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Abstract 
Introduction:  Cisplatin-induced nephrotoxicity (CIN) can be prevented by fluid hydration, electrolyte supplementation, or forced diuresis; how-
ever, the best way to prevent CIN is still unknown. The aim of this study was to provide objective evidence on the optimal design of hydration 
schemes to prevent CIN based on an update of the literature.
Methods:  A Pubmed and Embase search were conducted in December 2021 and repeated in April 2022 and March 2023. Two independent 
reviewers screened the articles. The included articles were categorized and reviewed per category.
Results:  Twenty-seven articles met the inclusion criteria. The included studies varied widely. Four out of seven studies investigating diuretics 
found a protective effect of adding mannitol to the hydration scheme. All six studies investigating duration and amount of volume of hydration 
found that a short-hydration scheme resulted in less CIN than a longer hydration scheme. Seven out of nine articles evaluating the role of elec-
trolytes found that magnesium supplementation reduced the risk of nephrotoxicity. Three studies investigated the safety of oral hydration and 
concluded that nephrotoxicity did not occur more frequently after oral hydration.
Conclusion:  The hydration scheme of cisplatin should be short and consist of a relatively small amount of volume. The scheme should include 
mannitol and magnesium supplementation. Head-to-head studies are needed to investigate the safety of furosemide compared with mannitol 
and the dose of mannitol and magnesium.
Key words: cisplatin; kidney/drug effects; fluid therapy; diuretics; electrolytes; magnesium.

Implications for Practice
This study showed that hydration schemes should be short with a volume of 2 to 4 L administered in 4 to 5 hours. This short-hydration 
scheme prevents cisplatin-induced nephrotoxicity (CIN). Hospitalization is no longer necessary for fluid hydration in cisplatin treatment 
resulting in shorter hospital stays. The addition of mannitol and magnesium to hydration schemes resulted in lower incidence of CIN. The 
possibility of oral hydration is promising but could not be used in daily practice yet due to the absence of large studies confirming the 
preventive effect of oral hydration.

Introduction
Cisplatin or cisdiamminedichloroplatinum (II) (CDPP) is a 
well-known chemotherapeutic drug used for the treatment of 
solid and hematologic malignancies including leukemia, lym-
phomas, head and neck, bladder, ovarian, and lung cancers.1-6 
As a platinum-based compound, one of the main dose-limiting 
side effects of cisplatin is nephrotoxicity,7,8 with an incidence 
of 20%-30%. Nephrotoxicity might already occur after one 
single dose of cisplatin.9,10 Cisplatin-induced nephrotoxicity 
(CIN) manifests as both chronic kidney injury and acute kid-
ney injury (AKI), loss of electrolytes, such as magnesium and 
potassium,11 or polyuria.12 In addition, cisplatin is associated 

with other important side effects, such as ototoxicity and 
neurotoxicity.13

Different mechanisms underlie CIN.9 First, cisplatin is 
uptaken into kidney cells. Different transporters are involved 
in the uptake of cisplatin in kidney cells, such as organic cat-
ion transporter 2 (OCT2), copper transporter 1 (CTR1), and 
volume-regulated anion channels (VRAC).13,14 Second, cispla-
tin increases the expression of these uptake transporters while 
decreasing the expression of efflux transporters, resulting in 
accumulation of cisplatin. Then, this high concentration of 
cisplatin in the kidneys results in a cascade reaction of reac-
tive oxygen species, inflammation, oxidative stress, vascu-
lar injury, necrosis, and apoptosis.14,15 In addition, cisplatin 

Received: 19 August 2023; Accepted: 20 October 2023.
© The Author(s) 2023. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For 
commercial re-use, please contact journals.permissions@oup.com.

https://orcid.org/0009-0008-3872-7447
mailto:c.sikking@asz.nl
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


e174 The Oncologist, 2024, Vol. 29, No. 2

causes renal vasoconstriction resulting in a lower renal blood 
flow causing even more renal damage.16 Various mechanisms 
are described for ototoxicity, which overlap the mechanisms 
of CIN and could lead to permanent loss of hearing.17

