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Abstract

Background. Administration of saline in renal transplantation is associated with hyperchloraemic metabolic acidosis, but
the effect of normal saline (NS) on the risk of hyperkalaemia or postoperative graft function is uncertain.
Methods. We compared NS with Plasma-Lyte 148VR (PL) given during surgery and for 48 h after surgery in patients undergoing
deceased donor renal transplantation. The primary outcome was hyperkalaemia within 48 h after surgery. Secondary out-
comes were need for hyperkalaemia treatment, change in acid–base status, and graft function.
Results. Twenty-five subjects were randomized to NS and 24 to PL. The incidence of hyperkalaemia in the first 48 h after sur-
gery was higher in the NS group; 20 patients (80%) vs 12 patients (50%) in the PL group (risk difference: 0.3; 95% confidence inter-
val: 0.05, 0.55; P¼0.037). The mean (SD) peak serum potassium was NS 6.1 (0.8) compared with PL 5.4 (0.9) mmol litre�1 (P¼0.009).
Sixteen participants (64%) in the NS group required treatment for hyperkalaemia compared with five (21%) in the PL group
(P¼0.004). Participants receiving NS were more acidaemic [pH 7.32 (0.06) vs 7.39 (0.05), P¼0.001] and had higher serum chloride
concentrations (107 vs 101 mmol litre�1, P<0.001) at the end of surgery. No differences in the rate of delayed graft function were
observed. Subjects receiving PL who did not require dialysis had a greater reduction in creatinine on day 2 (P¼0.04).
Conclusions. Compared with PL, participants receiving NS had a greater incidence of hyperkalaemia and hyperchloraemia
and were more acidaemic. These biochemical differences were not associated with adverse clinical outcomes.
Clinical trial registration. Australian New Zealand Clinical Trials Registry: ACTRN12612000023853.
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Hyperkalaemia is a common complication of kidney transplan-
tation, occurring in 25–40% of recipients.1–3 Although the out-
comes of severe postoperative hyperkalaemia in kidney
transplantation are not well studied, adverse consequences of
hyperkalaemia in this setting include significant haemody-
namic and neurological effects that result in respiratory paraly-
sis or cardiac arrest if not treated urgently.4 5 The aims of
perioperative fluid administration in deceased donor renal
transplantation include maintenance of adequate kidney trans-
plant perfusion and the avoidance of electrolyte and acid–base
disturbances, including hyperkalaemia.6 Sodium chloride 0.9%,
known as normal saline (NS), is potassium free and, partly for
this reason, is the current standard of care for i.v. fluid therapy
for kidney transplantation.7

Despite the preferential use of NS in renal transplantation,
previous studies in live donor2 8–11 and deceased donor renal
transplant recipients12 report that NS causes hyperchloraemic
metabolic acidosis, which can increase the risk of hyperkalae-
mia. Significant geographical, institutional, and subspecialty
variation persists regarding fluid therapy,13 highlighting the
uncertainty and paucity of evidence-based data surrounding
the choice of best fluid in renal transplant recipients.
Accordingly, we performed a double-blinded randomized trial
comparing the effects of intraoperative and early postoperative
NS or acetate-buffered crystalloid solution (Plasma-Lyte 148VR ;
Baxter Healthcare, Toongabbie, NSW, Australia; PL) on hyperka-
laemia, the need for hyperkalaemia treatment, acid–base status,
and graft function in patients receiving a deceased donor renal
transplant.

Methods

The Austin Health Research and Ethics Committee approved
this study (HREC no. H2011/04526). The trial was prospectively
registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12612000023853). Between September 2012 and
April 2015, the trial was conducted at Austin Hospital, a univer-
sity teaching hospital in Melbourne with expertise in renal
transplantation. Inclusion criteria included adult patients (age
�18 yr) undergoing deceased donor renal transplantation.
Exclusion criteria included preoperative hyperkalaemia
>6.0 mmol litre�1 that was not corrected before transplantation,
pregnancy, chronic liver disease (liver function tests >1.5 times
normal value), known allergic reaction to study solutions, and
patients undergoing multi-organ transplantation. All partici-
pants provided written informed consent.

A statistician generated a computerised randomization
sequence of 50 allocation codes, 25 for each group. Independent

research staff sealed the allocation codes into sequentially-
numbered opaque envelopes. The sequence was decoded after
data analysis. Study participants, anaesthetists, surgeons,
nephrologists and all perioperative clinicians and renal nursing
staff caring for patients were blinded to the trial fluid interven-
tion. Baxter Healthcare (Toongabbie, NSW, Australia) provided
either NS or PL as 1000 ml identical blinded carrier solution con-
tainers. The PL contained sodium (140 mmol litre�1), potassium
(5 mmol litre�1), magnesium (3 mmol litre�1), chloride (98 mmol
litre�1), acetate (27 mmol litre�1), and gluconate (23 mmol
litre�1). The NS contained sodium (154 mmol litre�1) and chlor-
ide (154 mmol litre�1).

