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A pragmatic, open-label, randomized controlled trial of Plasma-
Lyte-148 versus standard intravenous fluids in children 
receiving kidney transplants (PLUTO).

Intervention

Population

Control

CONCLUSION 
Perioperative Plasma-Lyte-148 did not change the proportion of children who experienced 
acute hyponatremia compared to standard fluids. Fewer fluid prescription changes were 
made with Plasma-Lyte-148 and hyperchloremia and acidosis were less common.

Hayes WN, 2023

138 pediatric kidney transplant recipients
Median age 11 (IQR 6-14) years

Randomized 1:1

Peri-operatively: 
Standard fluids, including:

0.45% NaCl ± glucose
0.9% NaCl ± glucose

Human Albumin Solution
Others

Peri-operatively: 
Plasma-Lyte-148

Fewer changes with Plasma-Lyte-148
Rate ratio 0.52 (0.40-0.67), p<0.0001

Outcomes

No significant differences
for all other secondary outcomes

IV fluid changes Other secondary outcomes
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Abstract 

Acute electrolyte and acid-base imbalance is experienced by many children following kidney 

transplant. This is partly because doctors give very large volumes of artificial fluids to keep 

the new kidney working. When severe, fluid imbalance can lead to seizures, cerebral edema 

and death. In this pragmatic, open-label, randomized controlled trial, we randomly assigned 

(1:1) pediatric kidney transplant recipients to Plasma-Lyte-148 or standard of care 

perioperative intravenous fluids (predominantly 0.45% sodium chloride and 0.9% sodium 

chloride solutions). We then compared clinically significant electrolyte and acid-base 

abnormalities in the first 72 hours post-transplant. The primary outcome, acute hyponatremia, 

was experienced by 53% of 68 participants in the Plasma-Lyte-148 group and 58% of 69 

participants in the standard fluids group (odds ratio 0·77 (0·34 - 1·75)). Five of 16 secondary 

outcomes differed with Plasma-Lyte-148: hypernatremia was significantly more frequent 

(odds ratio 3·5 (1·1 – 10·8)), significantly fewer changes to fluid prescriptions were made 

(rate ratio 0·52 (0·40-0·67)), and significantly fewer participants experienced hyperchloremia 

(odds ratio 0·17 (0·07 – 0·40)), acidosis (odds ratio 0·09 (0·04 - 0·22)) and hypomagnesemia 

(odds ratio 0·21 (0·08 – 0·50)). No other secondary outcomes differed between groups. 

Serious adverse events were reported in 9% of participants randomized to Plasma-Lyte-148 

and 7% of participants randomized to standard fluids. Thus, perioperative Plasma-Lyte-148 

did not change the proportion of children who experienced acute hyponatremia compared to 

standard fluids. However fewer fluid prescription changes were made with Plasma-Lyte-148, 

while hyperchloremia and acidosis were less common. 
 
Key Words 
Pediatric nephrology, transplantation, hyponatremia 
 
Lay Summary 
 
In the first few days after a kidney transplant, children can develop harmful changes in the balance 
of salt, water, and acid in the bloodstream. This is because doctors give very large volumes of 
artificial fluids into the veins to keep the new kidney working. 
 
This research compared the standard fluids used after a transplant operation with an alternative 
called Plasma-Lyte. 
 
One hundred and thirty-eight children from nine hospitals took part.  Half of them were randomly 
allocated to have standard fluids, and half of them to have Plasma-Lyte during and after their 
transplant operation.   
 
The number of children who developed low levels of sodium (the main salt in the blood) was similar 
with standard fluids and Plasma-Lyte.  More children developed abnormal chloride and acid balance 
with standard fluids.  More changes to fluid prescriptions were made by doctors for children 
allocated to standard fluids.    
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Introduction 
Transplantation is the treatment of choice for children with kidney failure.1 Acute electrolyte and acid-
base imbalance is experienced by many pediatric recipients in the post-operative period.2  
Abnormalities include acute hyponatremia, hyperkalemia, hyperchloremia and metabolic acidosis; 
smaller recipients of deceased donor kidneys are most at risk.2  
 
Acute hyponatremia is associated with clinical complications including cerebral edema, seizures and 
death.3,4 Pre-pubertal children are at greater risk of complications from acute hyponatremia because 
of the relatively low ratio of cerebrospinal fluid and brain volume compared to older children and 
adults.5,6  Acute hyponatremia also contributes to symptoms such as nausea, vomiting and 
headaches.7,8 
 
In many other clinical circumstances, children receiving isotonic fluid rather than hypotonic fluid 
experience less hyponatremia.9-14  National guidance recommends isotonic fluid for children in general 
pediatric care.15 This guidance was not widely adopted in pediatric transplantation due to uncertainty 
about its applicability in this population, and intravenous fluids are changed regularly in response to 
results of frequent blood tests.  
 
