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Preventing Contrast induced acute kidney
injury

Review question

What is the comparative clinical and cost effectiveness of N-acetylcysteine (NAC) and/or
fluids in preventing contrast induced acute kidney injury (CI-AKIl) in at risk adults?

Introduction

Exposure to iodinated contrast media has been associated with in-hospital AKI. Acute kidney
injury following administration of iodinated contrast has previously been referred to as
contrast induced nephropathy (CIN). The Kidney Disease: Improving Global Outcomes
(KDIGO) international guideline proposes adopting the term contrast induced AKI (CI-AKIl)
and applying the KDIGO AKI definition. This will provide the opportunity to standardise the
terminology used to define AKI and stage its severity. Contrast induced-AKI is uncommon in
the general population, with an incidence of 1-2%, and occurs within 72 hours of receiving
iodinated contrast media, usually recovering over the following five days. Its incidence
increases significantly in patients with risk factors and is associated with prolonged hospital
stay, increased mortality and increased health care costs. The risk of CI-AKI has been
reported to be as high as 25% in patients with a combination of chronic kidney disease
(CKD) and diabetes, cardiac failure, older age and exposure to nephrotoxic drugs.

The NICE guideline on acute kidney injury: prevention, detection and management (NICE
guideline CG169) was reviewed in 2017 as part of NICE’s surveillance programme in an
exceptional review. The purpose of the exceptional review was to examine any impact on the
acute kidney injury guideline following the publication of the AMACING study (Nijssen et al
2017), which compared the effectiveness of no prophylaxis to intravenous volume expansion
with 0.9% sodium chloride, in people referred for an elective procedure requiring
intravascular-iodinated contrast material who were at high risk of CI-AKI. The results showed
non-inferiority of either treatment. This new trial result was seen as potentially sufficient to
change the existing recommendations. As a result, the decision was made to update this part
of the guideline.

The aim of this review is to assess the clinical and cost effectiveness of NAC and/or fluids in
preventing CI-AKI in at risk adults. This review identified randomised controlled trials (RCTs)
that fulfilled the conditions specified in Table 1. For full details of the review protocol, see
appendix A.

PICO table

Table 1: PICO table for preventing Contrast induced acute kidney injury review

Adults (18 and older) who are at risk (as defined by the study author) of contrast
induced AKI.

e Sodium chloride 0.9% and 0.45%

e Sodium bicarbonate

e Oral fluids

¢ N-acetylcysteine (NAC)

¢ Balanced electrolyte solutions (Hartmanns, PlasmaLyte)
o Other intravenous fluids

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT 7
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e Combinations of above interventions

Key data to be extracted for each intervention:
o Agent

e Regime

e Duration

» Dosage (volume per kg per unit time)
Both pre- and post- procedure

e Each other

e Placebo (for NAC)

o No treatment

For the pairwise analysis

Primary outcomes

e Contrast induced AKI (as defined by study (usually 48-72 hours, but
diagnosed within 7 days of contrast being given to allow for delays in testing)

o CKD progression at 3 months after diagnosis of CI-AKI
o Mortality (up to 1 year)

 Number of patients needing renal replacement therapy (timescale defined by
study authors)

o Adverse events (including heart failure, as reported by study)

Outcomes used for NMA may not include all of these depending on ability to
make meaningful connected networks.

Other outcomes of interest:

¢ Length of hospital stay

o Readmission for AKI (within 2 weeks)

o Health related quality of life (any measure)

1 Methods and process

N
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This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods section in appendix B.

Declarations of interest were recorded according to NICE’s 2018 conflicts of interest policy.

The following methods were specific for this review:

(a)References that were excluded on sample size (N<80) from the guideline in 2013 for this
review question were added back in if they were excluded only on the basis of a sample
size N<80 to ensure consistency between the new data set and the original data set.

(b)Included RCTs reported CI-AKI using different definitions and different time points:

(c)Table 34 in appendix P shows a list of reported CI-AKI definitions. Some RCTs reported
on more than one CI-AKI definition. A ranked list of CI-AKI definitions was developed to
prioritise data extraction with the result that only one definition was extracted per trial. The
prioritisation was based on committee discussions about which definitions were most
clinically useful and the frequency of reporting using each definition in the included RCTs.
See appendix B for the prioritisation of CI-AKI definitions. The committee agreed that
RCTs reporting different CI-AKI definitions could be analysed together as all these
definitions were indicative of CI-AKI.

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT 8
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(d)RCTs reported CI-AKI events at different time points ranging from 1 to 5 days. The
committee agreed that RCTs reporting different time points could be analysed together as
long as the longest time point was 5 days or less.

(e)Included RCTs also reported different regime, duration, and volume (or dosage in the
case of NAC) for most of the interventions. Details of included interventions are reported
in appendix D clinical evidence tables. The committee agreed that RCTs could be
analysed together grouping different regimes, durations, and volumes/dosage within a
type of fluid:

sodium chloride 0.9% (IV)

no (intravenous) hydration

sodium bicarbonate (IV)

sodium chloride 0.45% (IV)

sodium citrate (oral)

oral fluids

sodium bicarbonate (oral) + oral fluids

sodium chloride 0.45% (IV) + sodium bicarbonate (IV)
NAC (oral) + sodium chloride 0.9% (IV)

NAC (oral) + sodium bicarbonate (1V)

sodium chloride 0.9% (IV) + sodium bicarbonate (1V)
NAC (IV) + sodium chloride 0.9% (IV)

NAC (oral) + sodium chloride 0.45% (1V)

NAC (IV) + sodium chloride 0.45% (IV)

NAC (oral)

NAC (IV bolus & oral) + sodium chloride 0.9% (IV)
NAC (IV bolus) + sodium chloride 0.9% (IV)

(f) Some studies reported serum creatinine in mg/l, but the committee highlighted that pmol/I
is the preferred unit of meausure in the UK. Therefore, any data on serum creatinine
reported in mg/l were converted to the preferred measure umol/l by multiplying mg/l by
88.4.

(g)Chen 2008 recruited 2 groups based on their baseline serum creatinine (group 1: serum
creatinine <132.6umol/l; group 2: serum creatinine 2132.6umol/l). Group 1 was allocated
to sodium chloride 0.45% or no (intravenous) hydration. Group 2 was allocated to oral
NAC + sodium chloride 0.45% or oral NAC. Therefore, Chen 2008 was split as 2008a and
2008b in the NMA data.

(h)Aslanger 2012 stated that sodium chloride 0.9% was given to all participants but the
authors did not specify whether this fluid was given pre and/or post contrast. We assumed
that the fluid was given at both pre and post contrast because the fluid was given for 12
hours and all people were given contrast within 12 hours of symptom onset, therefore all
fluid must have continued after the contrast.

(i) Adverse events were extracted as number of people with adverse events rather than
number of events to enable pooling of RCTs reporting on adverse events. Data was not
extracted from RCTs only reporting number of events.

(j) The NMA models for a dichotomous outcome were based on models from the NICE
Decision Support Unit (DSU) technical support document 2 (models 1c and 1d). The
models are shown in appendix Q.

(k) Results were reported as the posterior median and 95% credible interval from the NMA
models with the best fit to the data based on the NICE Guideline Updates team criteria for
model choice detailed in appendix B.

(I) The DSU code presents the results of dichotomous outcomes as OR. These were
converted to RR by the NICE Guideline Updates Team. Relative effects calculated on a

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT 9
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log(odds ratio) scale were re-expressed as relative risks using the absolute probability of
CI-AKI (25/250) from the sodium chloride 0.9% + oral NAC arm of Maioli et al. (2008).
This study was selected to provide the baseline probability as it is a relatively large,
European study that also reports results that are used to estimate the consequences of
CI-AKI in the HE model; therefore, using this baseline probability allows for a consistent
chain of evidence.

(m)  Where the data for the NMA for CI-AKI (dichotomous outcome) included RCTs with O
events in both arms, these RCTs were not included as part of the analysis because RCTs
with 0 events in both arms do not contribute evidence on the relative treatment effects in
pairwise meta-analysis or NMA.

(n)CI-AKI was reported as defined by study in pairwise analysis (usually 48-72 hours but
diagnosed within 7 days of contrast being given to allow for delays in testing). For the
NMA, number of diagnoses of CI-AKI within 5 days of the contrast being given was
selected as the most appropriate outcome to prioritise because there were sufficient
numbers of trials to form a connected network that included the majority of interventions.

(o)Inconsistency checking of the NMA was carried out (see Appendix R —NMA inconsistency
checks).

(p)Although there were studies at high risk of bias included in the NMA, sensitivity analyses
excluding these studies were not carried out because sensitivity analyses for the pairwise
data did not alter the interpretation of the effects of the treatments with 2 exceptions (oral
NAC + sodium chloride 0.45% compared to sodium chloride 0.45%; oral NAC + sodium
chloride 0.9% compared to oral NAC + sodium bicarbonate). These were not considered
sufficient to warrant running NMA sensitivity analyses for the CI-AKI outcome. See section
on ‘The quality of the evidence’ for more information about the differences in interpretation
between the analysis including all studies and the sensitivity analysis removing studies at
high risk of bias.

We would like to acknowledge the Technical Support Unit, at University of Bristol, particularly
Nicky Welton and Caitlin Daly, for providing advice, models, inconsistency checking and
quality assurance for the network meta-analysis included in this review.

Clinical evidence

Included studies

A systematic search was carried out to identify randomised controlled trials (RCTs) and
systematic reviews of RCTs, which found 592 references (see appendix C for the literature
search strategy). Evidence identified in the original guideline (37 references), excluded
references in the original guideline with sample size <80 participants (20 references).
References from the NICE surveillance review (29 references), and from systematic reviews
(see below) were also reviewed.

In total, 647 references were identified for screening at title and abstract level with 490
excluded at this level. Full texts were ordered to be screened for 157 references (43
systematic reviews and 114 RCTSs).

Forty-three systematic reviews were identified in the full text screen. There were 6 network
meta-analyses published between 2017 and 2019. None of these network meta-analyses
matched the question under consideration here and so a de novo NMA was carried out. The
existing network meta-analyses were used as additional sources of references (10 RCTs). In
total 75 references (reporting on 70 RCTs) were included based on their relevance to the
review protocol (appendix A). The clinical evidence study selection is presented as a
PRISMA diagram in appendix D.

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT 10
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1 See appendix O for a list of references for included studies.

2 Excluded studies

3 See appendix M for a list of excluded studies with reasons for exclusion and appendix O for
4 the bibliographic reference.

5 Table 2: Summary of clinical studies included in the evidence review

(October 2019)

Outcome
Short Title Population Interventions Comparator measure(s)
Adolph » Undergoing * IV sodium * IV sodium + Contrast
(2008) elective chloride 0.9% bicarbonate induced AKI
diagnostic or Increase in sCr
n = 145 interventional 225%
angiography * CKD
. progression
Age 218 years - Mortality
» Serum creatine * Number of
Two sCr levels patients needing
>106umol/l within RRT
12 weeks of » Adverse events
angiography that * Length of
differed by <5% hospital stay
(days)
* Readmission for
AKI
* Health related
quality of life
Agrawal » Undergoing * Oral NAC + * Placebo + IV * Contrast
(2004) coronary sodium chloride sodium chloride induced AKI
angiography 0.9% 0.9%
n=25 and/or Pre-contrast: oral Either a 0.5-mg/dl
percutaneous NAC 800 mg 12h  pre-contrast: increase in serum
coronary prior anglogr aphy, matching creatinine
intervention 600 mg 2h prior placebo, with IV concentration or a
« Renal angiography, with  sodjum chloride 25% increase in
insufficiency as IV sodium . 0.45% 1 mi/kg for  serum creatinine
defined by a chioride 0.45% 1 12h pefore and concentration at
serum Cr>1.5 mi/kg for 12h during 48 h
mag/dl or T befqre and during  angiography.
creatinine angiography. Post-contrast:
Post-contrast: oral  matchin
clearance <50 NAC 600 ma 6h g .
ml/min mg placebo, with IV
after angiography,  sodjum chloride
* Age 218 years with |V sodium 0.45% 1 mi/kg for
chloride 0.45% 1 12h after
m//kg for 12h after angiography
angiography (unless there was
(unless there was  concern that this
concern that this might precipitate
might precipitate pulmonary
pulmonary edema).
edema).
Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT 11
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Short Title
Akyuz
(2014)

n =225

Albabtain
(2013)

n =243

Allagaban
d (2002)

n=285

Population

» Undergoing
coronary
angiography
and/or
percutaneous
coronary
intervention

* Age 270 years

» Type 2 diabetes
mellitus

* History of
chronic heart
failure or systolic
dyfunction

* Anaemia
* Hyper uricaemia

» Undergoing
coronary
angiography or
PCI

* Age 218 years

* CIN

At risk of CIN,
defined as having
one of the
following criteria
on admission:
serum creatinine
21.3 mg/dL (115
mmol/L) or were
on diabetes
mellitus
medication.

* Undergoing
cardiovascular
interventions
requiring radio
contrast

e Serum
creatinine

baseline
creatinine = 136.8
umol/L or an
estimated
creatinine

Interventions

* Oral hydration
Encouraged to
drink as much
spring or tap
water before
procedure 12 - 2
hours before
procedure

* Oral NAC +
sodium chloride
0.9%

NAC orally 600
mg twice daily for
2 days starting
the evening
before the
procedure.
Ascorbic acid,
supplied as
effervescent
tablets, 3 g 2
hours before the
angiogram, 2 g
after the
angiogram, and 2
g 24 hours after
the angiogram

* Oral NAC + IV
sodium chloride
0.45%

Pre-procedure
600mg twice daily
in the day before
procedure and
continuing
throughout day of
procedure, with
0.45% sodium
chloride 1mi/kg/hr

Comparator

¢ |V sodium
chloride 0.9%

* |V sodium
chloride 0.9%
Normal saline
was started in all
patients at a rate
of 50 to 125 mL/h
IV from the time
of randomization
until at least 6
hours after the
procedure

* |V sodium
chloride

Pre-procedure
0.45% sodium
chloride 1ml/kg/hr
for 12 hours prior
to procedure.
Post-contrast:
0.45% sodium
chloride 1mi/kg/hr
for 12 hours.

Outcome
measure(s)

* Contrast
induced AKI
>25% relative or
=20.5 mg/dl
increase in SCr
* Mortality

* Number of
patients needing
RRT

Requiring dialysis
within 30 days
post procedure

» Adverse events

* CIN
Development of
CIN or its
definition
components as
measured 4-5
days after
procedure. CIN
was defined by an
absolute increase
of serum
creatinine
concentration of
at least 0.5 mg/dL
or a relative
decrease of
creatinine
clearance of at
least 25% from
the baseline value
measured 4 to 5
days after
procedure
 Contrast
induced AKI

at 48 hours,
defined as
absolute increase
in serum
creatinine level of
at least 44.2
umol/L

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT
(October 2019)
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Short Title

Aslanger
(2012)

n =220

Baskurt
(2009)

n =145

Berwanger
(2011)

n = 2308

Population

clearance of <60
ml/min

e Other

scheduled to
undergo
cardiovascular
interventions
requiring the use
of radio contrast

» Undergoing
coronary
angiography

* Age 230 days

* Other
Patients with
STEMI
undergoing
coronary
angiography
within 24h of
symptom onset

» Undergoing
coronary
diagnostic
angiography

* eGFR

between 30 and
60 mL min-1 1.73
m-2

 Chronic kidney
disease

moderate degree
chronic kidney
disease

» Undergoing
peripheral
vascular
angiography,

Interventions

for 12 hours prior
to procedure.
Post-contrast:
0.45% sodium
chloride 1ml/kg/hr
for 12 hours.

* IV NAC + oral
NAC + sodium
chloride 0.9%
Pre-procedure:
single 1V bolus
NAC of 1200mg
during the
procedure . (total
69) Post-
procedure:
1200mg NAC
orally twice daily
for 48h after the
procedure. * IV
saline 0.9% given
as at 1mli/kg/hour
for 21 hours
(unclear whether
this is pre, peri, or
post-procedure)

* Oral NAC + IV
sodium chloride
0.9%
Pre-contrast: oral
NAC twice daily
the preceding day
and the day of
angiography, with
1V sodium
chloride 0.9% 1
mL kg-1 h-1 for
12h before
contrast
exposure. Post-
contrast: oral
NAC none, IV
sodium chloride
0.9% 1 mL kg-1
h-1 for 12h after
contrast
exposure.y

* Oral NAC + IV
sodium chloride
0.9%

Comparator

» Sodium chloride
0.9%
Pre-procedure: iv
saline bolus of 12
ml during the
procedure Post-
procedure:
placebo capsules
for 48h after
procedure. * IV
saline 0.9% given
as at 1mi/kg/hour
for 21 hours
(unclear whether
this is pre, peri, or
post-procedure)

|V sodium
chloride 0.9%
Pre-contrast: IV
sodium chloride
0.9% 1 mL kg-1
h-1 for 12h before
contrast
exposure. Post-
contrast: IV
sodium chloride
0.9% 1 mL kg-1
h-1 for 12h after
contrast
exposure.

* Placebo + IV
sodium chloride
0.9%

Outcome
measure(s)

» Contrast
induced AKI

at 72 hours,
defined as
increase in sCr
225% or 44umol/l)

 Contrast
induced AKI

0.5 mg dL-1
absolute increase
in serum
creatinine level

 Contrast
induced AKI

a 25% elevation
of serum

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT
(October 2019)
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Short Title

Boucek
(2013)

n =126

Population
coronary
diagnostic
angiography, and
PCI

* Received
imaging

Patients
undergoing
coronary or
peripheral arterial
diagnostic
intravascular
angiography or
PCI

* Moderate to
high CIN risk

At least one risk
factor for CIN:
age >70 years,
chronic renal
failure (stable
serum creatinine
concentrations
>132.6 umol/L
[1.5 mg/dlL]),
diabetes mellitus,
clinical evidence
of congestive
heart failure, left
ventricular
ejection fraction
<0.45, or
hypotension

» Contrast
procedure not
specified

elective radiologic
procedure with
contrast medium

* Age 218 years

e Serum
creatinine

2100 mmol/L

* Diabetes
mellitus

* Received
imaging

a planned
procedure with
intra-arterial or

Interventions
NAC: a dose of
1200 mg NAC
was administered
orally every 12
hours. Two doses
before and two
doses after the
procedure.0.9%
Sodium chloride:
1 mL/kg per hour,
from 6 - 12 hours
before to 6 - 12
hours after
angiography

* |V sodium
chloride 0.9%
Sodium chloride:
154 mL of 5.85%
sodium chloride
to 846 mL of 5%
glucose. 1 h
immediately
before (at the rate
of 3 mL/kg/h;
limited to a
maximal amount
of 330 mL) and
for 6 hour
following contrast
(at 1 mL/kg BW/h;
limited to a
maximum of 660
mL)

Comparator

placebo:
administered
orally every 12
hours, for 2 doses
before and 2
doses after the
procedure 0.9%
Sodium chloride:
1 mL/kg per hour,
from 6 - 12 hours
before to 6 - 12
hours after
angiography

* |V sodium
bicarbonate

154 mL of 8.4%
sodium
bicarbonate to
846 mL of 5%
glucose 154 mL
of 8.4% sodium
bicarbonate to
846 mL of 5%
glucose. 1 h
immediately
before (at the rate
of 3 mL/kg/h;
limited to a
maximal amount
of 330 mL) and
for 6 hour
following contrast
(at 1 mL/kg BW/h;
limited to a

Outcome
measure(s)

creatinine above
baseline between
48 and 96 hours
after angiography.
* Mortality
Deaths and
cardiovascular
deaths at 30 days

* Adverse events
other serious

adverse events

* Need for dialysis
at 30 days

» Composite
outcome

Deaths or need
for dialysis at 30
days

* CKD
progression
Development of
end stage renal
failure at one
month
» Mortality
at one month
* Length of
hospital stay
* Need for dialysis

* CIN

Serum creatinine
increase of 225%
and/or 244
mmol/L (0.5
mg/dL) within 2
days following

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT
(October 2019)

14



DRAFT FOR CONSULTATION
Preventing Contrast induced acute kidney injury

Short Title

Brar
(2008)

n = 353

Briguori
(2002)

n=183

Population

intravenous use
of contrast

» Undergoing
coronary
angioplasty

* Age 218 years
* eGFR

<60
ml/min/1.73m2
AND one or more
of: diabetes
mellitus; history of
congestive heart
failure;
hypertension; or
age 275 years

* Undergoing
elective coronary
and/or peripheral
angiography
and/or
angioplasty

e Serum
creatinine

Impaired renal
function (serum
creatinine
concentration
>106.8 umol/L
and/or estimated
CrCIl <70ml/min

« Other

Interventions

* Sodium
bicarbonate

» oral NAC + IV
sodium chloride
0.45%

Pre-procedure:
600mg NAC
given twice daily
on the day before
and day of
procedure, with
0.45% IV sodium
chloride given at
a dose of 1
ml/kg/hour for 12
hours prior to
procedure.
Post-procedure:

Comparator

maximum of 660
mL)

» Sodium chloride
0.9%

* |V sodium
chloride 0.45%

Pre-procedure:
0.45% IV sodium
chloride given at
a dose of 1
ml/kg/hour for 12
hours prior to
procedure.
Post-procedure:
0.45% IV sodium
chloride given at
a dose of 1
ml/kg/hour for 12
hours.