Before surgery, all subjects were fasted for a minimum of 2 h
for clear fluids and 6 h for solids. Immediately upon arrival in
the operating room, subjects were randomized. After preoxyge-
nation, general anaesthesia was induced using propofol (1–3 mg
kg�1 i.v.), fentanyl (1–3 lg kg�1 i.v.), and cisatracurium (0.15–
0.2 mg kg�1 i.v.). Anaesthesia was maintained with sevoflurane
or desflurane in a 50:50 oxygen–air mixture, maintaining a bis-
pectral index of 40–60. Additional doses of fentanyl and cisatra-
curium were administered as appropriate.

All participants were prescribed a minimum of 2000 ml trial
fluid during surgery, in accordance with Victorian Kidney
Transplant Collaborative Renal Transplant Protocol. There was
no standardized hourly rate, and the timing of fluid administra-
tion was at the discretion of the anaesthetist. Additional trial
fluid boluses were permitted, with the rate, timing, and number
of boluses individualized and based on estimates of surgical
blood loss. Electrocardiography, pulse oximetry, capnography,
blood pressure, urine output, and core body temperature were
monitored. Use of invasive arterial blood pressure monitoring
was at the discretion of the anaesthetist. Measurement of cen-
tral venous pressure (CVP) was not used for the assessment of
volume responsiveness because of the very poor relationship
between CVP and blood volume and the inability of CVP or
change in CVP to predict haemodynamic response to a fluid
challenge. Other advanced haemodynamic monitoring devices
were not used. Mean arterial pressure was maintained within
20% of the baseline preoperative value and supported with vas-
oactive therapy where appropriate. Open-label fluids (dextrose
5%, colloids, or blood products) were used at the discretion of
the anaesthetist. Blood was transfused for haemoglobin <80 g
litre�1, or <90 g litre�1 when further bleeding was anticipated.
During surgery, the patient’s temperature was kept constant at
36 �C with a forced air-warming device, and arterial partial pres-
sure of CO2 was maintained at 35–40 mm Hg. Frusemide (125 mg
i.v.) was administered 5 min before reperfusion according to
standard institutional practice.

After surgery, all subjects received a maintenance infusion
of trial fluid, with a starting rate of the previous hour’s urine
output plus 30 ml. The trial fluid was continued as the desig-
nated crystalloid fluid for the first 48 h after surgery. The treat-
ing medical staff could alter the rate of trial fluid administration
as clinically required or cease the infusion if crystalloid therapy
was no longer needed. Other open-label fluids or blood products
could be given if required in the opinion of the treating doctor.
Any additional fluid boluses of trial crystalloid solution could be
administered to any patient if volume supplementation was
required. After 48 h the study fluid ceased, and the rate and type
of any further fluid was at the discretion of the treating clini-
cian. Immunosuppression was according to the local standard
of care, with a regimen of tacrolimus (0.15 mg kg�1 in divided
doses initially and then adjusted to achieve a therapeutic trough
tacrolimus concentration of 5–10 ng ml�1), mycophenolate

Editor’s key points

• Hyperkalaemia is a common and potentially severe
complication of cadaveric kidney transplantation.

• Normal saline is commonly used as a potassium-free
i.v. fluid therapy, but can cause hyperchloraemic acido-
sis and subsequent hyperkalaemia.

• In a randomized trial in deceased donor kidney trans-
plant recipients, intraoperative and early postoperative
use of normal saline was associated with more hyperka-
laemia, hyperchloraeamia, and acidosis compared with
a balanced i.v. fluid.
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(1000 mg twice daily), prednisolone, and basiliximab com-
menced before surgery and continued throughout. Perioperative
plasma exchange was used for higher immunological risk
patients with known donor-specific anti-human leucocyte anti-
gen antibodies. All recipients had negative T-cell and B-cell
complement-dependent cytotoxicity cross-matches with donor
sera before transplantation.

