition reflected the range of professional disciplines, skills, expertise and
experience required to deliver the study: paediatric intensive care medicine and nursing; medical
physics; biostatistics; clinical trial design and management; data management (including representation
from the central PICANet team at Leeds University); project management. The |-KID study co-applicants
were all experienced in their respective disciplines, and generally at a relatively senior point in their
careers. Within Newcastle University and the NuTH NHS Foundation Trust (NuTH), allocation of staff
(e.g. trial and data management staff from the NCTU, project management staff from NUTH) was

from within the existing complement of staff (i.e. no new staff were recruited specifically to work on
I-KID), and was determined by capacity of the available staff members. NCTU staff allocation followed
the unit's normal model of a senior trials manager, trial manager, clinical trials assistant and database
manager, and therefore included members of staff with various levels of seniority and experience.

As might be expected in a study carried out over a number of years, there was some staff turnover
(especially in the medical physics, NCTU and NUTH project management teams) over the course of
the study. Replacement of members of staff who left was again determined by experience and spare
capacity within the relevant organisation.

At site level, those delivering the clinical aspects of the study, and collecting and entering study data,
were also drawn from the existing staff of the participating PICUs. In keeping with the responsibilities of
the role, the Principal Investigators at all six sites were experienced paediatric intensive care consultants.
As indicated in Chapter 2, all site staff participated in training for the roles in the I-KID study.

The I-KID study was closely aligned to and fully supportive of the equality, diversity and inclusion
policies, including in respect of staff recruitment and training, of the university and NHS organisations
employing the research team and site staff. Nonetheless, we note and are critical of these organisations
still having a gender pay gap.

We did not collect data on the age, sex, gender, race, ethnicity or other protected characteristics of
research team members or of site staff.

Collaboration with manufacturer (Allmed)
The I-KID study was designed, managed and analysed completely independently from Allmed, the
device manufacturer, and no funding has been received from them.

However, this study could not have taken place without their support; the 17 NIDUS devices used were
loaned by Allmed free of charge to study sites, and delivery and movement of devices was undertaken
by them. The consumables used (filters and tubing) were purchased from Allmed by study sites for the
NIDUS device and for the alternative forms of RRT (Prismaflex, Aquarius) and PD through the usual NHS
purchasing routes. NUTH medical physics/engineering provided practical support in troubleshooting,
training, maintenance and minor NIDUS device repair as the on-site NHS dialysis technicians would not
have had sufficient knowledge and expertise to provide this specialist support of a new device.
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Chapter 5 Conclusions

Implications for health care

RRT in babies under 8 kg poses considerable challenges related to the size of the patient and the
technology available. The data from the I-KID study add to the knowledge base of RRT methods used
in babies of this size in PICU, and the study was only possible because of close co-operation, working
and clinical discussion between medical, nursing and allied staff. We have been able to collect data

on ‘standard’ forms of RRT in addition to the new device under investigation. Furthermore, the I-KID
study has raised important discussion and dialogue about clinical issues relating to RRT like difficulties
of establishing adequate vascular access, lack of availability of appropriate vascular access catheters,
anticoagulant use, assessment of fluid status and distribution, investigation and monitoring of babies
undergoing RRT and the need to measure outcomes. The study faced significant challenges and the
extent of missing data underlines the difficulties of doing research studies requiring additional bedside
tasks in a PICU environment. The generous contribution of families in the study planning and oversight
and as participants has been exceptional. Parental support for the concept of performing research
despite their child being very unwell, and in difficult and emotional circumstances for them is very
important and encouraging to healthcare researchers.

Many babies requiring RRT in PICU are very unwell as reflected by the vast majority in I-KID participants
having multi-organ failure; most were on positive pressure ventilatory support and there was a very

high use of inotropes to support blood pressure. Many babies required blood transfusion and the overall
mortality was around 20%.

The intervention device NIDUS was shown to work effectively and delivers appropriate blood
clearances and accurate, controllable fluid removal (UF), indicating that it has an important place
alongside other dialysis modalities in the management of babies with renal failure.

There were AEs reported in both control subgroups and in intervention cases. NIDUS was shown to
have an acceptable safety profile compared with other modalities used in this very unwell population.

PD is likely to remain a commonly used method for babies with less severe renal failure who require less
prolonged/intensive dialysis. Many postoperative (especially those undergoing cardiac surgery) babies
have a PD catheter inserted before emerging from theatre which is sometimes just used for draining
ascitic fluid and can be easily used for dialysis as required. However, insertion of a PD catheter is not
without its risks and there is room for future studies questioning the best immediate postoperative renal
support modality. Where PD is not possible or fails it is clear that NIDUS provides a good therapeutic
option to be considered.

Feedback from users through the I-KID study has been invaluable in identifying that the NIDUS

device requires certain improvements regarding ease of setup, usability, and training, guiding towards
appropriate solutions. There was substantial inter-case and inter-centre variation in the ease of use of
the NIDUS device. There were similar problems with filter loss and the requirement for filter and circuit
changes. Most HD devices have consumables which include a choice of filters that can be used in
different circumstances. Experience of users through I-KID strongly supports the view that a new filter
needs to be made available with improved geometry as the need to change filters and circuits was a
recurrent problem for some babies, which sometimes interfered with continuity of renal replacement.
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CONCLUSIONS

Recommendations for the future

Regulatory
The NIDUS device requires completed approvals by appropriate regulatory authorities (CE, UKCA, FDA,
etc.) in order to be introduced more widely, and these should be pursued without delay.

Research

Short-term outcome of babies by RRT
Data from PICANet on RRT and short-term outcomes and survival to 30 days and discharge from PICU
should continue to be collected and published.

Long-term outcome of babies who received RRT

Babies who receive RRT in PICU are among the sickest and have considerable morbidity and mortality.
Long-term follow-up of overall outcomes for the child and for their renal function is required. Such
babies are born with renal function which is less well developed than in later childhood and there is

a period of renal maturation that happens over the first 12-18 months. Thus, a period of acute renal
failure/renal insult occurring early in life has the possibility of affecting renal maturation. While babies
who remain dependent on RRT are for obvious reasons closely followed up by paediatric nephrology
units, those who become independent of RRT are sometimes followed up but not in a comprehensive
and systematic way. Renal function is not a binary function, but a spectrum and independence from
dialysis does not equate to normal renal function. Currently The Renal Registry collects data on RRT
outside of PICU, but we recommend approaches be made to The Renal Registry to propose ongoing
collection of data from all children (with priority to introduce data collection for all those under two
years) who receive RRT in PICU.

Comparison of PD vs. NIDUS immediately post cardiac surgery

Insertion of a PD catheter after complex neonatal cardiac surgery has become almost routine. But
PD catheter insertion is not without side effects and a study posing the question of what the most
appropriate postsurgical method of fluid removal is and ensuring biochemical stability would be an
appropriate research development.
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Research and Development departments at each participating site granted approvals for the study and
subsequent amendments.

The study was conducted in accordance with Good Clinical Practice and the principles of the
Declaration of Helsinki.

Data-sharing statement

Anonymised data from this study may be available to the scientific community subject to regulatory and
ethical approval. Request for data should be directed to the corresponding author.