Several strategies have been studied to reduce CIN of which 
hyperhydration is one of the most well-known interventions. 
The protective mechanism of hyperhydration is unclear, but 
a hypothesis is that volume expansion results in an increase 
in renal cisplatin excretion.16 The administration of electro-
lytes like sodium chloride (NaCl) is suggested to also have a 
protective effect on CIN by preventing decreased osmolality 
and thereby preventing osmotic stress responses.18 In addi-
tion, forced diuresis by adding furosemide or mannitol in a 
hydration scheme might lead to less nephrotoxicity due to 
faster elimination of cisplatin. Hypomagnesemia is a common 
adverse effect of cisplatin treatment due to damage to renal 
tubular cells and damage to the Ca2+/Mg2+ sensing receptor. 
Magnesium supplementation is suggested to have a protec-
tive effect on CIN by influencing renal transporters such as 
OCT2 and multidrug and toxin extrusion protein 1 resulting 
in less accumulation of cisplatin in the kidneys.19 The combi-
nation of these measures are hereafter referred to as “hydra-
tion schemes.”

As exploratory part of the study from Niggebrugge et 
al, a questionnaire among Dutch hospitals was conducted 
to gain insight into the differences of measures applied to 
prevent CIN.20 This survey was conducted to select 2 hos-
pitals that differ the most in terms of hydration duration 
but were similar in terms of other variables. This survey 
revealed a large variety in hydration schemes used among 
hospitals and even within hospitals. Hydration schemes 
within hospitals varied depending on the indication of 
cisplatin. All hospitals added magnesium to the hydra-
tion fluid, but there were substantial differences between 
hospitals in the duration and volume of pre- and posthy-
dration. Prehydration was defined as hydration before the 

cisplatin administration, where posthydration was defined 
as hydration after the cisplatin hydration. For example, 
the total duration of treatment ranged from 6.7 hours to 
40 hours, and the volume of total treatment ranged from 
3.2 to 6.5 Liters. Half of the hospitals used NaCl 0.9% as 
hydration fluid, most other hospitals used glucose 2.5%/
NaCl 0.45% as hydration fluid.20 The European Society of 
Clinical Pharmacy Special Interest Group on Cancer Care 
(ESCP) is not clear about the optimal hydration scheme.21 
A hydration scheme should consist of hydration before or 
after cisplatin or a combination of both and different types 
of fluid could be used. Also, diuretics or electrolytes could 
be added to the hydration scheme. Since the publication of 
the ESCP recommendations in 2008, several reviews have 
been published focusing on measures to prevent CIN. These 
reviews investigated different aspects of hydration schemes, 
such as the duration of hydration, adding electrolytes such 
as magnesium to hydration schemes, antioxidant treatment, 
and the preventive role of mannitol. A summary of the pre-
viously published reviews is shown in Table 1.22-27

Even after publication of the abovementioned reviews and 
ESCP recommendations, the best way to prevent CIN is still 
not clear. The substantial differences in hydration schemes 
within the Netherlands and absence of clear guidelines 
prompted us to write this narrative review. The aim of our 
study is to provide an objective update of the literature on the 
optimal design of hydration schemes to prevent CIN based on 
an update of the literature.

Methods
This study was performed in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement.28 The study protocol was registered 
with PROSPERO International Prospective Register of sys-
tematic reviews, registration number CRD42022321500.

Table 1. Summery of previously published reviews.

Author and year of publication Inclusion period Aim of the review Conclusions

Launay-Vacher et al (2008)21 Up to 2007 To evaluate the prevention of cisplatin- 
induced nephrotoxicity.

Use saline solution infusion for an urine 
flow of 3-4 L/24 hours for 2 to 3 days. 
Do not use diuretics. Monitor mag-
nesium levels and give magnesium if 
necessary.