The primary outcome was the incidence of hyperkalaemia
within 48 h of surgery. Hyperkalaemia was defined as potassium
�5.5 mmol litre�1 [normal range (NR) potassium in our labora-
tory is 3.5–5.5 mmol litre�1]. The highest serum potassium value
was also recorded, as was the number of subjects requiring
treatment for hyperkalaemia. Secondary outcomes included
hyperkalaemia during hospital admission, treatment for hyper-
kalaemia, requirement for postoperative dialysis, delayed graft
function (DGF; hours to first dialysis after surgery, acid–base
derangements), postoperative complications, and hospital
length of stay. Treatment for hyperkalaemia was according to
hospital policies under the direction of the treating clinician,
with therapies including the following: binding resins; insulin,
glucose, or both; calcium gluconate i.v.; and dialysis. Delayed
graft function was defined as either the requirement for dialysis
because of graft dysfunction in the first 7 days post-transplant
or a failure of serum creatinine to reduce by 20% in the first 72 h
after renal transplant. Post-transplant graft function was also
assessed using the creatinine reduction ratio (CRR) on postoper-
ative day 2 and kinetic estimated glomerular filtration rate
(KeGFR), which are validated metrics associated with graft out-
come.14–16 Renal perfusion was assessed with technetium-99m
mercaptoacetyltriglycine (Tc99m MAG3) nuclear medicine scan
and Doppler ultrasound performed on postoperative day 1. All
other complications were defined and classified according to
the European Perioperative Clinical Outcome definitions,17 and
recorded and graded according to the Clavien–Dindo method.18

Potassium concentrations and all other biochemistry parame-
ters were sampled before surgery, immediately on arrival at the
postoperative anaesthesia recovery unit, and at 24 and 48 h after
surgery. Renal function (both serum creatinine and estimated
GFR by the Chronic Kidney Disease Epidemiology Collaboration
equation)19 was also measured at 1 week, 1, 3, 6, and 12 months
post-transplantation.

Statistical analysis

Sample size calculations were based on a pilot study from 44
patients receiving renal transplants in our institution.3 A differ-
ence in serum potassium of 0.5 mmol litre�1 at 48 h was consid-
ered clinically important. Assuming a mean serum potassium
of 5.7 mmol litre�1 in the NS group and a mean serum potas-
sium of 5.2 mmol litre�1 in the PL group, with an SD of 0.7 mmol
litre�1, an a value of 0.05, and a desired power of 0.80, a total of
23 subjects were required in each group. We received ethics
approval to recruit 50 subjects. Statistical analysis was per-
formed using commercial statistical software STATA/IC v.13
(College Station, Texas, USA). Data were reported as the mean
(SD) if normally distributed or median [interquartile range (IQR)]
if not normally distributed. Student’s unpaired t-test with
Welch’s correction or the Wilcoxon–Mann–Whitney rank sum
test was used to detect a difference in continuous characteris-
tics between groups depending on the satisfiability of the distri-
butional assumptions. Fisher’s exact test was used to
investigate differences between groups in categorical outcomes,
including the primary outcome of hyperkalaemia (serum potas-
sium >5.5 mmol litre�1) in the first 48 h after surgery. A two-

tailed P-value of <0.05 was used as a threshold for statistical sig-
nificance. To analyse potassium values throughout the four pre-
specified time points, we used a random-effect generalized
linear regression model, with individual subject treated as a
random effect. Owing to the exploratory nature of this analysis
with regard to secondary end points, no correction for multiple
testing was undertaken. The study was reported in accordance
with the CONSORT guidelines for reporting randomized trials.20

Results

During the study period, 70 patients underwent deceased donor
renal transplantation. The CONSORT diagram is presented in
Fig. 1. Thirteen patents were excluded (refused consent, n¼5;
inclusion criterion not met, n¼2; transplant proceeded in
absence of study investigators, n¼6). Fifty-seven patients pro-
vided informed consent. Seven participants did not proceed to
transplant because the donor kidney was considered unsuit-
able. Twenty-five subjects were randomized to NS and 25 to PL.
One subject in the PL group was excluded because of a protocol
violation (the blinded trial fluids were not administered). There
were no other study protocol breaches or violations, and sam-
pling of blood at the proposed study times was consistent in all
participants. Table 1 reports baseline characteristics, which
were similar with respect to preoperative biochemistry, age,
cause of renal failure, donor age, and proportion of kidney dona-
tions after circulatory and brain death.

Primary outcome: hyperkalaemia within 48 h

During the first 48 h period after surgery, there was a higher inci-
dence of hyperkalaemia after NS (80%) than with PC [50%; risk dif-
ference: 0.3; 95% confidence interval (CI): 0.05, 0.55; P¼0.04).
Likewise, 64% of subjects were treated for hyperkalaemia after NS
vs 21% after PL (risk difference: 0.43; 95% CI: 0.18, 0.68; P¼0.004;
Table 2). In the first 48 h after surgery, the mean (SD) highest potas-
sium concentrations were 6.1 (0.8) mmol litre�1 after NS compared
with 5.4 (0.9) mmol litre�1 after PL (mean difference: �0.65; 95% CI:
�1.12, �0.17; P¼0.009). Medical management for hyperkalaemia
with insulin, dextrose, or both, resonium, or calcium gluconate
was instituted in 10 subjects in the NS group vs seven subjects in
the PL group (P¼0.55). Thirteen subjects required dialyses for
hyperkalaemia in the NS group vs four in the PL group (P¼0.02).