Investigators and administrative structure of clinical investigation

The NIDUS was supplied by the Allmed Medical Care Holdings Limited

Company No. 07966208

VAT No. GB 177361487

Address: Allmed Group, Building 7, Chiswick Park, 566 Chiswick High Road London W4 5YG

Website: www.allmedgroup.com
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Appendix 1 Changes to the eligibility criteria
during the course of the study

TABLE 33 Changes to the eligibility criteria during the course of the study

Date word change

Initial wording of eligibility criterion

Participants in PICU with a body
weight of 0.8 kg-7.99 kg who
require continuous RRT for acute
renal insufficiency or fluid overload
as part of their standard clinical care

Person with legal parental respon-
sibility (PR) for the patient has
provided written informed consent
for the patient to take part in the
study

Unable to receive written informed
consent for data collection from a
person with legal PR for the patient

Patient with known chronic renal
failure already on established
adequate RRT’

Patient already established on
adequate RRT for whom entry into
the study would require additional
central venous access, if that access
is not clinically indicated

Patient has an underlying
metabolic diagnosis, including
hyperammonaemia

Amended wording of eligibility criterion

Participants in PICU with a body weight of 0.8 kg-7.99kg
(note: includes estimated body weight in emergency situation)
who require continuous RRT for acute renal insufficiency
or fluid overload as part of their standard clinical care

* Person with legal parental responsibility (PR) for the
patient provides written informed consent for the patient
to take part in the study

* This may be after the patient has started dialysis in an
emergency situation so as not to delay treatment

Eligibility criteria deleted

Patient with known chronic renal failure already on
established adequate RRT (This exclusion should not apply
when chronic RRT has failed and patient requires acute RRT
during the PICU admission)

Patient already established on adequate RRT for whom
entry into the study would require additional central
venous access, if that access is not required in the view of the
clinical team

Patient has an underlying (or clinically suspected) diagnosis
of a metabolic disease, including hyperammonaemia and
no other indication for RRT

approved

31 October 2018

31 October 2018

31 October 2018

28 August 2020

28 August 2020

28 August 2020
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Appendix 2 Further material on protocol
deviations and violations, and losses from the
study

Protocol deviations and violations

Protocol deviations and violations are presented in Appendix 2, Table 34. In total there were 23
deviations and 2 violations. Seven were related to consent procedures, two were unclassified, four
related to study procedures, three related to eligibility criteria, one related to laboratory assessments
and six were due to confidentiality breaches.
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APPENDIX 2

Lost to follow up, withdrawals and death

There were no withdrawals. None of the participants were lost to follow up as their mortality status

at the 30-day follow-up was known. Twenty-two participants died by the 30-day follow-up or by the
time they were discharged from PICU, whichever came earliest (10 control, 12 NIDUS). Of the 22
participants, 18 died by their 30-day follow-up while 4 were alive and in PICU at their 30-day follow-up
visit but subsequently died while in PICU (see Appendix 5, Table 35).

TABLE 35 Line listing of deaths by 30 day follow-up or discharge from PICU

Days from RRT
Index Device Description initiation to death AE?
1 PD Patient alive and in PICU by their 30-day follow-up date and later 110 N
died in PICU
2 PD 23
3 Prismaflex Patient alive and in PICU by their 30-day follow-up date and later 40 N
died in PICU
4 Prismaflex 11 N
5 Prismaflex 16 N
6 Aquarius Patient passed away 4 Y
7 Aquarius Patient passed away 20 Y
8 Aquarius Death - Group B streptococcal sepsis, persistent pulmonary 4 Y

hypertension of the newborn, catastrophic neurological injury

9 Aquarius Death - Palliation 19 Y
10 NIDUS Patient passed away 6 Y
11 NIDUS Patient passed away 2 Y
12 NIDUS Death 19 Y
13 NIDUS Patient alive and in PICU by their 30-day follow-up date and later 31 N
died in PICU. Follow-up was done early as patient was unwell and
there were concerns he would pass away before his 1 month follow
up which the protocol states is allowed
14 NIDUS Death 3 Y
15 NIDUS Death 11 Y
16 NIDUS Patient death unrelated to NIDUS 22 Y
17 NIDUS Patient alive and in PICU by their 30-day follow-up date and later 81 N
died in PICU
18 NIDUS 1 N
19 NIDUS 2 N
20 NIDUS Death during follow-up period, following redirection of care 18 Y
21 NIDUS 8 N
22 ECMO + HD 26 N
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Treatment compliance

To investigate the compliance with the data collection procedure during the collection phases [phase 1
(one collection) and phase 2 (three collections)], we computed availability of the precision variable and
biochemical clearance measurements and the time from RRT initiation to a patient’s last observed start
of a collection. The availability of the precision variable and biochemical clearance measurements was
generally higher in the control arm compared with the intervention arm (see Appendix 2, Table 36). A total
93 participants had a last observable start date and time to a collection phase (see Appendix 2, Table 36).
Compliance with the 48-hour data collection window post-RRT initiation was met for most participants.
For a minority of participants (8/93; 8.60%), their last observed collection start dates, and times were
beyond 48 hours from the start of their RRT (6 control, 2 intervention). For one control participant, this
was because their phase 1 collection began after 48 hours post-RRT initiation (see Table 36). A diagram
of the distribution of duration from the start of RRT to their last known start of a collection is presented
in Appendix 2, Figure 11.

TABLE 36 Summary of treatment compliance

Control (n = 62) Intervention (n = 35) Total (n = 97)

Treatment allocated, n (%)

PD 48 (77.42) 0 48 (49.48)
Prismaflex 5(8.06) 0 5(5.15)
Aquarius 8(12.90) 0 8(8.25)
Manual HD and ECMO 1(1.61) 0 35 (36.08)
NIDUS 0 35(100) 35(36.08)
Phase 1: Collected treatment data 0-6 hours?
Collection duration, hours
Mean (SD) 5.96 (0.49) 4.77 (2.08) 5.62(1.29)
Median (IQR) 6 (6-6) 5.7 (3.25-6) 6(5.58-6)
Range 4.58-7.2 0.15-9 0.15-9
Available, n 62 25 87
Computable precision X-A, n (%) 60 (96.77) 15 (42.86) 75 (77.32)
Computable biochemical clearance, n (%)
Creatinine 57 (91.94) 27 (77.14) 84 (86.60)
Urea 56 (90.32) 30(85.71) 86 (88.66)
Phosphate 51 (82.26) 27(77.14) 78(80.41)
Phase 2: Collected treatment data 6-48 hours®
Computable precision X-A, n (%)
None computable 6(9.68) 16 (45.71) 22 (22.68)
1 computable 15 (24.19) 7 (20.00) 22 (22.68)
2 computable 14 (22.58) 7 (20.00) 21 (21.65)
3 computable 27 (43.55) 5(14.29) 32(32.99)
continued
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TABLE 36 Summary of treatment compliance (continued)

Control (n = 62) Intervention (n = 35) Total (n = 97)

Computable biochemical clearance

Creatinine, n (%)

None computable 14 (22.58) 15 (42.86) 29 (29.90)
1 computable 11(17.74) 6(17.14) 17 (17.53)
2 computable 15(24.19) 5(14.29) 20 (20.62)
3 computable 22 (35.48) 9 (25.71) 31 (31.96)
Urea, n (%)
None computable 15(24.19) 15 (42.86) 30(30.93)
1 computable 12(19.35) 7 (20.00) 19 (19.59)
2 computable 14 (22.58) 5(14.29) 19 (19.59)
3 computable 21(33.87) 8(22.86) 29 (29.90)
Phosphate, n (%)
None computable 13(20.97) 15 (42.86) 28(28.87)
1 computable 12(19.35) 8(22.8¢) 20(20.62)
2 computable 16 (25.81) 3(8.57) 19 (19.59)
3 computable 21(33.87) 9(25.71) 30 (30.93)

All phases: Collected treatment data 0-48 hours?®

Computable precision X-A, n (%)

None computable 0 14 (40.00) 14 (14.43)
1 computable 6(9.68) 5(14.29) 11(11.34)
2 computable 16 (25.81) 6(17.14) 22 (22.68)
3 computable 14 (22.58) 6(17.14) 20 (20.62)
4 computable 26 (41.94) 4(11.43) 30 (30.93)

Computable biochemical clearance

Creatinine, n (%)

None computable 1(1.61) 7 (20.00) 8(8.25)

1 computable 14 (22.58) 8(22.86) 22 (22.68)

2 computable 11(17.74) 6(17.14) 17 (17.53)

3 computable 16 (25.81) 6(17.14) 22 (22.68)

4 computable 20 (32.26) 8(22.86) 28 (28.87)
Urea, n (%)

None computable 2(3.23) 5(14.29) 7(7.22)

1 computable 15(24.19) 10 (28.57) 25(25.77)

2 computable 10(16.13) 7 (20.00) 17 (17.53)

3 computable 16 (25.81) 5(14.29) 21 (21.65)

4 computable 19 (30.65) 8(22.86) 27 (27.84)
Phosphate, n (%)

None computable 4 (6.45) 6(17.14) 10(10.31)

1 computable 11(17.74) 9(25.71) 20 (20.62)

2 computable 11(17.74) 9(25.71) 20 (20.62)
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TABLE 36 Summary of treatment compliance (continued)

Control (n = 62) Intervention (n = 35) Total (n = 97)
3 computable 19 (30.65) 3(8.57) 22(22.68)
4 computable 17 (27.42) 8(22.86) 25(25.77)
Total duration from start of RRT to last observed start of collection, hourse
Mean (SD) 27.77 (17.62) 20.94 (21.06) 25.50 (19.00)
Median (IQR) 28.17 (13-38.15) 19.67 (0.83-31.08) 24.40(11.10-37.50)
Range 0-82 0-93 0-93
Available, n 62 31 93

a Phase 1 defined as the 0-6-hour window post-RRT initiation but here we included participants whose phase 1
measurement began after 6 hours after RRT initiation.

b Phase 2 defined as the 6-48-hour window post-RRT initiation but here we included participants whose phase 2
measurements began after 48 hours after RRT initiation.

