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Abstract

Objectives: Cisplatin is commonly used during intraperi-
toneal chemotherapy however has well-established neph-
rotoxic side-effects. Sodium thiosulfate is often added
to cisplatin-based hyperthermic intraperitoneal chemo-
therapy (HIPEC) protocols to mitigate this, however evi-
dence regarding risk of hypernatraemia is scarce as of yet.
Methods: We retrospectively identified patients undergo-
ing cytoreductive surgery (CRS) for peritoneal surface
malignancies of any origin at a single high-volume unit
between April 2018 and December 2020. Patients were
included if they received cisplatin-based HIPEC with
intravenous sodium thiosulfate. Blood tests were collected
pre-surgery and then daily during admission. Hyper-
natraemia was defined as serum sodium >145 mmol/L.
Renal impairment was defined using the RIFLE criteria.
Results: Eleven CRSs met inclusion criteria, the majority
of which were indicated for ovarian cancer (72.7%). One
(9.1%) patient with mesothelioma received mitomycin C as
an additional chemotherapy agent. The incidence of
hypernatraemia was 100% but all cases were transient,

with no clinical sequelae observed. The rate of AKI was
36.4%, with three (27.3%) patients classified as risk and
one (9.1%) instance of failure. No long-term renal impair-
ment was observed.
Conclusions: Despite biochemical evidence of mild
hypernatraemia but with the absence of clinical sequelae,
sodium thiosulfate appears to be safewhen used in adjunct
to cisplatin-based HIPEC during CRS. These findings
should be evaluated with further comparative studies.
When describing renal impairment, it is important that
standardisation in reporting occurs, with the RIFLE and
Acute Kidney Injury Network criteria now the preferred
consensus definitions.
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Introduction

While cytoreductive surgery (CRS) allows for removal of
macroscopic deposits of peritoneal surface malignancies
(PSM), perioperative intraperitoneal chemotherapy (PIC) is
necessary to eliminate microscopic residual tumour, min-
imising systemic side effects [1] and improving survival
compared to systemic intravenous chemotherapy regimes
[2, 3].

Cisplatin is one of the most common intraperitoneal
chemotherapy agents, administered to patients with
mesothelioma, ovarian cancer and sarcomas. However, its
nephrotoxic effects are well-established and are a major
dose-limiting factor for both intravenous and intraperito-
neal cisplatin-based chemotherapy [4]. Renal impairment
of varying severity has been reported in 3.7–48.0% of pa-
tients receiving cisplatin-based PIC [5, 6]. The mechanism
of nephrotoxicity is not entirely understood, but is theor-
ised to occur due to induction of apoptosis and necrosis of
epithelial cells in the pars recta of the proximal tubule
at low and high concentrations of cisplatin respectively
[7, 8]. Additionally, cisplatin-induced injury of the renal
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vasculature may result in further ischaemic damage [9].
These nephrotoxic effects begin on day three post-cisplatin
administration and peak on day five [8], and are cumula-
tive and dose-dependent [4], though not always reversible
[10]. As such, a nephroprotective protocol is crucial to
maximise chemotherapeutic potential but mitigate risk to
the patient.

The nephroprotective properties of sodium thiosulfate
are well-documented, which has been administered
concurrently with intravenous systemic cisplatin-based
chemotherapy [11, 12]. The mechanism explaining this is
unclear but has been proposed to result from systemic in-
duction of inactive cisplatin metabolite formation,
reducing the concentration of unchanged cisplatin filtered
by the kidney [13]. Evidence supporting its use in PIC is
more limited, with a handful of small studies comparing
rates of renal impairment following cisplatin-based HIPEC
with or without sodium thiosulfate [14–16]. Following
publication of the OVIHIPEC trial [17], intravenous sodium
thiosulfate has been included in our cisplatin-based HIPEC
protocol since April 2018.