Plasma-Lyte-148 is an isotonic, gluconate-acetate buffered intravenous fluid containing 140 mEq 
sodium, 5 mEq potassium, 3 mEq magnesium, 98 mEq chloride, 27 mEq acetate, and 23 mEq gluconate 
per liter.16  There is a physiological basis to expect that Plasma-Lyte would reduce the incidence of 
clinically significant electrolyte and acid-base abnormalities in children following kidney transplant 
compared to standard fluids.  In critically ill adults, use of Plasma-Lyte reduced the incidence of a 
composite outcome of death, new kidney replacement therapy or persistent kidney dysfunction 
compared to 0·9% sodium chloride, however a subsequent study showed no difference in death or 
acute kidney injury in this population.17,18  In noncritically ill adults, hospital free days did not differ 
with use of Plasma-Lyte compared to 0·9% sodium chloride.19 A randomized trial in children with sepsis 
comparing major adverse kidney events with use of balanced fluid versus 0·9% sodium chloride is 
currently underway.20 
 
The aim of the PLUTO trial was to determine whether the incidence of clinically significant plasma 
electrolyte and acid-base abnormalities in pediatric kidney transplant recipients differs with Plasma-
Lyte-148 compared to the existing standard of care intravenous fluids. 
 
 

Methods 

Study Design and Setting 

PLUTO was an investigator initiated, open-label, randomized controlled trial comparing Plasma-Lyte-
148 to current intravenous fluids in children receiving kidney transplants, conducted in 9 UK pediatric 
kidney transplant centers.  A national Research Ethics Committee approved the study (HRA reference 
19/LO/1866).  Recruitment started on June 8, 2020 and completed August 9, 2022.  The trial protocol 
was published previously.21 
 
Participants 
Patients under 18 years of age receiving a kidney-only transplant from either a living or deceased 
donor were eligible to participate.  Multi-organ transplants were excluded. The trial was discussed 
with patients and parents/guardians in advance of kidney transplant, and they gave informed written 
consent and assent as appropriate, which was confirmed on the day of transplant.  Baseline 
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demographic data were obtained directly from the UK Transplant Registry, held by NHS Blood and 
Transplant (NHSBT). 
 
Randomization 
Participants were randomized 1:1 to the intervention or control groups on the day of transplant using 
an online system. Randomization was stratified by transplant center and patient weight (<20kg vs 
≥20kg), and further balanced within blocks of varying, undisclosed sizes. The randomization list was 
produced by the trial statistician using SAS statistical software. 
 
Procedures 
Participants randomized to the intervention group received either Plasma-Lyte-148 or Plasma-Lyte-
148 & Glucose 5%, which could be administered interchangeably at the discretion of the clinical team, 
both intraoperatively and postoperatively. Participants randomized to the control group received 
standard intravenous fluids used at the site. Standard IV fluid practice varied between sites and 
included 0.45% and 0.9% sodium chloride solutions, Hartmanns, Human Albumin and colloid solutions. 
All sites changed the composition of IV fluid in response to regular blood test monitoring. Neither 
Plasma-Lyte-148 nor Plasma-Lyte-148 & Glucose 5% could be administered in the control group. The 
volume and rate of infusion of intravenous fluid, and the time to change from intravenous to enteral 
fluid, were decided by the treating clinician.   
 
With the exception of intravenous fluid composition, all participants received standard clinical 
transplant care.  
 
Participants were assessed daily in hospital for the first 72 hours post-transplant, at hospital discharge, 
and at their 3-month clinic follow-up visit.  Clinical data and adverse events were captured using a 
secure web-based electronic case report form in the trial database (MACRO).  Laboratory results for 
72 hours following the start of the transplant operation were downloaded directly from the laboratory 
information management systems at each site, then uploaded to a secure web-based platform.  Three 
month follow up data were obtained directly from the UK Transplant Registry. Data quality was 
assured by regular independent central and on-site monitoring. 

Outcomes 

The primary outcome measure was acute hyponatremia within the first 72 hours post-transplant, 
defined as any laboratory plasma sodium concentration <135mmol/L.  
 
Secondary outcomes included hypernatremia (defined as plasma sodium concentration >145mmol/l), 
hyperkalemia (plasma potassium >5·5mmol/L), hypokalemia (plasma potassium <3·5mmol/L), non-
anion-gap acidosis (plasma bicarbonate <20mmol/L and anion gap <20mmol/L), hyperglycemia 
(random blood glucose >5·5 mmol/L), hypomagnesemia (plasma magnesium <0·7mmol/L), 
hyperchloremia (plasma chloride >107mmol/L), excessive rate of reduction in plasma sodium 
concentration (defined as >1mmol/L/hour averaged over 6 hours), excessive magnitude of reduction 
in plasma sodium concentration (defined as >10mmol/L from pre-transplant level), symptoms of 
hyponatremia, maximum and minimum systolic blood pressure, degree of fluid overload (defined as 
maximal proportional increase in weight from pre-transplant weight), time to discharge from hospital, 
transplant kidney function (estimated glomerular filtration rate at 1, 3 and 7 days) and the number of 
changes in intravenous fluid (defined by changes to the type of fluid prescribed and administered) 
within the first 72 hours post-transplant. 
 
