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Sumnary

Remoteischaemic preconditioning(RIP¢has been suggested ason-invasive
treatment option in many recent studie3he focus of this thesis te evaluatethe
possibleeffect of thison major health problems in vasculand general surgery

patients

Contrastinduced acute kidney injury is third leading cause of intraospital
acute kidney diseasegccounting for 11% of all casese protective roleof RIPC
hasbeenhighlightedin recent reviewsThe authormasutilised Bayesian statistics
and theMarkov chain Monte Carlo method to compare direct and indirect
evidence andhasconducteda comprehensve systematicreview and network
meta-analysis for randomised controlled trials tHaveexamined preventive
methods The networlkcomparal RPC against 48ther interventions.In total,

42,273patientsand 44 interventions in 197 trials were included.

Intermittent claudication iss common presentation with ndiscerniblebenefit

from surgical options in the early and moderate stages. Animal data suggest that
remote ischaemic conditioning can improve blood flow in ischaemic limbs and,
consequently, may benefit claudication patienthieauthor hasundertakena
randomised bnical trial to evaluatdRIPC against structured exerc{S&)We
randomised fortypatientsinto four groups RIPC alone, SE alone and RIC plus SE

groups. The primary outcome was pdiee walking distance
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Toestablisha baseline for future evaluatioof the RIPC calioprotective effect on
gastro-intestinalsurgerypatients the authorhasconducteda prospective
observational multicentreohort study in four hospitals to determine the
prevalenceof myocardial injuryPreoperative demographic data,-coorbidities,

blood sampleincludingtroponin T high sensitivittand ECG wereecorded.
Postoperativeserum troponin levels were measured daily for the first 72 hours plus

12-lead electrocardiogram performed at 4®urs postsurgery
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1.1 Population, ageing anthe future of surgery:

For centuries humanisavestruggled against natural disasters, harsh weathed
diseaseslmprovemensin living conditions andcces tobetter health services
haveled to a decrease in childhood mortality aadincrease in life expectancy
worldwide. Globally Jife expectancyhasincreased from 61 years in 1980 to 78
years in 2015(1) Thishasproduceda new reality in which living longerRigues1
and2), when combined with the effect ofdecreagd fertility rates, hascreated a
skewedagedistributionamong thepopulation in whichthe balance between birth
rates, deathswork force, dependents andetireeshas beerlost. Thereis a growing
population ofsenior citizensincludingoctogenariaasandnonagenarias,a cohort
which isincreasingquicklycompased with the early twentieth century United
Nations world population prospectsveestimated that the total elderly
population is likelyd seea quantum jumpwith the figure 0f435 million additional
elderly persons since 20B&tto reach 1.2 billion by 202%yhile aprojected 1.5
billion people aged 65 years or over worldwide in 2@80outnumbe adolescents

andyoung peopleaged 15 to 24 years (1.3 billioffigures3 and4). (2, 3)

Ageis an independent factor associated with an increase in comorbidities
decrea®d physiological reserv@he growing sizeof the ageing populatiortreates
new challenges for healtbervi@ planning, including surgical specialities. We can

observe an increase in costs per admission and lolegerths of stay for elderly
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patients compared with younger patients the United Sates, the national
hospital discharge survdgr 1999showved that patients aged5 years or older
represeried 12% of thepopulation butused 48% of days of-patient care and

accourted for 40% of total hospital discharggg-6)

The predictive model from multiple countlyased studiefiasascertaired the need

to increase both the service capacity and the number of surgeons to meet current
and future demandEspeciallyin the vascular surgery specialjiy which theageing
population will inevitablyoring anincreasen cases of arterial occlusive dese and
aneurysmsleading to more pressure on beds, rehabilitation, physiotherapy,

occupational healtandtheatre time for open and endovascular procedurés10)

There is general agreement on the importance of individualigatgent experience
according to their needand whether a planned surgical procedure outcome can
improvetheir quality of lifg but leaning towards more conservative options when
possible. We can identify this approach in the guidelines for the treatment of
arterial occlusive diseastor whichthe first line of management is reducing risk
factors andmakinglifestyle modifications bgtoppingsmoking, exercising and
following ahealthy diet added to use o&spirin and statingo lower cholesterol.
Surgery is reserved for casaigpainwhile reging, occurrence ofoss of tissue, or

when symptomsstart to interfere with daily life activitieq11)