One concern regarding intravenous sodium thiosulfate
is the potential to cause hypernatraemia. At sufficiently
high levels, hypernatraemia is associated with significant
morbidity, including seizures, coma, intracranial hae-
morrhage and demyelinating lesions, as well as mortality
in extreme cases [18]. A potential mechanism for hyper-
natraemia secondary to sodium thiosulfate has not been
proposed in the literature but is likely due to direct sodium
overload owing to the solution’s hypertonicity. Two small
studies in which intravenous carboplatin and sodium
thiosulfate were administered reported transient hyper-
natraemia, even at small doses [19, 20]. Evidence regarding
the risk of hypernatraemia following sodium thiosulfate is
scarce in cases of cisplatin-based chemotherapy, including
PIC, where patients are at increased risk of fluid loss and
electrolyte derangements due to several factors, including
longer operating times and a greater area of exposed
abdominal cavity [21]. One retrospective study investi-
gating the reduction in acute kidney injuries (AKIs)
following sodium thiosulfate during CRS with cisplatin-
basedHIPEC reported an increase in serumsodiumwithout
clinical sequelae [22].

The aim of this study is to report preliminary data
pertaining to sodium thiosulfate during CRSwith cisplatin-
based HIPEC. The primary outcome is the incidence of
hypernatraemia, with the rate of AKI measured as a sec-
ondary endpoint. Other associated electrolytes, including
magnesium, phosphate and calcium, are also reported.

Materials and methods

Patient selection

The research related to human use has complied with all the relevant
national regulations, institutional policies, and in accordance with
the tenets of the Helsinki Declaration, and has been approved by
St George Hospital’s Human Research Ethics Committee (approval
number 18/078). Selection of candidates for CRS performed at
St George Hospital, Sydney, Australia, including pre-operative work-
up and management, is described elsewhere by our unit [23]. Data
pertaining to CRS performed at our institution are collected in a
prospectivelymaintained database. Patients undergoing CRS between
April 2018 and December 2020 for PSM of any origin with peritoneal
cancer index (PCI) ≥1 and who received cisplatin-based HIPEC were
identified from our database. Of these patients, those who received
intravenous sodium thiosulfate at the time of CRS according to the
operation report were included in the study. For the primary outcome,
a control group is included, consisting of the equivalent number of
most recent patients to undergo CRS for PSM of any origin with PCI ≥1
and receive cisplatin-based HIPEC prior to the commencement of our
sodium thiosulfate protocol.

Intraoperative care

CRS was performed using Sugarbaker’s technique [24], with HIPEC
subsequently administered in a standardised fashion. The cisplatin-
based HIPEC protocol utilised by our unit is described elsewhere [25].
In short, cisplatin (100mg/m2 in 1,000mL 0.9% sodium chloride) was
administered intra-abdominally at 41.5°C for 90 min via the open
Coliseum technique. Patients with peritoneal mesothelioma also
receivedmitomycin C (12.5 g/m2) in addition to cisplatin. Cisplatinwas
dose-reduced by 25% in patients with pre-existing renal impairment,
or a history of prior HIPEC or systemic chemotherapy with more than
one agent.

A nephroprotective sodium thiosulfate protocol was introduced
at our institution in April 2018 following publication of the OVIHIPEC
trial [17]. Patients undergoing cisplatin-based HIPEC were adminis-
tered sodium thiosulfate (9 g/m2 in 200 mL 0.9% sodium chloride)
via intravenous bolus at the commencement of HIPEC, followed
immediately by a second intravenous infusion (12 g/m2 in 1,000 mL
0.9% sodium chloride) over 6 h. Patients did not receive further
sodium thiosulfate doses either intra- or post-operatively.

Patients were monitored intraoperatively, with intravenous fluid
management titrated to ensure that urine output remained greater
than 0.5 mL/kg/h. Colloid or blood were administered as clinically
indicated.

Post-operative care

Our institution’s post-operative protocol is described elsewhere [25].
In short, all patients were admitted to the intensive care unit (ICU)
immediately post-CRS, where intravenous fluid management was
similarly titrated to achieve a urine output of greater than0.5mL/kg/h.
Patients were transferred to the ward when clinically indicated, where
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strict fluid balance monitoring continued. Daily blood tests, including
renal function and electrolytes, were collected via venepuncture at
approximately 6 am. Repeat blood tests were collected from patients
requiring further monitoring. Hypernatraemia and renal impairment
were treated with intravenous fluids as clinically indicated, including
0.9% sodium chloride, Harmann’s solution and 5% dextrose, with
additional electrolyte replacement if depleted.