Crona et al (2017)22 1966 to October 2015 To evaluate clinical studies that have 
examined hydration and supplemen-
tation strategies to prevent CIN.

Short-duration low-volume hydration with 
magnesium supplementation is the best 
practice to prevent CIN. Mannitol could 
be used in selected patients.

Casanova et al (2020)23 Up to December 2017 To evaluate the efficacy of compounds 
that could be used to protect against 
CIN.

1 g of magnesium intravenous seems to be 
the best compound to prevent CIN.

Danwilai et al (2021)24 Up to February 2018 To determine the clinical effect of mag-
nesium supplementation to prevent 
CIN.

Magnesium supplementation should be 
used to prevent CIN.

Kandhare et al (2019) 25 Up to February 2017 To evaluate the efficacy of antioxidants 
against CIN.

Treatment with antioxidants results in a 
reduced risk of CIN.

Hamroun et al (2019)26 January 1, 1978 to June 
1, 2018

To evaluate methods that will reduce 
the occurrence of cisplatin-induced 
acute kidney injury (CIA)

Magnesium supplementation is a protective 
method to reduce CIA.

Li et al (2021)27 Up to May 2021 To evaluate efficacy and safety of 
application of mannitol in hydration 
schemes of cisplatin.

Mannitol is effective and safe in reducing 
CIN but could result in adverse effects.
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Search Strategy
A search strategy was built in collaboration with a librarian 
and reviewed by a second librarian. The search strategy is pre-
sented in Supplementary material S1. A Pubmed and Embase 
search were performed in December 2021 and repeated in 
April 2022 and March 2023. Articles were screened and 
selected for exclusion by keywords by an online web appli-
cation for exploring and filtering searches for eligible stud-
ies (Rayyan and Endnote).29 The keywords are presented in 
Supplementary material S2. The actual exclusion was done 
manually by 2 independent reviewers (CS and ES) based on 
title and abstract. Afterward, titles, abstracts, and full texts 
were screened based on the inclusion and exclusion criteria 
by 2 independent reviewers (CS and ES). Disagreements were 
resolved through discussion. The reasons of exclusion were 
recorded.

Study Selection
Studies were included if published since January 1, 2018, 
which was the end of the inclusion period of most previ-
ous published reviews.21-27 The studies had to be written in 
English or Dutch. Animal studies were excluded, as well as 
case reports, case series with less than 10 patients, reviews, 
congress abstracts, abstract-only publications, comments or 
letters, and in vitro studies. Studies were not excluded based 
on the quality of the study.

Data Extraction
A single reviewer (CS) conducted the data extraction and a 
second reviewer (ES) checked the data extraction to reduce 
the risk of bias. Collected data included first author, year 
of publication, aim of the study, study design, number of 
patients, indication of cisplatin, in- and exclusion criteria, 
cisplatin dose, number of cisplatin cycles, time interval 
between cycles, characteristics of the hydration regimen 
(volume, time of administration, and type of fluid), addi-
tion of electrolytes, time points at which kidney function 
was measured, use of diuretics, use of other drugs, defini-
tion of nephrotoxicity, endpoints, results, limitations, and 
strengths of the study. The included articles were categorized 
and reviewed per category.

Results
Search Results
The search yielded 5396 articles in Pubmed and Embase. 
Removing results by computerized tools (Endnote and 
Rayyan) based on language, publication date, or duplicates 
before screening of title and abstract resulted in 908 eligi-
ble articles. Of these, 831 articles were marked for exclusion 
based on keywords and manually excluded based on title or 
abstract. Titles and abstracts of the remaining 77 articles were 
screened, leading to 32 articles being assessed for inclusion 
by means of in-depth reading. This assessment resulted in the 
exclusion of another five records: one exclusion was based 
on endpoints, three exclusions were based on publication 
type, and one exclusion was based on the number of patients. 
As a result, 27 articles were included in the review (Fig. 1). 
Subsequently, the included articles were grouped into the fol-
lowing categories: diuretics, hydration duration and volume, 
addition of electrolytes, route of administration, and others. 
One article has been assigned to multiple categories.30