At this stage,@mote ischaemic preconditioningis undergoing both laboratory and

translational studiesOn one hand, this igo determine the nature of the systematic

3
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response taschaemic preconditioning and the multiple complex mechanisms
involved On the otherhand,it isto explore the potential apptiable benefits that
canbetransferred from the laboratoryto experimental and more extensive clinical
trial phases. The focus is on surgical patients, especially those undergoing major
invasive surgerywho would benefit from possible protectivaffeds before sucha
significant physiological insuRreviousstudies show that nosurgical

interventions can be used to reduce the risk associated with sufdeyand
ischaemic preconditioninghasbeensuggested as a nenvasive method that

activates innate mechanisms with a relatively safe profile
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1.2 History of remote ischaemic preconditioning:

The reperfusion effect on reducimgyocardal infarct has beerknown since the
early1970s (13), but the concept ofschaemic precondition was introduced by
Murry et al. in 1986.Theydescriled it as a mechanism teeduce subsequent
myocardal injury after applying intermittent periods of sdbthalischaemia. This
followed from theirprevious results, whicproved that repeated brief episodes of
ischaemiado not havean accumulative deleterious effecbmpared with sustained
ischaemia. Intheir experiment on animals, the intervention growas
preconditioned with four circumflex occlusiarsach lasting five minutes améch
separated byive minutesof reperfusion, followed by a sustained #inute
occlusionwhile the control groupeceived 40 minutes of sustainedschaemia. The
postmortem histology examination revealedsenaller infarct size in the
intervention groupIn 1993 Przyklenkproduced the same effect by occludiag
remote artery, suggesting thabe mediators responsible can be activated and

transpoted throughout the heart(14, 15)

In 2002 another milestonewas reached for the remote effeddy use of thehuman
forearm. This noninvasive technique helps translational research to examine
ischaemic preconditioning laboratory results in human trigésibsequentlythe
concept expanded from cardiac phenomendaests on other body organ§l6-18).
Thephenomeron hassincebeenclassifiedasischaemic conditioning when applied

to tissue ororgansdirectlyandasremoteischaemic conditioning ifthe reperfusion
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cycles effects propagated from a remote limb or orgamhe effect has
subsequenthbeensubclassified in relation to the time of the event as-preert,

and postconditioning

In addition to cardioprotectionthe possible clinicahpplicatiomsthat have been
examined oare under examinationnclude contrastinduced nephropathy, brain
injury, reduction of intestinal injury, angiogenesisd exercise toleranc€l9-24).
The clinicatrial resultshave not alwaysbeenconsistent when compared with
laboratory-basedandanimal studiessothe topic is still under discussioHowever,
the earlycriticismshave concernedtudy designin terms oftheir small size anthe
inclusion ofparticipants whgin many caseshadsuffered a major insulthereby
raisngthe questionof whetherit was too mucho expectpreconditioning to
produce any effec(25). Our incomplete understanding @fchaemic conditioning
mechanisms makes it very difficult to be sure if our study desitireisptimum for
harveging any potential impactThe aspects ofiterventiontiming, suitable
candidate selection anthe clinical areaselected based on evidencere more

promisingfor researchfundsto be directed towards.

1.3 Mechanisms:

The mechanisms through which remasehaemic preconditioning (RIP@jorks
have beerthe subjectof many studieswith modelsproposedincludngneural,

humoral and antinflammatorypathways(26). Animal studies suggest a powerful

10
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anti-inflammatory effect for RIP@7-29). Other studies show endothelial
protection throughdecreagd formation of reactive oxygen species (ROS) and
upregulaton ofendothelial nitric oxide synthageNOS)whichisresponsible for
mostvascula nitric oxide, a crucial protective molecule in reperfusion asttearing
stressinjuries(30-32). In human studiedschaemic preconditioning shovas
endothelial protective effect and alteremkutrophil function, including reduced
adhesion, exocytosis, phagocytosis and modified cytokine secr@®)r84) The
three pathways model isow generally accepted as a possible general framework

to explain how remoteschaemic preconditioning work26, 35)