Statistical analyses

Descriptive statistics were reported using the mean and standard
deviation (SD), or frequency, as appropriate. Owing to the small
sample size and subsequent risk of type two statistical error,
comparative statistical analyses were not undertaken.

Baseline pathology results were collected on the day prior to
surgery. All pathology results were derived from laboratory analyses
and not point of care testing. If multiple blood tests were collected in a
single day, the first test was used for statistical analyses. Normal
electrolyte concentrations ranges are defined in Table 1. Calcium was
corrected for albumin using the formula: corrected calcium (mmol/L)
= total calcium (mmol/L) + 0.02 (40 – albumin [g/L]). AKI was defined
according to the RIFLE criteria (Table 2) [26], considering only the
creatinine and glomerular filtration rate (GFR) criteria, since data
pertaining to urine output were unavailable. Estimated GFR (eGFR)
was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [27]. Perioperative morbidity was
categorised using the Clavien-Dindo classification of surgical com-
plications [28]. In-hospital mortality was defined as death during the
same hospital admission as that for CRS. Four patients in the inter-
vention group and seven in the control group were discharged prior to
one month post-CRS hence were excluded from month 1 analyses in
Tables 4 and 5.

Results

Between April 2018 and December 2020, 11 CRSs
performed by our unit met inclusion criteria. Complete
patient and peri-operative characteristics are described
in Table 3. One patient with mesothelioma received
mitomycin C in addition to cisplatin-basedHIPEC. None of
the 11 patients received systemic intravenous or early
postoperative intraperitoneal chemotherapy during their
surgical admission. There were no events of in-hospital
mortality.

Table : Normal electrolyte ranges.

Electrolyte Normal range, mmol/L

Sodium –
Magnesium .–.
Phosphate .–.
Corrected calcium .–.

Table : RIFLE criteria.

Category Creatinine/GFR criteria UO criteria

Risk Increased serum creatinine ×. or GFR decrease >% UO <. mL/kg/h for  h
Injury Increased serum creatinine × or GFR decrease >% UO <. mL/kg/h for  h
Failure Increased serum creatinine × or serum creatinine ≥ mg/dL or

GFR decrease >%
UO <. mL/kg/h for  h or anuria for  h

Loss Persistent acute renal failure or complete loss of renal function
for > weeks

ESKD ESKD for > months

ESKD, end-stage kidney disease; GFR, glomerular filtration rate; UO, urine output.

Table : Patient demographics and clinical characteristics (n=).

Age (years), mean ± SD . ± .
Sex, n (%)
Male  (.)
Female  (.)

BMI (kg/m), mean ± SD . ± .
Diagnosis, n (%)
Endometrial carcinoma  (.)
Mesothelioma  (.)
Ovarian cancer  (.)
Sarcoma  (.)

Previous CRS, n (%)  (.)
Operating time (hours), mean ± SD . ± .
PCI, mean ± SD . ± .
CC score, n (%)
  (.)
  (.)
  (.)

Additional HIPEC agent, n (%)  (.%)
Length of ICU admission (days), mean ± SD . ± .
LoS (days), mean ± SD . ± .
Grade III-IV morbidity, n (%)  (.)

BMI, body mass index; CC, completeness of cytoreduction; CRS,
cytoreductive surgery; HIPEC, hyperthermic intraperitoneal
chemotherapy; ICU, intensive care unit; LoS, length of stay; PCI,
peritoneal cancer index; SD, standard deviation.
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Hypernatraemia

Pre-operatively, serum sodium values were within normal
limits for all patients. The incidence of post-operative
hypernatraemia was 100% (n=11), all cases of which were
detected immediately post-CRS. Sodium values were
highest immediately post-CRS (mean 149.8 mmol/L;
SD 2.8), while the mean of each patient’s peak sodium
concentration was 150.4 mmol/L (SD 2.7). Hypernatraemia
resolved by post-operative days 1–8 (median day three).