¢ Computed from start of RRT to the last recorded start of a collection phase. For the four NIDUS participants with
missing duration, none had further information on their collection dates and times at or beyond the first collection.
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FIGURE 11 Histogram of duration from start of RRT to last start of collection (hours) stratified by arm. Red reference line
at 48 hours. Sample sizes based on n = 93 participants with available information on the duration from start of RRT to their
last observed start of collection.

Missing primary outcome from those allocated to NIDUS group: further details

The details given by sites for the 14 participants allocated to NIDUS who did not provide a
primary outcome.
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Appendix 3 Baseline values
Baseline values by machine type

TABLE 38 Baseline characteristics by modality

Manual HD
CVVH (n = 13) (n=1)

PD (n = 48)

NIDUS (n = 35) Total (n = 97)

Age at screening, days

Mean (SD) 41.98(85.91) 92.62 (142.90) 11.00 (.) 91.66 (136.85) 66.37 (115.99)
Median (IQR) 9.00 (6.50-17.50) 17.00 11.00 11.00
(9.00-81.00) (7.00-124.00) (7.00-61.00)
Range 1.00, 477.00 1.00, 466.00 1.00, 443.00 1.00, 477.00
Available, n 48 13 1 35 97
Sex, n (%)
Female 20 (41.67) 6 (46.15) 1(100.00) 8(22.86) 35(36.08)
Male 28 (58.33) 7 (53.85) (0] 27 (77.14) 62 (63.92)
Weight at RRT initiation, kg*
Mean (SD) 3.65(1.29) 4.25(2.43) 2.70(.) 4.33(1.72) 3.97 (1.65)
Median (IQR) 3.25(2.90-3.90)  3.00(2.75-4.00) 3.70(3.10-5.60)  3.50
(3.00-4.60)
Range 1.80-7.40 2.60-10.10 1.00-7.80 1.00-10.10
Available, n 48 13 1 35 97
Type of weight measurement, n (%)
Actual weight 40 (80.33) 10(76.92) 1(100.00) 34 (97.14) 85 (87.63)
Estimated weight 8(16.67) 3(23.08) 0 1(2.86) 12(12.37)
Gestational age at delivery (completed weeks)
Mean (SD) 38.10(1.93) 37.25(3.33) 38.00 () 36.49 (3.74) 37.41(2.95)
Median (IQR) 38.00 37.50 38.00 38.00
(38.00-39.00) (36.50-39.50) (35.00-39.00) (37.00-39.00)
Range 31.00-41.00 28.00-41.00 26.00-41.00 26.00-41.00
Available, n 48 12 1 35 96
Type of admission to unit, n (%)
Planned - Following 30 (62.50) 1(7.69) 0 13(37.14) 44 (45.36)
surgery
Unplanned - 1(2.08) 0 0 1(2.86) 2 (2.06)
Following surgery
Planned - Other 1(2.08) 1(7.69) 0 4(11.43) 6(6.19)
Unplanned 16 (33.33) 11 (84.62) 1(100.00) 17 (48.57) 45 (46.39)
continued
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APPENDIX 3

TABLE 38 Baseline characteristics by modality (continued)

PD (n = 48)

CVVH (n = 13)

Manual HD

(n=1)

NIDUS (n = 35)

Total (n = 97)

Previous ICU admission, n (%)

ICU

PICU
NICU
None

Unknown

0

3(6.25)
22 (45.83)
21 (43.75)
2(4.17)

Source of admission, n (%)

Same hospital

Other hospital

Elective admission, n (%)

No
Yes

33 (68.75)
15 (31.25)

17 (35.42)
31 (64.58)

Main reason for PICU admission, n (%)

Other
Bronchiolitis

Recovery from
surgery

Seizure disorder

If admission was recovery from surgery, what was procedure, n (%)

Bypass cardiac
procedure

Non-bypass cardiac
procedure

Other procedure

18 (37.50)
0
30 (62.50)

0

30 (100.00)

0

0

0
1(7.69)
7 (53.85)
4(30.77)
1(7.69)

6 (46.15)
7 (53.85)

11 (84.62)
2(15.38)

11 (84.62)
1(7.69)
1(7.69)

0

0

1 (100.00)

Is evidence available to assess past medical history, n (%)

Yes
No

42 (87.50)
6(12.50)

Systolic blood pressure, mmHg

Mean (SD)
Median (IQR)

Range

Available, n

Base excess source, n (%)

Arterial
Capillary
Venous

Available, n

68.44 (15.19)

66.00
(57.00-74.00)

40.00-118.00
45

36 (75.00)
4 (8.33)
3(6.25)
43

12(92.31)
1(7.69)

83.08 (27.16)

77.00
(65.0092.00)

44.00-137.00
13

7 (53.85)
2(15.38)
1(7.69)
10

0
1(100.00)
0

1 (100.00)
0

1(100.00)
0

1(100.00)
0
0

1(100.00)

100.00 (.)

1 (100.00)
0
0
1

1(2.86)
4(11.43)
12 (34.29)
18(51.43)
0

23(65.71)
12 (34.29)

18(51.43)
17 (48.57)

20(57.14)
2(5.71)
12 (34.29)

1(2.86)

10 (83.33)

1(8.33)

1(8.33)

35 (100.00)
0

74.86(22.33)

68.00
(60.00-86.00)

36.00-134.00
35

23(65.71)
6(17.14)
3(8.57)
32

1(1.03)
8 (8.25)
41 (42.27)
44 (45.36)
3(3.09)

63 (64.95)
34 (35.05)

47 (48.45)
50 (51.55)

50(51.55)
3(3.09)
43 (44.33)

1(1.03)

40 (93.02)

1(2.33)

2 (4.65)

90 (92.78)
7(7.22)

73.19 (20.49)

68.00
(60.00-82.00)

36.00-137.00
94

67 (69.07)
12(12.37)
7(7.22)
86

96
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TABLE 38 Baseline characteristics by modality (continued)

Lactate source, n (%)

Arterial
Capillary
Venous

Available, n

PD (n = 48)

37 (77.08)
4(8.33)

3 (6.25)
44

Mechanical ventilation, n (%)

Yes
No

41 (85.42)
7 (14.58)

Received CPAP within first hour, n (%)

Yes
No

Pupil reaction, n (%)

Both fixed and dilate

Other reaction
Unknown
PIM3 score
Mean (SD)
Median (IQR)

Range

Available, n

Logit of PIM3 score

Mean (SD)
Median (IQR)

Range

Available, n

4(8.33)
44 (91.67)

0
42 (87.50)
6(12.50)

0.06 (0.09)
0.02 (0.01-0.05)

0.00-0.45
48

-3.52(1.17)

-4.01(-4.35 to
-2.97)

-5.29 to -0.22
48

CVVH (n = 13)

6 (46.15)
3(23.08)
1(7.69)
10

9 (69.23)
4(30.77)

1(7.69)
12(92.31)

0
13 (100.00)
0

0.12 (0.13)
0.06 (0.01-0.20)

0.01-0.38
13

-2.68 (1.56)

-2.74 (-4.18 to
-1.40)

-5.14 to -0.51
13

Manual HD

(n=1)

1(100.00)

1(100.00)
0
1(100.00)

0

0.02 ()

-4.14 ()

NIDUS (n = 35)

23(65.71)
7 (20.00)
3(8.57)
33

30(85.71)
5(14.29)

2(5.71)
33(94.29)

1(2.86)
28 (80.00)
6(17.14)

0.095(0.172)

0.027
(0.014-0.131)