1.3.1 Neural pathway:

The proposed neuronabute includes the somatosensosysten) autonomous
nervoussysteam, spinal cord and peripheral nociceptive sensory neri&slogenous
substaneslike adenosine, bradykinin and calcitonin generated as a result of
preconditioning or otler stimuli in remotedissuesor organscan activatealocal
afferent neural pathway that stimulatean efferent neural pathway which ends in

the target organ

1.3.2 Humoral pathway:

11
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The humoral pathwaguggess that endogenousubstanesand other unidentified
humoralfactors are propagated via the bloodstream ardttivat various

intracellular pathways by attaching to the corresponding cellular receptors

1.33 Systematic response:

Ischaemia and reperfusion supprebg inflammatory response and apoptosis. The
suggested mechanisms includelecreased number of activated leukocythse to
regulation ofleukocyteendothelium interactionsredudion in pro-inflammatory
gene expressiomicirculating leukocytes araldirect effect on the inflammatory

system

1.4Translational possibilities for RIPC:

The remoteischaemic protective effect on the cardiovascular system is one area
that has been focused gproducingconflicting results in human trials. The
incomplete understanding of the underlying mechanisms and the selection of
participants who, in most caseshavesustained massive physiological stress that
maybe beyondthe RIPC protective effeatnay play a rolén theseconfliding

results(36).

12
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One interesting observation that there aretwo windows of protectiorassociate
with RIPC, i.€l-2 hours and 124 post-preconditioning(37, 38) Many trialshave
focused on the first window of protection because it produces the more potent
effect andis practicallyeaser to deliver before surgey; however, repeating similar
designsin trialshasignored the possible benefit of creatingmore prolongedand

sustainedeffect by alsousing the second window

13
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1.5 Rationale:

The possible clinical applicatiohischaemic conditioning includes a wide range of

medical conditions. On starting our research, we looked to develop a criterion to

select which area to focus pansing three qualificationsto choose our research

topics

1. The size, financial burdeand clinical impact of the medical problem

2. Are there potential benefits for remotiscreemicLINS O2 Yy RA G A 2y A y 3
outcomes?

3. Will this add to our knowledge of the problén
We highlight three areas:

1. Contrastinduced nephropathy
2. Peripheral vascular disease

3. Perioperativecardiaccomplications focusing on myocardial injury

1.5.1 Contrastinduced Nephropathy:

Contrastinduced nephropathy remains one of the main concerns for any patient
undergoinga procedure or investigation involving administration of contrast media;
thisis particularly cruciafor a vascular patienmivhoserenal perfusion may already

be compopmised via the systemic effect of atherosclerotic disease or associated
cardiac problems. It accounts for 12% of hosgatedjuired acute kidney injury
coming third after renal hypoperfusicend postoperative renal injuryandleadsto

14
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extended hospitastaysand increase financial burdé€B9). The average imospital

cost inthe United Satesisaround $10,345with up to $11,81%er yearbeing the

costof treating a patient with contrasinduced nephropthy (40). In Euro, we

can observe similar figures; in France, thissan RRA (i A 2 y ¢o$tofie-MH Z n Mo

hospital stayper patient,witha 2 G I f 06 dzNRSYy 2F @ anmInHoInp.

Contrastinduced nephropathy prevention methodmve beerheavily investigated
in many clinical trialand many interventionshave beerproposed with little or no
consensus on the best approach. Remistdhaemic preconditioninghas been
examined and compared with some of the other interventions with promising
positive resultg42). To evaluate and rank proposed interventigmscluding RIPC
we conduct a comprehensive network mesaalysisandin paralle] we evaluate
andupgrace a newexcetbased softwarelat provides aclinicianfriendly interface

to conduct network meteanalysis, validating our results via existing softw@®).

1.5.2 Peripheral vascular disease:

Peripheral vascular diseaaffects 200 million patients worldwidé44), with
atherosclerotic changes almost exclusivaffecting thelower limbs andspaing the
upper limbs While a group of affected patients is asymptomatithers start
manifesting claudication symptoms with pain typically provoked by exercise and

subsidngwhenat red, leading to limited movement and poor quality of life

15
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The disease is systenandassociated with coronary artery disead&% and
cerebrovascular disea$8%9 (44), with therisk of being affectethcreasngwith
age. Ourcurrent treatment strategies are limited to watchful waiting, medical
managemeni{including dual antiplatelet and cholestedawering medicationys
exercise training, end@scular treatment and surgicedconstruction. More
invasive options are not suitable for some elderly patients with a limited
physiological reserve and complicated comorbiditigso would need

prehabilitation or other nonsurgical options

Remoteischaemic preconditioning is shown to increase exercise capacity and
tolerance with laboratorystudies suggesting stimulation of new angiogenesis and

collateral formation(45-47).