In the control group, one patient was hypernatraemic
pre-operatively (sodium concentration 146 mmol/L), and
remained hypernatraemic immediately post-operatively
(sodium concentration 147 mmol/L). This patient was
eunatraemic by post-operative day one (sodium concentra-
tion 145mmol/L) but recordeda serumsodiumconcentration
of 146 mmol/L on post-operative day two, which again
resolved by post-operative day three. Of the remaining pa-
tients, eight developed hypernatraemia, however the mean
of each patient’s highest sodium concentration was lower
than in patients receiving sodium thiosulfate (145.5 mmol/L;
SD 2.4). Hypernatraemia onsetwas also delayed compared to
the intervention group, with day two being the only day on
which the mean serum sodium concentration exceeded
145 mmol/L (mean 145.5 mmol/L; SD 3.6).

In both groups, no clinical sequalae of hypernatraemia
or its management were observed. No further diagnoses of
hypernatraemia were made during surgical admission.
Further details are provided in Table 4.

Acute kidney injury

Pre-operatively, all patients exhibited normal renal func-
tion, with no pre-existing diagnoses of acute or chronic
kidney disease. Post-operatively, AKI was diagnosed in
4/11 (36.4%) patients. According to the RIFLE criteria, three
(27.3%) patients were classified as Risk, identified on post-
operative days zero (immediately post-CRS), one and six.
Renal impairment resolved on days five, three and eight
respectively. One (9.1%) patient was classified as failure,
identified on post-operative day two. His renal function
normalised on post-operative day four. Of the patients still
admitted to hospital one month post-CRS, none had
ongoing renal impairment. Of the patients who developed
an AKI, hypernatraemia was still persistent at the time of
diagnosis of AKI in 3/4 (75%) cases (Table 5).

Discussion

Cisplatin-induced nephrotoxicity involves complex mech-
anisms of cellular death, resulting in proximal renal tubule
and vascular damage [7–9], and is a major dose-limiting
factor for both intravenous and intraperitoneal cisplatin
chemotherapy [4]. The nephroprotective properties of so-
dium thiosulfate are well-documented, but adverse out-
comes, including hypernatraemia, are not extensively
described in the literature.

Our preliminary data suggest that transient hyper-
natraemia is universal in patients receiving sodium thio-
sulfate during CRS with cisplatin-based HIPEC, with an
incidence of 100%. These are novel data, with no studies
exploring dysnatraemias following CRS with cisplatin-
based HIPEC, regardless of whether sodium thiosulfate
was administered, and only one report of mild hyper-
natraemia in patients receiving cisplatin-based HIPECwith
sodium thiosulfate in the absence of CRS, though no inci-
dence was reported [22]. Sequelae of hypernatraemia are
predominantly neurological, ranging from lethargy and
weakness to seizures, coma, intracerebral and subarach-
noid haemorrhages, and demyelinating lesions. Such
complications are usually only observed when serum so-
dium rises acutely above 158 mmol/L, with the highest

Table : Sodium results.

Serum sodium (mmol/L), mean ± SD

Sodium
thiosulfate (n=)

Control (n=)

Baseline . ± . . ± .
Post-surgery . ± . . ± .
Day  . ± . . ± .
Day  . ± . . ± .
Day  . ± . . ± .
Day  . ± . . ± .
Month  . ± . . ± .

SD, standard deviation.

Table : Further laboratory results (n=).

Baseline Post-surgery Day  Day  Day  Day  Month 

eGFR (mL/min/. m), mean ± SD . ± . . ± . . ± . . ± . . ± . . ± . . ± .
Serum magnesium (mmol/L), mean ± SD . ± . . ± . . ± . . ± . . ± . . ± . . ± .
Serum phosphate (mmol/L), mean ± SD . ± . . ± . . ± . . ± . . ± . . ± . . ± .
Corrected calcium (mmol/L), mean ± SD . ± . . ± . . ± . . ± . . ± . . ± . . ± .