Outcome
measure(s)

administration of
contrast

* Contrast
induced AKI

at 72 hours,
defined as
increase in sCr of
at least 44.2
umol/L or 25%
over baseline

* Mortality
and time to death,
up to 6 months

* Length of
hospital stay

* Renal failure
need for RRT

» Composite
outcome

first occurrence of
death, RRT, or a
reduction in eGFR
of at least 20%
confirmed by at
least 2 separate
measurements
between days 30
and day 180
 Contrast
induced AKI

at 48 hours,
defined as
increase in serum
creatinine
concentration of
225% over
baseline at 48
hours, or the need
for dialysis

» Renal failure
need for RRT

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT
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Outcome
Short Title Population Interventions Comparator measure(s)
undergoing 0.45% IV sodium
elective coronary chloride given at
and/or peripheral a dose of 1
angiography ml/kg/hour for 12
and/or hours.
angioplasty
Briguori » Undergoing * NAC + sodium * NAC + sodium  Contrast
(2007) coronary and/or bicarbonate chloride 0.9% induced AKI
peripheral at 48 hours,
n=235 angiography and  pre-procedure: Pre-procedure: T e g
lor angioplasty NAc given orally NAc givenorally i -rease in the
* Age 218 years at a dose of at a dose of sCr concentration
1200mg twice 1200mg twice
* Serum daily, the day daily, the day 225% from the
creatinine before and on the ~ before and on the ~ baseline value at
stable sCr day of the day of the 48 hrs after
concentration procedure, with procedurg, with administration of
>176.8 umol/l 154 mEq/L IV 0.9% sodium the contrast
and/or glomerular sc_)dlum _ chloride given at
filtration rate <40 bicarbonate (in a dose of 1 mL/kg . Renal failure
mL - min -" 1.73 dextrose and body weight/ hr
-2 H20) given at a (0.5 mL/kg for need for RRT
dose of 3 ml/kg 1 patients with left
* Other hour pre- ventricular
; : procedure. Post- efection fraction
azz;egrt]z;vr/‘%r?tKD proc_edure: <40%) fqr 12
coronary and/or S_od/um _ hours prior to
peripheral bicarbonate given  procedure.
angiography and at a dose of 1 Post-procedure:
Jor angioplasty ml/kg/hour during  0.9% sodium
procedure and or chloride (same
6 hours after. dosing as pre-
procedure) given
for 12 hours.
Caglar » Undergoing » oral NAC + IV * IV sodium * Mortality
(2014) coronary sodium bicarbonate
angiography bicarbonate « Adverse events
n =100 - eGFR NAC dose: 600 g?di’»l’)m o major adverse
ose: icarbonate dose: ;
30 to 60 mg p. o. twice 154 mL of cardiac events
ml/min/1.73m? daily. NAC given 1000mEq/L o
day before and sodium * Need for dialysis
day of coronary bicarbonate to
angiography. 846 mL of 5% * CIN
Sodium dextrose in water.  An absolute 0.5
bicarbonate dose:  Volume: 3 ml/kg/h mg/ dL increase
sodium for 1 hour before ]
bicarbonate: 154 the procedure, i ST leiels <6
mL of 1000mEq/L  and 1 mi/kg/h hours after
sodium during and for 6 administration of
bicarbonate to hours after the radiocontrast
846 mL of 5% procedure. medium was
dextrose in water. considered as
Sodium CIN
Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT 16
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Short Title

Carbonell
(2007)

n=216

Carbonell
(2010)

n =81

Population

» Undergoing
coronary
angiography

e Other

High risk coronary
patients
(diagnosed with
angina at rest or
post-Ml or
received
thrombolytic
therapy with failed
recanalization so
the cardiac
catheterisation
was an
emergency
procedure) with
normal renal
function (serum cr
<123.8 umol/L or
CrCl of >60
ml/min)
undergoing
coronary
angiography

e Serum creatinine

chronic renal
disease, defined
as stable serum Cr
>123.76 umol/L or
<60ml/min CrClI

e Other

same as
associated study
(see Carbonell
2007 for full list of
inclusion and
exclusion criteria)

Interventions
bicarbonate
volume: 3 ml/kg/h
for 1 hour before
the procedure, 1
ml/kg/h during
and for 6 hours
after the
procedure

* IVNAC + IV
sodium chloride
0.45%

Pre-procedure:
600mg IV NAC
diluted in 50ml of
0.9% saline,
given for 30 mins,
twice daily,
starting within 6
hours before
procedure, with
0.45% sodium
chloride given at
a dose of 1
mi/kg/hour 6
hours before
procedure. Post-
procedure: 0.45%
sodium chloride
given at a dose of
1 ml/kg/hour for
12 hours.

e |V NAC + 0.45
sodium chloride

Pre-procedure:
600mg IV NAC
diluted in 50ml of
0.9% saline, given
for 30 mins, twice
daily, starting
within 6 hours
before procedure,
with 0.45% sodium
chloride given at a
dose of 1
mil/kg/hour 6 hours
before procedure.
Post-procedure:
0.45% sodium
chloride given at a
dose of 1

Comparator

* |V sodium
chloride 0.45%

Pre-procedure:
0.45% sodium
chloride given at
a dose of 1
ml/kg/hour 6
hours before
procedure. Post-
procedure: 0.45%
sodium chloride
given at a dose of
1 mil/kg/hour for
12 hours.

e 0.45% sodium
chloride

Pre-procedure:
0.45% sodium
chloride given at a
dose of 1
mi/kg/hour 6 hours
before procedure.
Post-procedure:
0.45% sodium
chloride given at a
dose of 1
ml/kg/hour for 12
hours.

Outcome
measure(s)

* Contrast
induced AKI

at 48 hours,
defined at acute
increase in serum
Cr of at least 25%
or 44umol/L. over
baseline.

* Mortality
during hospital
stay

e Contrast induced
AKI
at 48 hours,
defined at acute
increase in serum
Cr of at least 25%
or 44umol/L over
baseline.

o Mortality

¢ Length of
hospital stay

e Renal failure
¢ Need for RRT

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT
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Outcome

Short Title Population Interventions Comparator measure(s)

ml/kg/hour for 12
hours.

Castini » Undergoing non-  + oral NAC + » Sodium chloride < Contrast

(2010) emergency sodium chloride 0.9% induced AKI
soirelzlny 0.9% at 5 days: defined

n =156 angiography or pre-procedure: IV a5 an increase in
PClI pre-procedure: sodium chloride SCr 225%

= 0
* Contrast COLIE 0 ALC CHEICRD @ baseline, reported
induced AKI Twice daily on 1ml/kg/hour for 12 ’ i
day before and hours prior to separately using
atd days: defined day of procedure_ the definition of
as an increase in  administration of Post-procedure: ~ an absolute
sCr 225% contrast, IV same dose as increase in sCr
baseline, reported  sodium chloride pre-procedure, for  >44 2 ymol
separately using at a dose of 12 hours.
the definition of 1mi/kg/hour for 12 .
an absolute hours prior to . Sodium * Renal failure
increase in sCr procedure_Post- bicarbonate need for RRT
244.2 pmol/l procedure: same
. i dose as pre- . .
Renal failure procedure, for 12 ggzﬂzcedure. v
need for RRT hours. bicarbonate
154ml of
100mEq/L in
846ml of 5%
dextrose in H20,
at 3ml/kg for 1
hour immediately
before contrast.
Post-procedure:
IV sodium
bicarbonate at
1mi/kg/hour for 6
hours.
Chen » Undergoing PCI <sCr of 132.6 >sCr of 132.6 * Contrast
(2008) . Other umol/L umol/L Induced AKI
e Sodium chloride e NAC + sodium at 48 hours,

n =936 people with 0.45% chloride 0.45% defined as an
myocardial Pre-procedure: Pre-procedure: increase in sCr of
ischemia (angina ~ 0.45% sodium NAC given twice over 44.2 umol/L
or positive chloride given at a  orally loading dose
exercise dose of of 1200mg, with - Mortality
treadmill) 1mi/kg/hour 12 0.45% sodium
scheduled for hours before chloride given at a at 6 months
elective PCI angiogram. Post- dose of

procedure: sodium  1ml/kg/hour, both * Renal failure
chloride 0.45% 12 hours before need for RRT;
given at a dose of  angiogram. Post-  haemofiltration
1m//kg/hou_r for 6 pl_'ocec_!ure: NAC performed if
hours. Patient given immediately oliaoanuria >48h
characteristics after angiogram, 9 ] un
were not reported  with sodium despite
per arm. chloride 0.45% administration of
« non-hydration given at a dose of
Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT 18
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Short Title

Cho
(2010)

n =91

Population

» Undergoing
elective
diagnostic
coronary
angiography

* Age 218 years

e Serum
creatinine

stable serum
creatinine levels
of at least 1.1
mg/dL or
estimated
creatinine
clearance less
than 60 mL/min

* Received
imaging

undergoing
diagnostic,

Interventions

Pre-procedure:
non-hydration
(protocol for non-
hydration not fully
described, unclear
if oral fluids
allowed and if so
how much). Post-
procedure: non-
hydration (protocol
for non-hydration
not fully described,
unclear if oral
fluids allowed and
if so how much).
Patient
characteristics
were not reported
per arm.

* |V sodium
chloride 0.9%

1V sodium
chloride: 154
mEqg/L. 3 mL/kg
for 1 h pre-
contrast and 1
mL/kg for 6 h post
contrast

* |V sodium
bicarbonate

1V sodium
bicarbonate: 154
mEqg/L. 3 mL/kg
for 1 h pre-
contrast and 1
ml/kg for 6 h
post-contrast

Comparator

1mi/kg/hour for 6
hours. Patient
characteristics
were not reported
per arm.

e NAC + non-
hydration
Pre-procedure:
NAC given twice
orally loading dose
of 1200mg, with
non-hydration
(protocol for non-
hydration not fully
described, unclear
if oral fluids
allowed and if so
how much). Post-
procedure: NAC
given immediately
after angiogram,
with non-hydration
(protocol for non-
hydration not fully
described, unclear
if oral fluids
allowed and if so
how much).
Patient
characteristics
were not reported
per arm.
» oral hydration
with water

500 mL of water 4
h prior to contrast
exposure and
stopped 2 h prior
to procedure.
Then 600 mL of
water post
procedure.

» oral hydration
with water + oral
sodium
bicarbonate

500 mL of water 4
h prior to
procedure and
stopped 2 h prior
to contrast
exposure oral

Outcome
measure(s)

furosemide >1g iv
per 24h

* Mortality
in-hospital
mortality

* Length of
hospital stay

* CIN

greater than 25%
increase in serum
creatinine from
baseline or an
absolute increase
of 0.5 mg/dL from
baseline at 72
hours following
exposure to
radiocontrast

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT
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Short Title Population
elective coronary

angiogram

* Chronic kidney
disease

Chong
(2015)

» Undergoing
cardiac
catheterisation
with or without
PCI

* Age 221 years
* eGFR

15 - 60
ml/min/1.73m?

« Other

scheduled to
receive elective
cardiac
catheterisation
with or without
PCI, and able to
receive pre-
hydration for 12
hours

n = 548

Interventions

* high-dose oral
NAC + IV sodium
chloride 0.9%

NAC: 2 tablets of
600 mg dissolved
in approximately
250 mL of water.
Twice a day for 3
consecutive days,
starting from the
day before
cardiac
catheterisation (to
a total of 6
doses).

Sodium chloride
0.9%: 154 mEq/L
at a rate of
1mL/kg/h, for 12 h
pre contrast and 6
hours post
contrast

* high-dose oral
NAC +
abbreviated |V
sodium
bicarbonate

1.2 g oral NAC
and abbreviated
loading IV
infusion of 154
mEqg/L sodium
bicarbonate in 5%
dextrose solution:
3 mL/kg/h for 12 h
before cardiac
catheterisation,

Comparator
sodium

bicarbonate: 3.9 g

(46.4 mEq) 20
min prior to
contrast
exposure. Then
600 mL of water
and 1.95 g (30.4
mEq) of oral
sodium
bicarbonate 2

hours and 4 hours

after the contrast
exposure.

» Abbreviated IV
sodium
bicarbonate

abbreviated
loading IV
infusion of 154
mEq/L sodium
bicarbonate in 5%
dextrose solution:
3 mlL/kg/h for 1 h
before cardiac
catheterisation,
and 1 mL/kg/h
during and until 6
h post-contrast

Outcome
measure(s)

* Mortality
30 day mortality

* Length of
hospital stay

* Need for dialysis

* CIN

225% increase of
serum Cr
concentration or a
244 umol/L
(0.5mg/dL)
increase in serum
Cr within 48 h of
cardiac
catheterisation or
PCI

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT
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Outcome
Short Title Population Interventions Comparator measure(s)
and 1 mL/kg/h
during and until 6
h post-contrast
Durham » Undergoing * Oral NAC + IV * IV sodium * Contrast
(2002) angiography sodium chloride chloride 0.45% induced AKI
. Age >18 years 0.45% at 48 hOUrS,
n =81 . Pre-procedure: defined as an
* serum Pre-procedure: 0.45% sodium ; ;
creatinine 1200mg (2400mg  chloride given at gcrisg ;” S%‘IJm
paseline serum Cr  total) dose of a dose of rorv.omg
>1.7mg/dL NAC (mixed with 1.0ml/kg/hour for
6ml orange juice) 12 hours before
* Other 1 hour procedure. Post-
precontrast, with procedure: 0.45%
gﬂfg for 0.45% soqium sc_)dium chloride
angiography chloride given at given at a dose of
(diagnostic or a dose of 1.0ml/kg/hour for
therapeutic ; QOZZ/I;QS/ZZ%Z;W up to 12 hours.
u
procedures) procedure. Post-
procedure:
remaining NAC
given over 3
hours, with 0.45%
sodium chloride
given at a dose of
1.0ml/kg/hour for
up to 12 hours.
Ertuk » Undergoing » oral NAC + IV * IV sodium * Mortality
(2014) intra-arterial sodium chloride chloride 0.9% Deaths and
procedure: PCl, 0.9% Administered a cardiovascular
n=315 coronary oral NAC: 1200 rate of 1ml/kg/h deaths at 30 days
angiography with mg sachet every for 12 h before and 1 year
or without PClI, 12 h for 24 h and 12 h after the  + Need for dialysis
"peripheral before and 48 procedure at 30 days and 1
procedures", hours after year
"others" procedure (a total * CIN
. Age of 3 days and a an increase in the
9 total dose of SCr or cystatin C
* eGFR NAC, 7200mg) concentration of
< 60 ml/min/1.73 1V sodium at least 0.5mg/dl
m? chloride 0.9%: and/or at least
1mi/kg/h for 12 h 25% from the
before and after baseline value at
the procedure 48 h after
administration of
[V NAC + IV the contrast dye;
sodium chloride AND increase in
0.9% the SCr or
IV NAC: a dose of cystatin C
2400mgq within 1 concentration of
h immediately at least 0.3 mg/dl
before the from the baseline
procedure and value at 48 h after
followed by administration of
Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT 21
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Short Title

Ferrario
2009

n =200

Fung
(2004)

n=91

Population

» Undergoing
elective and
diagnostic
coronary
angiography

* Age
18 years or older
* Other

creatinine
clearance <55
ml/min; scheduled
for elective
coronary and/or
peripheral
angiography
and/or
angioplasty and
had a stable renal
function as
documented by a
small £10%
variation in serum
creatinine pre-
procedural values
when compared
to the outpatients
values performed
3-30 days before
the procedure

» Undergoing
coronary
angiography or
PCI

Interventions
4800mg within 4—
6 h after the
procedure (a total
dose of NAC,
7200mg). IV
sodium chloride
0.9%: 1ml/kg/h for
12 h before and
after the
procedure

« oral NAC + |V
sodium chloride
0.9%
Pre-contrast: oral
NAC twice daily
the day before the
procedure, with IV
sodium chloride
0.9% 1 mi/kg/h
12-24 h. Post-
contrast: oral
NAC twice daily
the day of the
procedure, with IV
sodium chloride
0.9% 1 mi/kg/h for
24 h.

* NAC + sodium
chloride

Comparator

* Placebo + IV
sodium chloride
0.9%

Pre-contrast:
placebo (tablets
containing
glucose) the day
before the
procedure, with IV
sodium chloride
0.9% 1 mi/kg/h
12-24 h. Post-
contrast: placebo
(tablets
containing
glucose) the day
of the procedure,
with 1V sodium
chloride 0.9% 1
mi/kg/h for 24 h.

» Sodium chloride
0.9%

Outcome
measure(s)

the contrast dye;
AND ncrease in
the serum cystatin
C concentration of
at least 10% from
the baseline value
at 48 h after
administration of
the contrast dye.
Definitions
reported
separately. ¢
Composite
outcome

Death,
cardiovascular
death, and need
for dialysis at 30
days and at 1
year

 Contrast
induced AKI
increase of serum
creatinine levels
of 25% or more
and/or 0.5 mg/dl
or more

* Notes

No patient
required renal
replacement
therapy and no
patient died in
hospital

 Contrast
induced AKI

Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT
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Short Title

Goldenber
g (2004)

n =180

Population

* Serum
creatinine

sCr 149 -
400umol/l; 2 sCr
measurements
within one month
of angiography
with <15%
change to confirm
stable renal
function

e Other

undergoing
elective coronary
angiography or
PCI

» Undergoing PCI
or urgent
coronary
angiography in
people with high
likelihood of ad
hoc PCI

e Serum
creatinine

calculated CrCl of
<50ml/min (if
person is without
diabetes) or
<100ml/min (if
person has
diabetes); any
patient with an
absolute serum
creatinine of >200
umol/L

* Received
imaging

previous
diagnostic
angiography
undergoing
planned PCI or
urgent coronary

Interventions
Pre-procedure:
400mg on the day
before and day of
procedure. IV
sodium chloride
0.9% 100mi/hour
for 12 hours Post-
procedure: IV
sodium chloride
0.9% 100mi/hour
for 12 hours

e Oral NAC + IV
sodium chloride
0.45%

Pre-procedure:
first dose given
8pm night before
procedure with
subsequent
doses at 8am and
8pm day of
procedure (to a
total dose of
6000mg).
Alternatively,
participants
received the first
dose at 8am and
8pm on the day of
the procedure (to
a total dose of
4000mg). IV
0.45% sodium
chloride was
given at a dose of
75ml/hour for 24
hours beginning
at the time of
enrollment.

Comparator

Pre-procedure: |V
sodium chloride
0.9% 100ml/hour
for 12 hours Post-
procedure: IV
sodium chloride
0.9% 100ml/hour
for 12 hours

* |V sodium
chloride 0.45%

1V 0.45% sodium
chloride was
given at a dose of
75ml/hour for 24
hours beginning
at the time of
enrolment.