Safety reporting included notification of Serious Adverse Events (SAEs) to NHS Blood and Transplant 
Clinical Trials Unit within 24 hours. We used the Common Terminology Criteria of Adverse Events 
classification. A list of pre-defined SAEs unrelated to fluid composition were excluded from reporting 
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including surgical, infective, immunological and medication related complications.21  Serious adverse 
events were monitored regularly by the independent data monitoring committee to ensure ongoing 
safety of trial participants. 
 
Statistical Analysis 
On the basis of published cohort data and a Cochrane meta-analysis, we assumed a 59% incidence of 
hyponatremia in the standard fluid group with a reduction to 29·5% with Plasma-Lyte-148 fluid.2,9  The 
sample size required to detect this difference with 90% power using a two-sided test, 5% type I error 
and 1:1 allocation allowing for two formal interim analyses for harm or benefit was 128 participants.  
Allowing for 10% attrition, the total number of participants required was 144. The sample size was 
based on an unadjusted log odds ratio test (with interim analyses as described above).  
 
For all analyses, participants were analyzed according to their allocated arm. Analysis for all efficacy 
outcomes was performed in a modified intention to treat cohort which included all randomized 
participants who received a transplant (excluding those who were not transplanted and therefore had 
no outcome data). An additional per protocol analysis was performed of the primary outcome, which 
also excluded those withdrawn, randomized in error or who had a protocol deviation. Safety analyses 
included all randomized, transplanted participants. 
 
The proportion of participants who experienced hyponatremia was analyzed using a logistic regression 
model adjusting for donor type (living vs deceased donor), participant weight (<20kg vs ≥20kg pre-
transplant) and transplant center as a random effect.  A pre-specified subgroup analysis of the primary 
outcome split the standard fluids group into participants who received >50% versus ≤50% 0·9% sodium 
chloride fluid by total volume. Two pre-specified sensitivity analyses of the primary outcome were 
performed: an unadjusted analysis, and acute hyponatremia as identified in plasma or blood gas, 
rather than plasma alone. 
 
Secondary outcomes which assessed the incidence of other electrolyte and acid-base disturbance 
were analyzed using the same model as the primary outcome, though adjustment factors differed 
based on model convergence, following a pre-defined approach. Adjusted normal linear regression 
models were used to assess differences in the continuous secondary outcomes, adjusting for repeated 
measures (by additionally incorporating a participant random effect within sites) where appropriate; 
an adjusted negative binomial model was used to compare number of changes in the intravenous fluid 
composition and an adjusted Cox proportional hazards model was used to assess differences in time 
to discharge.  
 
An independent Data Monitoring Committee oversaw the safety data and interim analyses. To 
preserve the overall 5% Type I error rate for the trial and allow early stopping of the trial in the case 
of strong evidence for harm or benefit, the trial used a group sequential design with O’Brien Fleming 
boundaries, resulting in a significance level of P < 0.0422 at the final analysis. Two formal interim 
analyses were conducted after 70 and 100 randomizations, after allowing time for primary outcome 
data to be obtained. The stopping boundaries were used as a guideline alongside other safety data 
available to the committee and used as part of their overall assessment of the trial.  
 
The statistical analysis plan was finalized before data were made available and results were analyzed. 
Statistical analyses were performed using SAS version 9·4M5. For all analyses, P < 0.05 was considered 
statistically significant. No adjustments were made to account for multiple testing, so results for 
secondary outcome analyses should be considered hypothesis generating only. The trial is registered 
with the ISCTRN registry (ISRCTN: 16586164), the European Union Clinical Trials Register (EudraCT: 
2019-003025-22) and the Cochrane Central Register of Controlled Trials (CN-02070104). 
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Results 
Between June 8, 2020 and August 9, 2022, 238 children were assessed for trial eligibility (Figure 1).  
One hundred and forty-eight consented and 144 were randomized (72 (50%) to the Plasma-Lyte-148 
group and 72 (50%) to the standard fluids group, Figure 1). One hundred and thirty-eight proceeded 
to transplant in the study period and were included in the modified intention to treat cohort, of 
whom one participant did not have sufficient blood test data for inclusion in the primary analysis. 
Baseline participant and transplant characteristics are summarized in Tables 1 and 2 respectively. 
The volumes and types of intravenous fluids received are summarized in Table 3; participants in the 
standard fluids group received predominantly 0.45% sodium chloride and 0.9% sodium chloride 
solutions.  Medication and blood products received are summarized in Supplementary Table S1. 
 
In the primary modified intention to treat analysis, 36/68 (53%) participants in the Plasma-Lyte 
group and 40/69 (58%) participants in the standard fluids group experienced acute hyponatremia 
(OR 0·77 (0·34 - 1·75); P = 0·53, Table 4, Figure 2). Similarly, per-protocol analysis of the primary 
outcome showed no difference in acute hyponatremia; 31/52 (60%) in the Plasma-Lyte group vs 
38/62 (61%) in the standard fluid group (OR 0·80 (0·32 - 2·01), P = 0·63, Table 4).  A sub-group 
analysis that divided participants randomized to standard fluids into groups who received >50% vs 
≤50% 0·9% sodium chloride, and sensitivity analyses that included all blood gas sodium results and 
an unadjusted analysis, confirmed no significant difference in acute hyponatremia between 
participants randomized to Plasma-Lyte-148 versus standard fluids (Supplementary Tables S2, S3). 
Symptoms of hyponatremia, time to hyponatremia, duration of hyponatremia and magnitude and 
rate of change of plasma sodium concentration were similar between groups (Supplementary 
Tables S4, S5). The distribution of lowest plasma sodium concentration per participant per day is 
illustrated in Figure 3. 
 