eGFR, estimated glomerular filtration rate; SD, standard deviation.
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mortality seen above 180 mmol/L [18]. It is thus important
to consider the clinical significance of hypernatraemia
within our cohort; no daily mean or individual serum
sodium value exceeded the lower of these values, and no
sequelae of hypernatraemia were reported, supporting
the safety of this sodium thiosulfate protocol despite
the observed laboratory values. Of note, the incidence of
hypernatraemia in the control group was still high but
negligibly above the normal sodium range. This group also
had a later onset of hypernatraemia, suggesting that
hypernatraemia in the sodium thiosulfate group is a direct
result of hypertonic saline administration but may
exacerbate other causes of hypernatraemia, including
hypovolaemia secondary to intraoperative losses. Any
statistical differences need to be ascertained in future
comparative studies, which should also investigate other
data of clinical relevance, including length of stay (LoS),
length of ICU admission, and morbidity and mortality. Of
note, hyponatraemia is a well-known complication of
systemic cisplatin, with an incidence of up to 43% [29], but
no reports of this in relation to cisplatin-based HIPEC exist.
In our cohort, one patient in the control group recorded a
serum sodium concentration of 134 mmol/L on day three
post-CRS, though was eunatraemic pre- and post-this
value. No patients in the sodium thiosulfate group were
hyponatraemic during the reported timeframe.

In this study, the incidence of AKI was 36.4%, as
defined by the RIFLE criteria. This is comparable to rates of
AKIs detected in patients undergoing CRS with cisplatin-
based HIPEC [5, 6], but considerably higher than in studies
in which sodium thiosulfate was also administered, all of
which report an incidence of 0% [15, 17], despite identical
cisplatin and sodium thiosulfate protocols. Rates of AKIs in
CRS with HIPEC, regardless of chemotherapy agent, are
reported to be 21.3–31.8% [30, 31]. It is possible that this
discrepancy arose due to inconsistent definitions of AKI,
with one study utilising the Kidney Disease Improving
Global Outcomes definition [32] and the remaining two
[15, 17] providing no methodology regarding their defini-
tion of AKI. Moving forward, it is important that stand-
ardisation in reporting occurs across the literature, with the
RIFLE criteria, employed in our study, and Acute Kidney
InjuryNetwork (AKIN) criteria now the preferred consensus
definitions. Additionally, rates of AKI in the control groups
also varied markedly, with one study reporting only one
(14.3%) AKI in patients receiving cisplatin (50 mg/m2)
without sodium thiosulfate and none in patients undergo-
ing CRS without HIPEC. In another study, the incidence of
AKI was 31.4% in those receiving cisplatin without sodium
thiosulfate, with chronic kidney disease (CKD) ensuing in
25.7% at three months follow-up [15]. Importantly, the former

study only analysed renal function one day, three days and
three months post-CRS, meaning that any renal impairment
occurring between these times may have been missed, since
nephrotoxic effects of cisplatin begin on day three post-
administration and peak on day five [8]. However, the timing
of the AKIs within our cohort may suggest an alternative
aetiology to cisplatin-induced nephrotoxicity, since most of
our patients who developed an AKI were diagnosed prior to
this. Suchcauses could includehaemorrhage, insensiblefluid
losses or nephrotoxic medications. Notably, the incidence of
AKI was also substantially higher than previous reported by
our group in a cohort of patients undergoing CRS with
cisplatin-based HIPEC without sodium thiosulfate (15.4%),
though thismaybeobscuredby this study’smarkedly smaller
sample size (compared to 111 patients) [25]. It is also important
to consider that our cohort exhibited ahighPCI,withprevious
work by our group demonstrating that a higher PCI is a risk
factor for developing an AKI [25]. It is important to note that
whilst all AKIs documented in our study resolved during
admission, the lack of long-term follow up in this study, and
indeed within the literature, does not allow for consideration
of chronic complications associated with cisplatin-induced
nephrotoxicity, particularly CKD.

Systemic cisplatin is associated with various electro-
lyte disturbances, including hypomagnesaemia, with
reports that magnesium supplementation is effective in
reducing cisplatin-induced nephrotoxicity [33]. Only one
study has described hypomagnesaemia following
cisplatin-based HIPEC [5]. On the contrary, previously
published data by our group demonstrated that patients
who underwent CRS with cisplatin-based HIPEC but
without sodium thiosulfate were more likely to have a
higher serum magnesium on day three if they developed
an AKI, but not above the upper limit of normal. Hypo-
magnesaemia in the first seven days post-CRS was
not identified as a risk factor for developing an AKI [25].
Similarly, in this present study, themean dailymagnesium
was above the upper limit of normal on day one only,
and never below the normal range. Evidence regarding
other cisplatin-associated electrolyte derangements is
more limited, but includes hypocalcaemia, and hypo-
phosphataemia in one study post-CRSwith cisplatin-based
HIPEC and sodium thiosulfate [34]. In our study, the mean
daily corrected calcium concentration was below the lower
level of normal on day one only, andmean daily phosphate
concentrations were normal throughout the study period.
As opposed to outpatient systemic chemotherapy regi-
mens, to which most of the literature pertains, our surgical
patients were admitted to hospital and underwent daily
electrolyte monitoring, with each of these replaced before
reaching a level of depletion. The nephroprotective effects
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of intraperitoneal chemotherapy with sodium thiosulfate
as opposed to systemic cisplatin may also decrease the
incidence of these electrolyte derangements, since all are
common findings in patients with AKIs.