Outcome
measure(s)

at 48 hours,
increase in sCr 2
44umol/l or
reduction in GFR
225%); subgroup
analysis given for
patients with
diabetes

» Adverse events
including allergic
reaction, not
including heart
failure; clinical
heart failure so
could not
complete sodium
chloride infusion
regimen

» Renal failure
Need for RRT
 Contrast
induced AKI

At 48 hours,
incidence of CIN:
defined as
increase in serum
creatinine of at
least 25%

* Mortality
in-hospital and at
6 months

* Renal failure
need for RRT (in
hospital and at 6
months)
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Short Title

Gomes
(2005)

n =156

Habib
(2016)

n =105

Population
angiography with
high likelihood of
ad hoc PCI

» Undergoing
coronary
angiography or
PCI

e Other

haemodynamic
instability before
the procedure
(systolic blood
pressure <90 mm
Hg or diastolic
blood pressure
<60 mm Hg),
history of
sensitivity to N-
acetylcysteine

» Undergoing
coronary
angiography
and/or PCI

* Received
imaging

undergoing
coronary
angiography

* Moderate to
high CIN risk

at least one risk
factor for CIN:
age >70 years,
baseline
creatinine level
>1.56 mg/dL, heart
failure, diabetes
mellitus or
contrast media
volume >300 mL

e Other

Ischaemic heart
disease or

Interventions

* Oral NAC + IV
sodium chloride
0.9%

Pre-contrast: oral
NAC 600 mg
orally twice a day
1 day before
procedure (2
doses), with IV
sodium chloride
0.9% 1 mL/kg/min
12 h before
contrast. Post-
contrast: oral
NAC 600 mg
orally twice a day
2 doses after the
procedure, with IV
sodium chloride
0.9% 1 mi/kg/h for
12 h after
contrast..

« oral NAC + IV
sodium chloride
0.9%

NAC: 1200 mg
orally every 12 h
over 48 hours,
one dose before
coronary
angiography and
three doses after
coronary
angiography (total
dose of NAC,
4800 mg
including
intervention
dose); 0.9%
saline: started just
before injection of
contrast media
and continued for
12 h at a rate 1.0
mlL/kg/min after
angiography

Comparator

* Placebo + IV
sodium chloride
0.9%

Pre-contrast:
matching
placebo, with IV
sodium chloride
0.9% 1 mL/kg/min
12 h before
contrast. Post-
contrast:
matching
placebo, with IV
sodium chloride
0.9% 1 ml/kg/h for
12 h after
conftrast.

* IV sodium
chloride 0.9%
0.9% saline:
started just before
injection of
contrast media
and continued for
12 h at a rate of
1.0 mL/kg/min
after angiography

Outcome
measure(s)

* Contrast
induced AKI
increase in serum
creatinine 244.2
mmol/l

* Mortality
in-hospital death

* Number of
patients needing
RRT

Need for
haemodialysis

* Length of
hospital stay
Reported as
centiles

* CIN

an increase in
serum creatinine
concentration of
0.5 mg/dL or
225% of the
baseline value
within 48 h after
the procedure
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Short Title

Hafiz
(2012)

n =320

Heng
(2008)

n=77

Population

peripheral
vascular disease

» Undergoing
diagnostic or
interventional
angiography

* Age 218 years

e Serum
creatinine

sCr>141umol/l in
non-diabetics and
>124umol/l in
diabetics or eGFR
<50ml/min/1.73m
2(MDRD)

e Other

Patients with
renal insufficiency
scheduled for
diagnostic or
interventional
angiography

* Undergoing
Coronary
angiography,
ventriculography
and angioplasty

e Serum
creatinine

stable serum
creatinine
concentrations
defined as a
difference lower
than 0.1 mg/dl
(8.8 umol/l)

Interventions

* NAC + Sodium
chloride 0.9%

Pre-procedure:
oral NAC 1200mg
2-12 h before
procedure, with
0.9% sodium
chloride at a dose
of 1ml/kg/h for 12
hours.
Post-procedure:
NAC 1200mg for
6-12 hours, with
0.9% sodium
chloride at a dose
of 1mi/kg/h for 12
hours.

* NAC + sodium
bicarbonate

Pre-procedure:
oral NAC 1200mg
2-12 h before
procedure, with
sodium
bicarbonate at a
dose of 3ml/kg/h
for 1 hour. Post-
procedure: NAC
1200mg for 6-12
hours, with
sodium
bicarbonate at a
dose of 1ml/kg/h
for 6 hours.

» oral NAC + IV
sodium
bicarbonate

NAC dose: 1,200
mag twice daily,
given three times
prior to contrast
and once after:
Sodium
bicarbonate: 1.4%
intravenously at a
rate of 1 ml/kg of
body weight/hour
for 12 hours pre-

Comparator

» Sodium chloride
0.9%

Pre-procedure:
0.9% sodium
chloride at a dose
of 1ml/kg/h for 12
hours.
Post-procedure:
0.9% sodium
chloride at a dose
of 1ml/kg/h for 12
hours.

» Sodium
bicarbonate

Pre-procedure:
sodium
bicarbonate at a
dose of 3ml/kg/h
for 1 hour.
Post-procedure:
sodium
bicarbonate at a
dose of 1ml/kg/h
for 6 hours.

» matching
placebo + IV
sodium
bicarbonate

Matching
placebo: 1,200
mag twice daily,
given three times
prior to contrast
and once after.
Sodium
bicarbonate: 1.4%
intravenously at a
rate of 1

Outcome
measure(s)

* Contrast
Induced AKI

at 48 hours,
defined as an
increase in sCr
225% or 44umol/l

» Adverse events
major adverse
cardiac events
(cardiac death,
nonfatal
myocardial
infarction (defined
as > 0.3 times the
upper limit of
creatine kinase-
MB levels), and
acute congestive
heart failure)
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Short Title

Hsu
(2007)

n=20

Population
between a serum
creatinine level
measured 1- 2
months before
cardiac
angiography and
the baseline level
measured within
24 hours before
cardiac
angiography

« eGFR

rate below 56
ml/min

* Received
imaging

Patients
scheduled for
cardiac
angiography
either elective
coronary
angiography
and/or
percutaneous
coronary
intervention

 Chronic kidney
disease

» Undergoing
coronary
angiography
and/or
angioplasty

e Serum
creatinine

baseline SCC =
1.6 mg/dL or
estimated
creatinine
clearance (CCR)
< 40 mL/min,

¢ Diabetes
mellitus

and an elevated
HbA1c

* Received
imaging

Interventions

contrast and 12
hours after

oral NAC + |V
sodium chloride
0.45%

NAC dose: 600
mg/twice a day. 2
doses pre-
contrast and 2
doses post
contrast (total oral
NAC 1200mg
daily for 2 days)
Sodium chloride
0.45% dose:
1ml/kg/h. 12
hours prior to
contrast and 12
hours post
contrast.

Comparator
ml/kg/hour for 12
hours pre-
contrast and 12
hours after

* matched
placebo + IV
sodium chloride
0.45%

Matched placebo
dose: 600
mg/twice a day.
Two doses before
and after contrast.
Sodium chloride
0.45%: 1 mL/kg/h.
12 hours before
contrast and 12
hours after
contrast

Outcome
measure(s)

* Need for dialysis

* CIN

increase in serum
creatinine of =
44.2 uymol/l (0.5
mg/dl) (criterion
a), increase in
serum creatinine
225% (criterion
b), and decline in
GFRof 25
ml/min, (criterion
c¢) within 48 hours.
Where alternative
explanations for
renal impairment
had been
excluded.

* Contrast
induced AKI

at48 and 72
hours, defined as
defined as an
increase of at
least 25% of
baseline in the
SCr concentration
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Outcome
Short Title Population Interventions Comparator measure(s)
Cardiac
angiography and
received a
volume of
radiocontrast
(iohexol) greater
than 1.5 mL/kg
Izani Wan » Undergoing » oral NAC + IV * IV sodium * Adverse events
Mohamed coronary sodium chloride chloride 0.45%
(2008) angiography 0.45% « Need for dialysis
+ Age 218 years IV sodium
n =180 oral NAC dose: chloride 0.45% . CIN
* Serum 600 mg twice dose: 1 mi/kg/hr . .
creatinine daily for four 12 hours before an increase in
creatinine doses (mixed with  and after contrast ~ S€ “’;” creatinine
clearance orange drink), administration 2 25% from
between 40 - 90 starting 12 hours baseline
ml/min prior to contrast
administration
* Received (total oral NAC
imaging 1200mg daily for
elective 2 days). IV
cRisalom o sodium chloride
coronary 0.45% dose: 1
angioplasty mi/kg/hr 12 hours
before and after
contrast
administration
Jaffery » Undergoing * IV NAC + » Sodium chloride  « Contrast
(2012) coronary sodium chloride 0.9% Induced AKI
angiography or 0.9% at 72 hours,
n= 9% Eg:gz;ar;eous IV NAC: 1200 l%lso'(cjliL”Z)7 9% nerease in SCr
£ mg  chloride 0.9%, o
intervention. bolus followed by~ “the total volume 225/7. from
. Age >18years  200mg /h for of fluid aseline
24hrs (iv solution administered was
* Other consisted of 6g equal to 1 mi/kg/h = Mortality
Patients with NAC in 500ml of for 24hrs”. at 30 days and in-
acute coronary 5% dextrose *Unclear timing hospital mortality
syndrome solution in
undergoing el « Length of
coronary sodium chloride hospital sta
angiography or  0-9%, ‘the total osp y
percutaneous volume of fluid in days
coronary administered was
intervention. equal to 1 mitkg/h * Renal failure
for need for RRT
24hrs”.*Unclear
timing
Kama » Undergoing CT * IV NAC + IV * |V sodium * Contrast
(2014) scan sodium chloride chloride 0.9% induced AKI 25%
- Age 218 years 0.9% Pre, during and increase or a
n=107 B Pre, during and after contrast: greater than 0.5
after contrast: 150 1,000 mL 0.9% mg/dL (44 Imol/L)
mg/kg NAC in increase in the
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Short Title Population

* Receiving
imaging

Received
contrast-
enhanced CT as
part of emergency
care

* Moderate to
high CIN risk

according to
Mehran score for
CIN

e Other

whose
presentations and
follow-up
creatinine levels
were obtained

Kay (2003) < Undergoing
elective coronary

angiography
* Other

stable chronic
renal impairment
and stable sCr
(sCr >106umol/l,
CrCl <60mli/min)
undergoing
elective coronary
angiography with
or without
intervention

n =200

Khalil
(2006)

» Undergoing
elective
abdominal or CT

n=70 scanning
e Serum
creatinine

Interventions
1,000 mL of 0.9%
NaCl at a rate of
350 mL/hour

* |V sodium
decarbonate + IV
sodium chloride
0.9%

Pre, during and
after contrast: 150
mEq in 1,000 mL
of 0.9%

NaCl at a rate of
350 ml/hour

 oral NAC +
sodium chloride
0.9%

Pre-procedure:
600mg NAC twice
daily, starting the
day before and
given for 3 doses.
IV sodium
chloride 0.9% at a
dose of
1mi/kg/hour for 12
hours. Post-
procedure:
600mg NAC
given for one
dose. |V sodium
chloride 0.9% at a
dose of
1mi/kg/hour for 6
hours.

Oral NAC + IV
sodium chloride
0.9%

Pre-procedure:
NAC 1200mg
once daily, on the

Comparator

NaCl infusion of
350 mL/hour

» Sodium chloride
0.9%

Pre-procedure: IV
sodium chloride
0.9% at a dose of
1mi/kg/hour for 12
hours. Post-
procedure: IV
sodium chloride
0.9% at a dose of
1mi/kg/hour for 6
hours.

* |V sodium
chloride 0.9%

Pre-procedure:
1000ml 1V sodium
chloride 0.9%
given at a dose of
1mi/kg/hour prior
to procedure.

Outcome
measure(s)

serum creatinine
level, 48 to72
hours after the
administration of
contrast agent
compared with
the baseline
creatinine
measurement.

* Renal failure
Renal failure
necessitating
renal replacement
therapy

 Contrast
induced AKI

at 48 hours,
increase in sCr
225% 48h after
contrast
administration

» Mortality
in hospital

» Adverse events

due to study drug
— nausea causing
discontinuation of
study drug

* Length of
hospital stay

 Renal failure
need for RRT
 Contrast
induced AKI
at48 and 72
hours, defined as
defined as an
increase of at
least 25% of
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Short Title

Kitzler
(2012)

n=20

Koc (2012)

n =220

Population
stable SCr during
the 3 days prior to
procedure

* Chronic kidney
disease

known history of
chronic kidney
disease (serum
creatinine [SCr]
concentration
above 106.1
umol/L or
creatinine
clearance [CrCl]
of less than 60
ml/min)

» Undergoing
elective
diagnostic
radiocontrast CT

e Serum
creatinine

> 1.25 mg/dL for
males and 1.09
mg/dL for females

* Age 218 years

» Undergoing
coronary
angiography and
PCI

* Age 218 years

» Serum creatine
Creatinine
clearance
60ml/min or less
and/or baseline

Interventions
day before
imaging and at
the day of
contrast. 1000ml
IV sodium
chloride 0.9%
given at a dose of
1mi/kg/hour prior
to procedure.

« oral NAC + |V
sodium chloride
0.45% + placebo
emulsion

NAC: granules
1200 mg, 12 and
6 hours before
and 12 and 6
hours after
contrast (total oral
NAC 2400mg
daily for 2 days
sodium chloride
0.45%: 1 mi/kg/h
12 hours before
and 12 hours
after contrast
placebo emulsion:
540 mgqg for 30 min
(placebo for
vitamin E).
Received 12 and
6 hours before
contrast and 6
and 12 hours
after contrast.

* IV NAC + IV
sodium chloride
0.9%

1V bolus of 600
mg of NAC twice
daily

before and on
the day of the
coronary

Comparator

* placebo + IV
sodium chloride
0.45%

Placebo granules:

granules 1200
mg, 12 and 6
hours before and
12 and 6 hours
after contrast
Sodium chloride
0.45%: 1 mi/kg/h
12 hours before
and 12 hours
after contrast
Placebo
emulsion: 540 mg
for 30 min
(placebo for
vitamin E).
Received 12 and
6 hours before
contrast and 6
and 12 hours
after contrast.

* |V sodium
chloride 0.9%
1V 0.9% saline 1
mlL/kg/h before,
on and after the
day of

coronary
procedure

Outcome
measure(s)

baseline in the
SCr concentration

* CIN

an increase in
serum creatinine
of more than 25
% over the
baseline value in
the 48 h following
CT scan

* CIN

Alteration in SCr
levels 48 hours
after the
administration of
the contrast
media. The
secondary end
point was the
development of
CIN after the
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Short Title

Kooiman
(2014a)

n = 548

Kooiman
(2014b)

n=139

Population
serum creatine
level 1.1 mg/dL or
more

» Undergoing CE-
CT

* Age 218 years

* Chronic kidney
disease

eGFR < 60
mL/min/1.73 m2
estimated by the
Modification of
Diet in Renal
Disease formula
and were eligible
for the fluid
challenge of
saline hydration.

» Undergoing
CTPA

* Age 218 years

Interventions
procedure
(total=2.4 g) plus
1V 0.9% saline 1
mL/

kg/h before, on
and after the day
of the coronary
procedure

» Sodium
bicarbonate

250 mL
intravenous 1.4%
sodium
bicarbonate 1 h
prior to CE-CT
without hydration
post-CE-CT

* |V sodium
bicarbonate
Pre CTPA: 250
mL intravenous
1.4% sodium

Comparator

* |V sodium
chloride 0.9%
2000 mL of 0.9%
saline, 1000 mL
prior to and 1000
mL post-CE-CT

* No hydration
No hydration
given

Outcome
measure(s)
procedure. CIN
was described as
a baseline
SCr=25% and/or
an absolute
increase in SCr of
20.5 mg/dL 48
hours after the
procedure

» Contrast
induced AKI

» Adverse events
Acute heart failure
due to volume
expansion

» Adverse events
Acute heart failure
due to volume
expansion

» Readmission for
AKI
Rehospitalization
or outpatient visit
» Renal failure
Recovery of renal
function in CI-AKI
patients [recovery
defined as an
increase in serum
creatinine <25%
or <44 umol/L
(0.5 mg/dL)
measured at 2
months post-CE-
CT compared with
baseline

e Serum
creatinine
clearance

relative increase
in serum
creatinine
measured
between 48 and
96 h post-CE-CT
compared with
baseline.

* Need for dialysis
 Contrast
induced AKI
Incidence of ClI-
AKI
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Short Title

Kooiman
(2018)

n =333

Population

* Chronic kidney
disease

eGFR < 60 mL
min-1/1.73m2

e Other

High clinical
suspicion of acute
PE requiring
CTPA were
eligible for
inclusion (IE
Wells score >4 or
Abnormal D-
dimer)

* |V sodium
bicarbonate
IV sodium

bicarbonate

* Procedure
varied between
practices,
including:
angiography,
digital substration
angiography,
percutaneous
coronary
intervention,
endovascular
aneurism repair,
coronary
angiography or
percutaneous
coronary
intervention

* Age 218 years

* eGFR

< 45 ml/min, or an
eGFR 45160
ml/min in
combination with
diabetes mellitus
or at least two
other risk factors
for the
development of
CI-AKI (i.e.
peripheral arterial
disease,
congestive heart
failure, age > 75
years, anemia,

Interventions
bicarbonate 1h
Post-CTPA:
Without hydration

Comparator

* |V sodium
chloride 0.9%
Peri-procedural
intravenous
hydration with
0.9% saline, 1000
ml in 412 hours
prior to and 1000
ml in 412 hours
following contrast
administration
(total volume
2000 ml).

Outcome
measure(s)
 Renal failure
Recovery of renal
function in CI-AKI
patients (increase
in serum
creatinine <25%
or <44 umol L-1
measured at 2
months after
CTPA compared
with baseline

» Serum creatine
clearance

Serum creatinine
increase
measured
between 48 and
96 h after CTPA
compared with
baseline

* Need for dialysis
* Contrast
induced AKI
incidence of Cl-
AKI (at 48196
hours following
contrast
exposure).

» Readmission for
AKI
Re-hospitalization
and outpatient
visits within 2
months follow-up*
 Renal failure
Recovery of renal
function (i.e. no
longer fulfilling the
criteria of CI-AKI
compared with
baseline)

» Serum
creatinine
clearance

relative increase
in serum
creatinine (%)
measured once in
the 48196 hours
following contrast
exposure
compared with
baseline

* Need for dialysis
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Short Title Population

use of diuretics or
non-steroidal anti-
inflammatory
drugs)

» Undergoing
coronary or
peripheral
angiography
and/or stenting

Kotlyar
(2005)

n =65

e Serum
creatinine

serum creatinine
20.13 mmol/l;

* Received
imaging

undergoing
elective coronary,
carotid or
peripheral
angiography
and/or PTCA and
stenting

Lee (2011) Undergoing
angioplasty
n =382 + Serum

creatinine
sCr 297.24 umol/l
* Age 218 years

Interventions

IV NAC 300mg
+ IV sodium
chloride 0.9%

NAC dose:
300mg prepared
in 100 ml of 5%
dextrose and
administered over
20 min. 2 hours
before contrast
and 2 - 4 hours
post contrast.

1V sodium
chloride dose:
200 mil/h. from 2
hours before
contrast until 5
hours post
contrast

* IV NAC 600mg
+ |V sodium
chloride 0.9%

NAC dose:
600mg prepared
in 100 ml of 5%
dextrose and
administered over
20 min. 2 hours
before contrast
and 2 - 4 hours
post contrast.

1V sodium
chloride dose:
200 ml/h. from 2
hours before
contrast until 5
hours post
contrast.

* NAC + sodium
bicarbonate

Pre-procedure:
NAC 1200mg
orally twice daily
on the day before
and the day of

Comparator

¢ |V sodium
chloride 0.9%

1V sodium
chloride dose:
200 ml/h. from 2
hours before
contrast until 5
hours post
conftrast.

* NAC + sodium
chloride

Pre-procedure:
NAC 1200mg
orally twice daily
on the day before
and the day of

Outcome
measure(s)

» Adverse events
clinical adverse
events including
allergic reaction to
the study
medication, need
for haemodialysis
and congestive
cardiac failure

* CIN

an increase in the
serum creatinine
concentration of
at least 0.044
mmol/l

 Contrast
induced AKI

at 48 hours,
defined as an
absolute increase
in the sCr
concentration
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Short Title

MacNeill
(2003)

n=57

Population

¢ Diabetes
mellitus

was defined as
use of
hypglycemic
agents or insulin.
Fasting plasma
glucose
>126mg/dl, or
random plasma
glucose 2
200mg/dl

« eGFR

Estimated GFR
<60
ml/min/1.73m?

« Other

scheduled for
elective coronary
or endovascular
angioplasty/
intervention

» Undergoing
elective cardiac
angiography

e Serum
creatinine

serum creatinine
(Cr) =2 1.5 mg/dl
on the morning of
the planned
procedure

* Received
imaging

undergoing
elective cardiac
catheterization

Interventions
procedure.
Sodium
bicarbonate given
at a dose of 154
mEgq/L sodium
bicarbonate in
dextrose and
water at
3mi/kg/hour for 1
hour before
contrast. Post-
procedure:
Sodium
bicarbonate given
at a dose of 154
mEgq/L sodium
bicarbonate in
dextrose and
water at
1mi/kg/hour for 1
hour during
contrast and 6
hours after.