0.006-0.972
35

-3.05(1.67)

-3.58 (-4.24 to
-1.90)

-5.12t0 3.54
35

Total (n = 97)

67 (69.07)
14 (14.43)
7 (7.22)
88

80(82.47)
17 (17.53)

7(7.22)
90 (92.78)

1(1.03)
84 (86.60)
12 (12.37)

0.079 (0.130)

0.025
(0.014-0.093)

0.005-0.972
97

-3.24 (1.44)

-3.68 (-4.28 to
-2.28)

-5.29 t0 3.54
97

TABLE 39 Pre-RRT laboratory data by modality

PD (n = 48) CVVH (n = 13)

NIDUS (n = 35)

Total (n = 97)

Sodium, mmol/I

Mean (SD) 145.83 (5.46) 143.08 (8.41) 156.00 () 141.57 (6.52) 144.03 (6.63)
Median (IQR) 146.00 146.00 143.00 144.00

(142.00-149.00) (139.00-149.00) (136.00-146.00) (140.00-148.00)
Range 130.00-157.00 130.00-154.00 128.00-156.00 128.00-157.00
Available, n 48 13 1 35 97

continued
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TABLE 39 Pre-RRT laboratory data by modality (continued)

PD (n = 48)

CVVH (n = 13)

NIDUS (n = 35)

Total (n = 97)

Potassium, mmol/I
Mean (SD)
Median (IQR)

Range

Available, n
Creatinine, mmol/I

Mean (SD)

Median (IQR)

Range
Available, n
Urea, mmol/I
Mean (SD)
Median (IQR)

Range

Available, n
Phosphate, mmol/I

Mean (SD)

Median (IQR)

Range

Available, n

4.74(0.80)

4.60
(4.10-5.40)

3.50-6.70
47

52.27 (21.01)

51.00
(39.50-62.00)

12.00-105.00
48

6.97 (6.14)

5.70
(3.40-8.45)

1.70-41.00
48

2.29 (0.64)

2.30
(1.78-2.73)

0.61-3.58
48

Actual bicarbonate, mmol/I

Mean (SD)
Median (IQR)

Range
Available, n

Base excess, mmol/I
Mean (SD)
Median (IQR)

Range

Available, n

21.88 (4.04)

22.15
(18.25-24.90)

13.20-30.20
48

-3.17 (5.71)

-3.50(-8.10 to
0.90)

-15.00 to 7.20
46

4.51(0.83)

4.30
(3.80-5.00)

3.60-6.00
12

171.54 (187.37)

94.00
(42.00-218.00)

17.00-623.00
13

13.75(11.54)

14.40
(5.40-18.60)

1.70-45.40
13

1.95(0.63)

1.80
(1.60-2.27)

0.80-3.00
13

21.37 (5.53)

20.40
(18.60-25.60)

12.70-33.00
13

-4.20(7.31)

-5.30(-7.40 to
0.80)

-18.00 to 10.30
13

3.70 (.)

50.00 (.)

3.20 ()

2.00 (.)

19.80 ()

-6.20 ()

4.88 (1.00)

4.80
(4.20-5.50)

3.30-8.30
35

106.00 (113.38)

74.00
(56.00-110.00)

9.00-678.00
35

12.54 (9.81)

9.50
(4.70-17.20)

2.20-36.80
35

2.43(0.68)

243
(2.13-2.93)

0.65-3.53
35

20.53 (4.79)

20.20
(17.50-24.00)

6.50-31.60
34

-4.95(6.73)

-4.55(-8.00 to
-1.45)

-26.70t0 9.10
32

4.75(0.89)

4.60
(4.10-5.20)

3.30-8.30
95

87.62 (104.28)

60.00
(42.00-87.00)

9.00-678.00
97

9.85(8.86)

7.20
(3.70-11.70)

1.70-45.40
97

2.29 (0.66)

2.36
(1.79-2.75)

0.61-3.58
97

21.31 (4.50)

21.40
(18.05-24.15)

6.50-33.00
96

-3.97 (6.27)

-4.25(-7.75 to
0.20)

-26.70 to 10.30
92

98
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TABLE 39 Pre-RRT laboratory data by modality (continued)

pH
Mean (SD)
Median (IQR)

Range

Available, n

Haemoglobin, g/|

Mean (SD)
Median (IQR)

Range
Available, n
Platelets, x107/I
Mean (SD)
Median (IQR)

Range

Available, n

PD (n = 48)

7.33(0.10)

7.33
(7.24-7.43)

7.06-7.51
48

133.94 (24.27)

133.00
(116.50-153.00)

78.00-194.00
48

216.79 (97.92)

221.50
(132.50-296.00)

50.00-422.00
48

Primary indication for starting RRT, n (%)

Fluid volume
control

Biochemical
control

Fluid and
biochemical
equally

25(52.08)

6(12.50)

17 (35.42)

CVVH (n = 13)

7.31(0.16)

7.34
(7.24-7.41)

7.02-7.52
13

95.15 (25.83)

93.00
(82.00-111.00)

56.00-140.00
13

146.38 (149.38)

82.00
(61.00-203.00)

34.00-582.00
13

6 (46.15)

2(15.38)

5(38.46)

Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 1

7.23 ()

139.00 (.)

164.00 ()

1(100.00)

NIDUS (n = 35)

7.28 (0.13)

7.29
(7.21-7.36)

6.86-7.54
35

114.46 (26.86)

120.00
(90.00-129.00)

65.00-184.00
35

146.53 (82.21)

124.00
(95.00-209.00)

20.00-337.00
34

17 (48.57)

9(25.71)

9(25.71)

Total (n = 97)

7.31(0.12)

7.32
(7.24-7.40)

6.86-7.54
97

121.76 (28.63)

123.00
(101.00-140.00)

56.00-194.00
97

181.82 (105.59)

163.50
(101.50-241.50)

20.00-582.00
96

49 (50.52)

17 (17.53)

31(31.96)

Baseline summaries of participants allocated to NIDUS, intended for inclusion in

primary analysis

The primary outcome was obtained for only 21 of the 35 participants allocated to NIDUS. One of the
21 participants with an outcome was a transition baby, so was not included in the primary analysis,

and three of the participants without a primary outcome were also transition babies and would not
have been included in the primary analysis. The baseline summaries and pre-RRT summaries of the
babies allocated to NIDUS that were included in the primary analysis (n = 20) and that would have been
included had values of X-A been obtained (n = 11) are shown in Tables 40 and 41.
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TABLE 40 Baseline characteristics of NIDUS participants with and without primary outcome (only non-transition babies

included in this table)

Age at screening, days
Mean (SD)
Median (IQR)
Range
Available, n
Sex, n (%)
Female
Male
Weight at RRT initiation, kg*
Mean (SD)
Median (IQR)
Range
Available, n
Type of weight measurement, n (%)
Actual weight

Estimated weight

Missing primary outcome (n = 11)

132.73(161.92)
77.00 (7.00-273.00)
1.00-443.00

11

2(18.18)
9(81.82)

5.01(1.65)

5.00 (3.50-6.29)
3.00-7.80

11

11 (100.00)
0

Gestational age at delivery (completed weeks)

Mean (SD)
Median (IQR)
Range
Available, n

Type of admission to unit, n (%)
Planned - following surgery
Unplanned - following surgery
Planned - other
Unplanned

Type of admission to unit, n (%)
ICU
PICU
NICU
None
Unknown

Source of admission, n (%)
Same hospital

Other hospital

36.73(3.58)

38.00 (36.00-38.00)
27.00-41.00

11

6 (54.55)

5(45.45)

2(18.18)
2(18.18)
7 (63.64)

7 (63.64)
4 (36.36)

With primary outcome (n = 20)

85.85(131.22)
12.50 (6.50-129.50)
1.00-367.00

20

6 (30.00)
14 (70.00)

4.07 (1.85)

3.60 (3.00-5.35)
1.00-7.40

20

20 (100.00)
0

35.75(3.95)

36.50 (32.50-39.00)
26.00-40.00

20

5(25.00)
1 (5.00)
3(15.00)
11 (55.00)

1(5.00)
1(5.00)

8 (40.00)
10 (50.00)
0

12 (60.00)
8 (40.00)