This body of work is strengthened by use of the RIFLE
criteria, which has important clinical correlations with
mortality, increased LoS, renal replacement therapy and
recovery, and discharge from hospital to institutionalised
care [35]. Contrarily, the authors acknowledge the signifi-
cant limitations of this study. While the timing of hyper-
natraemia supports the hypothesis that it is the direct result
of parenteral sodium delivery, our study cannot account
for other causes, such as intravenous hypertonic sodium
bicarbonate to treat metabolic acidosis, since anaesthetic
data and fluid orders are not documented in the patients’
electronic medical records, or hyperglycaemia, which is
a common stress response to major surgery, even in
non-diabetic patients [36], and can result in dilutional
hyponatraemia due to the osmotic gradient exerted by
glucose [37]. This matter is further complicated by the
intimate relationship between AKIs and electrolyte dis-
turbances, including both hypo- and hypernatraemia,
however the directionality of this relationship cannot be
established from our retrospective data alone, noting that
75% of patients who developed an AKI had persistent
hypernatraemia at the time of AKI diagnosis, with the
remaining patient eunatraemic. Management instigated in
response to either hypernatraemia or AKI is unavailable
however, as patients were recruited from a single site, with
continuity of the treating team, it can be assumed that such
management is consistent between cases. Additionally,
post-operative urine output was not recorded in the elec-
tronic medical records and thus is it possible that the
incidence of AKI is underestimated owing to its exclusion,
as this forms part of the RIFLE criteria. Finally, the small
sample size rendered statistical comparison with a control
group inappropriate due to the high risk of type two sta-
tistical error. These data are intended only as preliminary
and to be followed up with a larger-scale study in the
coming years as the number of patients undergoing this
protocol at our centre expands.

In summary, we provide important preliminary data
regarding the incidence of hypernatraemia following
cisplatin-based HIPEC, though the statistical and clinical
significance of this finding must be evaluated in future
studies. The incidence of AKI was high in our cohort, and
demonstrates the importance of standardisation in the
reporting of outcomes, with the RIFLE and AKIN criteria
preferred consensus definitions for describing renal
impairment.

Research funding: None declared.
Author contributions: All authors have accepted
responsibility for the entire content of this manuscript
and approved its submission.
Competing interests: Authors state no conflict of interest.
Informed consent: Informed consent was obtained from all
individuals included in this study.
Ethical approval: This study has been approved by St
George Hospital’s Human Research Ethics Committee
(approval number 18/078).

References

1. Van der Speeten K, Stuart OA, Sugarbaker PH. Pharmacokinetics
and pharmacodynamics of perioperative cancer chemotherapy in
peritoneal surface malignancy. Cancer J 2009;15:216–24.

2. Verwaal VJ, Bruin S, Boot H, van Slooten G, van Tinteren H. 8-year
follow-up of randomized trial: cytoreduction and hyperthermic
intraperitoneal chemotherapy versus systemic chemotherapy in
patients with peritoneal carcinomatosis of colorectal cancer. Ann
Surg Oncol 2008;15:2426–32.

3. Bijelic L, Jonson A, Sugarbaker PH. Systematic review of
cytoreductive surgery and heated intraoperative intraperitoneal
chemotherapy for treatment of peritoneal carcinomatosis in
primary and recurrent ovarian cancer. Ann Oncol 2007;18:
1943–50.

4. Barabas K,Milner R, Lurie D, Adin C. Cisplatin: a reviewof toxicities
and therapeutic applications. Vet Comp Oncol 2008;6:1–18.