» oral NAC + IV
sodium chloride
0.45%

NAC dose: 2
doses of 600mg.
1 dose at
randomization, 1
dose 4 h later
pre-contrast. 3
doses at 12-h
intervals post-
contrast (total oral
NAC 1200mg
daily for 2 days
and 600mg the
3rd day).sodium
chloride 0.45%
dose: not
specified. 1
mil/kg/hr for 12 hr
for in-patients and
2 mi/kg/hr for 4 hr
for day-case
patients pre-
contrast. 75 mi/hr
for 12 h post-
contrast.

Comparator

procedure.
Sodium chloride
0.9% given at a
dose of
1ml/kg/hour for 12
hours before
contrast. Post-
procedure:
Sodium chloride
0.9% given at a
dose of
1ml/kg/hour for 12
hours after
conftrast.

* placebo + IV
sodium chloride
0.45%

Placebo: 1 dose
at randomization,
1 dose 4 h later
pre-contrast. 3
doses at 12-h
intervals post-
contrast. sodium
chloride 0.45%
dose: not
specified. 1
mi/kg/hr for 12 hr
for in-patients and
2 mil/kg/hr for 4 hr
for day-case
patients pre-
contrast. 75 mi/hr
for 12 h post-
contrast.

Outcome
measure(s)

244.2umol/I* or
225% from the
baseline value at
48 hrs after
contrast exposure

* Mortality
cumulative rates
at 6 months

* Renal failure
need for RRT

* CIN

a rise in serum
creatinine of >
25% from
baseline to 72
hours
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Short Title
Maioli
(2008)

n =502

Maioli
(2011)

n =461

Population

» Undergoing
coronary
angiography

e Serum
creatinine

pre-angiographic
estimated Cr
clearance <60
ml/min

* Chronic kidney
disease

chronic kidney
dysfunction who
underwent
planned coronary
angiographic
procedures

» Undergoing PCI
* Age 218 years

» Other

have had a
STEMI and is a
candidate for
primary PCI

Interventions

* NAC + sodium
bicarbonate

Pre-procedure:
NAC given at a
dose of 1200mg
twice daily, on the
day before and
day of procedure,
IV sodium
bicarbonate given
at a dose of 154
mEq/l in dextrose
and water, 3ml/kg
for 1 hour before
procedure. Post-
procedure: IV
sodium
bicarbonate, 1
ml/kg/hour for 6
hours after
procedure.

* Sodium
bicarbonate
Pre-procedure:
sodium
bicarbonate (154
mEq/L in dextrose
and water) given
as a bolus of 3
mL/kg of sodium
bicarbonate
solution in 1 hour,
starting in the
emergency room.
Post-procedure:
given as an
infusion of 1
mL/kg per hour
for 12 hours.
Mean total
volume: 1157 (SD
228) ml.

» Sodium chloride
0.9%
Post-procedure
only: given at a
dose of
1mli/kg/hour for 12
hours after
procedure.

Comparator

* NAC + sodium
chloride 0.9%

Pre-procedure:
NAC given at a
dose of 1200mg
twice daily, on the
day before and
day of procedure,
1V sodium
chloride given at
a dose of
1ml/kg/hour for 12
hours before
procedure. Post-
procedure: IV
sodium chloride
given at a dose of
1ml/kg/hour for 12
hours.

* No hydration
Unclear if no IV
hydration only or
no hydration at all

Outcome
measure(s)

* Contrast
induced AKI

at 48 hours, CI-
AKI was defined
as 225% relative
increase in
baseline serum
creatinine

* Mortality
at 10 days

* Renal failure
need for RRT

 Contrast
induced AKI
at 48 and 72

hours: at 48 and
72 hours: defined
as an increase in
serum creatinine
of at least 25% or
44umol/L over
baseline

* Mortality
In-hospital
mortality

» Renal failure
need for RRT
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Outcome
Short Title Population Interventions Comparator measure(s)
Marenzi  Undergoing * [V NAC + IV * IV sodium * Contrast
(2006) echocardiogram sodium chloride chloride induced AKI
within 24h of 0.9% at 48 and 72
n = 354 admission Pre-procedure: PSS
« Other Pre-procedure: not reported Post-
single 1V bolus procedure: 0.9% . Mortalit
ST-segment Post-procedure: sodium chloride - Viortallly
elevation acute twice daily for 48 1ml/kg/h IV for 12 in-hospital
Ml presented hours, 0.9% hours
within 12h after sodium chloride « Renal failure
onset (18h in 1mi/kg/h IV for 12 need for RRT
case of hours
cardiogenic shock . Serum
Jof symptoms * IVNAC + IV creatinine
sodium chloride clearance
0.9% . .
increase in serum
Pre-procedure: creatinine of at
single 1V bolus least 25% at 72h
Post-procedure: over baseline
twice daily for 48
hours, 0.9%
sodium chloride
1mi/kg/h IV for 12
hours
Martin- » Undergoing * IV sodium * no (intravenous) ¢ Contrast
Moreno computed bicarbonate hydration Induced AKI
(2015) tomography Pre-procedure: Pre-contrast: no Serum creatinine
1/6 molar 3 prophylaxis for Cl- 5
n=167 O REEEIEEES mi/kg/h, 1 hour AKI Post-contrast: ofz 2.5 7 fI"Oﬁ'I
- eGFR pre-procedure none baseline within 24
> 30 mimin/1.73 Post-contrast: h aftfar' cont'r ast
r_n2 : none administration
 Other » oral sodium
Hospitalised for at el
least 48 h Pre-contrast:
1,380 mg/I of
sodium 75 ml/10
kg, divided into 4
doses (1 dose per
hour), 4 hours
pre-procedure
Post-contrast:
none
Masuda » Undergoing * IV sodium * IV sodium * Contrast
(2007) emergency bicarbonate chloride 0.9% induced AKI
diagnostic or Increase >0.5
n =61 interventional 154 mEq/L 154 mEq/L mg/dl or >25% in
coronary sodium sodium chloride. sEr e
procedure bicarbonate. 3 3 mi/kg/hour trati
- Age 220 years ml/kg/hour before  before the concentration
the coronary coronary
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Masuda
(2008)

Merten
(2004)

n=137

» Other

Renal dysfunction
(serum creatinine
concentration
>1.1 mg/dl or
estimated
glomerular
filtration rate <60
ml/min)

Associated study
of another trial
(Masuda 2007)

* Age 218 years

e Serum
creatinine

Stable sCr
297.2umol/l

procedure. 1
ml/kg/hour during
and 6 hours after
the procedure

¢ Sodium
bicarbonate

procedure. 1
ml/kg/hour during
and 6 hours after
the procedure

» Sodium chloride

within 2 days of
the procedure

* Mortality
2008 study

* Number of
patients needing
RRT
Maintenance
dialysis or kidney
transplant

* Adverse events

+ Contrast
induced AKI
CIl-AKI at 48
hours (increase in
sCr 225%)

* Mortality

* Number of
patients needing
RRT

» Adverse events

* Length of
hospital stay

y “All individuals
with CI-
AKlexperienced
prolonged
hospitalisation...”.
No other
information
reported.

* Notes

Change in MAP
after initial bolus
Urine pH after
initial bolus
Change in serum
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Short Title

Miner
(2004)

n =180

Motohiro
(2011)

n= 158

Population

» Undergoing
planned PCI or
urgent coronary
angiography with
high likelihood of
ad hoc PCI

e Serum
creatinine

Patients without
diabetes and a
calculated
creatinine
clearance of <50
ml/min, Patients
with diabetes and
a calculated
creatinine
clearance of
<100mL/min, Any
patient with an
absolute serum
creatinine of >
200umol/L

« Other

previous
diagnostic
angiography
undergoing
planned PCI or
urgent coronary
angiography with
high likelihood of
ad hoc PCI

» Undergoing
coronary
angiography or
intervention

* Age 220 years
*+ eGFR

Interventions

* Oral NAC +
sodum chloride
0.45%

Pre-procedure:
2000mg oral
NAC, first dose
8pm the night
before the
procedure with
subsequent
doses at 8am and
8pm the day of
their procedure.
Same day
patients received
their first dose at
8am and 8 pm on
the same day.
(prior day patients
received a total of
6000mg and
same day
patients a total of
4000mg). IV
sodium chloride
0.45% was given
for 75mi/hour for
24 hours from the
time of
enrollment.

» Sodium
bicarbonate +
sodium chloride
0.9%

Pre-contrast:
Sodium

Comparator

* |V sodium
chloride 0.45%

IV sodium
chloride 0.45%
was given for
75ml/hour for 24
hours from the
time of
enrollment.

» Sodium chloride
0.9%

Pre-contrast:
sodium chloride
0.9% given at a
dose of

Outcome
measure(s)

bicarbonate on
day 1 Change in
serum potassium
on day 1 Change
in serum
Creatinine
(highest level day
1or 2 used)
Change in
estimated GFR

 Contrast
induced AKI

at 48 hours,
defined as
planned PCI or
urgent coronary
angiography with
high likelihood of
ad hoc PClI.
reduction in Cl-
AKI was limited to
those patients
enrolled the day
prior to the
procedure.

* Mortality
in-hospital and at
6 months

* Number of
patients needing
RRT

in-hospital and at
6 months

 Contrast
induced AKI

at 48 hours,
defined as an
Absolute increase
in the sCr
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Short Title

Mueller
(2002)

n = 1620

Population
<60ml/min/1.73m?

e Other

undergoing
coronary
angiography or
intervention

» Undergoing
elective or
emergency
coronary
angioplasty

* Received
imaging

people with
myocardial
ischemia (angina
or positive
exercise treadmill)
scheduled for
elective PCI

Interventions
bicarbonate (1000
mEq/L to 846ml
of 5% dextrose in
water) given at a
dose of
1mi/kg/hour for 3
hours, with
sodium chloride
0.9% given at a
dose of
1mli/kg/hour for 12
hours pre-
procedure.Post-
procedure:
Sodium
bicarbonate
(same dose as
above) given for 6
hours and sodium
chloride (same
dose as above)
for 12 hours.

* IV sodium
chloride 0.9%

IV sodium
chloride 0.9%
dose: 154mmol/L
at rate of
1mi/kg/h. From 8
am on day of
procedure till 8am
the following day
(mean total fluid
2022mi).

Comparator

1ml/kg/hour for 12
hours pre-
procedure. Post-
procedure:
sodium chloride
(same dose as
above) for 12
hours.

* |V sodium
chloride 0.45%

1V sodium
chloride 0.45%
dose: in 5%
glucose,
77mmol/L of
sodium chloride
at a rate of
1mi/kg/h. From 8
am on day of
procedure till 8am
the following day
(mean total fluid:
2028mi).

Outcome
measure(s)

concentration of
244.2umol/I* or as
a 25% increase
from the baseline
value at 48 hrs
after contrast
exposure

* Mortality
at 30 days

» Adverse events
Major adverse
cardiac events
within 30 days,
defined as death,
myocardial
infarction, urgent
target vessel
revascularisation,
or hospitalisation
for unstable
angina; Peripheral
vascular
complications
defined as false
aneurysms
requiring surgery,
compression or
bleeding requiring
surgery or
transfusion

* Length of
hospital stay

* Need for dialysis
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Outcome
Short Title Population Interventions Comparator measure(s)
during
hospitalisation
* CIN
an increase in
serum creatinine
concentration of
at least 0.5 mg/dL
(44 umol/L) within
48 hours
Nijssen * Undergoing CT * IV sodium * No hydration » Adverse events
(2017) scan chloride 0.9% No prophylactic Major adverse
. Pre-procedure: hydration given events were
n = 660 D S TEErS prophylactic defined as all-
« eGFR intravenous 0-9% cause mortality,
Estimated NaCl 3-4 mlL/kg renal replacement
glomerular per hour during 4 therapy, intensive
filtration rate h before. Post- care admission,
(eGFR) between procedure: same and sequelae of
45 and 59 mL per  again, for 4 hours. fluid
min/1-73 m? When deemed administration.
combined with necessary, the Major renal
either diabetes, or  physician could adverse events
at least two choose to instead were defined as
predefined risk administer long renal failure
factors (age >75 protocol (defined as eGFR
years; anaemia intravenous 0-9% <15 mL per
defined as NaCl 1 mL/kg per min/1-73 m?),
haematocrit h during 12 h renal decline with
values <0-39 L/L before and 12 h >10 eGFR units,
for men, and after contrast renal decline to
<0-36 L/L for administration. eGFR lower than
women; 30 mL per
cardiovascular min/1-73 m? or a
disease; non- combination of
steroidal anti- the latter two, at
inflammatory drug 26-35 days.
or diuretic Clinical sequelae
nephrotoxic of fluid
medication); or administration
eGFR between included
30 and 45 mL per symptomatic
min/1-73 m? or heart failure,
multiple myeloma hypernatraemia or
or hyponatraemia,
lymphoplasmacyti and
¢ lymphoma with supraventricular
small chain or ventricular
proteinuria. arrhythmias.
» Serum creatine
clearance
Mean change in
serum creatinine
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Short Title

Oldemeyer
(2003)

n =96

Population

» Undergoing
coronary
angiography

* Age 219 years

e Serum
creatinine

baseline
calculated
creatinine
clearance
<50ml/min;
Serum creatinine
>1.2mg/dl

« Other

referred for
elective coronary
angiography;
anticipated use of
at least 75ml of
contrast.

Interventions

» oral NAC + IV
sodium chloride
0.45%

Pre-procedure:
1500mg NAC
given orally in 120
ml of carbonated
beverage, using
the 10%
acetylcysteine
inhalation solution
starting the
evening before
angiography and
every 12 hours for
4 doses. IV
0.45% sodium
chloride given at
a dose of 1ml/kg
for 12 hours.Post-
procedure: 0.45%
sodium chloride
given at a dose of
1mli/kg for 12
hours.

Comparator

* |V sodium
chloride 0.45%

Pre-procedure:
11V 0.45%

sodium chloride
given at a dose of
1mi/kg for 12
hours. Post-
procedure: 0.45%
sodium chloride
given at a dose of
1mi/kg for 12
hours.

Outcome
measure(s)

from baseline at
2—6 and 26-35
days after
contrast
administration

* CIN

Defined as the
between-group
difference in
proportion of
patients with an
increase in serum
creatinine by
more than 25% or
44 umol/L23
within 2—6 days of
contrast
exposure, and
costeffectiveness
of no prophylaxis
compared with
intravenous
prophylactic
hydration in the
prevention of
contrast-induced
nephropathy

 Contrast
induced AKI

at 48 hours,
absolute increase
in serum
creatinine of
20.5mg/dl or a
relative increase
of 225% in serum
creatinine
compared to
baseline

* Length of
hospital stay

» Renal failure
need for RRT
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Short Title
Poletti
(2007)

n =87

Rashid
(2004)

n=94

Reinecke
(2007)

n =424

Population
» Undergoing CT
scan

e Serum
creatinine

Serum Cr >106
umol/L

* Received
imaging

emergency CT
needed within 12
hours of
admission

» Undergoing
angiography or
angioplasty

e Serum
creatinine

subgroup analysis
also presented for
normal vs. raised
serum creatinine

« Other

patients with
vascular disease
undergoing
elective
angiography or
angioplasty

* Undergoing
coronary
angiography

e Serum
creatinine

sCr 114.9 - 309.4
umol/L

e Other

admitted for
elective left heart
catheterization

Interventions

* IV NAC + IV
sodium chloride
0.45%

Pre-contrast:
900mg of NAC
diluted in a 50ml
solution of 5%
glucose, with
0.45% sodium
chloride given at
a dose of 5ml/kg
for 1 hour. Post-
contrast: 900 mg
NAC minxued into
0.45% sodium
chloride perfusion
at a dose of
1mi/kg/hour for 12
hours

* IV NAC + IV
sodium chloride
0.9%

IV NAC: 1000mg
IV given in the
bag of sodium
chloride 0.9% pre
and post
procedure.
Sodium chloride:
0.9% 500ml given
6-12 hours pre-
procedure given
for 4-6 hours and
immediately post-
procedure for 4-6
hours.

» Oral NAC +
sodium chloride
0.9%

Pre-procedure:
600mg oral NAC
one dose the
evening before
procedure and
another dose the
morning before
procedure, |V
sodium chloride
0.9% (500 ml 5%
glucose and 500
ml sodium
chloride) given for

Comparator

* |V sodium
chloride 0.45%

Pre-contrast:
0.45% sodium
chloride given at
a dose of 5mi/kg
for 1 hour. Post-
contrast: 0.45%
sodium chloride
perfusion at a
dose of
1ml/kg/hour for 12
hours

* |V sodium
chloride

Sodium chloride:
0.9% 500ml given
6-12 hours pre-
procedure given
for 4-6 hours and
immediately post-
procedure for 4-6
hours.

» Sodium chloride
0.9%

Pre-procedure: IV
sodium chloride
0.9% (500 ml 5%
glucose and 500
ml sodium
chloride) given for
12 hours Post-
procedure: |V
sodium chloride
0.9% (500 ml 5%
glucose and 500
ml sodium
chloride) given for
12 hours

Outcome
measure(s)

* Contrast
induced AKI

at least 25%
increase in serum
Cr over baseline

 Contrast
induced AKI

at 48 hours:
defined as
increase in serum
creatine of 44.2
umol/L or 25%
over baseline

* Mortality
at 7 days

 Renal failure
requiring RRT

 Contrast
induced AKI

at 24 and 72
hours, and at 30-
60 days; defined
as an increase in
enzymaticaly
determined sCr of
at least 44.2
umol/L

» Mortality
in-hospital and 30
day mortality
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Short Title Population

Sadineni » Undergoing

(2017) nonemergent
coronary

n=95 angiography and
percutaneous
coronary
interventions

* Age 230 years

e Serum
creatinine

21.2 mg/dl on
most recent
sample drawn
within 3 months of
planned
procedure

* Received
imaging

Patients
undergoing
clinically driven
nonemergent
coronary
angiography and
percutaneous
coronary
interventions for
both stable and
unstable patients
with angina, non-
ST-segment
elevation
myocardial
infarction
(NSTEMI) and
acute myocardial
infarction/STEMI

Interventions

12 hours Post-
procedure: one
dose the evening
after procedure
and another dose
the morning the
day after
procedure, IV
sodium chloride
0.9% (500 ml 5%
glucose and 500
ml sodium
chloride) given for
12 hours

 oral NAC + IV
sodium chloride
0.9%
oral NAC dose:
600 mg twice
daily. one day
before and after
the procedure
(total 1200mg
daily for two
days).

IV sodium
chloride 0.9%: 0.5
mi/kg/h. 12 hours
before and 12
hours after the
procedure.