In the second part of our research, lwavehypothesised that RIPC alone or with
exercise could improve pafinee distance in these patient§Ve design a pilot
randomised control trial to evaate theseinterventions separately antb examine
the possibility ofa synergistic effecby combining them in one test grougnd

comparing altest groupsto a control group

1.5.3 Myocardial injury:

Myocardial injuryis evident by elevatiorof the troponin leve| identified as an
independent predictor for mortality at 30 days andeyear followup (48). We

intend to test RIPQ @rotective effect on gastrointestinal surgepgatients. As most

16
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studieshavefocused on vascular and cardiac patiemts haverealised that there
isa g@ in the literature with no baseline data thancludesthe prevalence of the

problem in this specific cohort of patients

We conduct a multicentre prospective cohort study to determine the prevalence of
myocardium injury in elective gastrointestinal surgical patientadbas aguide for
future research that tests the effect of RIPC on thpatien(i @n@rtality and

morbidity.

17



Chapter 1: Introduction

1.6 Conclusion:

RIPC translational research needs to recognisditthiéationsin what we know

about the mechanisms involved anédeds toaccommodate at the same time
continuousimprovementin our understanding and better design of clinical trials to
reflect this improvement. The inability to map aflthe mediators and pathways
involvedcreatesa gap between laboratory and animal stud@sone handand
human trialson the other hand Contrastinduced acute kidney injuryperipheral
vascular disease and perioperative myocardial injury are three major health
problems affecting vascular and general surgical patientshéveexamined the
potential effect of RIPC on these patients n&work meta-analysisyandomised

control trialand multicentre cohort studyas describeéh the following chapters

18
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Chapter 2 Effectiveness oContrastinduced Acute
Kidney Injury Prevention Methods a Systematic

Review and Network MetaAnalysis
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2.1 Abstract:

Objectives

Different methods to prevent contrashduced acute kidney injury (BKI) have
been tredin recent years. We performed a mixed treatm&oeimparison to

evaluate and rank RIPC andadher suggested interventions.
Methods:

A comprehensiveystematicreview and network metanalysis for randomised
controlled trials vere completed. A Bayesian ngbrk metaanalysis was performed
using the Markov chain Monte Carlo methodfe WinBUGS 1.4.3 ar@deMTCR
softwarepacka@s Results were tabulated and graphically represented using
network diagrams, forest plots and league tablesreatments were ranked by the
surface under the cumulative ranking curve (SUCRA). A stacked bar chart colour
rankogramwas generated. We performetie main analysis with 200 RCTs and
three analyses according to contrast media and high or normal baseline renal

profile thatincluded 173, 112and 60 RCTsrespectively
Results:

42,273patientsand 44 interventions in 197 trials were included. Thsaedieshad

different intervention armswhich were analysed separately. The primary outcome

wasGl YLSYX RSTAYSR | 4 tweemn PNEVYBHUROSA Y PABBE B ¢
baseline creatinine one tovie days postontrast exposure. The teganked

interventionsthroughthe different analyses werallopurinol, PGE&ndoxygen

20
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(0.9647, 0.7802nd0.7527in the main analysis)Comparativelythe reference
treatment, intravenous hydrationwasranked lower but better than Placebo

(0.3124vs0.2694 inthe main analysis)
Conclusion:

Multiple C}AKI preventive interventions have been tested in RCTs. This network
meta-analysievaluates data for adf the explored options. The results suggest
that some options (particularly allopurinol, PG&iid oxyger) deserve further
evaluation inlarge scaletrials. RIPC can be usedasadditionals&e protection

againstcontrastinduced nephropathy

21
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2.2 Rationale:

Contrastinduced acute kidney injur§CFAK]| previously known asontrastinduced
nephropathy or CIN) is thiird leading cause of hospitalkcquired acute renal

injury, accounting for 12% of cas@®). It is defined as an abrupt deterioration in
renal function following exposure to contrast media (CM) in the absence of other
aetiological factorg49). The absolute and relative values used to defirdKllvary,

but are most commonly quoted as a relative increase of >25% or absolute increase
2F ndpYIAKR[ FYR x ndoY3d FTNRY olFlasS3Ays
days(4-5 dayssless frequentlyused) of contrast exposur®0-54). In ClAKI, the

serum creatinine level begins to rise within 24 hours of contrast exposure, peaking

after 72 hours, and usually returning to baseline withif lveekg53).