Intraoperative variables

Fifteen subjects receiving NS and 19 receiving PL had arterial
blood gases checked during surgery. The peak mean (SD) potas-
sium value was 5.4 (1.1) mmol litre�1 in the NS group compared
with 4.9 (0.8) mmol litre�1 in the PL group (mean difference:
�0.42; 95% CI: �1.13, 0.28; P¼0.23). Four subjects were treated for
hyperkalaemia with insulin and dextrose in the NS group vs one
in the PL group (P¼0.27; Table 3). The median (IQR) volume of
intraoperative trial fluid administered in NS group was 2500
(2000, 3000) ml compared with 3000 (2000, 3000) ml in the PL
group (P¼0.92). Additional intraoperative fluid, blood, and use of
vasoactive medications were similar. Subjects receiving NS
were more acidaemic [mean (SD) pH 7.32 (0.06) vs 7.39 (0.05) (pH
normal range: 7.35–7.45); P¼0.002] and hyperchloraemic
[median (IQR) 107 (105, 110) vs 101 (99.8, 103.3) mmol litre�1;
(normal range for chloride: 98–107 mmol litre�1); (P<0.01)] com-
pared with PL. Eight subjects (32%) produced urine in the NS
group vs 11 (46%) in the PL group (P¼0.39). Perioperative fluid
administration is summarized in Table 3. The median (IQR)
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duration of surgery was 2.8 (2.5, 3.2) h in the NS group and 3.0
(2.6, 3.3) h in the PL group (Wilcoxon–Mann–Whitney P¼0.32).
The median (IQR) cold ischaemic time in NS group time was
11.8 (6.3; 14.3) h and in the PL group 10.8 (9.8, 13.2) h (Wilcoxon–
Mann–Whitney P¼0.74). Likewise, there were no differences in
warm ischaemic time between the NS and PL groups; 34 (27, 41)
vs 33 (24, 43) min (Wilcoxon–Mann–Whitney P¼0.56).

Longitudinal analysis, delayed graft function, and
complications

The electrolyte and biochemical values measured at each time
point are presented in Table 4. For any given time point, sub-
jects receiving PL had lower potassium values by an average of
�0.34 mmol litre�1 (95% CI: �0.63, �0.05; P¼0.02) compared with
NS. Medical management for hyperkalaemia with insulin, dex-
trose, or both, resonium, or calcium gluconate was instituted in
five subjects in the NS group and no subjects in the PL group.

There was no requirement for dialysis to manage hyperkalae-
mia in either group. No significant difference in the incidence of
DGF (Table 5) was identified. Although fewer subjects in the PL
group required dialysis in the first 48 h, this difference was not
statistically significant. Subjects in the PL group who did not
require dialysis had a more rapid reduction in creatinine on day
2 (P¼0.04), with a trend towards better KeGFR in the PL group at
48 h (P¼0.12; Fig. 2). Clinical and radiological markers of renal
function after surgery are summarized in Table 4.

The incidence of complications was similar between groups
(Supplementary material File 1). Two subjects in each group
were electively admitted to intensive care after surgery for car-
diovascular monitoring, optimization of fluid status, and vaso-
active therapy. Seven subjects in the NS group and nine subjects
in the PL group required perioperative blood transfusion. The
median (IQR) length of hospital stay was 6.5 (6, 13.2) days after
NS and 7.1 (6, 10.4) days after PL (P¼0.18). There was no 30 day
mortality. Follow-up blood samples obtained at 1 week, 1, 3, and
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• Combined renal/liver transplantation (n=2)
• Live donor renal transplantation (n=41)

Excluded (n=7)
• Transplant cancelled (n=7)

Excluded (n=13)
• Refused consent (n=5)
• Inclusion criterion not met (n=2)
• Transplant proceeded in absence of study
  team members being present (n=6)

Deceased donor renal transplantation
(n=70)

Allocated to Plasma-Lyte 148
(n=25)

Protocol violations
(n=1)

(Trial solution not administered)

Followed up until hospital discharge
(n=24)

Analysed (n=24)

Allocated to saline
(n=25)

Protocol violations
(n=0)

Followed up until hospital discharge
(n=25)

Analysed (n=25)

Consented
(n=57)

Randomized
(n=50)

Fig 1 CONSORT diagram.