100
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TABLE 40 Baseline characteristics of NIDUS participants with and without primary outcome (only non-transition babies
included in this table) (continued)

Missing primary outcome (n = 11) With primary outcome (n = 20)

Elective admission, n (%)
No 5(45.45) 12 (60.00)
Yes 6 (54.55) 8 (40.00)

Main reason for PICU admission, n (%)

Other 5 (45.45) 13 (65.00)
Bronchiolitis 0 2 (10.00)
Recovery from surgery 5(45.45) 5(25.00)
Seizure disorder 1(9.09) 0

If admission was recovery from surgery, what was procedure?, n (%)

Bypass cardiac procedure 4 (80.00) 4 (80.00)
Non-bypass cardiac procedure 1(20.00) 0
Other procedure 0 1(20.00)

Is evidence available to assess past medical history?, n (%)
Yes 11 (100.00) 20 (100.00)
No 0 0

Systolic blood pressure, mmHg

Mean (SD) 81.82(21.61) 73.15(22.91)
Median (IQR) 73.00 (66.00-88.00) 64.50 (59.50-80.50)
Range 60.00-134.00 36.00-129.00
Available, n 11 20

Base excess source, n (%)

Arterial 10 (90.91) 10 (50.00)
Capillary 1(9.09) 5(25.00)
Venous 0 3(15.00)
Available, n 11 18

Lactate source, n (%)

Arterial 10 (90.91) 10 (50.00)
Capillary 1(9.09) 6 (30.00)
Venous 0 3(15.00)
Available, n 11 19

Mechanical ventilation, n (%)
Yes 10 (90.91) 18 (90.00)
No 1(9.09) 2(10.00)

continued
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TABLE 40 Baseline characteristics of NIDUS participants with and without primary outcome (only non-transition babies
included in this table) (continued)

Missing primary outcome (n = 11)

With primary outcome (n = 20)
Received CPAP within first hour, n (%)

Yes 1(9.09) 1 (5.00)

No 10 (90.91) 19 (95.00)

Pupil reaction, n (%)

Both fixed and dilate 1(9.09) 0
Other reaction 9(81.82) 18 (90.00)
Unknown 1(9.09) 2 (10.00)

PIMS3 score
Mean (SD) 0.15(0.28) 0.07 (0.08)
Median (IQR) 0.02 (0.01-0.13) 0.03 (0.02-0.08)
Range 0.01-0.97 0.01-0.27
Available, n 11 20

Logit of PIM3 score

Mean (SD) -2.68 (2.40) -3.21(1.19)

Median (IQR) -3.81(-4.26 to -1.88) -3.41(-4.08 to -2.43)
Range -4.69 to 3.54 -5.12t0 -0.98
Available, n 11 20

TABLE 41 Pre-RRT laboratory measurements in NIDUS participants with and without primary outcome (only non-
transition babies included in this table)

Missing primary outcome (n = 11)

With primary outcome (n = 20)

Sodium, mmol/I

Mean (SD) 143.64 (4.18) 140.30 (7.70)

Median (IQR) 144.00 (142.00-148.00) 138.50 (135.00-146.00)
Range 134.00-148.00 128.00-156.00
Available, n 11 20

Potassium, mmol/I

Mean (SD) 4.84 (0.86) 4.94 (1.16)
Median (IQR) 4.60 (4.30-4.90) 4.90 (4.00-5.65)
Range 4.10-7.00 3.30-8.30
Available, n 11 20

Creatinine, mmol/I
Mean (SD) 69.27 (21.39) 137.75 (142.14)
Median (IQR) 65.00 (52.00-89.00) 87.50 (72.00-163.50)
Range 44.00-110.00 9.00-678.00
Available, n 11 20
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TABLE 41 Pre-RRT laboratory measurements in NIDUS participants with and without primary outcome (only non-

transition babies included in this table) (continued)

Urea, mmol/I
Mean (SD)
Median (IQR)
Range
Available, n

Phosphate, mmol/I
Mean (SD)
Median (IQR)
Range
Available, n

Actual Bicarbonate, mmol/|
Mean (SD)
Median (IQR)
Range
Available, n

Base excess, mmol/I
Mean (SD)
Median (IQR)
Range
Available, n

pH
Mean (SD)
Median (IQR)
Range
Available, n

Haemoglobin, g/|
Mean (SD)
Median (IQR)
Range
Available, n

Platelets, x107/1
Mean (SD)
Median (IQR)
Range

Available, n

Primary indication for starting RRT, n (%)

Fluid volume control
Biochemical control

Fluid and biochemical equally

Missing primary outcome (n = 11)

9.32(5.75)

10.00 (4.30-12.80)
2.20-18.50

11

2.62(0.75)

2.74 (2.40-3.21)
1.26-3.53

11

18.99 (5.10)

19.30 (16.90-23.50)
6.50-24.90

11

-7.84 (8.04)

-6.65 (-12.00 to -3.70)
-26.70 to 2.80

10

7.25(0.16)
7.28(7.15-7.36)
6.86-7.43

11

123.45 (27.05)

125.00 (102.00-130.00)
87.00-184.00

11

124.30 (59.00)

117.50 (109.00-128.00)
20.00-227.00

10

5(45.45)
4(36.36)
2(18.18)

With primary outcome (n = 20)

15.78 (11.22)
13.25 (6.80-22.90)
3.60-36.80

20

2.38(0.57)
2.36(2.10-2.88)
1.26-3.47

20

20.48 (4.11)
20.20(17.65-23.65)
11.80-29.10

20

-4.61 (5.33)

-4.55 (-8.50 to -1.30)
-17.60to 5.70

18

7.27 (0.10)

7.29 (7.20-7.34)
7.00-7.40

20

104.15 (22.53)

105.00 (83.50-121.00)
65.00-148.00

20

143.25 (83.16)

126.50 (86.50-203.00)
25.00-296.00

20

9 (45.00)
5(25.00)
6 (30.00)
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The following tables show the baseline and pre-RRT values for those participants included in the
primary analysis.

TABLE 42 Baseline characteristics of participants included in the primary analysis

Intervention, included in

Control (n = 62) primary analysis (n = 20)

Age at screening, days

Mean (SD) 52.10(100.80) 85.85(131.22)
Median (IQR) 10.50 (7.00-38.00) 12.50 (6.50-129.50)
Range 1.00-477.00 1.00-367.00
Available, n 62 20
Sex, n (%)
Female 27 (43.55) 6 (30.00)
Male 35 (56.45) 14 (70.00)
Weight at RRT initiation, kg*
Mean (SD) 3.76 (1.59) 4.07 (1.85)
Median (IQR) 3.20 (2.90-3.90) 3.60 (3.00-5.35)
Range 1.80-10.10 1.00-7.40
Available, n 62 20

Type of weight measurement, n (%)
Actual weight 51 (82.26) 20 (100.00)
Estimated weight 11(17.74) 0

Gestational age at delivery (completed weeks)

Mean (SD) 37.93(2.25) 35.75(3.95)

Median (IQR) 38.00 (37.00-39.00) 36.50 (32.50-39.00)
Range 28.00-41.00 26.00-40.00
Available, n 61 20

Type of admission to unit, n (%)

Planned - following surgery 31 (50.00) 5(25.00)
Unplanned - following surgery 1(1.61) 1 (5.00)
Planned - other 2(3.23) 3(15.00)
Unplanned 28 (45.16) 11 (55.00)

Previous ICU admission, n (%)

ICU 0 1(5.00)
PICU 4 (6.45) 1(5.00)
NICU 29 (46.77) 8 (40.00)
None 26 (41.94) 10 (50.00)
Unknown 3(4.84) 0

Source of admission, n (%)
Same hospital 40 (64.52) 12 (60.00)
Other hospital 22(35.48) 8 (40.00)
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TABLE 42 Baseline characteristics of participants included in the primary analysis (continued)

Elective admission, n (%)

Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 1

Control (n = 62)

Intervention, included in
primary analysis (n = 20)