Diuretics
Seven of the included articles investigated the protective effect 
of diuretics.31-37 All trials used mannitol as a diuretic, and one 
study compared the use of mannitol with furosemide.35 The 
studies varied widely regarding the mannitol dose, time inter-
val between cycles, cisplatin dose, definition of nephrotoxicity 
and in the way nephrotoxicity was determined. Four studies 
found a protective effect of adding mannitol to the hydration 
scheme.31-33,37 The dose of mannitol in these studies ranged 
from 12.5 g to 100 g. Another study found a significant pro-
tective effect of mannitol 12 g in schemes with cisplatin doses 
of 50 mg/m2. In schemes with cisplatin doses higher than 50 
mg/m2, all patients received mannitol, and only the dose of 
mannitol was investigated. There was no association found 
between the mannitol dosage and nephrotoxicity in schemes 
with cisplatin doses higher than 50 mg/m2,34 and in one study, 
no statistic difference was found.36 In contrast, more patients 
developed AKI in the mannitol group; however, this was not 
statistically significant, and more patients received a cisplatin 
dose of 100 mg/m2 in the mannitol group (84%) compared 
with the control group (45%).36 One study compared the 
renal protective effects of furosemide and mannitol and con-
cluded that there were no statistical differences between the 
2 diuretics.35

Duration and Hydration Volume
Six articles investigated the impact of the duration of hydra-
tion and the hydration volume.20,30,38-41 In all studies, cisplatin 
doses were ≥60 mg/m2, and one was a single arm study with a 
small study population.30 It should be noted that in one study, 
the dose and administration of diuretics were different for 
the intervention and control group.41 Five studies compared 
2 groups: a short-hydration group and a conventional hydra-
tion group as a control group.20,38-41 In the short-hydration 
group, the duration of fluid administration was shorter and 
consisted of a smaller hydration volume, ranging from 1.9 to 
4.3 L for the short-hydration group and 4.5 to 7.8 L for the 
conventional hydration group. In the studies describing both 
a short and a conventional hydration group, other variables 
with potential impact on the degree of nephrotoxicity, such as 
the administration of a diuretic or cisplatin dose, were compa-
rable. Patients in the short-hydration groups mostly received 
hydration during 4 or 5 hours, except for one study, in which 
the short-hydration group received intermittent intravenous 
hydration on days 1, 2, and 3 (6 hours on day 1, 4 hours on 
days 2 and 3).39 Patients in the conventional hydration group 
received hydration during 24 hours or more (range 24 hours 
to 4 days). All studies found that a short-hydration scheme 
resulted in less CIN than a conventional hydration scheme 
based on creatinine evaluation or eGFR decline. The cutoff 
values of nephrotoxicity were different in the studies, see 
Table 2 for details.

Addition of Electrolytes
Nine articles evaluated the role of electrolytes in hydration 
schemes.30,42,47-51,54,55 In two studies, weekly schemes with 
doses of >50 mg or 40 mg/m2 were used. Seven studies dosed 
cisplatin every 3 weeks in doses ≥50 mg/m2,30,42,47-49,54 and in 
2 studies, weekly schemes with doses of >50 mg or 40 mg/m2 
were used.50,55 All studies investigated the role of magnesium 
whether or not in combination with other electrolytes such as 
sodium chloride (NaCl) (n = 7),30,42,47-50,55 potassium chloride 
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(KCl) (n = 5),42,47,48,50,55 calcium (Ca) (n = 1),48 and calcium 
gluconate (C12H22CaO14) (n = 1).50 However, the magnesium 
dose varied between the studies (8-20 mEq). Of the 9 stud-
ies, 7 studies consisted of both an intervention and a con-
trol group,42,47-50,54,55 one study investigated different doses 
of magnesium without a control group51 and one study did 
not have a control group.30 Also, the endpoints used to define 
a decline in renal function differed between the studies. The 
applied definitions have been described in Table 2. Seven of 
the 9 articles found that magnesium supplementation pro-
tected against the development of nephrotoxicity.30,47-50,54,55 In 
contrast, one study did not find a protective effect of mag-
nesium supplementation.42 The only study focusing on the 

influence of varying doses of magnesium found no differences 
in effect between doses.51