Comparator

* |V sodium
chloride 0.9%

1V sodium
chloride 0.9%: 0.5
ml/kg/h. 12 hours
before and 12
hours after the
procedure

Outcome
measure(s)

» Adverse events
relevant bleeding
(loss in
hemoglobin of
2g/dl or more)

* Renal failure
in-hospital
haemodialysis
due to oliguria or
uremia

* Mortality

* Need for dialysis
* CIN

Either a relative
increase in serum
creatinine from
baseline of 225%
or an absolute
increase of 20.3
mg/dl (44.2
umol/L) during
days 1 and 2
post-contrast
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Outcome
Short Title Population Interventions Comparator measure(s)
Saitoh » Undergoing * Oral NAC + IV * IV sodium * Contrast
(2011) elective sodium chloride chloride 0.9% induced AKI
diagnostic CAG 0.9% increase in serum
n=14 * Serum P rast: oral Pr 3‘_00”” I?ISthI 4 creatinine level by
i re-contrast: ora sodium chloride
oreatinine NAC 704 mg 0.9% 1 mikgh 12 2 i;asg(;'gmg/ d
serum creatinine  twice daily 1 day  h before the anaror 207
21.5 mg/dl and/or  pefore CAG fora  administration of
creatinine total of 2 days, contrast. Post-
clearance <60 with IV sodium contrast: IV
mi/min chloride 0.9% 1 sodium chloride
mi/kg/h 12 h 0.9% 1 mi/kg/h 12
before the h after CAG.
administration of
contrast. Post-
contrast: IV
sodium chloride
0.9% 1 mikg/h 12
h after CAG.
Seyon * Serum * Oral NAC + IV * Placebo + IV * Contrast
(2007) creatinine sodium chloride sodium chloride induced AKI
Baseline =115 0.45% 0.45% Absolute increase
n =40 pmol/l (1.4 mg/dL) in serum
for males or equal NAC.‘ 6OQ mg four P.lacebo:.FOU( SRS Gl A
to or greater than times daily. First times daily. First mol/L (.5 mg/dL)
115 mol/L (1.3 dose at 8 am the dose at 8 am the thi 4.18 h f
mg/aL) for day of the day of the Ldtdadia) ours o
o procedure and 3 procedure and 3 contrast media
doses after doses after exposure and/or a
* Age 218 years coronary coronary relative increase
« Other a:g;ograé)hy Wiffé a:g;ograé)hy witfé in serum
the first dose at the first dose at 4
Diagnosis of pm Sodium pm Sodium creatinine Of,25%
acute coronary chioride 0.45%: 1 chloride 0.45%: 1 ~ 8bove baseline
syndrome, mi/kg/hour ml/kg/hour within 48 hours of
scheduled for contrast media
coronary exposure
angiography with
or without
concomitant PCI;
Creatine
clearance less
than 50 ml/min
Shyu » Undergoing * Oral NAC + » Sodium chloride  * Contrast
(2002) cardiac sodium chloride 0.45% induced AKI
angiography 0.45% at 48 hours,
n=121 « Serum o y P"‘;—_P" 00‘;‘71”_ ‘3-' IV increase in serum
A= re-procedure: sodium chloride .
creatinine 400mg NAC twice ~ 0.45% given at a creatinine of at
Serum creatinine  daily for a day dose of et AL el
>176.8 umol/l and  prior to and day of  1mi/kg/hour for 12 @t 48 hrs after
<5630.4 pmol/l; procedure. IV hours prior to contrast
Rates of sodium chloride procedure. Post-
creatinine 0.45% given at a procedure: IV
clearance < 40 dose of sodium chloride
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Short Title

Solomon
(2015)

n =391

Population
ml/min and >8
ml/min; history of
chronic renal
failure with a
stable serum
creatinine
concentrations ( A
difference of <0.1
mg/dl between
baseline serum
creatinine at 12 -
24 hrs before
coronary
angiography and
serum creatinine
measured 1-2
weeks before

angiography)

» Undergoing
angiography

* Age 218 years
* eGFR

<45 ml/min per
1.73m2

« Other

scheduled for
elective coronary
or peripheral
angiography

Interventions

1mi/kg/hour for 12
hours prior to
procedure.Post-
procedure: IV
sodium chloride
0.45% given at a
dose of
1mi/kg/hour for 12
hours prior to
procedure.

e Sodium
bicarbonate

Pre-procedure:
1.3% sodium
bicarbonate (154
mEq/L) given at
dmi/kg over 1
hour. post-
procedure: 1.5
ml/kg per h during
and for 4 h after
angiography

Comparator

0.45% given at a
dose of

1ml/kg/hour for 12

hours prior to
procedure.

» Sodium chloride
0.9%

Pre-procedure:
154 mEqg/L
sodium chloride
0.9% given at
bml/kg over 1
hour.
post-procedure:
1.5 ml/kg per h
during and for 4 h
after angiography

Outcome

measure(s)

 Contrast
induced AKI

at 72 hours,
defined as
increase in sCr of
at least 44.2
umol/L or 25%
over baseline

* Mortality
and time to death,
up to 6 months

* Length of
hospital stay

» Renal failure
need for RRT

» Composite
outcome

first occurrence of
death, RRT, or a
reduction in eGFR
of at least 20%
confirmed by at
least 2 separate
measurements
between days 30
and day 180
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Outcome
Short Title Population Interventions Comparator measure(s)
Tamura * Undergoing * Sodium » Sodium chloride  « Contrast
(2009) arteriography or bicarbonate + 0.9% induced AKI
PCI sodium chloride Pre-procedure: at 72 hours
n =144 « Age 220 vears 0.9% Sodium chloride defined as
ge =20y Pre-procedure: 0.9% given at a increase in sCr of
* Serum sodium dose of 1 >44.2umol/L or
creatinine bicarbonate given  ml/kg/hr (0.5 >25% increase
sCr >97.24 to as a single ml/kg/hr for from baseline.
<176.8 umol/L 20mEq IV bolus, patients with left * Mortality
5 minutes before ventricular at 7 days
contrast. Sodium efection fraction * Renal failure
chloride 0.9% <40%) for 12 Need for RRT
given at a dose of  hours prior to
1 mL/kg/hr (0.5 contrast
ml/kg/hr for procedure. Post-
patients with left procedure:
ventricular Sodium chloride
efection fraction 0.9% (same dose
<40%) for 12 as pre-procedure)
hours prior to for 12 hours.
contrast
procedure.Post-
procedure:
Sodium chloride
0.9% (same dose
as pre-procedure)
for 12 hours.
Tepel » Undergoing * Oral NAC + » Sodium chloride  + Contrast
(2000) elective CT sodium chloride 0.45% induced AKI
« Serum 0.45% at 48 hours,
n=83 creatinine b J Pr 3ij OC%C;'UF_ 3-' IV defined as an
re-procedure: sodium chloride ; ;
sCr > 106 umol/L; 600rlrjlg NAC 0.45% givenata  norease inthe
CrCl < 50mi/min;  given twice daily, ~ dose of S @i
also need to have  day before andon  1mi/kg/hour for 12 0-5mg per
a history of the day of hours prior to deciliter 48 hours
chronic renal administration of ~ procedure. Post-  after
failure and with the contrast procedure: IV administration of
stable serum agent. IV sodium  sodium chioride the contrast agent
creatinine chloride 0.45% 0.45% given at a
concentrations. given at a dose of  dose of
. Other 1mi/kg/hour for 12 1mi/kg/hour for 12 = Number of
hours prior to hours. patients needing
underwent procedure. RRT
elective CT forthe  Post-procedure:
evaluation of an IV sodium
abdominal or chloride 0.45%
thoracic illness. given at a dose of
1mi/kg/hour for 12
hours.
Thiele *» Undergoing PCI * IV NAC + IV * |V sodium * Contrast
(2010) o sodium chloride chloride 0.9% induced AKI
* Other 0.9%
0 SCR 225% 72
n = 249 patients with ST Pre-contrast: hours after PCI
elevation Ml none Post-
Acute kidney Injury: evidence reviews for preventing contrast induced AKI DRAFT 45

(October 2019)



DRAFT FOR CONSULTATION
Preventing Contrast induced acute kidney injury

Short Title

Torigoe
(2013)

n=122

Traub
(2013)

n =399

Population
undergoing
primary
angioplasty with
moderate contrast
volumes. Ml
symptoms for
under 12 hours,
ST segment
elevation of at
least 0.1mV in at
least 2 extremity
leads or at least
0.2mV in at least
2 precordial leads

» Scheduled for
elective coronary
arteriography or
PIC

* Age 220 years

« eGFR
15-
60ml/min/1.73m2

» Undergoing CT
scan

* Age 218 years

* Other
Undergoing
emergency
enhanced CT of
chest, abdomen,
or pelvis as part
of clinical care; 1
or more risk
factors for
contrast-induced
nephropathy (pre-
existing renal
dysfunction,
diabetes,
hypertension
being treated with
antihypertensive
medications,
CAD, use of
nephrotic drugs,
liver disease,
congestive heart
failure, older age
(65 years plus),
and anemia.)

Interventions
Pre-contrast:
1200mg IV bd in
single bolus
Post-contrast:
NAC given over
48 hours (4
doses) with 0.9%
sodium chloride
1mi/kg/h given for
12 hours.

* IV sodium
chloride 0.9% (5
hours)
Pre-procedure:
given at a dose of
1mi/kg/hour for 5
hours Post-
procedure: given
at a dose of
1mi/kg/hour for 24
hours

* IV NAC + IV
sodium chloride
0.9%
Pre-procedure:
200 mg of NAC
per hour
administered as
an infusion of 67
mL per hour of a
solution of 3 g of
NAC diluted to a
total volume of
1,000 mL with
500 mL sodium
chloride 0.9%.
during 30 min.
Post-procedure:
1V sodium
chloride 0.9%
continuous
infusion of 67 mL
per hour for at
least 2 hours.

Comparator
contrast: 0.9%
sodium chloride
1ml/kg/h given for
12 hours.

* IV sodium
chloride (20
hours)
Pre-procedure:
given at a dose of
1ml/kg/hour for 20
hours Post-
procedure: given
at a dose of
1mi/kg/hour for 24
hours

* IV sodium
chloride 0.9%
Pre-procedure:
500 mL sodium
chloride 0.9%.
during 30 min.
Post-procedure:
IV sodium
chloride 0.9%
continuous
infusion of 67 mL
per hour for at
least 2 hours.

Outcome
measure(s)
* Mortality
At 6 months

» Adverse events
during NAC
administration

* Renal failure
need for RRT

* Serum
creatinine
clearance

at 48 hours,
maximal absolute
and % change in
sCr

 Contrast
induced AKI

at 48 to 72 hours,
defined as an
increase in sCr of
at least 44.2
umol/L or 25%
over baseline

» Renal failure
Moderate renal
injury (100%
increase in sCr
level) or severe
renal failure
(necessitating
RRT), telephone
calls were used to
identify those with
renal injury
beyond 72 hours
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Outcome
Short Title Population Interventions Comparator measure(s)
Turedi » Undergoing *IVNAC + IV * IV sodium * Renal failure
(2016) CTPA sodium chloride chloride 0.9% Mpder(zgeffenjl
. > 0.9% Pre-CTPA: 3 injury (aerinea as
n =231 e Pre-CTPA: 3 mlL/kg NS alone a 100% increase
*CIN . mL/kg vV for 1 hour Post- in serym
One or more risk ) CTPA: 1 mL/kg IV creatinine levels)
factors for CIN NAC+NS solution per hour for a or severe renal
. Other (39 NAC was T —— failure developing
Undergoing made up to 1000 hour (requiring
contrast mL with NS). hemod/aIySIS or
enhanced Post-CTPA: 1 p('arItOI"leaI
thoracic CT due mlL/kg dialysis)
to suspected PE, «CIN
U TEESLIEE * IV sodium CIN development
Z;Se% SlreEHie chloride 0.9% + measuremen}‘ of
pretomography, IV sodium e Cg?%f Z n |
I bicarbonate e el sl
serum creatinine Pre-CTPA: 3 g; e;ggg?é?r\l/ae/l\s
levels 48-72 mlL/kg 132 mEq creatinine levels
hours NaHCO3 was measured 48-72
posttomography made up to 1000 hours following
mL with NS contrast exposure
Post-CTPA: and an increase
1mi/kg for a 225/3‘1‘7 0.5
. mg/dL in
FRITEVLER @ €10 creatinine levels
48-72 hours after
contrast exposure
compared to
basal levels
Ueda » Undergoing * IV sodium * IV sodium * Contrast
(2011) emergency chloride 0.9% + bicarbonate induced AKI
diagnostic or IV sodium at 48 hours,
n =60 interventional bicarbonate Pre-procedure: defined as an
coronary none Post- ;
procedure (such Pre-procedure: IV procedure: 154 increase of at
as coronary sodium chloride mEq/L sodium RSt a2 L
angiography or 0.9% 0.5 mi/kg as  bicarbonate at 1 or 25% over
PCl) soon as possible  mi/kg/hour during ~ baseline sCr.
after they were and for 6 hours
admitted, before after the coronary
the administration ~ procedure.
of contrast. Post-
procedure: 154
mEqg/L sodium
bicarbonate at 1
mil/kg/hour during
and for 6 hours
after the coronary
procedure.
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Short Title

Van
Mourik
(2018)

n=284

Vashegha
ni-
Farahani
(2010)

n=72

Webb
(2004)

n =398

Population
» Undergoing CTA

* Age 218 years

e Other

Planned for CTA
prior to TAVI

* Chronic kidney
disease

3a or above

» Undergoing
angiography

e Serum
creatinine

* Age 218 years
* Other

candidate for
coronary
angiography and
having at least
one of the
following:
uncontrolled
hypertension,
compensated
severe heart
failure (EF <30%
or grades llI-1V) or
a previous
pulmonary
edema.

*» Undergoing PCI
* Age 218 years
*+ eGFR

Screening GFR
<50ml/min

Interventions

* Sodium
bicarbonate
pre-procedure:
1.4% 3ml/kg/h
given for 1 hour
post-procedure:
none

* |V sodium
bicarbonate _
sodium chloride
0.45%

Pre-procedure: 75
mL of 8.4%
sodium
bicarbonate to 1 L
sodium chloride
0.45% given at 3
mi/kg for 1 hour.
Post-procedure:
same again,
given at 1ml/kg
for 6 hours.

[V NAC + IV
sodium chloride
0.9%

Pre-contrast:
200ml 0.9%
sodium chloride,

Comparator

* Sodium chloride
0.9%
re-procedure:
1mi/kg/h for 8
hours post-
procedure:
1ml/kg/h for 16
hours

» Sodium chloride
0.45%

Pre-procedure:
1075 mL sodium
chloride 0.45%
given at 3 mi/kg
for 1 hour. Post-
procedure: same
again, given at
1mi/kg for 6
hours.

* |V sodium
chloride 0.9%

Pre-contrast:
200ml 0.9%
sodium chloride,
plus 50ml of 5%

Outcome
measure(s)

* Contrast
induced AKI

at 2-5 days,
defined as
increase in
creatinine of at
least 25% or
44.2umol/L. over
baseline

» Serum

creatinine
clearance

% change in sCr
between the two
hydration
protocols at 2-5
days after
contrast
administration,
compared to
baesline; absolute
change in
creatinine.
 Contrast
induced AKI

at 48 hours and at
5 days, defined as
an increase in
absolute (at least
44.2 umol/L) or
relative (at least
25%) increase
over baseline.

* Length of
hospital stay

* Notes

urine pH was also
assessed after
initial bolus

 Contrast
induced AKI

at 72 hours,
defined as
reduction in CrCl
from baseline of
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Short Title

Weisbord
(2018)

n=5177

Population
* Other

Patients with
renal dysfunction
undergoing
cardiac
catheterisation or
PCI

» Undergoing
angiography:
coronary,
peripheral,
carotid,
mesenteric,
aortic, renal, and
other

* eGFR

15 to 44.9 ml per
minute per 1.73
m? of body-
surface area or
45 to 59.9 ml per
minute per 1.73
m? among those
with diabetes
mellitus

* Received
imaging

Patients who
were scheduled
to undergo
coronary or
noncoronary
angiography

« Other

Interventions
plus 500mgq (in
50ml of 5%
dextrose saline)
given over 15
mins within 1
hours of
procedure.
Post-contrast:
0.9%
1.6mi/kg/hour
sodium chloride
for 6 hours.

+ oral NAC + IV
sodium chloride
0.9%

oral NAC dose:
1200 mqg. 1 hour
before and after
contrast, and
twice daily for the
following 4 days
(total oral NAC
2400mg daily for
5 days) IV sodium
chloride 0.9%
dose: 154 mmol
per liter. 1-3
mi/kg/h during 1 -
12 hours for a
total volume of 3 -
12 ml/kg pre-
contrast. 1-1.5
ml/kg per hour
during
angiography. 1 - 3
mil/kg/h over 2 to
12 h for a total
volume of 6 to 12
ml/kg after
angiography

» oral NAC + IV
sodium
bicarbonate

Comparator

dextrose saline
(without NAC)
given over 15
mins within 1
hours of
procedure.Post-
contrast: 0.9%
1.6ml/kg/hour
sodium chloride
for 6 hours.

* placebo + IV
sodium chloride
0.9%

oral placebo
dose: 1200 mq. 1
hour before and
after contrast, and
twice daily for the
following 4 days.
IV sodium
chloride 0.9%
dose: 154 mmol
per liter. 1-3
mi/kg/h during 1 -
12 hours for a
total volume of 3 -
12 ml/kg pre-
contrast. 1-1.5
mi/kg per hour
during
angiography. 1 -3
mi/kg/h over 2 to
12 h for a total
volume of 6 to 12
ml/kg after
angiography.

* placebo + IV
sodium
bicarbonate

oral placebo:
1200 mq. 1 hour
before and after

Outcome
measure(s)

>5ml/min day 2-8,
median day 3)

* Mortality
in-hospital
mortality

* Renal failure
need for RRT

» Serum
creatinine
clearance

at 72 hours:
increase in serum
creatinine of at
least 25% or at
least 44 umol/L
day 2-8 (median
day 3)

* CKD
progression
confirmed
persistent kidney
impairment at 90
to 104 days

* Mortality

within 90 days

» Adverse events
hospitalization
with acute
coronary
syndrome, heart
failure, or stroke
within 90 days.
Hospitalization for
any cause within
90 days

* CIN

an increase in
serum creatinine
of either at least
25% or at least
0.5 mg per
deciliter (44 umol
per liter) from
baseline at 3 to 5
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Short Title

Wrobel
(2010)

n =102

Population

able and willing to
provide informed
consent

» Undergoing
angiography
and/or
angioplasty

« Diabetes
mellitus

undergoing
coronary
angiography
and/or
angioplasty

« Other

cardiovascular
disease

Interventions

oral NAC: 1200
mg. 1 hour before
and after contrast,
and twice daily for
the following 4
days (total oral
NAC 2400mg
daily for 5 days)
IV sodium
bicarbonate dose:
1.26% (150 mmol
per liter). 1-3
ml/kg/h during 1 -
12 hours for a
total volume of 3 -
12 mil/kg pre-
contrast. 1- 1.5
ml/kg per hour
during
angiography. 1 - 3
ml/kg/h over 2 to
12 h for a total
volume of 6 - 12
ml/kg after
angiography.

» Sodium chloride
0.9%

Pre contrast: 6
hours Post-
contrast: 12 hours
both given at a
dose of 1ml/kg/h
intravenously

See appendix E for full evidence tables.

Comparator
contrast, and
twice daily for the
following 4 days.
1V sodium
bicarbonate dose:
1.26% (150 mmol
per liter). 1-3
ml/kg/h during 1 -
12 hours for a
total volume of 3 -
12 ml/kg pre-
contrast. 1-1.5
ml/kg per hour
during
angiography. 1 - 3
ml/kg/h over 2 to
12 h for a total
volume of 6 - 12
ml/kg after
angiography.

* Oral mineral
water or boiled
water

Pre contrast: 6-12
hours
Post-contrast: 12
hours

both given at a
dose of 1ml/kg/h

Outcome
measure(s)

days after
angiography

* Need for dialysis
within 90 days

» Composite
outcome

death, the need
for dialysis, or a
persistent
increase of at
least 50% from
baseline in the
serum creatinine
level at 90 to 104
days after
angiography and
confirmed at
subsequent
testing within 14
days (defined as
persistent
impairment in
kidney function).
* Contrast
Induced AKI

at48 and 72
hours: defined as
an increase in
serum creatinine
of at least 25% or
44umol/L over
baseline

» Renal failure
need for RRT
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1 Quality assessment of clinical studies included in the evidence review

Network meta-analysis

2
3 All analyses are for the outcome CI-AKI as this was the outcome reported by all of the

4 included studies and was the only outcome amenable to NMA. For full GRADE tables see
5 appendix H.