No 29 (46.77) 12 (60.00)
Yes 33(53.23) 8 (40.00)
Main reason for PICU admission, n (%)
Bronchiolitis 1(1.61) 13 (65.00)
Recovery from surgery 31 (50.00) 2 (10.00)
Seizure disorder 0 5(25.00)
Other 30 (48.39) 0
If admission was recovery from surgery, what was procedure, n (%)
Bypass cardiac procedure 30(96.77) 4 (80.00)
Non-bypass cardiac procedure 0 0
Other procedure 1(3.23) 1 (20.00)
Is evidence available to assess past medical history, n (%)
Yes 55 (88.71) 20 (100.00)
No 7(11.29) 0
Systolic blood pressure, mmHg
Mean (SD) 72.20 (19.45) 73.15(22.91)
Median (IQR) 68.00 (59.00-78.00) 64.50 (59.50-80.50)
Range 40.00-137.00 36.00-129.00
Available, n 59 20
Base excess source, n (%)
Arterial 44 (70.97) 10 (50.00)
Capillary 6(9.68) 5(25.00)
Venous 4 (6.45) 3(15.00)
Available, n 54 18
Lactate source, n (%)
Arterial 44 (70.97) 10 (50.00)
Capillary 7 (11.29) 6 (30.00)
Venous 4 (6.45) 3(15.00)
Available, n 55 19
Mechanical ventilation, n (%)
Yes 50 (80.65) 18 (90.00)
No 12 (19.35) 2 (10.00)
Received CPAP within first hour, n (%)
Yes 5(8.06) 1(5.00)
No 57 (91.94) 19 (95.00)
continued
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TABLE 42 Baseline characteristics of participants included in the primary analysis (continued)

Pupil reaction, n (%)

Both fixed and dilate

Other reaction
Unknown

PIMS3 score
Mean (SD)
Median (IQR)
Range
Available, n

Logit of PIM3 score
Mean (SD)
Median (IQR)
Range

Available, n

Control (n = 62)

0
56 (90.32)
6(9.68)

0.070 (0.100)

0.023 (0.013-0.065)
0.005-0.445

62

-3.36 (1.29)

-3.74 (-4.30 to -2.67)
-5.29 to -0.22

62

included in
primary analysis (n = 20)

18 (90.00)
2(10.00)

0.07 (0.08)

0.03 (0.02-0.08)
0.01-0.27

20

-3.21(1.19)
-3.41(-4.08 to -2.43)
-5.12t0 -0.98

20

TABLE 43 Pre-RRT laboratory measurements patient included in primary analysis

Sodium, mmol/I
Mean (SD)
Median (IQR)
Range
Available, n

Potassium, mmol/I
Mean (SD)
Median (IQR)
Range
Available, n

Creatinine, mmol/I
Mean (SD)
Median (IQR)
Range
Available, n

Urea, mmol/I
Mean (SD)
Median (IQR)

Control (n = 62)

145.42 (6.33)

146.00 (141.00-149.00)
130.00-157.00

62

4.67(0.81)

4.45 (4.00-5.20)
3.50-6.70

60

77.24 (98.21)

51.50 (40.00-68.00)
12.00-623.00

62

8.33(7.96)
6.15 (3.50-10.60)

Intervention, included in
primary analysis (n = 20)

140.30(7.70)

138.50 (135.00-146.00)
128.00-156.00

20

4.94 (1.16)

4.90 (4.00-5.65)
3.30-8.30

20

137.75 (142.14)
87.50 (72.00-163.50)
9.00-678.00

20

15.78 (11.22)
13.25 (6.80-22.90)
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TABLE 43 Pre-RRT laboratory measurements patient included in primary analysis (continued)

Range
Available, n
Phosphate, mmol/I
Mean (SD)
Median (IQR)
Range
Available, n
Actual bicarbonate, mmol/I
Mean (SD)
Median (IQR)
Range
Available, n
Base excess, mmol/I
Mean (SD)
Median (IQR)
Range
Available, n
pH
Mean (SD)
Median (IQR)
Range
Available, n
Haemoglobin, g/|
Mean (SD)
Median (IQR)
Range
Available, n
Platelets, x10%/I
Mean (SD)
Median (IQR)
Range

Available, n

Primary indication for starting RRT, n (%)

Fluid volume control

Biochemical control

Fluid and biochemical equally

Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 1

Control (n = 62)

1.70-45.40
62

2.21(0.64)
2.20(1.75-2.70)
0.61-3.58

62

21.74 (4.32)

21.50 (18.40-25.40)
12.70-33.00

62

-3.44 (6.01)
-4.25(-7.75 to0 0.85)
-18.00 to 10.30

60

7.33(0.12)
7.33(7.24-7.43)
7.02-7.52

62

124.08 (32.34)

124.50 (110.00-148.00)
13.00-194.00

62

201.18 (112.39)

207.50 (113.00-257.00)
34.00-582.00

62

32(51.61)
8(12.90)
22(35.48)

Intervention, included in
primary analysis (n = 20)

3.60-36.80
20

2.38(0.57)
2.36(2.10-2.88)
1.26-3.47

20

20.48 (4.11)

20.20 (17.65-23.65)
11.80-29.10

20

-4.61 (5.33)
-4.55(-8.50 to -1.30)
-17.60 to 5.70

18

7.27 (0.10)

7.29 (7.20-7.34)
7.00-7.40

20

104.15 (22.53)

105.00 (83.50-121.00)
65.00-148.00

20

143.25(83.16)

126.50 (86.50-203.00)
25.00-296.00

20

9 (45.00)
5(25.00)
6 (30.00)
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Appendix 4 Statistical details: analysis of the

primary outcome

Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 1

Supplementary statistical details for the analysis of the primary outcome

Preliminary analysis of primary outcome

The primary analysis assumes that X-A has zero mean, and the following shows the fit of a linear model

to X-A, with terms for centre, period treatment and duration.

TABLE 44 Stata output for linear model for X-A

Source SS df MS Number of obs = 82
F(10, 71) = 2.45
Model 5550.70734 10 555.070734 Prob > F = 0.0141
Residual 16073.007 71 226.38038 R-squared - 0.2567
Adj R-squared = 0.1520
Total 21623.7143 81 266.959436 Root MSE - 15.046
primaryoutcome Coef. Std. Err. t P>|t]| [95% Conf. Interval]
Arm
Intervention .530604 8.707793 0.06 0.952 -16.83224 17.89345
centre
Shampton 4.605906 8.523257 0.54 0.591 -12.38899 21.6008
Newcastle -8.990409 10.33919 -0.87 0.387 -29.60617 11.62535
GOSH 10.22443 6.81353 1.50 0.138 -3.361368 23.81022
Bristol -.5476322 6.925542 -0.08 0.937 -14.35677 13.26151
Evelina 5.488526  7.215896 0.76 0.449 -B.B99561 19.87661
period
2 15.22744  4.598134 3.31 o0.001 6.059021 24,39586
3 .6079229  5.812605 0.10 0.917 -10.98208 12.19793
4 6.187024  11.14713 0.56 0.581 -16.03972 28.41377
log_primaryoutcom~h -11.80065 13.61109 -0.87 0.389 -38.94038 15.33908
_cons 10.15103  22.64498 0.45 0.655 -35.00177 55.30383
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FIGURE 13 Normal plot of residuals for linear model of X-A.
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FIGURE 14 X-A by study period for n = 82 in primary analysis.

The plots of the residuals and other diagnostics above indicate that the models fit well and only the
term for period 2 is significant. The boxplots show a noticeable outlier in period 2. On the basis of this
analysis and observation in the main part of the report, it was decided to proceed with the primary
analysis as prescribed in the SAP.