5. Hakeam HA, Breakiet M, Azzam A, Nadeem A, Amin T. The
incidence of cisplatin nephrotoxicity post hyperthermic
intraperitoneal chemotherapy (HIPEC) and cytoreductive surgery.
Ren Fail 2014;36:1486–91.

6. Angeles MA, Quenet F, Vieille P, Gladieff L, Ruiz J, Picard M, et al.
Predictive risk factors of acute kidney injury after cytoreductive
surgery and cisplatin-based hyperthermic intra-peritoneal
chemotherapy for ovarian peritoneal carcinomatosis. Int J
Gynecol Cancer 2019;29:382–91.

7. Lieberthal W, Triaca V, Levine J. Mechanisms of death induced by
cisplatin in proximal tubular epithelial cells: apoptosis vs.
necrosis. Am J Physiol 1996;270:F700–8.

8. Dobyan DC, Levi J, Jacobs C, Kosek J, Weiner MW. Mechanism of
cis-platinum nephrotoxicity: II. Morphologic observations. J
Pharmacol Exp Therapeut 1980;213:551–6.

9. Pabla N, Dong Z. Cisplatin nephrotoxicity: mechanisms and
renoprotective strategies. Kidney Int 2008;73:994–1007.

10. Dentino M, Luft FC, Yum MN, Williams SD, Einhorn LH. Long term
effect of cis-diamminedichloride platinum (CDDP) on renal
function and structure in man. Cancer 1978;41:1274–81.

11. Pfeifle CE, Howell SB, Felthouse RD, Woliver TB, Andrews PA,
Markman M, et al. High-dose cisplatin with sodium thiosulfate
protection. J Clin Oncol 1985;3:237–44.

12. Gandara DR, Wiebe VJ, Perez EA, Makuch RW, Degregorio MW.
Cisplatin rescue therapy: experience with sodium thiosulfate,
WR2721, and diethyldithiocarbamate. Crit Rev Oncol Hematol
1990;10:353–65.

92 Alonso et al.: Sodium thiosulfate during cisplatin-based HIPEC



13. Nagai N, Hotta K, Yamamura H, Ogata H. Effects of sodium
thiosulfate on the pharmacokinetics of unchanged cisplatin and
on the distribution of platinum species in rat kidney: protective
mechanism against cisplatin nephrotoxicity. Cancer Chemother
Pharmacol 1995;36:404–10.

14. Howell SB, Pfeifle CL, Wung WE, Olshen RA, Lucas WE, Yon JL,
et al. Intraperitoneal cisplatin with systemic thiosulfate
protection. Ann Intern Med 1982;97:845–51.

15. LaplaceN, KepenekianV, Friggeri A,VassalO, Ranchon F, Rioufol C,
et al. Sodium thiosulfate protects from renal impairement
following hyperthermic intraperitoneal chemotherapy (HIPEC) with
Cisplatin. Int J Hyperther 2020;37:897–902.

16. Glennon K, Mulligan K, Carpenter K, Mooney R, Mulsow J,
McCormack O, et al. The addition of sodium thiosulphate to
hyperthermic intraperitoneal chemotherapy with cisplatin in
ovarian cancer. Gynecol Oncol Rep 2021;37:100796.

17. van Driel WJ, Koole SN, Sikorska K, Schagen van Leeuwen JH,
Schreuder HWR, Hermans RHM, et al. Hyperthermic
intraperitoneal chemotherapy in ovarian cancer. N Engl J Med
2018;378:230–40.

18. Moder KG, Hurley DL. Fatal hypernatremia from exogenous salt
intake: report of a case and review of the literature. Mayo Clin
Proc 1990;65:1587–94.

19. Neuwelt EA, Brummett RE, Doolittle ND, Muldoon LL, Kroll RA,
Pagel MA, et al. First evidence of otoprotection against
carboplatin-induced hearing loss with a two-compartment
system in patients with central nervous system malignancy
using sodium thiosulfate. J Pharmacol Exp Therapeut 1998;286:
77–84.

20. Neuwelt EA, Gilmer-Knight K, Lacy C, Nicholson HS, Kraemer DF,
Doolittle ND, et al. Toxicity profile of delayed high dose sodium
thiosulfate in children treated with carboplatin in conjunction
with blood-brain-barrier disruption. Pediatr Blood Cancer 2006;
47:174–82.