6 Table 3: Summary GRADE table (outcome: CI-AKI)

NAC (IV bolus & oral) + sodium chloride 21,825 RR 0.49 Could not
0.9% (IV) vs no (intravenous) hydration (0.19, 1.24) differentiate
NAC (IV bolus) + sodium chloride 0.9% 21,825 RR 0.50 Low Could not
(IV) vs no (intravenous) hydration (0.15, 1.64) differentiate
NAC (IV) + sodium chloride 0.45% (IV) 21,825 RR 0.60 Low Could not
vs no (intravenous) hydration (0.18, 1.75) differentiate
NAC (IV) + sodium chloride 0.9% (IV) vs 21,825 RR 0.70 Low Could not
no (intravenous) hydration (0.36, 1.39) differentiate
NAC (oral) vs no (intravenous) hydration 21,825 RR 1.03 Low Could not
(0.27, 3.05) differentiate
NAC (oral) + sodium bicarbonate (IV) vs 21,825 RR 0.67 Low Could not
no (intravenous) hydration (0.34, 1.33) differentiate
NAC (oral) + sodium chloride 0.45% (IV) 21,825 RR 0.59 Low Could not
vs no (intravenous) hydration (0.22, 1.42) differentiate
NAC (oral) + sodium chloride 0.9% (IV) 21,825 RR 0.61 Low Could not
vs no (intravenous) hydration (0.36, 1.15) differentiate
oral fluids vs no (intravenous) hydration 21,825 RR 0.47 Low Could not
(0.15, 1.32) differentiate
sodium bicarbonate (IV) vs no 21,825 RR 0.59 Low Could not
(intravenous) hydration (0.35, 1.04) differentiate
sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.17 Low Could not
no (intravenous) hydration (0.00, 1.30) differentiate
sodium chloride 0.45% (V) vs no 21,825 RR 1.23 Low Could not
(intravenous) hydration (0.57, 2.53) differentiate
sodium chloride 0.45% (IV) + sodium 21,825 RR 1.53 Low Could not
bicarbonate (IV) vs no (intravenous) (0.28, 4.92) differentiate
hydration
sodium chloride 0.9% (IV) vs no 21,825 RR 0.74 Low Could not
(intravenous) hydration (0.45, 1.32) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.45 Low Could not
bicarbonate (IV) vs no (intravenous) (0.20, 1.02) differentiate
hydration
sodium citrate (oral) vs no (intravenous) 21,825 RR 1.13 Low Could not
hydration (0.27, 3.30) differentiate
NAC (IV bolus) + sodium chloride 0.9% 21,825 RR 1.04 Low Could not
(IV) vs NAC (IV bolus & oral) + sodium (0.27, 3.75) differentiate

chloride 0.9% (IV)
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NAC (IV) + sodium chloride 0.45% (IV) 21,825 RR 1.24 Could not
vs NAC (IV bolus & oral) + sodium (0.29, 4.66) differentiate
chloride 0.9% (IV)

NAC (1V) + sodium chloride 0.9% (IV) vs 21,825 RR 1.44 Low Could not
NAC (IV bolus & oral) + sodium chloride (0.62, 3.42) differentiate
0.9% (IV)

NAC (oral) vs NAC (IV bolus & oral) + 21,825 RR 2.10 Low Could not
sodium chloride 0.9% (1V) (0.44, 7.94) differentiate
NAC (oral) + sodium bicarbonate (IV) vs 21,825 RR 1.38 Low Could not
NAC (IV bolus & oral) + sodium chloride (0.57, 3.32) differentiate
0.9% (V)

NAC (oral) + sodium chloride 0.45% (IV) 21,825 RR 1.20 Low Could not
vs NAC (IV bolus & oral) + sodium (0.35, 3.93) differentiate
chloride 0.9% (IV)

NAC (oral) + sodium chloride 0.9% (IV) 21,825 RR 1.27 Low Could not
vs NAC (IV bolus & oral) + sodium (0.58, 2.93) differentiate
chloride 0.9% (IV)

oral fluids vs NAC (IV bolus & oral) + 21,825 RR 0.96 Low Could not
sodium chloride 0.9% (1V) (0.28, 3.10) differentiate
sodium bicarbonate (IV) vs NAC (IV 21,825 RR 1.22 Low Could not
bolus & oral) + sodium chloride 0.9% (0.54, 2.79) differentiate
(IV)

sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.34 Low Could not
NAC (IV bolus & oral) + sodium chloride (0.01, 2.89) differentiate
0.9% (IV)

sodium chloride 0.45% (IV) vs NAC (IV 21,825 RR 2.52 Low Could not
bolus & oral) + sodium chloride 0.9% (0.85, 7.20) differentiate
(IV)

sodium chloride 0.45% (IV) + sodium 21,825 RR 3.12 Low Could not
bicarbonate (I1V) vs NAC (IV bolus & (0.48, 12.49) differentiate
oral) + sodium chloride 0.9% (IV)

sodium chloride 0.9% (1V) vs NAC (IV 21,825 RR 1.54 Low Could not
bolus & oral) + sodium chloride 0.9% (0.74, 3.37) differentiate
(IV)

sodium chloride 0.9% (IV) + sodium 21,825 RR 0.93 Low Could not
bicarbonate (IV) vs NAC (IV bolus & (0.35, 2.48) differentiate
oral) + sodium chloride 0.9% (IV)

sodium citrate (oral) vs NAC (IV bolus & 21,825 RR 2.31 Low Could not
oral) + sodium chloride 0.9% (IV) (0.45, 8.75) differentiate
NAC (IV) + sodium chloride 0.45% (IV) 21,825 RR 1.20 Low Could not
vs NAC (IV bolus) + sodium chloride (0.23, 5.68) differentiate
0.9% (IV)

NAC (IV) + sodium chloride 0.9% (IV) vs 21,825 RR 1.38 Low Could not
NAC (IV bolus) + sodium chloride 0.9% (0.46, 4.57) differentiate
(IV)

NAC (oral) vs NAC (IV bolus) + sodium 21,825 RR 2.02 Low Could not
chloride 0.9% (1V) (0.36, 9.73) differentiate
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NAC (oral) + sodium bicarbonate (IV) vs 21,825 RR 1.33 Could not
NAC (IV bolus) + sodium chloride 0.9% (0.43, 4.43) differentiate
(IV)
NAC (oral) + sodium chloride 0.45% (IV) 21,825 RR 1.16 Low Could not
vs NAC (IV bolus) + sodium chloride (0.27, 4.90) differentiate
0.9% (IV)
NAC (oral) + sodium chloride 0.9% (IV) 21,825 RR 1.22 Low Could not
vs NAC (IV bolus) + sodium chloride (0.42, 3.97) differentiate
0.9% (V)
oral fluids vs NAC (IV bolus) + sodium 21,825 RR 0.93 Low Could not
chloride 0.9% (1V) (0.22, 3.86) differentiate
sodium bicarbonate (IV) vs NAC (IV 21,825 RR 1.18 Low Could not
bolus) + sodium chloride 0.9% (IV) (0.40, 3.74) differentiate
sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.33 Low Could not
NAC (IV bolus) + sodium chloride 0.9% (0.01, 3.27) differentiate
(V)
sodium chloride 0.45% (1V) vs NAC (IV 21,825 RR 2.42 Low Could not
bolus) + sodium chloride 0.9% (IV) (0.66, 9.23) differentiate
sodium chloride 0.45% (1V) + sodium 21,825 RR 2.97 Low Could not
bicarbonate (I1V) vs NAC (IV bolus) + (0.41, 15.08) differentiate
sodium chloride 0.9% (1V)
sodium chloride 0.9% (V) vs NAC (IV 21,825 RR 1.48 Low Could not
bolus) + sodium chloride 0.9% (IV) (0.53, 4.61) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.90 Low Could not
bicarbonate (I1V) vs NAC (IV bolus) + (0.27, 3.20) differentiate
sodium chloride 0.9% (IV)
sodium citrate (oral) vs NAC (IV bolus) + 21,825 RR 2.20 Low Could not
sodium chloride 0.9% (IV) (0.37, 10.71) differentiate
NAC (IV) + sodium chloride 0.9% (IV) vs 21,825 RR 1.16 Low Could not
NAC (IV) + sodium chloride 0.45% (IV) (0.36, 4.35) differentiate
NAC (oral) vs NAC (IV) + sodium 21,825 RR 1.68 Low Could not
chloride 0.45% (V) (0.46, 5.94) differentiate
NAC (oral) + sodium bicarbonate (IV) vs 21,825 RR 1.11 Low Could not
NAC (IV) + sodium chloride 0.45% (IV) (0.35, 4.13) differentiate
NAC (oral) + sodium chloride 0.45% (IV) 21,825 RR 0.96 Low Could not
vs NAC (IV) + sodium chloride 0.45% (0.40, 2.54) differentiate
(IV)
NAC (oral) + sodium chloride 0.9% (IV) 21,825 RR 1.02 Low Could not
vs NAC (IV) + sodium chloride 0.45% (0.34, 3.74) differentiate
(IV)
oral fluids vs NAC (IV) + sodium chloride 21,825 RR 0.78 Low Could not
0.45% (I1V) (0.18, 3.62) differentiate
sodium bicarbonate (IV) vs NAC (V) + 21,825 RR 0.98 Low Could not
sodium chloride 0.45% (1V) (0.33, 3.50) differentiate
sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.27 Low Could not
NAC (IV) + sodium chloride 0.45% (IV) (0.01, 2.93) differentiate
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sodium chloride 0.45% (IV) vs NAC (IV) 21,825 RR 2.01 Could not
+ sodium chloride 0.45% (IV) (0.96, 4.98) differentiate
sodium chloride 0.45% (1V) + sodium 21,825 RR 2.46 Low Could not
bicarbonate (IV) vs NAC (IV) + sodium (0.47, 10.53) differentiate
chloride 0.45% (V)
sodium chloride 0.9% (IV) vs NAC (IV) + 21,825 RR 1.24 Low Could not
sodium chloride 0.45% (1V) (0.42, 4.41) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.75 Low Could not
bicarbonate (IV) vs NAC (IV) + sodium (0.22, 3.02) differentiate
chloride 0.45% (V)
sodium citrate (oral) vs NAC (IV) + 21,825 RR 1.85 Low Could not
sodium chloride 0.45% (IV) (0.33, 9.33) differentiate
NAC (oral) vs NAC (IV) + sodium 21,825 RR 1.47 Low Could not
chloride 0.9% (1V) (0.35, 4.59) differentiate
NAC (oral) + sodium bicarbonate (IV) vs 21,825 RR 0.96 Low Could not
NAC (IV) + sodium chloride 0.9% (IV) (0.53, 1.72) differentiate
NAC (oral) + sodium chloride 0.45% (IV) 21,825 RR 0.84 Low Could not
vs NAC (IV) + sodium chloride 0.9% (IV) (0.29, 2.24) differentiate
NAC (oral) + sodium chloride 0.9% (IV) 21,825 RR 0.88 Low Could not
vs NAC (IV) + sodium chloride 0.9% (IV) (0.56, 1.45) differentiate
oral fluids vs NAC (IV) + sodium chloride 21,825 RR 0.67 Low Could not
0.9% (IV) (0.23, 1.75) differentiate
sodium bicarbonate (IV) vs NAC (IV) + 21,825 RR 0.85 Low Could not
sodium chloride 0.9% (IV) (0.52, 1.39) differentiate
sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.24 Low Could not
NAC (IV) + sodium chloride 0.9% (IV) (0.01, 1.80) differentiate
sodium chloride 0.45% (IV) vs NAC (IV) 21,825 RR 1.76 Low Could not
+ sodium chloride 0.9% (IV) (0.72, 3.96) differentiate
sodium chloride 0.45% (IV) + sodium 21,825 RR 2.20 Low Could not
bicarbonate (IV) vs NAC (IV) + sodium (0.37,7.21) differentiate
chloride 0.9% (IV)
sodium chloride 0.9% (IV) vs NAC (IV) + 21,825 RR 1.07 Low Could not
sodium chloride 0.9% (1V) (0.73, 1.62) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.65 Low Could not
bicarbonate (I1V) vs NAC (V) + sodium (0.33, 1.24) differentiate
chloride 0.9% (IV)
sodium citrate (oral) vs NAC (IV) + 21,825 RR 1.62 Low Could not
sodium chloride 0.9% (1V) (0.36, 5.06) differentiate
NAC (oral) + sodium bicarbonate (IV) vs 21,825 RR 0.65 Low Could not
NAC (oral) (0.21, 2.75) differentiate
NAC (oral) + sodium chloride 0.45% (IV) 21,825 RR 0.57 Low Could not
vs NAC (oral) (0.25, 1.50) differentiate
NAC (oral) + sodium chloride 0.9% (IV) 21,825 RR 0.60 Low Could not
vs NAC (oral) (0.20, 2.48) differentiate
oral fluids vs NAC (oral) 21,825 RR 0.46 Low Could not
(0.11, 2.32) differentiate
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sodium bicarbonate (IV) vs NAC (oral) 21,825 RR 0.58 Could not
(0.19, 2.33) differentiate
sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.16 Low Could not
NAC (oral) (0.00, 1.83) differentiate
sodium chloride 0.45% (1V) vs NAC 21,825 RR 1.19 Low Could not
(oral) (0.51, 3.51) differentiate
sodium chloride 0.45% (1V) + sodium 21,825 RR 1.47 Low Could not
bicarbonate (IV) vs NAC (oral) (0.26, 6.92) differentiate
sodium chloride 0.9% (IV) vs NAC (oral) 21,825 RR 0.73 Low Could not
(0.25, 2.94) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.44 Low Could not
bicarbonate (V) vs NAC (oral) (0.13, 1.97) differentiate
sodium citrate (oral) vs NAC (oral) 21,825 RR 1.09 Low Could not
(0.19, 5.98) differentiate
NAC (oral) + sodium chloride 0.45% (IV) 21,825 RR 0.87 Low Could not
vs NAC (oral) + sodium bicarbonate (1V) (0.30, 2.39) differentiate
NAC (oral) + sodium chloride 0.9% (IV) 21,825 RR 0.92 Low Could not
vs NAC (oral) + sodium bicarbonate (1V) (0.62, 1.44) differentiate
oral fluids vs NAC (oral) + sodium 21,825 RR 0.70 Low Could not
bicarbonate (1V) (0.24, 1.87) differentiate
sodium bicarbonate (IV) vs NAC (oral) + 21,825 RR 0.88 Low Could not
sodium bicarbonate (1V) (0.56, 1.43) differentiate
sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.25 Low Could not
NAC (oral) + sodium bicarbonate (IV) (0.01, 1.88) differentiate
sodium chloride 0.45% (1V) vs NAC 21,825 RR 1.83 Low Could not
(oral) + sodium bicarbonate (IV) (0.75, 4.20) differentiate
sodium chloride 0.45% (IV) + sodium 21,825 RR 2.29 Low Could not
bicarbonate (IV) vs NAC (oral) + sodium (0.39, 7.46) differentiate
bicarbonate (1V)
sodium chloride 0.9% (IV) vs NAC (oral) 21,825 RR 1.11 Low Could not
+ sodium bicarbonate (IV) (0.73, 1.79) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.68 Low Could not
bicarbonate (IV) vs NAC (oral) + sodium (0.32, 1.43) differentiate
bicarbonate (1V)
sodium citrate (oral) vs NAC (oral) + 21,825 RR 1.69 Low Could not
sodium bicarbonate (V) (0.38, 5.24) differentiate
NAC (oral) + sodium chloride 0.9% (IV) 21,825 RR 1.06 Low Could not
vs NAC (oral) + sodium chloride 0.45% (0.42, 3.00) differentiate
(IV)
oral fluids vs NAC (oral) + sodium 21,825 RR 0.80 Low Could not
chloride 0.45% (IV) (0.21, 3.03) differentiate
sodium bicarbonate (IV) vs NAC (oral) + 21,825 RR 1.02 Low Could not
sodium chloride 0.45% (1V) (0.40, 2.80) differentiate
sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.28 Low Could not
NAC (oral) + sodium chloride 0.45% (V) (0.01, 2.63) differentiate
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sodium chloride 0.45% (1V) vs NAC 21,825 RR 2.09 Could not
(oral) + sodium chloride 0.45% (1V) (1.37, 3.37) differentiate
sodium chloride 0.45% (1V) + sodium 21,825 RR 2.56 Low Could not
bicarbonate (IV) vs NAC (oral) + sodium (0.55, 8.71) differentiate
chloride 0.45% (V)
sodium chloride 0.9% (IV) vs NAC (oral) 21,825 RR 1.28 Low Could not
+ sodium chloride 0.45% (IV) (0.52, 3.49) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.78 Low Could not
bicarbonate (1V) vs NAC (oral) + sodium (0.26, 2.47) differentiate
chloride 0.45% (V)
sodium citrate (oral) vs NAC (oral) + 21,825 RR 1.91 Low Could not
sodium chloride 0.45% (IV) (0.37, 7.83) differentiate
oral fluids vs NAC (oral) + sodium 21,825 RR 0.76 Low Could not
chloride 0.9% (1V) (0.27, 1.89) differentiate
sodium bicarbonate (IV) vs NAC (oral) + 21,825 RR 0.96 Low Could not
sodium chloride 0.9% (1V) (0.65, 1.37) differentiate
sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.27 Low Could not
NAC (oral) + sodium chloride 0.9% (IV) (0.01, 1.97) differentiate
sodium chloride 0.45% (1V) vs NAC 21,825 RR 2.00 Low Could not
(oral) + sodium chloride 0.9% (1V) (0.85, 4.11) differentiate
sodium chloride 0.45% (IV) + sodium 21,825 RR 2.50 Low Could not
bicarbonate (IV) vs NAC (oral) + sodium (0.43, 7.46) differentiate
chloride 0.9% (IV)
sodium chloride 0.9% (IV) vs NAC (oral) 21,825 RR 1.21 Low Could not
+ sodium chloride 0.9% (IV) (0.91, 1.61) differentiate
sodium chloride 0.9% (V) + sodium 21,825 RR 0.74 Low Could not
bicarbonate (V) vs NAC (oral) + sodium (0.36, 1.40) differentiate
chloride 0.9% (IV)
sodium citrate (oral) vs NAC (oral) + 21,825 RR 1.84 Low Could not
sodium chloride 0.9% (IV) (0.42, 5.30) differentiate
sodium bicarbonate (IV) vs oral fluids 21,825 RR 1.26 Low Could not
(0.51, 3.47) differentiate
sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.36 Low Could not
oral fluids (0.01, 2.98) differentiate
sodium chloride 0.45% (IV) vs oral fluids 21,825 RR 2.61 Low Could not
(0.81, 8.87) differentiate
sodium chloride 0.45% (IV) + sodium 21,825 RR 3.23 Low Could not
bicarbonate (IV) vs oral fluids (0.47, 14.98) differentiate
sodium chloride 0.9% (1V) vs oral fluids 21,825 RR 1.59 Low Could not
(0.67, 4.28) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.97 Low Could not
bicarbonate (IV) vs oral fluids (0.33, 3.05) differentiate
sodium citrate (oral) vs oral fluids 21,825 RR 2.39 Low Could not
(0.44, 10.47) differentiate
sodium bicarbonate (oral) + oral fluids vs 21,825 RR 0.28 Low Could not
sodium bicarbonate (V) (0.01, 2.04) differentiate
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sodium chloride 0.45% (1V) vs sodium 21,825 RR 2.08 Could not
bicarbonate (1V) (0.92, 4.36) differentiate
sodium chloride 0.45% (1V) + sodium 21,825 RR 2.59 Low Could not
bicarbonate (IV) vs sodium bicarbonate (0.45, 8.03) differentiate
(IV)
sodium chloride 0.9% (1V) vs sodium 21,825 RR 1.26 Low Could not
bicarbonate (IV) (0.95, 1.73) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.77 Low Could not
bicarbonate (1V) vs sodium bicarbonate (0.39, 1.46) differentiate
(V)
sodium citrate (oral) vs sodium 21,825 RR 1.91 Low Could not
bicarbonate (1V) (0.45, 5.54) differentiate
sodium chloride 0.45% (V) vs sodium 21,825 RR 7.37 Low Could not
bicarbonate (oral) + oral fluids (0.88, 245.40) differentiate
sodium chloride 0.45% (IV) + sodium 21,825 RR 8.98 Low Could not
bicarbonate (IV) vs sodium bicarbonate (0.67, 339.30) differentiate
(oral) + oral fluids
sodium chloride 0.9% (IV) vs sodium 21,825 RR 4.43 Low Could not
bicarbonate (oral) + oral fluids (0.63, 145.70) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 2.71 Low Could not
bicarbonate (IV) vs sodium bicarbonate (0.34, 91.26) differentiate
(oral) + oral fluids
sodium citrate (oral) vs sodium 21,825 RR 6.70 Low Could not
bicarbonate (oral) + oral fluids (0.58, 252.60) differentiate
sodium chloride 0.45% (IV) + sodium 21,825 RR 1.24 Low Could not
bicarbonate (IV) vs sodium chloride (0.27, 3.58) differentiate
0.45% (IV)
sodium chloride 0.9% (IV) vs sodium 21,825 RR 0.61 Low Could not
chloride 0.45% (V) (0.30, 1.36) differentiate
sodium chloride 0.9% (V) + sodium 21,825 RR 0.37 Low May favour
bicarbonate (IV) vs sodium chloride (0.14, 0.99) sodium
0.45% (IV) chloride 0.9%
(IV) + sodium
bicarbonate
(IV)
sodium citrate (oral) vs sodium chloride 21,825 RR 0.92 Low Could not
0.45% (1V) (0.19, 3.23) differentiate
sodium chloride 0.9% (V) vs sodium 21,825 RR 0.48 Low Could not
chloride 0.45% (IV) + sodium (0.16, 2.78) differentiate
bicarbonate (1V)
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.30 Low Could not
bicarbonate (IV) vs sodium chloride (0.08, 1.86) differentiate
0.45% (IV) + sodium bicarbonate (V)
sodium citrate (oral) vs sodium chloride 21,825 RR 0.74 Low Could not
0.45% (IV) + sodium bicarbonate (1V) (0.12, 5.36) differentiate
sodium chloride 0.9% (IV) + sodium 21,825 RR 0.61 Low Could not
bicarbonate (IV) vs sodium chloride (0.32, 1.09) differentiate
0.9% (IV)
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sodium citrate (oral) vs sodium chloride 21,825 RR 1.52 Could not
0.9% (IV) (0.35, 4.36) differentiate

sodium citrate (oral) vs sodium chloride 21,825 RR 2.48 Low Could not

0.9% (IV) + sodium bicarbonate (1V) (0.52, 8.63) differentiate

(a) Could not differentiate: crosses line of no effect; May favour: confidence intervals do not cross line of no effect
but cross MID; Favours: confidence intervals do not cross line of no effect or MID

Pairwise meta-analysis

All analyses are for the outcome CI-AKI as this was the outcome reported by all of the
included studies. For full GRADE tables see appendix H.