Primary analysis
The following output shows the results of fitting the prescribed model to log|X-A|, with the following
diagnostic plots showing that the fit is satisfactory.
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TABLE 45 Stata output of primary analysis

. regress log_abs primaryoutcome i.Arm i.centre i.period c.log primaryoutcome
> h if inpo==1 & primaryoutcome_h>=1

Source 55 df MS Number of obs = 82

F(10, 71) - 3.26

Model 66.3521431 10 6.63521431 Prob > F - 0.0016

Residual 144,.355832 71 2.03318073 R-squared = 0.3149

Adj R-squared - 0.2184

Total 210.707975 81 2.60133302 Root MSE = 1.4259

log_abs_pr~e Coef. Std. Err. t P>|t] [95% Conf. Interval]
Arm

Intervent~n -1.998964 .8252332 -2.42 0.018 -3.644432 -.3534952
centre

Shampton .1112083 .B0T77448 0.14 0.891 =1.499389 1.721806

Newcastle -.307789 .9798399 -0.31 0.754 -2.261534 1.645956

GOSH .304617 6457149 0.47 0.639 -.9829019 1.592136

Bristol .3404833 .6563302 0.52 0.606 -.9682019 1.649169

Evelina .3824567 .6838469 0.56 0.578 -.9810952 1.746009
period

2 .4136363 4357629 0.95 D.346 -.4552502 1.282523

3 .4867484 .5508577 0.88 D.380 -.6116306 1.585127

4 .1562603 1.056408 0.15 0.883 -1.950157 2.262678

1og_pr.i.max:~h -2.185135 1.289916 -1.69 0.095 -4.757154 .3868838

_cons 5.18027 2.146053 2.41 0.018 .9011619 9.459379

Residuals

T T
0 2

Inverse normal

FIGURE 15 Normal plot of residuals for primary analysis.
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Appendix 5 Statistical details: other analyses

Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 1

Supplementary material on the analysis of the average log|X-A|

The full fit of the model is given below.

TABLE 46 Stata output for analysis of average log|X-A|

Source Ss df MS Number of obs - 81
F(10, 70) = 5.23
Model 58.7281883 10 5.87281883 Prob > F - 0.0000
Residual 78.6235138 70 1.12319305 R-squared = 0.4276
Adj R-squared = 0.3458
Total 137.351702 B0 1.71689628 Root MSE = 1.0598
log_abs_precision_av~j Coef. Std. Err. Tt P>|t]| [95% Conf. Interval]
Arm
Intervention -2.051987 .5869849 =-3.50 0.001 =-3.222691 -.8812824
centre
Shampton -.4148974 .5903033 -0.70 0.484 -1.59222 . 7624253
Newcastle 1.20711 . 7027695 1.72 0.0%0 -.1945191 2.60874
GOSH .0612757 .4526724 0.14 0.893 -.8415509 . 9641022
Bristol -.14445867 .4507435 -0.32 0.750 -1.043436 . 7545228
Evelina -.0B4044 .4738642 -0.18 0.860 -1.029136 .8610484
period
2 .2954892 .3232047 0.91 0.364 -.3491222 . 9401005
3 1.064637 .4181088 2.55 0.013 .2307452 1.898528
4 . 7984021 6644482 1.20 0.234 -.526798 2.123602
log_duration _h_avg_adj .4744923 .4971607 0.95 0.343 =.5170635 1.466048
_cons .1551712 .885426 0.85 0.397 -1.010755 2.521098

The diagnostic plots below indicate that the model provides a satisfactory fit.
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Residuals
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FIGURE 19 Normal plot of standardised residuals for analysis of average log|X-A|.
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FIGURE 20 Standardised residuals with kernel density curve by treatment arm for analysis of average log|X-A|.
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FIGURE 21 Boxplot of standardised residuals by treatment arm for analysis of average log|X-A|.
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FIGURE 22 Standardised residuals vs. fitted values plot for analysis of average log|X-A|.
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Supplementary material on the analysis of biochemical clearances

Creatinine

Generalized least squares fit by REML
Model: ymodel
pata: data
AIC BIC TogLik
103.4842 135.7411 -37.74209

variance function:
structure: Different standard deviations per stratum
Formula: ~1 | UFDM_Name
Parameter estimates:
NIDUS CVVH PD
1.0000000 4.6806468 0.3497725

Coefficients:

value std.Error  t-value p-value
(Intercept) 1.4280210 0.1714080 8.331124 0.0000
centreBristol -0.1417431 0.1343997 -1.054638 0.2950
centreevelina -0.1044259 0.1348083 -0.774625 0.4410
centreGOsH -0.0360546 0.1334754 -0.270121 0.7878
centreNewcastle -0,1150683 0.2014807 -0,571113 0.5697
centreShampton -0.0031705 0.1601794 -0.019793 0.9843

period2 0.1331161 0.0599409 2.220790 0.029%4
period3 0.1972342 0.0737305 2.675068 0.0092
periodd 0.2066041 0.2079016 0.993759 0.3236
UFDM_NameCVVH 3.0463088 0.6346182 4.800223 0.0000
UFDM_NamePD -1.1181809 0.1659748 -6.737054 0.0000
Correlation:
(Intr) cntrBr cntrEv cnGOSH cntriw cntrsh perid2 perid3 perid4 UFDM_NC
centregristol -0.251
centreevelina -0.288 0.905
centreGOSH -0.355 0.857 0.862

centreNewcastle -0.164 0.589 0.584 0.559
centreshampton -0.421 0.645 0.660 0.660 0.414

period2 -0.283 -0.226 -0.180 -0.104 -0.220 0.052

period3 -0.336 -0.255 -0.149 -0.039 -0.110 0.078 0.564

periodé4 -0.734 -0.097 -0.050 0.004 -0.094 0.139 0.299 0.335

UFDM_NameCVVH -0.207 -0.072 -0.063 -0.043 -0.040 -0.004 0.061 0.085 0.190
UFDM_NamePD -0.722 -0.416 -0.390 -0.313 -0.259 -0.116 0.220 0.284 0.718 0.243

standardized residuals:
Min Ql Med Q3 Max
-2.5065166 -0.6389095 -0.1126187 0.4560939 2.5162464

Residual standard error: 0.4734294
Degrees of freedom: 85 total; 74 residual

R output for GLS model of analysis of the first computable creatinine.
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FIGURE 23 Normal plot of standardised residuals for GLS model of first creatinine clearance.
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Urea

Generalized least squares fit by REML
Model: ymodel
pata: data
AIC BIC TogLik
148.1911 180.636 -60.09557

variance function:
Structure: Different standard deviations per stratum
Formula: ~1 | UFDM_Name
Parameter estimates:
NIDUS CVVH PD
1.0000000 4.9522970 0.5214805

Coefficients:
value std.error t-value p-value

(Intercept) 1.6167863 0.2014193 8.026969 0.0000
centreBristol -0.2505296 0.1747797 -1.433402 0.1559
centreevelina -0.2506140 0.1776458 -1.410751 0.1625
centreGOSH -0.1295302 0.1726243 -0.750359 0.4554
centreNewcastle -0.5930756 0.2801641 -2.116887 0.0376
centreshampton -0,2088772 0,1992341 -1,048401 0,2978
period2 0.1916714 0.0953458 2.010276 0.0480
period3 0.2174891 0.1146911 1.896302 0.0618
periodd 0.1829253 0.2314364 0.790391 0.4318
UFDM_NameCVVH 2.9255417 0.7114035 4.112352 0.0001
UFDM_NamePD -1.0691910 0.1910228 -5.597190 0.0000
Correlation:

(Intr) cntrBr cNtrEv cnGOSH cntriw cntrsh perid2 perid3 perid4 UFDM_NC
centredristol -0.209
centreevelina -0.266 0.864
centreGOsH -0.389 0.783 0.789
centreNewcastle -0.127 0.509 0,500 0,457
centreshampton -0.496 0.550 0,566 0.575 0.324

period2 -0.400 -0.237 -0.183 -0.049 -0.208 0.058

period3 -0.476 -0,282 -0.160 -0.017 -0.110 0,096 0,585

period4 -0.751 -0.170 -0.094 0.011 -0.136 0.180 0.414 0.476

UFDM_NameCvvH  -0.200 -0.092 -0.078 -0.042 -0.043 0,019 0.084 0.121 0.199
UFDM_NamePD -0.656 -0.495 -0.454 -0.310 -0.269 -0.028 0.288 0.394 0.725 0.242

standardized residuals:
Min Ql Med Q3 Max
-2.7873139 -0.6941485 -0.1368660 0.5344681 2.4067306

Residual standard error: 0.5012413
pegrees of freedom: 86 total; 75 residual

R output for GLS model of analysis of the first computable urea.
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Normal plot of standardised residuals for urea_first
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FIGURE 24 Normal plot of standardised residuals for GLS model of first urea clearance.
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Phosphate