The proportion of participants who experienced non-anion gap acidosis was significantly lower in the 
Plasma-Lyte group: 12/63 (19%) participants in the Plasma-Lyte group vs 44/64 (69%) participants in 
the standard fluid group (OR 0·09 (0·04 - 0·22), P < 0·0001, Table 5, Figure 2). Fewer participants in 
the Plasma-Lyte group developed hyperchloremia (36/68 (53%)) than the standard fluid group 
(59/69 (86%)) (OR 0·17 (0·07 – 0·40), P < 0·0001, Table 5, Figure 2).   
 
Hypomagnesemia was less frequent in the Plasma-Lyte than standard fluid group (10/67 (15%) vs 
31/69 (45%) participants; OR 0·21(0·08 – 0·50) P = 0·0001, Table 5, Figure 2). Hypernatremia was 
more frequent with Plasma-Lyte, 17/68 (25%) compared to 8/69 (12%) in the standard fluid group 
(OR 3·5 (1·1 – 10·8) P = 0·022, Table 5, Figure 2). There were no differences between groups for 
hyperkalemia, hypokalemia, excessive rate and excessive magnitude of reduction in plasma sodium 
concentration (Table 5, Figures 2 and 3). When blood gas results were considered as a pre-specified 
sensitivity, differences observed between the two treatment groups were comparable to those seen 
in plasma alone (Supplementary Table S6). 
 
The mean number of changes of fluid composition was 2·6 in the Plasma-Lyte group and 4·6 in the 
standard fluid group. When adjusted for donor type, pre-transplant weight, site, and hours at risk of 
event, there was a significant difference in the number of changes between the two treatment 
groups, with a rate ratio of 0·52 (95% CI: 0·40-0·67, P < 0·0001). 
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The median length of stay was 11 days in both treatment groups. No significant difference in the 
hazards of discharge between Plasma-Lyte and standard care groups was found (HR 1·32 95% CI: 
(0·93-1·86), P = 0·12, Supplementary Table S7).  The mean degree of fluid overload was 7.8 (SD 
7.8)% in the standard fluids group, and 7.7 (SD 7.4)% with Plasma-Lyte-148 (Supplementary Table 
S8). 
 
Transplant function measured by estimated glomerular filtration rate on days 1, 3 and 7 post-
transplant was similar between groups (Supplementary Table S9, Mean Ratio: 1·11 95% CI: (0·90-
1·36), P = 0·34). Maximum and minimum systolic blood pressure percentiles were also similar 
between groups (Supplementary Table S10). Hyperglycemia was not assessed due to a high rate of 
data missingness (30%). 
 
A total of 13 serious adverse events were reported in 6 (9%) of 69 participants randomized to 
Plasma-Lyte and 5 (7%) of 69 randomized to standard fluids (Supplementary Table S11).  Pre-
specified safety outcomes of acute severe hyponatremia (reduction of >10mmol/L from pre-
transplant level or rate of reduction >1mmol/L/hour averaged over 6 hours on laboratory or blood 
gas samples) or severe hyperkalemia (> 6·5mmol/l on laboratory or blood gas samples) were 
identified in 15 (22%) participants in the Plasma-Lyte group and 24 (35%) in the standard care group. 
Three kidney transplants failed in the first 90 days in the standard fluids group, and none in the 
Plasma-Lyte group. One participant in the Plasma-Lyte group died from an unrelated surgical 
complication.  
 
 

Discussion 

The present trial shows that for children receiving kidney transplants, perioperative administration 
of Plasma-Lyte-148 fluid did not reduce the incidence of hyponatremia compared to standard fluids. 
Standard fluids were changed more frequently than PlasmaLyte-148, and had higher rates of 
metabolic acidosis, hyperchloremia and hypomagnesemia. 
 
The equivalence of hyponatremia with use of both isotonic and predominantly hypotonic standard 
fluids in children receiving kidney transplants contrasts existing data from other clinical settings.9-13  
This may relate to unique aspects of pediatric kidney transplant practice. The volume of fluids 
administered to participants exceeded three times usual maintenance amounts. Compounding this, 
the post-operative antidiuretic response limits water excretion. Clinically significant fluid overload was 
observed in most participants, with a mean increase in weight of 7.7% after transplant. Water 
overload may therefore underlie the markedly higher incidence of hyponatremia in the present study 
compared to the general pediatric population, and the lack of a difference with isotonic fluid. It is also 
possible that the trial lacked sufficient power to detect a difference in hyponatremia.  The sample size 
was based on a systematic review comparing 0.9% sodium chloride to hypotonic fluid, and did not 
include studies conducted in pediatric transplant recipients.9 The tonicity of Plasma-Lyte-148 is lower 
than 0.9% sodium chloride, and the control group in our study received a combination of fluids. These 
factors may have diluted a difference in hyponatremia.  Nevertheless, this trial does reduce 
uncertainty about the effect size with the first randomized data in this population.  
 