Saline or Plasma-Lyte 148 for deceased donor renal transplantation | 609



6 months and 1 yr intervals showed a similar improvement in
markers of renal function over time in both groups (Table 5).

Discussion

We performed a prospective randomized double-blind con-
trolled study comparing the effects of NS and PL as periopera-
tive i.v. fluid therapy in deceased donor renal transplant
recipients. Compared with PL, subjects receiving NS were more
acidaemic during surgery, and after surgery had higher serum
potassium and a greater incidence of hyperkalaemia. Moreover,
there was a higher rate of interventions to correct hyper-
kalaemia in the first 48 h after surgery. Finally, although sub-
jects in the PL group who did not receive dialysis had a greater
CRR on day 2, there was no significant difference in the rate
of DGF.

Relationship to previous findings

Potura and colleagues recently investigated the incidence of
hyperkalaemia in the context of deceased donor renal trans-
plantation.12 Similar to our findings, they reported no signifi-
cant difference in the incidence of intraoperative
hyperkalaemia in recipients receiving open-label NS or an ace-
tate-buffered solution, and also reported significant intraopera-
tive metabolic acidosis and hyperchloraemia. In contrast to the
present study, however, they continued open-label trial fluid for
only 4–5 h after surgery, whereas we continued blinded fluids
for 48 h postsurgery, allowing a more detailed and robust evalu-
ation of the impact of fluid intervention on biochemical and
clinical outcomes throughout this time period.

The higher incidence of hyperkalaemia in the NS group
occurred despite the fact that, in comparison to PL, less NS in
total was administered during the study period. This trend
reflects a trend to a lower urine output in the NS group, because
the routine practice was to link the volume of fluid administra-
tion to the observed urine output. Overall, data suggest that the
mechanism for the higher incidence of hyperkalaemia in the NS
group relates to its chemical properties (i.e. high chloride, low
pH), rather than the fluid volume.

Several studies in live donor kidney transplant recipients
have also reported an increased incidence of metabolic acidosis
in patients receiving NS compared with balanced crystalloid sol-
utions.2 8–10 Similar to our study, some of these groups also eval-
uated renal function as a key outcome.28 These studies found
no significant difference in markers of renal function between
groups, although they were not powered to do so. Although
iatrogenic hyperchloraemia is associated with renal impairment
and reduction of renal cortical perfusion in both animal and
human studies,21 22 this has not consistently translated into
major deleterious renal functional outcomes for renal trans-
plant recipients.

Despite the limited power of the present study, we observed
a modest efficacy signal towards better renal outcomes in the PL
group than the NS group. Compared with previous reports,23–26

we observed a high rate of both DGF overall (haemodialysis
within 7 days post-transplant) and the need for haemodialysis
within the first 48 h post-transplant. This limits any analysis of
changes in serum creatinine or estimated GFR because of the use
of haemodialysis, leading to exclusion of many subjects from
such analysis. However, fewer subjects were dialysed in the first
48 h in the PL group. Moreover, we observed a statistically signifi-
cant and clinically meaningful increase in CRR in subjects in the
PL group and a corresponding trend towards better KeGFR in the
PL group at 48 h. The binary (yes/no) measure of the requirement
for dialysis within 7 days post-transplant fails to account for the
following factors: (i) severity and duration of DGF; (ii) dialysis
for hyperkalaemia and fluid overload with good graft function;
and (iii) poor graft function where dialysis is not needed.
Large studies have demonstrated that DGF is associated with
inferior outcomes regardless of the need for dialysis.27 The
CRR on day 2 was used as a measure of early graft function in
non-dialysed subjects because it is inversely correlated with
12 month graft function, and low CRR predicts graft loss.14 28

The CRR2 also measures relative rather than absolute change
in creatinine concentration, and is thus less likely to be con-
founded by non-graft factors (e.g. recipient muscle mass or
fluid status) and is more useful in predicting subsequent graft
function.29 30

The rate of donation after circulatory death (overall 30%) was
similar between groups, so this did not account for the high rate

Table 1 Baseline characteristics. Values are the count (%), mean
(SD or range). NS, normal saline; PL, Plasma-Lyte 148

Characteristic NS (n¼25) PL (n¼24)

Age (yr; mean (range)] 49 (26–67) 53 (23–73)
Sex [male; n (%)] 18 (72) 15 (63)
Height [cm; mean (SD)] 171.0 (7.9) 169.7 (9.3)
BMI [kg m�2; mean (SD)] 27.0 (3.9) 29.5 (5.2)
Detectable donor specific

antibody* [n (%)]
5 (20) 10 (42)