Method of Administration
Three studies investigated the influence of the administra-
tion route of the hydration fluid.45,52,53 One study consisted 
of two groups, an intravenous (IV)/intravenous (IV) and 
intravenous/oral (PO) group,52 and one study did not have 
an IV/IV group as control group.45 In both studies, the pre-
hydration fluid (ie, hydration before administration of cispla-
tin) was administered intravenously. The type of oral fluid 
used differed between the two studies: water or an oral fluid 

Figure 1. PRISMA flow chart.
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containing sodium, chloride, potassium, magnesium sulfate, 
lactate, and glucose. Both studies found that oral hydration 
did not result in more nephrotoxicity,45,52 and one study sug-
gested that orally administered posthydration (ie, hydration 
after administration of cisplatin) of at least 1 L water per day 
might even be better than intravenously administered hydra-
tion.52 The incidence of nephrotoxicity grade ≥1 was 39.4% 
in the IV before/IV after group and 25.7% in the IV before/
PO after group (P = .001).52 In the third study, the type of 
oral hydration was investigated. In this study, commercially 
available Oral Rehydration Solution (ORS) such as OS-1 
was compared with other beverages.53 ORS intake was not 
associated with CIN but the ORS group experienced more 
anorexia. It is unknown if this is related to the ORS intake or 
is associated with the differences in baseline characteristics at 
the beginning of the study.

Other Interventions
The influence of acetazolamide, vitamin E, and melatonin 
are investigated in three studies.43,44,46 All of these studies had 
a small study population but revealed potentially effective 
methods for the prevention of CIN and, therefore, topics for 
further investigation. Oral acetazolamide in a dose of 250 mg 
before cisplatin administration was found to be effective in 
the reduction of nephrotoxicity.44 Melatonin administration 
in a dose of 20 mg daily for 5 days also resulted in less neph-
rotoxicity.46 The use of vitamin E did has a significant effect 
on serum creatinine concentrations in the first, second, fourth 
cycle, and 1 month after chemotherapy.43

Discussion
This systematic review investigated the effect of several 
hydration schemes with and without additional supplements 
to prevent cisplatin-related nephrotoxicity. Between January 
2018 and March 2023, 27 relevant new articles have been 
published. Of these, only five studies were randomized con-
trolled trials, and more than half (15/27) of the studies had 
a retrospective design. The quality of most studies was low; 
endpoints were poorly described, there was no power calcu-
lation conducted upfront, or the definition of nephrotoxicity 
was not given. Although most studies had a control group 
with parameters comparable with the intervention group, 
there was a large heterogeneity among the included studies. 
For example, the cisplatin doses, intervals between the cispla-
tin cycles and number of cisplatin cycles being studied were 
different, but also the applied definitions of nephrotoxicity 
(when provided) and endpoints, as well as different hydration 
schemes being used. These differences complicate the compar-
ison between the studies.

The type of hydration fluid, such as normal saline, glucose, 
a combination, or Ringer’s lactate was not subject of investi-
gation in any of the studies even though different fluids are 
being used in the included studies. This assumes that the type 
of hydration fluid does not affect the risk of nephrotoxicity, 
however, without underlying evidence. Also, the timing of 
fluid hydration, before or after the cisplatin administration, 
was has never been investigated, although differences in the 
moment of fluid administration were observed in the included 
studies. Therefore, it is not possible to draw conclusions 
regarding the best moment of fluid administration.