Table 4: Summary GRADE table (outcome: CI-AKI)

Sodium chloride 0.45% vs 660° RR 0.96 Very low  Could not
no (intravenous) hydration® (0.54 to 1.68) differentiate
Sodium chloride 0.9% vs 903 RR 0.86 Low Could not
no (intravenous) hydration (0.6 to 1.24) differentiate
Sodium chloride 0.9% vs 376 RR 1.52 Very low  Could not
oral fluids (0.72t0 3.2) differentiate
Sodium chloride 0.9% vs 1,383 RR 0.36 Very low  Could not
sodium chloride 0.45%" (0.13t0 1.0) differentiate
Sodium chloride 0.9% vs 5,412 RR 1.04 Moderate  Could not
sodium bicarbonate (0.88 to 1.23) differentiate
Sodium chloride 0.9% vs 48 RR 4.67 Very low  Could not
oral sodium bicarbonate + oral fluids® (0.61 to 35.84) differentiate
Sodium chloride 0.9% (5 hours) vs 122 RR 1.03 Very low  Could not
sodium chloride 0.9% (20 hours)P (0.15t0 7.1) differentiate
Sodium chloride 0.45% + sodium 72 RR 1.25 Very low  Could not
bicarbonate vs (0.37 to 4.28) differentiate
sodium chloride 0.45%"
Sodium chloride 0.9% + sodium 542 RR 0.46 Very low  Could not
bicarbonate vs (0.19to 1.11) differentiate
sodium chloride 0.9%
Sodium chloride 0.9% + sodium 59 RR 4.14 Low Could not
bicarbonate vs (0.96 to 17.87) differentiate
sodium bicarbonate®
Oral sodium bicarbonate + oral fluids vs 43 RR 1.05 Very low  Could not
oral fluids® (0.07 to 15.69) differentiate
Sodium bicarbonate vs 522 RR 0.51 Moderate  Favours
no (intravenous) hydration (0.33 t0 0.78) sodium
bicarbonate
Sodium bicarbonate vs 43 RR 2.1 Very low  Could not
oral fluids® (0.2 to 21.42) differentiate
Sodium bicarbonate vs 86 RR 0.6 Very low  Could not
oral sodium citrate® (0.15 to 2.36) differentiate
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Sodium bicarbonate vs RR 2.0 Verylow  Could not
oral sodium bicarbonate + oral fluids® (0.2 to 20.41) differentiate
Oral sodium citrate vs 87 RR 1.28 Very low  Could not
no (intravenous) hydration® (0.37 to 4.45) differentiate
Oral NAC + sodium chloride 0.45% vs 1,154 RR 0.50 Verylow  Favours oral
sodium chloride 0.45% (0.37 t0 0.70) NAC + sodium
chloride 0.45%
Oral NAC + sodium chloride 0.45% vs 376° RR 0.62 Very low  May favour
oral NACP® (0.45 to 0.88) oral NAC +
sodium
chloride 0.45%
Oral NAC + sodium chloride 0.9% vs 6,597 RR 0.96 Moderate  Could not
sodium chloride 0.9% (0.83 to 1.10) differentiate
Oral NAC + sodium chloride 0.9% vs 3,059 RR 0.89 Moderate  Could not
sodium bicarbonate (0.71 to 1.12) differentiate
Oral NAC + sodium chloride 0.9% vs 4,056 RR 0.81 Low May favour
oral NAC + sodium bicarbonate (0.67 to 0.98) oral NAC +
sodium
chloride 0.9%
Oral NAC + sodium chloride 0.9% vs 204 RR 1.08 Very low  Could not
IV NAC + sodium chloride 0.9%° (0.53t0 2.18) differentiate
Oral NAC + sodium bicarbonate vs 2,661 RR 1.15 Moderate  Could not
sodium chloride 0.9% (0.91 to 1.45) differentiate
Oral NAC + sodium bicarbonate vs 3,130 RR 1.08 Moderate  Could not
sodium bicarbonate (0.86 to 1.34) differentiate
IV NAC + sodium chloride 0.45% vs 384 RR 0.46 Very low  Could not
sodium chloride 0.45% (0.16 to 1.36) differentiate
IV NAC + sodium chloride 0.9% vs 1,915 RR 1.05 Low Could not
sodium chloride 0.9% (0.84 to 1.32) differentiate
IV NAC + sodium chloride 0.9% vs 242 RR 1.23 Low Could not
sodium chloride 0.9% + sodium (0.74 to 2.03) differentiate
bicarbonate
IV NAC bolus + oral NAC + sodium 559 RR 0.61 Very low  Could not
chloride 0.9% vs (0.21 to 1.83) differentiate
sodium chloride 0.9%
IV NAC (bolus) + sodium chloride 0.9% 249 RR 0.70 Moderate  Could not

VS
sodium chloride 0.9%"

(0.40 to 1.22)

differentiate

(a) Could not differentiate: crosses line of no effect; May favour: confidence intervals do not cross line of no effect
but cross MID; Favours: confidence intervals do not cross line of no effect or MID

(b) Comparison reported by a single RCT

(c) In participants with serum creatinine <132.6umol/

(d) In participants with serum creatinine 2132.6umol/|

(e)
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1 Table 5: Summary GRADE table; Pre-specified subgroups on pairwise data (outcome:
CI-AKIl)

Sodium chloride 0.9% vs no RR 1.21 Very low  Could not
(intravenous) hydration (diabetes)® (0.6 to 2.44) differentiate
Sodium chloride 0.9% vs no 65 RR 1.10 Very low  Could not
(intravenous) hydration (older people (0.6 to 2.01) differentiate
>75 years)P

Sodium chloride 0.9% vs sodium 286 RR 0.54 Very low  Could not
chloride 0.45% (chronic kidney disease)? (0.14 to 2.10) differentiate
Sodium chloride 0.9% vs sodium 217 RR 0.08 Very low  Could not
chloride 0.45% (diabetes)® (0.0 to 1.39) differentiate
Sodium chloride 0.9% vs sodium 864 RR 0.83 Very low  Could not
chloride 0.45% (low volume of contrast (0.25 to 2.69) differentiate
agent)®

Sodium chloride 0.9% vs sodium 519 RR 0.06 Very low  Could not
chloride 0.45% (high volume of contrast (0.0 to 1.08) differentiate
agent)®

Sodium bicarbonate vs no (intravenous) 65 RR 0.55 Very low  Could not
hydration (diabetes)® (0.21 to 1.43) differentiate
Sodium bicarbonate vs no (intravenous) 67 RR 0.56 Low Could not
hydration (older people >75 years)° (0.26 to 1.2) differentiate
Oral NAC + sodium chloride 0.45% vs 19 RR 1.03 Very low  Could not
sodium chloride 0.45% (chronic kidney (0.35 to 3.05) differentiate
disease)®

Oral NAC + sodium chloride 0.45% vs 122 RR 1.5 Very low  Could not
sodium chloride 0.45% (diabetes) (0.7 to 3.24) differentiate
Oral NAC + sodium chloride 0.45% vs 367 RR 1.14 Low Could not
sodium chloride 0.45% (chronic kidney (0.51 to 2.58) differentiate
disease)®

Oral NAC + sodium chloride 0.45% vs 1,566 RR 0.95 Moderate  Could not
sodium chloride 0.45% (diabetes) (0.75 to 1.21) differentiate
Oral NAC + sodium chloride 0.45% vs 18 RR 0.79 Very low  Could not
sodium chloride 0.45% (older people (0.38 to 1.64) differentiate
>75 years)P

Oral NAC + sodium chloride 0.45% vs 18 RR 1.18 Very low  Could not
sodium chloride 0.45% (low volume of (0.74 to 1.89) differentiate
contrast agent)®

Oral NAC + sodium chloride 0.45% vs 125 RR 0.98 Very low  Could not
sodium chloride 0.45% (high volume of (0.35 t0 2.72) differentiate
contrast agent)

Oral NAC + sodium chloride 0.9% vs 121 RR 1.58 Low Could not
oral NAC + sodium bicarbonate (0.69 to 3.58) differentiate
(diabetes)®

Oral NAC + sodium chloride 0.9% vs 271 RR 0.24 Moderate  Could not
oral NAC + sodium bicarbonate (low (0.05 to 1.13) differentiate
volume of contrast agent)®

Oral NAC + sodium chloride 0.9% vs 266 RR 1.11 Low Could not
oral NAC + sodium bicarbonate (high (0.59 to 2.09) differentiate

volume of contrast agent)
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IV NAC + sodium chloride 0.9% vs
sodium chloride 0.9% (chronic kidney
disease)®

IV NAC + sodium chloride 0.9% vs
sodium chloride 0.9% (diabetes)P

IV NAC + sodium chloride 0.9% vs

sodium chloride 0.9% (older people >75

years)?

IV NAC + sodium chloride 0.9% vs
sodium chloride 0.9% (high volume of
contrast agent)

160

160

187

RR 0.72

(0.25 to 2.07)

RR 0.67

(0.1 to 3.88)

RR 0.08
(0 to 1.34)

RR 0.5

(0.08 to 3.18)

Very low

Very low

Very low

Could not
differentiate

Could not
differentiate

Could not
differentiate

Could not
differentiate

(a) Could not differentiate: crosses line of no effect; May favour: confidence intervals do not cross line of no effect
but cross MID; Favours: confidence intervals do not cross line of no effect or MID

(b) Comparison reported by a single RCT

Table 6: Summary GRADE table; Other outcomes

Sodium chloride 0.9% vs no
(intravenous) hydration (in-hospital
mortality)°

Sodium chloride 0.9% vs no
(intravenous) hydration (all-cause
mortality)°

Sodium chloride 0.9% vs no
(intravenous) hydration (need for renal
replacement therapy: dialysis)

Sodium chloride 0.9% vs no
(intravenous) hydration (adverse
events)

Sodium chloride 0.9% vs oral fluids (all-
cause mortality)P

Sodium chloride 0.9% vs oral fluids
(need for renal replacement therapy:
dialysis)®

Sodium chloride 0.9% vs oral fluids
(length of hospital stay in days)®

Sodium chloride 0.9% vs sodium
chloride 0.45% (mortality)P

Sodium chloride 0.9% vs sodium
chloride 0.45% (need for renal
replacement therapy: dialysis)®

Sodium chloride 0.9% vs sodium
chloride 0.45% (adverse events)®

Sodium chloride 0.9% vs sodium
bicarbonate (all-cause mortality [30
days])°

660

4,909

960

225

225

49

530

1,383

530

353

RR 0.62

(0.21 to 1.87)

RR 0.14

(0.01 to 2.79)

RR 1.04

(0.62 to 1.75)

RR 4.59

(0.16 to 134.39)

RR 3.19

(0.13 to 77.5)

RR 3.19

(0.13 to 77.5)

MD -0.38

(-3.81 to 3.05)

RR 0.33

(0.03 to 3.18)

RR 1.02

(0.06 to 16.26)

RR 0.82

(0.41 to 1.64)

RR 0.98
(0.2 to 4.8)

Very low

Low

Low

Very low

Very low

Very low

Very low
Very low

Very low

Very low

Very low

Could not
differentiate

Could not
differentiate

Could not
differentiate

Could not
differentiate

Could not
differentiate

Could not
differentiate

Could not
differentiate

Could not
differentiate

Could not
differentiate

Could not
differentiate

Could not
differentiate
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Sodium chloride 0.9% vs sodium 3,242 RR 1.36 Very low Could not
bicarbonate (all-cause mortality [>30 (0.65 to 2.83) differentiate
days])

Sodium chloride 0.9% vs sodium 359 RR 2.05 Very low Could not
bicarbonate (in-hospital mortality) (0.57 to 7.35) differentiate
Sodium chloride 0.9% vs sodium 3,301 RR 0.93 Low Could not
bicarbonate (need for renal replacement (0.54 to 1.61) differentiate
therapy)

Sodium chloride 0.9% vs sodium 773 RR 1.74 Low Could not
bicarbonate (adverse events) (0.94 to 3.21) differentiate
Sodium chloride 0.9% vs sodium 845 RR 1.80 Very low  Could not
bicarbonate (adverse events: heart (0.59 to 5.48) differentiate
failure)

Sodium chloride 0.9% vs sodium 174 MD -0.06 Very low  Could not
bicarbonate (length of hospital stay in (-2.3 to 2.18) differentiate
days)

Sodium chloride 0.9% vs oral sodium 48 MD -2.72 Very low  Could not
bicarbonate + oral fluids (length of (-7.25 to 1.81) differentiate
hospital stay in days)?

Sodium chloride 0.9% + sodium 172 RR 0.85 Low Could not
bicarbonate vs sodium chloride 0.9% (0.39 to 1.87) differentiate
(in-hospital mortality)P

Sodium chloride 0.9% + sodium 387 RR 0.72 Low Could not
bicarbonate vs sodium chloride 0.9% (0.36 to 1.44) differentiate
(need for renal replacement therapy)

Sodium chloride 0.9% + sodium 144 RR 0.33 Low Could not
bicarbonate vs sodium chloride 0.9% (0.01 to 8.05) differentiate
(adverse events)®

Sodium chloride 0.9% + sodium 59 RR 0.69 Very low Could not
bicarbonate vs sodium bicarbonate (in- (0.12 to 3.83) differentiate
hospital mortality)°

Sodium chloride 0.9% + sodium 59 RR 1.15 Very low  Could not
bicarbonate vs sodium bicarbonate (0.55t0 2.41) differentiate
(adverse events)®

Sodium chloride 0.9% + sodium 60 MD -1.40 Very low Could not
bicarbonate vs sodium bicarbonate (-10.90 to 8.10) differentiate
(length of hospital stay in days)®

Sodium bicarbonate vs oral fluids 43 MD -0.27 Very low  Could not
(length of hospital stay in days)® (-3.48 to 2.94) differentiate
Sodium bicarbonate vs oral sodium 48 MD -2.81 Very low  Could not
bicarbonate + oral fluids (length of (-7.10 to 1.48) differentiate
hospital stay in days)®

Oral NAC + sodium chloride 0.45% vs 180 RR 1.19 Very low Could not
sodium chloride 0.45% (long-term (0.27 t0 5.18) differentiate
mortality)°

Oral NAC + sodium chloride 0.45% vs 180 RR 0.18 Very low Could not

sodium chloride 0.45% (in-hospital
mortality)®

(0.01 to 3.68)

differentiate
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Oral NAC + sodium chloride 0.45% vs RR 0.69 Very low Could not
sodium chloride 0.45% (need for renal (0.13 to0 3.52) differentiate
replacement therapy: dialysis)
Oral NAC + sodium chloride 0.45% vs 636 RR 1.61 Very low  May favour
sodium chloride 0.45% (adverse events) (1.01 to 2.56) sodium
chloride 0.45%
Oral NAC + sodium chloride 0.45% vs 116 MD -1.24 Very low  Could not
sodium chloride 0.45% (length of (-3.94 to 1.45) differentiate
hospital stay in days)
Oral NAC + sodium chloride 0.45% vs 180 RR 0.89 Very low  Could not
sodium chloride 0.45% (readmission for (0.44 to 1.82) differentiate
AKI)°
Oral NAC + sodium chloride 0.9% vs 205 RR 0.14 Very low  Could not
sodium chloride 0.9% (all-cause (0.01 to 2.76) differentiate
mortality [30 days])P
Oral NAC + sodium chloride 0.9% vs 2,687 RR 1.38 Moderate Could not
sodium chloride 0.9% (all-cause (0.9 t0 2.12) differentiate
mortality [30 days - 1 year])
Oral NAC + sodium chloride 0.9% vs 156 RR 2.56 Very low  Could not
sodium chloride 0.9% (in-hospital (0.51 to 12.83) differentiate
mortality)°
Oral NAC + sodium chloride 0.9% vs 5,500 RR 0.83 Low Could not
sodium chloride 0.9% (need for renal (0.48 to 1.46) differentiate
replacement therapy: dialysis)
Oral NAC + sodium chloride 0.9% vs 4,907 RR 0.94 Moderate Could not
sodium chloride 0.9% (adverse events) (0.73 to 1.22) differentiate
Oral NAC + sodium chloride 0.9% vs 200 MD -0.50 High Favours oral
sodium chloride 0.9% (hospital length of (-0.93 to -0.07) NAC + sodium
stay in days)® chloride 0.9%
(estimated
MID 1.0)°
Oral NAC + sodium chloride 0.9% vs 310 RR 3.08 Very low Could not
sodium bicarbonate (all-cause mortality (0.13 to 74.98) differentiate
[30 days])®
Oral NAC + sodium chloride 0.9% vs 2,492 RR 1.23 Low Could not
sodium bicarbonate (all-cause mortality (0.78 to 1.93) differentiate
[90 days])®
Oral NAC + sodium chloride 0.9% vs 2,492 RR 0.89 Low Could not
sodium bicarbonate (need for renal (0.43 to 1.81) differentiate
replacement therapy: dialysis)®
Oral NAC + sodium chloride 0.9% vs 691 RR 0.44 Very low Could not
oral NAC + sodium bicarbonate (all- (0.06 to 2.94) differentiate
cause mortality [30 days])
Oral NAC + sodium chloride 0.9% vs 3,379 RR 1.27 Moderate Could not
oral NAC + sodium bicarbonate (all- (0.82 to 1.95) differentiate
cause mortality [30 days-6 months])
Oral NAC + sodium chloride 0.9% vs 2,495 RR 0.89 Low Could not
oral NAC + sodium bicarbonate (need (0.44 to 1.81) differentiate
for renal replacement therapy: dialysis)?
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Oral NAC + sodium chloride 0.9% vs IV RR 0.33 Very low Could not
NAC + sodium chloride 0.9% (all-cause (0.01 to 8.09) differentiate
mortality [30 days])®

Oral NAC + sodium chloride 0.9% vs IV 204 RR 0.67 Very low Could not
NAC + sodium chloride 0.9% (all-cause (0.28 to 1.56) differentiate
mortality [1 year])?