Primary cause of renal failure [n (%)]
Glomerulonephritis 14 (56) 8 (33)
Diabetic nephropathy 2 (8) 7 (29)
Polycystic kidney disease 3 (12) 2 (8)
Hypertension 1 (4) 3 (13)
Reflux nephropathy 2 (8) 2 (8)
Other 2 (8) 2 (9)
Unknown 1 (4) 0 (0)

Co-morbidities [n (%)]
Hypertension 20 (80) 15 (65)
Dyslipidaemia 7 (28) 9 (39)
Type 2 diabetes 5 (20) 7 (30)
Ischaemic heart disease 4 (16) 11 (48)
Number of co-morbidities
[mean (SD)]

3.4 (1.7) 3.8 (2.1)

Previous kidney transplants [n (%)]
0 23 (92) 21 (88)
1 1 (4) 3 (12)
2 1 (4) 0 (0)

Preoperative renal replacement therapy [n (%)]
Haemodialysis (all types) 20 (80) 19 (79)
Haemodialysis (satellite) 17 (68) 17 (71)
Home haemodialysis
(standard hours)

2 (8) 1 (4)

Home haemodialysis
(extended hours)

1 (4) 1 (4)

Peritoneal dialysis 5 (20) 5 (21)
Donor details

Age [yr; mean (range)] 44.3 (5–66) 45.2 (10–70)
Donation after brain death
[n (%)]

17 (68) 18 (76)

Donation after circulatory
death [n (%)]

8 (32) 6 (25)
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of DGF observed. Furthermore, donor age seems comparable to
other centres. The higher DGF rate may be attributable to donor
time to death, pharmacological protection of transplant kidneys
during cold perfusion, or expanded-criteria donors, or different
clinician thresholds for initiation of dialysis compared with
other centres.31 Such variables were not collected as part of this
study. No differences in kidney function were observed between
groups at 1, 3, 6, and 12 months, although the study was not
powered to detect such differences. It is possible that the choice
of fluid has less influence on the longer-term function of the

transplant than other more well-established donor and recipi-
ent characteristics.

Implications

Compared with PL, NS leads to inferior biochemical outcomes in
relationship to hyperchloraemic metabolic acidosis and hyper-
kalaemia. These findings indicate that concerns about the
potassium found in PL exposing patients to a greater risk of
hyperkalaemia are unjustified when compared with the effects

Table 2 Incidence and treatment of perioperative hyperkalaemia. Normal laboratory potassium range is 3.5–5.5 mmol litre�1. Values are
expressed as the count, mean (SD), or median (interquartile range). *Donation after brain death: normal saline (NS) group n¼17, Plasma-
Lyte 148 (PL) group n¼18. †Donation after cardiac death: NS group n¼8, PL group n¼6. ‡Some patients required more than one treatment
modality in management of hyperkalaemia

NS (n¼25) PL (n¼24) P-value

Hyperkalaemia 0 to 48 h (primary end point)
Peak potassium (mmol litre�1) 6.1 (0.8) 5.4 (0.9) 0.01
Hyperkalaemia �5.5 (mmol litre�1) 20/25 12/24 0.04
Mild (5.5–5.9) 5/20 6/12
Moderate (6.0–6.4) 7/20 2/12
Severe (>6.5) 8/20 4/12
Patients treated for hyperkalaemia 16 5 0.01

Treatment of hyperkalaemia‡

Insulin/dextrose 5 5
Resonium 5 1
Haemodialysis 13 4
Calcium gluconate 0 1

Hyperkalaemia: measured during surgery
Mean potassium (mmol litre�1) 5.1 (1.0) 4.8 (0.8) 0.36
Donation brain death patients* 5.1 (1.1) 4.8 (0.6) 0.43
Donation cardiac death patients† 5.0 (1.0) 5.0 (0.9) 0.97
Hyperkalaemia �5.5 (mmol litre�1) 7/15 7/19
Mild (5.6–5.9) 2/7 3/7
Moderate (6.0–6.4) 3/7 4/7
Severe (>6.5) 2/7 0/7
Patients treated for hyperkalaemia with insulin, dextrose, or both 4 1 0.27

Hyperkalaemia: measured in recovery
Mean potassium (mmol litre�1) 5.6 (1.1) 5.0 (0.9) 0.06
Donation brain death patients* 5.4 (1.0) 4.8 (0.9) 0.08
Donation cardiac death patients† 5.9 (1.2) 5.6 (1.0) 0.57

Hyperkalaemia: measured at 24 h after surgery
Mean potassium (mmol litre�1) 4.9 (0.6) 4.8 (0.8) 0.53
Donation brain death patients* 4.9 (0.6) 4.5 (0.6) 0.05
Donation cardiac death patients† 4.8 (0.6) 5.5 (0.5) 0.02