Hypernatremia was more frequent with Plasma-Lyte-148 than standard fluids in the present study, 
consistent with data in children with acute illness.22 The clinical relevance of this is unknown; no 
related adverse events were reported. 
 
The type of intravenous fluid administered was changed a mean of 4·6 times in 72 hours in the 
standard fluid group, and 2·6 times in the Plasma-Lyte group. Very frequent blood tests and changes 
to fluids consumes significant healthcare resource. The present trial did not include a health economic 
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analysis, however the potential cost benefit of reducing fluid changes and blood tests with use of 
Plasma-Lyte-148 could be evaluated in future research. 
 
The present trial found less hyperchloremia and less metabolic acidosis with Plasma-Lyte-148 than 
standard fluids. This finding is consistent with a systematic review and subsequent randomized trial 
in adult kidney transplant recipients, and a randomized trial in children on intensive care.23-25 A 
recent randomized trial in deceased donor kidney transplant recipients found that Plasma-Lyte-148 
reduced the incidence of delayed graft function compared with 0.9% sodium chloride; our study did 
not assess this outcome in children.26 We observed no difference in transplant kidney function, graft 
or patient survival between the Plasma-Lyte-148 and standard fluid groups, although the study was 
not powered for these outcomes. This concurs with findings from a recent clinical trial in critically ill 
adult patients that compared acute kidney injury and patient survival with Plasma-Lyte-148 to 0·9% 
sodium chloride fluid, and contrasts with previous data suggesting a benefit to kidney and survival 
outcomes from balanced fluid.17,18 
 
A perceived risk of hyperkalemia from the potassium content of Plasma-Lyte concerned some 
pediatric nephrologists, however the incidence of hyperkalemia was no greater with Plasma-Lyte-
148 than predominantly potassium-free standard fluids in the present trial.  This is consistent with 
data in adult kidney transplant recipients.23,24,27 Previous concerns about an increased risk of 
hyperkalemia with use of Plasma-Lyte-148 appear not to be justified. 
 
Hypomagnesemia is an independent risk factor for new onset diabetes after transplant in adult 
kidney recipients, however the association in children has not been established.28,29  In the present 
study, fewer participants experienced hypomagnesemia with Plasma-Lyte-148 than standard fluids.  
Insufficient blood glucose data were available to examine the secondary outcome of post-transplant 
hyperglycemia in the present trial; the possibility of a benefit from Plasma-Lyte-148 on post-
transplant diabetes mellitus could be evaluated in future research.  
 
Our study had a number of strengths: it recruited a high proportion of eligible children from the 
majority of UK children’s kidney transplant centers. Of the 179 pediatric kidney transplants 
performed during the period each site was open, 138 (77%) were randomized in the trial with a 
diverse range of heritage backgrounds.  We used a pragmatic approach with intervention and 
comparator treatments that reflect care as it is delivered in real-world clinical practice. Limitations 
included the open label design; blinding was not considered feasible which may have impacted the 
treatment effect. Plasma sodium levels were a focus of clinicians’ postoperative management, as 
reflected by multiple changes to the type of intravenous fluids used in the standard fluids group.  
Furthermore, standardization of fluids administered in the control group was not feasible due to 
variation in the fluid regimens used between different clinicians and sites, and the established 
practice of changing fluid in response to frequent blood test monitoring. Postoperative urine output 
data were not collected. Per protocol and subgroup analyses to account for different types of fluid 
used in both the intervention and control groups confirmed the primary results, although the study 
was not powered for these analyses.  
 
The primary result of our study was unexpected because it contrasts with evidence in other 
populations. Post-operative hyponatremia is common in children receiving transplants, and the lack 
of improvement with balanced isotonic fluid warrants further evaluation; whether lower volumes of 
intravenous fluid would reduce the incidence of hyponatremia in this population is unknown. 
 
In conclusion, Plasma-Lyte-148 fluid did not change the incidence of acute hyponatremia in children 
receiving kidney transplants compared to standard intravenous fluids. Fewer fluid prescription 
changes were made with Plasma-Lyte-148 and hyperchloremia and acidosis were less common.  
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Figure Titles and Legends 
 
Figure 1: Trial Profile 
 
Figure 2: Primary and Secondary Electrolyte Outcomes - Tornado and forest plot illustrating the 
number and proportion of participants that experienced the outcome alongside the adjusted odds 
ratio and 95% confidence interval 
 
Figure 3: Other outcomes: Lowest plasma sodium per participant per day, highest plasma chloride 
per participant per day, and highest plasma potassium per participant per day, for the first 72 hours 
post-transplant 
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Table 1 Baseline characteristics 
  Data are n (%) for categorical variables and median (IQR) for continuous  
  variables 

 Randomized Treatment  

Participant characteristic Standard care  
(n=69) 

Plasma-Lyte-148  
(n=69) 

Total  
(n=138) 

Age (years) 11 (6 - 14) 10 (6 - 15) 11 (6 - 14) 

Male 39 (57) 37 (54) 76 (55) 