Generalized least squares fit by REML
model: ymodel
Data: data
AIC BIC logLik
83.01711 114.8904 -27.50855

variance function:
structure: Different standard deviations per stratum
Formula: ~1 | UFDM_Name
parameter estimates:
NIDUS CVVH PD
1.0000000 6.5848065 0.4336575

coefficients:

value std.Error t-value p-value
(Intercept) 1.5131403 0.1344331 11.255715 0.0000
centregristol -0.2483247 0.1141993 -2.174486 0.0330
centreevelina -0,2446732 0.1149436 -2.128637 0.0367
centreGOsH -0.1213237 0.1128318 -1.075262 0.2858
centreNewcastle -0,2824106 0,1758645 -1.605842 0.1127

centreshampton =-0,2541800 0.1296340 -1,960752 0.0538
period2 0.1481084 0,0563024 2,630585 0.0104
period3 0.1675435 0.0703681 2.380959 0.0199
period4d 0.1286935 0.1587016 0.810915 0.4201
UFDM_NameCVVH 2.7495116 0.6810558 4.037131 0.0001
UFDM_NamePD -1.1275101 0.1279608 -8.811371 0.0000
Correlation:

(Intr) cntrBr cntrev cnGOSH cntriw cntrsh perid2 perid3 perid4 UFDM_NC
centresristol -0.236
centreevelina -0.296 0.880
centreGosH -0.389 0.817 0.823

centreNewcastle -0.155 0.556 0.548 0.510
centreshampton -0.484 0.602 0.618 0.622 0.377

period2 -0.348 -0.241 -0.188 -0.070 -0.221 0.048

period3 -0.423 -0.283 -0.140 -0.028 -0.115 0.077 0.567

periodd -0.719 -0.167 -0.094 -0.017 -0.136 0.135 0.367 0.424

UFDM_NameCvVvH  -0.145 -0.058 -0.048 -0.029 -0.029 0.016 0.053 0.078 0.139
UFDM_NamePD -0.675 -0.467 -0.422 -0.313 -0.273 -0.064 0.270 0.367 0.725 0.173

standardized residuals:
Min Ql Med Q3 Max
-2.3013111 -0.6128530 -0.1552324 0.6859499 2.6236312

Residual standard error: 0.3524594
pDegrees of freedom: 83 total; 72 residual

R output for GLS model of analysis of the first computable phosphate.
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FIGURE 25 Normal plot of standardised residuals for GLS model of first phosphate clearance.
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Appendix 6 Statistical details: subgroup
analyses

Further details of the model fitted to the primary outcome separating treatment into NIDUS, CVVH
and PD.

TABLE 47 Stata output of the general linear model for the subgroup analysis of the primary outcome

Source ss df MS Number of obs = 81
F(11, 69) = 3.23
Model 70.7140808 11  6.4285528 Prob > F - 0.0014
Residual 137.353314 69 1.99062774 R-squared = 0.3399
Adj R-squared = 0.2346
Total 208.067395 80 2.60084244 Root MSE = 1.4109
log_abs_primaryou~e Coef. Std. Err. t P> |t] [95% Conf. Interval]
npc
PD 1.999354  .8290915 2.41 e0.019 .3453614 3.653346
CVWH 2.188959 8782217 2.49 @0.015 .4369543 3.940963
centre
Shampton .1656488 .8021046 9.21 0.837 -1.434506 1.765804
Newcastle -1.359702 1.149656 -1.18 0.2491 -3.653202 .9337986
GOSH .3519173 .6484508 0.54 0.589 -.9417066 1.645541
Bristol .3406118 .656847 0.52 0.606 -.9697621 1.650986
Evelina .4235513 .6874794 9.62 0.540 -.9479326 1.795035
period
2 5701753 .4393085 1.30 0.199 -.3062211 1.446572
3 .6431527 .5552829 1.16 0.251 - .4646063 1.750912
4 .4153179 1.054382 9.39 0.695 -1.688117 2.518753
log_primaryoutcom~h -2.1153  1.277009  -1.66 ©.102  -4.662863  .4322619
_cons 2.878957 2.477273 1.16 0.249 -2.063068 7.820982

Further details of the analysis comparing X-A, between NIDUS and CVVH.
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TABLE 48 Stata output of general linear model (OLS) of X-A,

Source ss df Ms Number of obs = 33
F(1e, 22) = 4.19
Model 7242.48 1e 724.248 Prob > F = 0.0024
Residual 3801.29251 22 172.786023 R-squared = 0.6558
Adj R-squared = 0.4993
Total 11043.7725 32 345.117891 Root MSE = 13.145
firstxminusatwo Coef. Std. Err. t P> |t| [95% Conf. Interval]
cvvh_nidus
NIDUS -28.07855 11.69336 -2.40 0.025 -52.3291 -3.828005
centre
Shampton .2585748 9.213059 .03 0.978 -18.84814 19.36529
Newcastle .150962 14.33868 0.01 0.992 -29.58563 29.88755
GOSH 12.41948 7.442698 1.67 0.109 -3.015735 27.85469
Bristol -2.706259 8.145744 -0.33 0.743 -19.5995 14.18698
Evelina 5.2165 10.73685 0.49 0.632 -17.05036 27.48336
period
2 40.3214 8.723105 4.62 0.000 22.23079 58.41202
3 28.33725 12.38835 2.29 0.032 2.645391 54.02911
4 34.18867 15.68781 2.18 ©0.040 1.654135 66.72321
firstxminusatwo_h -1.877477 3.038324 -0.35 ©0.726 -7.378575 5.223622
_cons -2.093697 17.33309 -0.12 0.905 -38.04032 33.85293
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FIGURE 26 Normal plot of residuals for general linear model of X-A,.
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FIGURE 27 Standardised residuals vs. fitted plot by treatment arm for general linear model of X-A,.

The above model, with strong effects for the period and treatment effects suggested that it would be
unwise to analyse X-A, on the assumption that it had zero mean. Consequently, the final analysis fitted

a model to X-A, using the same model for the means just presented using generalised least squares and
assuming separate residual variances in for NIDUS and CVVH. The result of doing this using gls from the
nime library in R is below.
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TABLE 49 R output of GLS model of X-A,: intervention denotes NIDUS

Generalized Teast squares fit by REML

mModel: ymodel
Data: data
AIC BIC

varjance function:

TogLik
195.5949 209.7785 -84.79745

Structure: Different standard deviations per stratum

Formula: ~1 | Arm
Parameter estimates:

control Intervention

8383

value
.87703
.82299
93145
.37794
.03164
75769
18616
55675
67546
18370
77327

std
10.

3.
15.

.Error
636459 -
124584
191566

.671894
.211476
.010322
. 780975
.123595
. 565460
. 891369 -
.201320 -

t-value
. 3645040
.2235184
. 5220957
. 5157160
. 2449588
.4382907
. 8312517
.7093760
4824416
2.5877093
0.6436871

NMNNOOOOKO

p-value

0.7190
0.2341
0. 6068
0.6112
0.8088
0.6654
0.0097
0.0128
0.0212
0.0168
0.5264

(Intr) cntrBr CnNtrev cnGOSH cntrNw cntrsh perid2 perid3 perid4 ArmInt

1. 0000000 0.165
coefficients:
(Intercept) -3
centreBristol 3
centreevelina r &
centreGOSH 1
centreNewcastle s F
centreshampton 1.
period2 36.
period3 35.
periodd 33.
ArmIntervention -28.
firstxminusatwo_h -0.

correlation:

centreBristol 0.
centreevelina -0.
centreGOSH 0.
centreNewcastle 0.
centreShampton 0.
period2 -0.
period3 -0.
periodd -0.

ArmIntervention 0.
firstxminusatwo_h -0.

standardized residual
Min Ql

-1.4225326 -0.3281256 -0.1376531 0.1880522

Residual standard err

604 -0.
028 0.
574 -0.

s

.152
.453
.403
.581
.120
.150

296
252
703

Me

.095
. 067
.115
-0.240
-0.233
-0.253
0.490
-0.125

(=R =N

d

or: 22.19101
Degrees of freedom: 33 total; 22 residual

0.267

0.333 0.301

-0.054 -0.049 -0.064
-0.116 -0.063 -0.042
-0.158 -0.143 -0.165

0.144 0.105

-0.350 -0.328 -0.672

Q3

Max

2.9644958

0.969
0.961 0.970

0.126 -0.721 -0.736 -0.759

0.094 0.133 0.287 -0.221
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Appendix 7 Assessment of adverse events
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FIGURE 28 Assessment of AEs flow diagram: assessment of AEs.
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