Hyperkalaemia: measured at 48 h after surgery
Mean potassium (mmol litre�1) 4.4 (0.5) 4.2 (0.6) 0.15
Donation brain death patients* 4.4 (0.5) 4.0 (0.5) 0.03
Donation cardiac death patients† 4.4 (0.4) 4.7 (0.6) 0.38

Hyperkalaemia: 48 h to discharge
Peak potassium (mmol litre�1) 4.8 (4.4, 5.3) 4.6 (4.3, 5.2) 0.54
Hyperkalaemia �5.5 (mmol litre�1) 4 4 >0.99
Mild (5.5–5.9) 1 4
Moderate (6.0–6.4) 2 0
Severe (>6.5) 1 0
Patients treated for hyperkalaemia 2 0 0.49

Treatment of hyperkalaemia‡

Insulin, dextrose, or both 2 0
Resonium 2 0
Haemodialysis 0 0
Calcium gluconate 1 0
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of NS. More importantly, they suggest that, on physiological and
biochemical grounds, PL may be superior to NS in patients
receiving deceased donor kidney transplants. It is possible that
less hyperkalaemia would occur with a physiologically bal-
anced, low-chloride formulation that does not contain potas-
sium; however, to our knowledge, no such formulation is
presently available for clinical use.

Strengths and limitations

Our study has several methodological strengths. The fluid inter-
vention was blinded and randomized, thus minimizing alloca-
tion and selection bias. Blinding also avoided the potential for
differences between groups in terms of management of electro-
lyte and acid–base disturbances attributable to physician aware-
ness of the allocated fluid therapy. The extended use of blinded

Table 3 Perioperative fluid administration. Values are the count (%), mean (SD), or median (interquartile range). *Participants who had sur-
gery completed within 4 h of midnight were omitted from having a day 0 fluid balance [normal saline (NS) group¼11; Plasma-Lyte 148 (PL)
group¼13]

NS (n¼25) PL (n¼24) P-value

Intraoperative
Intraoperative trial fluid (ml) 3000 (2000, 3000) 2500 (2000, 3000) 0.91
Packed red blood cells 0 (0%) 0 (0%)
Albumin (4 or 20%) 0 (0%) 1 (4%)
Dextrose (5 or 50%) 2 (8%) 0 (0%)
Anuria 17 (68%) 13 (55%) 0.39

Day 0* (ml)
Day 0 trial fluid [ml; mean (SD)] 2913 (2177) 1621 (1370) 0.08
Normal saline 1 2
Albumin (4 or 20%) 0 4
Glucose 5% 0 1
Glucose 4%, NaCl 0.18% 0 1
Packed red blood cells 0 1
Oral fluid (ml) 628.3 (490.0) 430.0 (376.7)

Urine output (ml) 629.0 (227.5, 3046) 380 (125, 863)
Other output

Vomit 1 3
Drain 4 1
Haemodialysis 0 2

Fluid balance (ml) 1827 (1246) 1387 (1578)
Trial fluid day 1 (ml) 1900 (1139) 2899 (1947) 0.04
Other input

Normal saline 4 2
Plasma-Lyte 148 1 0
Albumin (4 or 20%) 2 2
Glucose 5% 0 1
Glucose 4%, NaCl 0.18% 0 1
Gelofusine 0 1
Packed red blood cells 3 1

Oral fluid (ml) 720.0 (605, 1215) 700 (450, 1300)
Urine output (ml) 552 (149, 959.5) 759 (328, 4565)
Other output

Vomit 5 1
Drain 9 5

Fluid balance (ml) 1723 (1136, 2790) 1842 (494, 2604)
Trial fluid day 2 (ml) 588.0 (103.5, 1807) 840 (294, 2113) 0.24
Other input

Normal saline 2 2
Albumin 4% 0 1
Glucose 5% 0 1
Packed red blood cells 1 1

Oral fluid (ml) 1180 (705, 1460) 920 (650, 1350)
Urine output (ml) 612 (86, 1803) 1171 (111, 2166)
Other output

Vomit 2 1
Drain 9 3

Fluid balance (ml) 1123 (103.8, 1739) 687 (�663, 1605
Total volume of trial fluid received

(intraoperative to postoperative day 2)
6446 (4807, 8075) 8153 (5070, 9126) 0.34
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fluids for 48 h after surgery was strictly adhered to in all partici-
pants, with electronic medical recording allowing a detailed and
accurate tally of fluid use and fluid balances, reinforcing the
internal validity of the key outcome variables reported. Previous
studies comparing balanced fluids with NS in kidney transplan-
tation were largely restricted to the intraoperative period and
may not have delivered a sufficient volume of trial fluids to
determine the full effect of fluid choice. This is also the first
fluid intervention study in deceased donor renal transplant
recipients to report renal outcomes at 1 week, 1, 3, 6, and
12 months after trial fluid intervention.