Based on the results in our review, the application 
of mannitol is useful, which is in contrast with earlier 

conclusions,21,22,26 but comparable with the recent study 
from Li et al.27 The positive contrast with earlier results 
might be due to the different doses of the mannitol in the 
included studies. Due to over-diuresis, nephrotoxicity could 
occur. Moreover, the treatment of cisplatin has been opti-
mized due to the use of antiemetic’s over the years result-
ing in less vomiting and dehydration. The comparison with 
recent studies is, therefore, more in concordance with the 
current treatment and real-world situation. Due to the het-
erogeneity in study design, a general dose of mannitol for 
all patients could not be given. Dosing should, therefore, be 
based on the Summary of Product Characteristics (SmPC), 
which describes a loading dose followed by dosing based 
on the degree diuresis taking the hydration scheme into 
account.

Besides the addition of mannitol, a shorter, low volume 
hydration scheme (<24 hours) should be preferred over a lon-
ger and more voluminous hydration scheme. This substan-
tiates the previous conclusions of Crona et al22 but seems in 
contrast with the ESCP recommendations which recommend 
to aim for an urine flow of 3 till 4 L per day for 3 days21 
(based on expert opinion). Given the homogeneous results of 
the studies included in this review, which were performed in 
the presence of different types of malignancies, it should be 
concluded that a short-hydration scheme should be applied 
for all patients receiving cisplatin treatment. In addition, a 
short-hydration scheme is more patient friendly and could 
reduce healthcare costs because of a shorter in hospital stay.

The third effective preventive measure was the addition 
of magnesium to the hydration scheme. All studies showed 
a positive effect of adding magnesium to the hydration 
scheme except for one article who found a conflicting 
result.42 However, the quality of this latter study was low. 
The addition of magnesium to the hydration schemes is 
aligned by the conclusions of the reviews of Crona et al, 
Casanova et al, Hamroun et al, Danwilai et al, and the 
ESCP recommendation.21-24,26 The mechanism of this renal 
protective effect of magnesium addition is investigated in 
a single animal study. The effect of magnesium on renal 
transporters might explain the suppression of cisplatin 
accumulation in the kidneys.19 In the studies included in 
our review, doses between 8 and 20 mEq were applied. 
Only one study actually compared a dose of 8 mEq with 
a dose of 20 mEq.51 In this study, there was no significant 
difference in nephrotoxicity. More studies should be con-
ducted to investigate the specific dose of magnesium.

The effect of oral hydration remains unclear, and the type 
of oral hydration that should be used is also still a subject of 
investigation. A study evaluating the safety of oral hydration 
should, therefore, first be repeated with all kind of malignan-
cies before it is possible to draw conclusions for all patients.

Other methods to prevent CIN, like the influence of acet-
azolamide,44 vitamin E,25,43 or melatonin46 were each investi-
gated in only one study and could, therefore, not be compared 
with other studies. The populations were small, so the results 
should be confirmed in larger other studies before solid con-
clusions regarding their application can be drawn.

This study has some limitations. First, the included stud-
ies were heterogeneous. This hampered the comparison 
between the studies; however, most studies had a compara-
ble control group. Second, many different hydration meth-
ods were included, which makes it difficult to draw overall 
recommendations. Third, some CIN preventive methods were 
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investigated in only a few studies, which makes it impossible 
to conclude if a hydration method is safe and effective.

An important strength of this study is that it covers the 
full scope of the subject. This makes it possible to make over-
all conclusions of the best method to prevent nephrotoxicity. 
Furthermore, the comparison with previous reviews makes it 
clear which information gaps should be further investigated.

Conclusion
To conclude, the hydration scheme of cisplatin should be short 
and should comprise a diuretic and magnesium. The differ-
ence between mannitol and furosemide should be investigated 
in a head-to-head study. The optimal dose of the diuretic and 
magnesium should be further investigated.
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