Ethnic origin    

Asian 10 (14) 9 (14) 19 (14) 

Black 5 (7) 7 (11) 12 (9) 

Mixed 1 (1) 2 (3) 3 (2) 

White 47 (68) 38 (58) 85 (63) 

Other 2 (3) 4 (6) 6 (4) 

Unknown 4 (6) 6 (9) 10 (7) 

Cause of end stage kidney disease    

Tubulointerstitial disease 
(CAKUT/non-CAKUT) 

29 (42) 29 (42) 58 (42) 

Glomerular disease 4 (6) 8 (12) 12 (9) 

Hereditary nephropathies 6 (9) 6 (9) 12 (9) 

Systemic diseases 2 (3) 6 (9) 8 (6) 

Other 28 (41) 20 (29) 48 (35) 

Native urine output (ml/kg/24 hours) 16 (0 - 43) 5 (0 - 29) 10 (0 - 37) 

Dialysis type    

Hemodialysis 24 (35) 27 (39) 51 (37) 

Peritoneal dialysis 25 (36) 30 (43) 55 (40) 

Pre-emptive 20 (29) 12 (17) 32 (23) 

Weight (kg) 33 (18 - 48) 32 (17 - 48) 32 (17 - 48) 

Height (cm) 140 (106 - 155) 135 (108 - 156) 139 (106 - 155) 

BMI (kg/m2) 17 (16 - 20) 17 (15 - 19) 17 (15 - 19) 

Systolic blood pressurea 119 (108 - 128) 120 (110 - 131) 120 (109 - 130) 

Blood group    

O 28 (41) 29 (43) 57 (42) 

A 29 (42) 19 (28) 48 (35) 

B 6 (9) 17 (25) 23 (17) 

AB 6 (9) 3 (4) 9 (7) 

Recipient waiting time in days (if 
deceased donor transplant) 

671 (346 - 1011) 680 (329 - 1230) 671 (333 - 1084) 

cRF (%)b 0 (0 - 47) 0 (0 - 3) 0 (0 - 33) 

Graft number    

First 61 (88) 65 (96) 126 (92) 

Second 8 (12) 3 (4) 11 (8) 
aMaximum of three measurements at baseline for each participant. 
bCalculated Reaction Frequency 
Summary of missing data: Ethnicity is missing for 3 participants; Native urine output is missing for 
12 participants; Height and BMI are missing for 4 participants; Systolic blood pressure, blood group, 
cRF, and graft number are missing for 1 participant; Age, sex, cause of end stage kidney disease, 
dialysis type, weight, and waiting time are missing for no participants.  
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Table 2              Transplant characteristics 
  Data are n (%) for categorical variables and median (IQR) for continuous  
  variables 

 Randomized Treatment  

 Standard care  
(n=69) 

Plasma-Lyte-148  
(n=69) 

Total  
(n=138) 

Cold ischemia time (hours)a    

Deceased donor 11 (9 - 13) 12 (11 - 15) 11 (9 - 14) 

Living donor 4 (3 - 5) 4 (3 - 5) 4 (3 - 5) 

HLA mismatch (at A, B, DR locus)    

000 6 (9) 6 (10) 12 (10) 

[0 DR and 0/1 B] 29 (45) 21 (35) 50 (40) 

[0 DR and 2 B] or [1 DR and 0/1 B] 26 (41) 32 (53) 58 (47) 

[1 DR and 2 B] or [2 DR] 3 (5) 1 (2) 4 (3) 

Graft placement    

Intra-abdominal 16 (23) 8 (12) 24 (17) 

Extraperitoneal 53 (77) 61 (88) 114 (83) 

Destination of transfer from operation 
theatre 

   

PICU 32 (46) 37 (54) 69 (50) 

Ward 37 (54) 32 (46) 69 (50) 

Donor characteristics    

Donor type    

DBD 25 (36) 20 (29) 45 (33) 

DCD 4 (6) 6 (9) 10 (7) 

Living 40 (58) 42 (62) 82 (60) 

Donor age (years) 38 (32 - 47) 38 (30 - 42) 38 (31 - 43) 

Donor ethnicity    

Asian 5 (7) 11 (16) 16 (12) 

Black 3 (4) 2 (3) 5 (4) 

Mixed 0 (0) 0 (0) 0 (0) 

White 55 (82) 50 (75) 105 (78) 

Other 4 (6) 4 (6) 8 (6) 

Unknown 0 (0) 0 (0) 0 (0) 

Donor BMI 24 (21 - 28) 27 (23 - 30) 26 (22 - 29) 

Blood group match    

Identical 54 (78) 55 (81) 109 (80) 

Compatible 14 (20) 9 (13) 23 (17) 

Incompatible 1 (1) 4 (6) 5 (4) 
aElapsed time from start of perfusion to time kidney perfused with recipient’s blood 
Summary of missing data: Cold ischemia time is missing for 7 participants; HLA mismatch is 
missing for 14 participants; Donor BMI is missing for 15 participants; Donor type, donor age, and 
blood group match is missing for 1 participant; Donor ethnicity is missing for 4 participants; Graft 
placement and destination of transfer from operation theatre is missing for no participants. 
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Table 3 Volume of intravenous fluids received 