Limitations of the study include inadequate power to com-
pare the effects of NS and PL on short- or long-term graft func-
tion and other postoperative complications; addressing this will
require a larger, multicentre study.

We are uncertain whether the immunosuppressive therapy
contributed to the incidence of hyperkalaemia in each group;
we consider this unlikely because all participants received the
same immunosuppressive protocol. The rate of DGF in the
present study was high, possibly reducing the generalizability of
the findings; however, this reinforces the relevance of the
results to patients at high risk of poor graft function and associ-
ated hyperkalaemia. Further studies are needed to determine
whether our results are applicable to live donor kidney trans-
plant recipients or to other patients at risk of perioperative
acute kidney injury. Interestingly, we observed a strong signal
in the incidence of hyperkalaemia in participants receiving PL
in donation after brain death recipients when compared
with donation after cardiac death recipients, with statistically
significant and clinically meaningful reductions in

Table 4 Clinical and radiological markers of renal function. Data are presented as the mean (SD), median [interquartile range (IQR)], or
number (%). CRR, creatinine reduction ratio (95% confidence interval); includes only patients who did not receive dialysis in the previous
24 h. Creatinine reduction ratio is measured as [(creatinine dayx)� (creatinine dayx�1)]/(creatinine dayx�1), where x¼day 1 or day 2, and
x�1¼day 0 or day 1, respectively. Kinetic glomerular filtration rate (KeGFR; in millilitres per minute per 1.73 m2; 95% confidence interval);
includes only patients who did not receive dialysis in the previous 24 h. Note that KeGFR values cannot be less than zero. NS, normal sal-
ine; PL, Plasma-Lyte 148

NS (n¼25) PL (n¼24) P-value

Count (%) Mean (SD) or
median (IQR)

Count (%) Mean (SD) or
median (IQR)

Delayed graft function (haemodialysis within 7 days) 17 (68) 17 (71) 0.83
Requirement for dialysis in first 48 h 16 (64) 12 (50) 0.32
Number of hours postsurgery to first dialysis treatment 16.3 (12.7) 19.6 (14) 0.54
Requirement for dialysis in first 7 days 17 (68) 17 (71) >0.99
Creatinine reduction ratio: day 1 12 (48) 0.14 (�0.17, 0.20) 17 (71) 0.18 (0.03, 0.34) 0.98
Creatinine reduction ratio: day 2 21 (84) �0.03 (�0.17, 0.10) 14 (58) 0.18 (0.03, 0.34) 0.04
KeGFR 24 h 13 (62) 20.9 (8.2, 33.6) 17 (71) 23.2 (9.0, 37.2) 0.81
KeGFR 48 h 21 (84) 15.2 (6.6, 23.8) 14 (58) 26.4 (13.2, 39.7) 0.12
Tc99m MAG3 renal perfusion index 83.5 (56) 70.9 (51.3) 0.41
Tc99m MAG3 Percentage uptake at

20 min(normal range <35%)
99 (96.25, 100) 97.6 (84, 99.4) 0.14

P = 0.037 P = 0.123
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Fig 2 Creatinine reduction ratio (CRR) on postoperative day 2, and kinetic estimated glomerular filtration rate (KeGFR ml min 1.73 m-2) at 48 h.
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hyperkalaemia immediately after surgery and 24 and 48 h after
surgery. Given our small sample size, these findings should be
interpreted cautiously and may reflect a type 1 error. Finally, we
cannot provide information on the mechanism of fluid-associ-
ated hyperkalaemia, and whether the greater incidence of
hyperkalaemia observed with NS was related to its acidaemic or
hyperchloraemic properties, and whether these impacted mean
renal artery flow velocity or renal cortical tissue perfusion as
reported by others.21 22

Conclusions

In deceased donor kidney transplantation recipients receiving
PL or NS during surgery and for 48 h after surgery, use of NS was
associated with hyperchloraemic acidosis and more frequent
postoperative hyperkalaemia, with greater use of medical inter-
ventions to control serum potassium. These biochemical differ-
ences were not associated with adverse clinical outcomes.
Given the potential for serious consequences from postopera-
tive hyperkalaemia, this study supports the preferential use of
buffered crystalloid solutions for perioperative fluid manage-
ment in patients undergoing deceased donor renal transplanta-
tion. Further studies in larger populations at average risk of DGF
are required to confirm these findings and to determine the
effects of different perioperative fluids on kidney transplant
function.
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