21. Jacob M, Chappell D, Rehm M. The ‘third space’ – fact or fiction?
Best Pract Res Clin Anaesthesiol 2009;23:145–57.

22. Kurreck A, Gronau F, Alberto Vilchez ME, Abels W, Enghard P,
Brandl A, et al. Sodium thiosulfate reduces acute kidney injury
in patients undergoing cytoreductive surgery plus
hyperthermic intraperitoneal chemotherapy with cisplatin: a
single-center observational study. Ann Surg Oncol 2022;29:
152–62.

23. Karpes JB, Lansom JD, Alshahrani M, Parikh R, Shamavonian R,
Alzahrani NA, et al. Repeat cytoreductive surgery with or without
intraperitoneal chemotherapy for recurrent epithelial
appendiceal neoplasms. BJS Open 2020;4:478–85.

24. Sugarbaker PH. Peritonectomy procedures. Ann Surg 1995;221:
29–42.

25. Chen KL, Shamavonian R, Karpes JB, Alzahrani NA, Morris DL.
Acute kidney injury following hyperthermic intraperitoneal
chemotherapy with cisplatin. Anticancer Res 2021;41:1641–6.

26. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P. Crit Care
2004;8:R204.

27. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd,
FeldmanHI, et al. A new equation to estimate glomerular filtration
rate. Ann Intern Med 2009;150:604–12.

28. Dindo D, Demartines N, Clavien P-A. Classification of surgical
complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg 2004;240:
205–13.

29. Oronsky B, Caroen S, Oronsky A, Dobalian VE, Oronsky N,
Lybeck M, et al. Electrolyte disorders with platinum-based
chemotherapy: mechanisms, manifestations and management.
Cancer Chemother Pharmacol 2017;80:895–907.

30. Cata JP, Zavala AM, Van Meter A, Williams UU, Soliz J,
Hernandez M, et al. Identification of risk factors associated with
postoperative acute kidney injury after cytoreductive surgerywith
hyperthermic intraperitoneal chemotherapy: a retrospective
study. Int J Hyperther 2018;34:538–44.

31. Liesenfeld LF, Wagner B, Hillebrecht HC, Brune M, Eckert C,
Klose J, et al. HIPEC-induced acute kidney injury: a retrospective
clinical study and preclinical model. Ann Surg Oncol 2022;29:
139–51.

32. Kellum JA, Lameire N, Aspelin P, Barsoum RS, Burdmann EA,
Goldstein SL, et al. KDIGO clinical practice guideline for acute
kidney injury. Kidney Int Suppl 2012;2:1–138.

33. Kidera Y, Kawakami H, Sakiyama T, Okamoto K, Tanaka K,
Takeda M, et al. Risk factors for cisplatin-induced nephrotoxicity
and potential of magnesium supplementation for renal
protection. PLoS One 2014;9:e101902.

34. Kapoor R, Robinson KA, Cata JP, Owusu-Agyemang P, Soliz JM,
Hernandez M, et al. Assessment of nephrotoxicity associated
with combined cisplatin and mitomycin C usage in laparoscopic
hyperthermic intraperitoneal chemotherapy. Int J Hyperther
2019;36:492–7.

35. Lopes JA, Jorge S. The RIFLE and AKIN classifications for acute
kidney injury: a critical and comprehensive review. Clin Kidney J
2013;6:8–14.

36. Duncan AE. Hyperglycemia and perioperative glucose
management. Curr Pharmaceut Des 2012;18:6195–203.

37. Liamis G, Liberopoulos E, Barkas F, Elisaf M. Diabetes mellitus
and electrolyte disorders. World J Clin Cases 2014;2:488–96.

Alonso et al.: Sodium thiosulfate during cisplatin-based HIPEC 93


	Sodium thiosulfate during cisplatin-based hyperthermic intraperitoneal chemotherapy is associated with transient hypernatra ...
	Introduction
	Materials and methods
	Patient selection
	Intraoperative care
	Post-operative care
	Statistical analyses

	Results
	Hypernatraemia
	Acute kidney injury

	Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