 Randomized Treatment  

 Standard care  
(n=69) 

Plasma-Lyte-148  
(n=69) 

Total  
(n=138) 

Summary of IV fluid volume received    

N (%) participants who received at least one 
IV fluid 

69 (100) 69 (100) 138 (100) 

Median (IQR) intravenous fluid volume (ml/kg 
body weight) per participant per occasion 

19 (9 - 52) 23 (10 - 63) 20 (9 - 58) 

Total intravenous fluid volume received per participant (ml/kg body weight) by time period, Median 
(IQR) 

Intraoperatively 73 (50 - 98) 77 (55 - 104) 74 (53 - 101) 

Day 1 132 (99 - 221) 149 (91 - 215) 137 (94 - 219) 

Day 2 54 (15 - 104) 51 (25 - 86) 52 (17 - 92) 

Day 3 18 (7 - 46) 20 (13 - 38) 19 (11 - 40) 

All (intraoperatively to 72 hours post-
transplant) 

284 (195 - 371) 267 (201 - 385) 273 (195 - 385) 

Total intravenous fluid volume per participant (ml/kg body weight) by fluid type, N Median (IQR) 

Plasma-Lyte-148 N 5 68 73 

Median (IQR) 43 (9 - 55) 248 (180 - 342) 242 (168 - 318) 

Plasma-Lyte-148 & 5% 
glucose 

N 0 38 38 

Median (IQR)  32 (12 - 51) 32 (12 - 51) 

0·9% sodium chloride N 59 7 66 

Median (IQR) 87 (41 - 172) 30 (7 - 36) 83 (33 - 164) 

0·9% sodium chloride 

with 5% glucose 

N 11 0 11 

Median (IQR) 22 (10 - 58)  22 (10 - 58) 

0·45% sodium chloride N 40 1 41 

Median (IQR) 57 (22 - 178) 63 (63 - 63) 61 (23 - 169) 

0·45% sodium chloride 

with 2·5% glucose 

N 41 1 42 

Median (IQR) 71 (19 - 140) 92 (92 - 92) 78 (19 - 140) 

0·45% sodium chloride 

with 5% glucose 

N 19 0 19 

Median (IQR) 26 (17 - 55)  26 (17 - 55) 

10% glucose N 10 4 14 

Median (IQR) 11 (2 - 32) 6 (5 - 9) 7 (4 - 15) 

4·5% Human Albumin 

solution 

N 7 1 8 

Median (IQR) 30 (15 - 52) 17 (17 - 17) 24 (16 - 47) 

5% Human Albumin 
Solution 

N 3 3 6 

Median (IQR) 20 (11 - 39) 5 (5 - 8) 9 (5 - 20) 

Hartmann's (Ringer 
lactate) solution 

N 38 3 41 

Median (IQR) 63 (44 - 93) 90 (18 - 192) 64 (44 - 93) 

Geloplasma N 0 0 0 

Median (IQR)    

Other N 10 2 12 

Median (IQR) 9 (4 - 13) 7 (4 - 9) 9 (4 - 13) 

N is calculated only for those with fluid volumes reported. Instances where fluids were reported without 
corresponding volumes were excluded. 
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Table 4  Primary outcome - acute hyponatremia 

 Randomized Treatment  

 Standard care  
(n=69) 

Plasma-Lyte-148  
(n=68) 

Total  
(n=137) 

Modified intention-to-treat    

N/Total N (%) 40/69 (58) 36/68 (53) 76/137 (55) 

OR (95% CI)a  0·77 (0·34 - 1·75)  

p-valueb  0·5274  

Unadjusted risk difference (95% 
CI) 

 -5% (-22%, 12%)  

Median (IQR) number of eventsc 1·0 (1·0 - 2·0) 1·0 (1·0 - 2·0) 1·0 (1·0 - 2·0) 

    

Per-protocold    

N/Total N (%) 38/62 (61) 31/52 (60) 69/114 (61) 

OR (95% CI)a  0·80 (0·32 - 2·01)  

p-valueb  0·6287  

Median (IQR) number of eventsc 1·0 (1·0 - 2·0) 1·0 (1·0 - 2·0) 1·0 (1·0 – 2·0) 

aMixed logistic regression model adjusted for site, participant weight pre transplant and donor type. 
bp-value from the likelihood ratio test when including and excluding the treatment term from the 
model. 
cPer participant with at least one event 
dPer-protocol analysis excluded those withdrawn (n=1), randomized in error (n=0), and who had a 
protocol deviation (n=24, of which 23 were fluid deviations). Participants may fall into more than one 
of the exclusion criteria. 
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Table 5    Secondary outcomes – other electrolyte and acid-base abnormalities 

 Randomized Treatment  

 Standard care 
 (n=69) 

Plasma-Lyte-148  
(n=69) 

Total 
 (n=138) 

Other electrolyte abnormalities within the first 72 hours post transplantation 

Hypernatremia    

N/Total N of participants (%) 8/69 (12) 17/68 (25) 25/137 (18) 