Oral NAC + sodium chloride 0.9% vs IV~ 204 RR 3.0 Very low  Could not
NAC + sodium chloride 0.9% (need for (0.12 to 72.79) differentiate
renal replacement therapy: dialysis)®

Oral NAC + sodium bicarbonate vs 2,501 RR 0.95 Low Could not
sodium chloride 0.9% (all-cause (0.57 to 1.61) differentiate
mortality [90 days])P

Oral NAC + sodium bicarbonate vs 2,501 RR 1.06 Low Could not
sodium chloride 0.9% (need for renal (0.52 to 2.13) differentiate
replacement therapy: dialysis)P

Oral NAC + sodium bicarbonate vs 313 RR 5.03 Very low  Could not
sodium bicarbonate (all-cause mortality (0.24 to 103.97) differentiate
[30 days])®

Oral NAC + sodium bicarbonate vs 2,511 RR 0.82 Low Could not
sodium bicarbonate (all-cause mortality (0.49 to 1.35) differentiate
[90 days])P

Oral NAC + sodium bicarbonate vs 2,511 RR 1.0 Low Could not
sodium bicarbonate (need for renal (0.5 to 1.99) differentiate
replacement therapy: dialysis)®

Oral NAC + sodium bicarbonate vs 60 RR 3.41 Very low  Could not
sodium bicarbonate (adverse events)® (0.14 to 80.59) differentiate
IV NAC + sodium chloride 0.45% vs 81 RR 0.72 Very low  Could not
sodium chloride 0.45% (all-cause (0.28 to 1.83) differentiate
mortality [1 year])°

IV NAC + sodium chloride 0.45% vs 297 RR 0.61 Very low Could not
sodium chloride 0.45% (in-hospital (0.25 to 1.5) differentiate
mortality)

IV NAC + sodium chloride 0.45% vs 81 RR 0.36 Very low Could not
sodium chloride 0.45% (need for renal (0.02 to 8.54) differentiate
replacement therapy: dialysis)®

IV NAC + sodium chloride 0.9% vs 447 RR 1.44 Very low Could not
sodium chloride 0.9% (all-cause (0.47 to 4.48) differentiate
mortality [up to 8 days])P

IV NAC + sodium chloride 0.9% vs 1,050 RR 0.69 Very low  Could not
sodium chloride 0.9% (all-cause (0.27 to 1.81) differentiate
mortality [up to 30 days])

IV NAC + sodium chloride 0.9% vs 205 RR1.73 Very low  Could not
sodium chloride 0.9% (all-cause (0.71 to 4.22) differentiate
mortality [1 year])°

IV NAC + sodium chloride 0.9% vs 570 RR 0.94 Low Could not
sodium chloride 0.9% (in-hospital (0.45 to 1.96) differentiate
mortality)

IV NAC + sodium chloride 0.9% vs 448 RR 0.68 Very low  Could not
sodium chloride 0.9% (need for renal (0.34 to 1.36) differentiate

replacement therapy)
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IV NAC + sodium chloride 0.9% vs

sodium chloride 0.9% (length of hospital

stay in days)®
IV NAC + sodium chloride 0.9% vs

sodium chloride 0.9% + sodium
bicarbonate (in-hospital mortality)P

IV NAC + sodium chloride 0.9% vs
sodium chloride 0.9% + sodium

bicarbonate (need for renal replacement

therapy)
IV NAC bolus + oral NAC + sodium

chloride 0.9% vs sodium chloride 0.9%

(in-hospital mortality)®

IV NAC bolus + oral NAC + sodium

chloride 0.9% vs sodium chloride 0.9%
(need for renal replacement therapy)?

170

242

352

308

MD -0.40
(-0.98 to 0.18)

RR 1.10
(0.49 to 2.45)

RR 1.00
(0.45 to 2.22)

RR 0.31
(0.13 to 0.74)

RR 0.31
(0.08 to 1.23)

Moderate

Low

Low

Moderate

Low

Could not
differentiate

Could not
differentiate

Could not
differentiate

Favours IV
NAC bolus +
oral NAC +
sodium
chloride 0.9%

Could not
differentiate

(a) Could not differentiate: crosses line of no effect; May favour: confidence intervals do not cross line of no effect
but cross MID; Favours: confidence intervals do not cross line of no effect or MID

(b) Comparison reported by a single RCT

(c) MID calculated using the SD of the control group

Table 7: Summary GRADE table; Sensitivity analysis on pairwise data excluding
studies with a high risk of bias (outcome: CI-AKI)

Sodium chloride 0.9% vs RR 1.54 Very low  Could not
oral fluids (0.68 to 3.51) differentiate
Sodium chloride 0.9% vs 5,353 RR 1.01 High Could not
sodium bicarbonate (0.85t0 1.19) differentiate
Sodium bicarbonate vs 435 RR 0.48 Moderate Favours
no (intravenous) hydration (0.31t0 0.77) sodium
bicarbonate
Oral NAC + sodium chloride 0.45% vs 911 RR 0.61 Very low  May favour
sodium chloride 0.45% (0.42 to 0.88) oral NAC +
sodium
chloride 0.45%
Oral NAC + sodium chloride 0.9% vs 6,228 RR 0.99 High Could not
sodium chloride 0.9% (0.85 to 1.14) differentiate
Oral NAC + sodium chloride 0.9% vs 3,752 RR 0.83 Low Could not
oral NAC + sodium bicarbonate (0.67 to 1.01) differentiate
Oral NAC + sodium bicarbonate vs 2,770 RR 1.12 Moderate  Could not
sodium bicarbonate (0.89 to 1.42) differentiate
IV NAC + sodium chloride 0.9% vs 1,517 RR 1.02 Very low Could not
sodium chloride 0.9% (0.78 to 1.33) differentiate
IV NAC bolus + oral NAC + IV sodium 352 RR 0.35 Moderate  Favours IV
chloride 0.9% vs (0.23 to 0.55) NAC bolus +
IV sodium chloride 0.9% oral NAC + IV
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sodium
chloride 0.9%

(d) Could not differentiate: crosses line of no effect; May favour: confidence intervals do not cross line of no effect
but cross MID; Favours: confidence intervals do not cross line of no effect or MID

N —

See appendix H for full GRADE tables.

Economic evidence

A search was conducted to identify economic evaluations relevant to the review question
(see Appendix C — Literature search strategies). Search sets covering the original
interventions were date limited from January 2013 (when the original search was conducted),
while an additional search set covered an expanded version of the fluid therapy terms and
was not date limited. The search returned a total of 135 records, 131 of which were excluded
on the basis of title and abstract. The remaining 4 studies were fully inspected and none
were included in the synthesis. No additional studies were identified during inspection of the
full publications and reference lists. The economic evidence study selection is presented as a
PRISMA diagram in Appendix | — Economic evidence study selection.

—_
WN 20000 ~NO O, &~

14 Included studies

15 No studies were included.

16 Excluded studies

17 Details of excluded studies are provided in Appendix M — Excluded studies.

18 Summary of studies included in the economic evidence review

19 No economic evaluations relevant to the review question were found.

20 Economic model

21 An economic model was developed to answer the review question ‘What is the comparative
22 clinical and cost effectiveness of N-acetylcysteine (NAC) and/or fluids in preventing contrast
23 induced acute kidney injury (CI-AKI) in at risk adults?’. Table 8 presents an economic

24 evidence profile summarising the model. See Appendix L — Health economic analysis for a
25 full model report (including a list of interventions and comparators).

26
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Table 8: Original cost—utility model — economic evidence profile

Limitations Applicability Other

comments Summary of cost-effectiveness results®

Markov Base case
decision-
analytic
model with
a lifetime
time
horizon

Minor
limitations

Directly
applicable

Without sodium
bicarbonate
(oral) + oral
fluids®

Without sodium
bicarbonate
(oral) + oral
fluids,
emergency
population®

Without sodium
bicarbonate
(oral) + oral
fluids, elective
population?

Sodium bicarbonate (oral)
+ oral fluids dominates all
other options

ICER for sodium chloride
0.9% (V) + sodium
bicarbonate (V) versus
oral fluids: £510,922

All other interventions
dominated

ICER for sodium chloride
0.9% (IV) + sodium
bicarbonate (V) versus
oral fluids: £16,112

All other interventions
dominated

ICER for sodium chloride
0.9% (IV) + sodium
bicarbonate (V) versus
oral fluids: £655,323

All other interventions
dominated

Uncertaity

Cost-effectiveness conclusion sensitive to relative effect of
sodium bicarbonate (oral) + oral fluids versus no intervention.

Cost-effectiveness conclusion sensitive to the relative
treatment effects for oral fluids alone, or sodium chloride 0.9%
(IV) + sodium bicarbonate (V) versus no intervention.

PSA indicates that oral fluids are likely to be the most cost-
effective intervention when QALY valued at £20,000.

Multiple parameters have the potential to alter the cost-
effectiveness conclusion. When comparing sodium chloride
0.9% (IV) + sodium bicarbonate (IV) versus oral fluids, altering
relative treatment effects has the largest effect on results;
however, other parameters that make very little difference to
results in absolute terms still have the potential to change the
cost-effectiveness conclusion at a threshold of £20,000/QALY.

PSA indicates that regimens containing sodium chloride 0.9%
and/or sodium bicarbonate have the highest probability of cost
effectiveness when QALYs are valued at ~£15,000 or more.

Cost-effectiveness conclusion sensitive to the relative
treatment effects for oral fluids alone, or sodium chloride 0.9%
(IV) + sodium bicarbonate (V) versus no intervention.

PSA indicates that oral fluids are likely to be the most cost-
effective intervention when QALY's valued at £20,000.

ICER, incremental cost-effectiveness ratio; 1V, infravenous; PSA, probabilistic sensitivity analysis; QALYS, quality-adjusted life-years.
(a) For full incremental cost—utility results, please see Appendix L — Health economic analysis.
(b) Removed from the decision space as the commiftee was not convinced that the evidence for sodium bicarbonate (oral) + oral fluids is sufficiently robust for it to be

recommended.

(c) Uses pooled baseline risk of CI-AKI from 0.9% sodium chloride arms of emergency trials and assumes an inpatient population (no excess bed day costs).
(d) Uses pooled baseline risk of CI-AKI from 0.9% sodium chloride arms of elective trials.
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Recommendations

A1. Encourage oral hydration before and after procedures using intravenous iodinated
contrast agents in adults at risk of contrast-induced acute kidney injury (see recommendation
1.1.6). [2019]

A2. Consider intravenous volume expansion with either isotonic sodium bicarbonate or 0.9%
sodium chloride for inpatients having iodinated contrast agents if they are at particularly high
risk, for example, if:

e they have an eGFR less than 30 ml/min/1.73 m2

e they have had a renal transplant

e alarge volume of contrast agent is being used

e intra-arterial administration of contrast agent is being used.

For more information on managing intravenous fluid therapy, see the NICE guideline on
intravenous fluid therapy in adults in hospital. [2019]

A3. Discuss the person’s care with a nephrology team before offering iodinated contrast
agents to adults on renal replacement therapy, including people with a renal transplant.
[2019]

Research recommendations

Can risk of contrast-induced acute kidney injury be stratified by eGFR thresholds?

What is the relative effectiveness and cost effectiveness of different oral fluids and different
oral fluid regimes, both with and without oral NAC, at preventing CI-AKI?

Rationale and impact

Why the committee made the recommendations

For adults undergoing procedures with intravenous iodinated contrast agents, the evidence
showed that oral fluids were as good as intravenous fluids at preventing contrast-induced
acute kidney injury. The evidence did not show any particular type of oral or intravenous
fluids is most effective. The committee agreed that intravenous fluids are not necessary for
outpatients who are usually at a lower risk of contrast-induced acute kidney injury.

For inpatients at particularly high risk of contrast-induced acute kidney injury, the economic
modelling showed that intravenous volume expansion with a regimen containing intravenous
sodium chloride 0.9% and/or intravenous sodium bicarbonate provides best value. The
committee decided that intravenous volume expansion should be used only for particularly
high-risk patients and that oral hydration should be encouraged in all other patients at higher
risk of contrast-induced acute kidney injury.

The committee agreed that more research on estimating the risk of contrast-induced acute
kidney injury would help to inform future guidance, so made a research recommendation on
the use of eGFR thresholds to stratify risk. The committee agreed that oral hydration regimes
were non-inferior to IV hydration regimes at preventing CI-AKI, however there was not
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1 enough comparative data to enable them to be clear about which oral fluid (if any) was most
2 effective. Therefore, they also made a research recommendation on different oral fluids and
3 different oral fluid regimes.

Impact of the recommendations on practice

The recommendations may result in lower resource use for outpatient procedures because
hospital admission will not be needed before the procedure for intravenous fluids.

should be no change in practice for inpatients who are at particularly high risk of contrast-
induced acute kidney injury. There may be reduced resource use for lower risk inpatients

4
5
6
7 The recommendation on intravenous volume expansion reflects current practice so there
8
9
0 who will not need intravenous fluids.

11 The committee’s discussion of the evidence

12 Interpreting the evidence
13 The outcomes that matter most

14 The committee agreed that the key outcome for people at risk of contrast induced acute
15 kidney injury (CI-AKI) was the occurrence of CI-AKI. Committee members highlighted that
16 CI-AKI was normally diagnosed within 24-48 hours after the contrast was given, but had to
17 be diagnosed within 7 days of contrast being given (this was to allow for delays in testing)
18 because later acute kidney injury (AKI) diagnosis was not likely to be related to the use of

19 iodinated contrast agents. The committee agreed that chronic kidney disease (CKD)
20 progression, mortality, needing renal replacement therapy, and adverse events (including
21 heart failure) were also important outcomes as these could indicate that an intervention was

22 not working or might be harmful. However, these outcomes were not prioritised because the
23 committee expected that there would be a shortage of evidence, making it harder to use
24 them for decision making.

25 The quality of the evidence

26 Overall, the quality of the pairwise evidence varied from high to very low, with the main

27 reasons for downgrading being due to imprecision of the evidence on the relative

28 effectiveness of different fluids at preventing CI-AKI and risk of bias of included studies. In
29 most of the pairwise comparisons, imprecision was considered to be serious (95%

30 confidence interval crossing one end of the defined (minimal clinically important difference)

31 MID interval [0.8, 1.25]) or very serious (95% confidence interval crossing both ends of the
32 defined MID interval [0.8, 1.25]). Risk of bias for some of the included studies was due to
33 lack of detailed report of the randomisation process, lack of report that protocols were pre-

34 registered, and either participants were aware of which intervention were assigned or the
35 assignment of interventions was not well described.

36 The quality of the evidence was low for the network meta analysis (NMA). The main reasons
37 for downgrading were due to risk of bias of the included studies for the reasons mentioned
38 above.

39 As a result of most of the evidence being of very low to moderate quality the committee did
40 not feel able to make strong recommendations and instead made ‘consider’
41 recommendations.

42 CI-AKI was reported using different definitions (see appendix P for a list of reported CI-AKI
43 definitions). The committee agreed to prioritise definitions for data extraction based on their
44 clinical usefulness (see appendix Q for the prioritisation of CI-AKI definitions). CI-AKI events
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were reported at different time points ranging from 1 to 5 days. The committee agreed that
randomised controlled trials (RCTs) reporting different time points could be analysed
together as long as the longest time point was 5 days or less. The committee also agreed
that RCTs could be analysed together grouping different regimes, durations, and
volumes/dosage within a type of fluid.

The committee highlighted that high-osmolar contrast agents are currently not recommended
due to the high risk of adverse reactions. Therefore, it made sure that all included studies
used contrast agents that were either low-osmolar or iso-osmolar. There was one study
(Solomon 2015) stating that the choice of contrast agent was left to individual participants
sites, so the committee were unable to be sure that none of the sites used high osmolar
contrast agent.

The committee noted that all included studies reported data on occurrence of CI-AKI, but
there was limited evidence for the rest of outcomes (CKD progression, mortality, need for
renal replacement therapy, adverse events, hospital stay, readmission for AKI, and health
related quality of life). There was also limited evidence on subgroup analyses. The
committee noted that none of the subgroup analyses showed evidence of an effect from any
of the interventions on the incidence of CI-AKI. Regarding the rest of the outcomes, there
was evidence of fewer adverse events with sodium chloride 0.45% compared to oral NAC +
sodium chloride 0.45% but the confidence interval crossed the MID; fewer days in hospital
with NAC + sodium chloride 0.9% compared to sodium chloride 0.9%; and fewer deaths in-
hospital with IV NAC bolus + oral NAC + sodium chloride 0.9% compared to sodium chloride
0.9%. This evidence came from single RCTs and was not compelling compared to the much
greater statistical power of the NMA, therefore the committee agreed to make decisions
based on the NMA findings.

Sensitivity analyses for the pairwise data did not alter the interpretation of the effects of the
treatments with 2 exceptions that were not considered sufficient to warrant running NMA
sensitivity analyses for the CI-AKI outcome:

e Oral N-acetylcysteine (NAC) + sodium chloride 0.45% compared to sodium chloride
0.45%. Sensitivity analysis showed that oral NAC + sodium chloride 0.45% could not
demonstrate a meaningful difference when studies at high risk of bias were removed
(previously, a meaningful effect exceeding the MID [0.8, 1.25]).

e Oral NAC + sodium chloride 0.9% compared to oral NAC + sodium bicarbonate.
Sensitivity analysis showed that oral NAC + sodium chloride 0.9% could not
differentiate to oral NAC + sodium bicarbonate when studies at high risk of bias were
removed (previously, could not demonstrate a meaningful difference crossing one
end of the MID [0.8, 1.25]).

NMA analyses and NMA model inconsistency checks

The NMA model included 17 different interventions. The results of this model showed
substantial within-contrast heterogeneity. Therefore, a number of study-level characteristics
were explored but no intervention-level differences could explain the heterogeneity. As a
next step, other NMA models were built and explored to look for a parsimonious model and
to improve clinical interpretability. These models broke down each intervention into its
constituent elements:
e underlying fluid

o sodium chloride 0.9% (intravenous [IV])

o no (intravenous) hydration

o sodium bicarbonate (IV)

o sodium chloride 0.45% (IV)
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sodium citrate (oral)

oral fluids

sodium bicarbonate (oral) + oral fluids

sodium chloride 0.45% (IV) + sodium bicarbonate (IV)
o sodium chloride 0.9% (IV) + sodium bicarbonate (IV)

¢ whether NAC was given or not (oral or intravenous)

O O O O

¢ what fluid was given at pre- and post- procedure using iodinated contrast
e type of procedure was done

o intervention

o diagnostic

o both
e setting

o elective

o emergency

o both

All of the different NMA models that were run had similar heterogeneity and total residual
deviance. Therefore the simpler 17 intervention model was reverted to because it made
fewer assumptions and had marginally lower heterogeneity compared with the rest of the
models.

NMA model inconsistency checks were carried out to assess the consistency assumption in
the NMA models used to estimate the comparative clinical and cost effectiveness of NAC
and/or fluids in preventing CI-AKI in at risk adults.

Firstly, parts of the network containing the potentially inconsistent studies were identified.
The characteristics of the studies identified as being potentially inconsistent were examined
in detail to determine if there were any differences between these studies and the other
studies in the loop in question that could explain the inconsistency. If substantial differences
were identified this might suggest that the potentially inconsistent studies should be excluded
from the NMA or placed in a separate/different node in the network. These checks focused
on key factors that the committee had previously mentioned during their discussions that
could potentially alter the results substantially, such as type of procedure (intervention versus
diagnostic) and setting (elective or emergency).

Secondly, the characteristics of the other RCTs within the loops were examined to determine
whether any of them could be causing the inconsistency instead. In both cases, no
differences in study characteristics were identified that could account for the inconsistency
and therefore there were no reasons to exclude any of the individual studies.

Thirdly, the NMA model was re-run without the potentially inconsistent study (Ueda 2011) to
investigate the effect this study had on the NMA results. This analysis showed minor
differences in results compared to the original NMA which included Ueda 2011.

Finally, the NMA model including 17 different interventions and the inconsistency checks
were used to interpret the results related to the occurrence of CI-AKI. These results were
used by the committee in conjunction with the outcomes of the health economic model when
it discussed the benefits and harms of the different interventions in preventing CI-AKIl in at
risk adults (see next section which includes the discussion of the committee).

This information allowed the committee to discuss the relative effectiveness of all of the
combinations of NAC and fluids compared to each other and therefore it was able to be
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clearer about their recommendations even though the quality of the evidence ws not
sufficient to make strong recommendations.

Benefits and harms

Occurrence of CI-AKI was similar across interventions (either oral or intravenous fluids) in
the NMA and there was limited evidence for other outcomes and subgroup analyses from the
pairwise data.

The committee agreed that outpatients are generally at lower risk of CI-AKI compared with
inpatients with particular risk factors (acutely ill, estimated glomerular filtration rate [eGFR] <
30 ml/min/1.73 m2, renal transplant, increased volume of contrast agent, intra-arterial
administration of contrast agent) so it made separate recommendations for each group of
patients. Most of the risk factors given above were taken from recommendation 1.1.6 of the
current guideline apart from the level of eGFR which was based on the committee’s clinical
knowledge and experience. The committee agreed that a level of eGFR < 30 ml/min/1.73 m?
was appropriate.The committee noted that the evidence was unclear about the effectiveness
of intravenous/oral fluids stratified by different eGFR subgroups on the incidence of CI-AKI. It
made a research recommendation to investigate whethe