OR (95% CI)a  3·47 (1·12 - 10·74)  

p-valuef  0·0223  

Median (IQR) number of eventsi 1·0 (1·0 - 2·0) 1·0 (1·0 - 2·0) 1·0 (1·0 - 2·0) 

Hyperkalemia    

N/Total N of participants (%) 17/69 (25) 18/68 (26) 35/137 (26) 

OR (95% CI)a  1·23 (0·52 - 2·88)  

p-valuef  0·6369  

Median (IQR) number of eventsi 1·0 (1·0 - 2·0) 1·0 (1·0 - 1·0) 1·0 (1·0 - 2·0) 

Hypokalemia    

N/Total N of participants (%) 19/69 (28) 21/68 (31) 40/137 (29) 

OR (95% CI)b  1·23 (0·57 - 2·68)  

p-valuef  0·5904  

Median (IQR) number of eventsi 1·0 (1·0 - 2·0) 1·0 (1·0 - 2·0) 1·0 (1·0 - 2·0) 

Non-anion gap acidosis    

N/Total N of participants (%) 44/64 (69) 12/63 (19) 56/127 (44) 

OR (95% CI)a  0·09 (0·04 - 0·22)  

p-valuef  <0·0001  

Median (IQR) number of eventsi 1·0 (1·0 - 2·0) 1·5 (1·0 - 2·0) 1·0 (1·0 - 2·0) 

Hypomagnesemia    

N/Total N of participants (%) 31/69 (45) 10/67 (15) 41/136 (30) 

OR (95% CI)c  0·21 (0·08 - 0·50)  

p-valueg  0·0001  

Median (IQR) number of eventsi 1·0 (1·0 - 2·0) 1·0 (1·0 - 1·0) 1·0 (1·0 - 2·0) 

Hyperchloremia    

N/Total N of participants (%) 59/69 (86) 36/68 (53) 95/137 (69) 

OR (95% CI)a  0·17 (0·07 - 0·40)  

p-valuef  <0·0001  

Median (IQR) number of eventsi 1·0 (1·0 - 2·0) 1·0 (1·0 - 1·0) 1·0 (1·0 - 2·0) 

Excessive rate of reduction in plasma sodium concentration 

N/Total N of participants (%) 2/69 (3) 1/68 (1) 3/137 (2) 

OR (95% CI)d  0·51 (0·01 - 9·84)  

p-valueg  1·0000  

Median (IQR) number of eventsi 1·0 (1·0 - 1·0) 1·0 (1·0 - 1·0) 1·0 (1·0 - 1·0) 

Excessive magnitude of reduction in plasma sodium concentration 

N/Total N of participants (%) 5/68 (7) 0/68 (0) 5/136 (4) 

OR (95% CI)e    

p-valueh    

Median (IQR) number of eventsi 1·0 (1·0 - 1·0)  1·0 (1·0 - 1·0) 
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Table 5    Secondary outcomes – other electrolyte and acid-base abnormalities 

 Randomized Treatment  

 Standard care 
 (n=69) 

Plasma-Lyte-148  
(n=69) 

Total 
 (n=138) 

aMixed logistic regression model adjusted for site, participant weight pre transplant and donor type. 
bMixed logistic regression model adjusted for site and participant weight pre transplant. 
cExact logistic regression model adjusted for participant weight pre transplant and donor type. 
dExact logistic regression model adjusted for participant weight pre transplant. 
eNo regression model could be fitted. 
fp-value from the likelihood ratio test when including and excluding the treatment term from the 
model. 
gp-value from the conditional exact score test when including and excluding the treatment term from 
the model. 
hNo regression model could be fitted. 
iPer participant with at least one event 
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Screened (n=238) 

Standard Care (n=72) 
Not transplanted (n=3) 
Received only Standard Care (n=63) 
Received Plasma-Lyte-148 (n=6) 

Consented (n=148) 
 

Randomized (n=144) 
 

 Plasma-Lyte-148 (n=72) 
Not transplanted (n=3) 
Received only Plasma-Lyte-148 (n=52) 
Received Standard Care (n=17) 

 

Analyzed (n=69) 
Excluded from analysis (n=3) 

Reasons: 
Not transplanted (n=3) 

 
 

Not consented for PLUTO (n=90) 
• Patient/patient representative did not want 

to participate (n=17) 
• Clinical decision (n=0) 
• Patient/patient representative not 

approached (n=0) 
• Patient missed (n=1) 
• Awaiting consent (n=16) 
• Awaiting answer (n=8)  
• Willing to consent, not transplanted (n=20) 
• Other (n=28)a 
• Missing (n=21) 
 

Not randomized (n=4) 
• No transplant offer / not transplanted yet 

(n=4) 
• No longer meeting inclusion criteria (n=0) 
• Withdrew consent (n=0) 

Analyzed (n=68) 
Excluded from analysis (n=4) 

Reasons: 
Not transplanted (n=3) 
Insufficient data (n=1) 

Time could have elapsed between patients being approached in clinic and confirmed assent or consent at 
transplantation (depending on site practice). Therefore, not all approached patients had been consented or 
randomized when recruitment was stopped. 
aOther reasons included: screened by sites for eligibility and approach, approached but no further details 
provided, and where no reason for decline or further details were provided. 
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