The predeninant pathophysiology of €Kl is acute tubular necrosis. The
underlying mechanisms are thought to be vasoconstriction, leading to cellular
hypoxia, or direct toxicity of contrast media to renal tubular c@s, 56) Multiple
therapiesthat have been postulated to prevent-8KI act by affecting these

mechanisms or their metabolic mediagr

In recent years, there have been many systematic reviews and-aretlysesvith
direct pairwise comparisons of individual interventions suggested foxKlI
prevention. With so many options explored, it is difficult to determine the

treatment options most likely to show benefit in largeale trials. Unlike

22
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conventional metaanalysisnetwork meta-analysidacilitates simultaneous
comparison of indirect relationships between multiple interventions. The network
can establish an estimatof comparative efficacy between two or more treatments
compared to the same control interventi@b7-59). We undertook a networkneta-
analysis of preventive strategies for&KI to determine the treatment most likely
to be beneficiglbased upon current availab&vidence comparing RIPC to 43

suggested preventiveethods

2.3Methods:

We conducted a systematic review and network matealysis in accordance with

the PRISMA extension for Network Metanalyseg60).

2.3.1Protocol and registration:

No registered protocol

2.3.2Eligibility criteria:

We consider all randorsed controlled trials in which patients underwent a

contrastenhanced procedure with &Kl as a primary or secondary outcome. We
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evaluate studies in which a prevention method was compared to placebo, control
or other intervention. Excluded from the analysvere other research designs,
including norrandomised control trialsclinical trials or trials in which -@KKI was
differently definad, trials comparing different doses of the same intervention and
trials usinge-randomisation of the same sampler¢ssoverdesign) For the

purpose of this review, we defined-8KI as an increase of more than or equal to
0.5mg/dl and/or 25% increase in baseline serreatinineone to five days post

contrast exposurg50).

2.3.3Information sources

We searched for Englishnguage trials in PubMed, Embas®d Cochrane Central
Register of Controlled Trials without any date restrictioRse final search was

undertaken on 28 April 2017.

2.3.4Searchstrategy and study selection:

We searchecelectronicdatabases usinjleSHI SNlYY'a a O2y i NI aid y SLIKN.
GO2Yy GNFal ySLKNRLIFGKe LINRPLKE&tlIEA&EST aO2y
. 22f SEHy 2 LISNI (2 NJideb and abstracts bf idbGtfiBdlsiNdies (0 S @

were assessed first, with full texts reviewed thereafter. Thelgtwas included if

the methodology fulfilledhe eligibility criteria.
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2.3.5Data collection

Data were recorded with respect to sample size, adverse evigr@grocedure
performed, study inclusion and exclusion criteria, intervention type dosk,

contrast media volume, G\KI definition, and contrast medium type and osmolality.

2.3.6Geometry of the network:

A network diagram was created usitige NetMetaXL tool to graphically represent
the size of the trial and the number of pauise comparisons between
interventions. The size of each intervention node is proportionahé&number of
patients included in the trial, while the thickness of intmnnecting lines is
proportional to the number of paiwise comparisons between any two

interventions.

2.3.7Risk of bias:

The Cochrane tool for risk of bias assessment (RevMan 5.3) was used to assess bias
within individual studies. A bias graph was gexted to portray the risk of bias

overall across the included trials.
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2.3.8Summary measures:

Odds ratios with 95% confidence intervals were calculated and presented in the
form of forestplots. We generated a league table, which ranks summary estimates
in order of the intervention impact on the primary outcome meas(i®). In the
league table, iterventions were rankedrom those with the highest effect tthose
with the lowest. A sicked bar chartolourrankogramwas also created to

represent ranking probabilities and their uncertainty

2.3.9Softwareupgrading

NetMetaXLis relatively new software witla userfriendly interface which produces
excellentgraphicsThe originalersion can runup to 50 interventionsbut on
approachinghe teamresponsibleor the software they advisedthat it could be
upgraded. Wevorked with Mr. Vladimir Bakhmetyeva USAbased programmer
for overayearto increaseits ability to accommodate 250 comparisona@vided
adequate computing power is availapl&he final upgrade was version 6.4.1. We
continuouslyvalidated our results usingoublisheddata. For the final updatewe
collaboraed with Dr. Karim a biostatisticianand expert in network metanalysis

from the Centre for Health Evaluation and Outcome Sciences (CHEQZRUIS
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Hospital, Vancouver, Canada run anindependent analysis usirgiandered

GeMTQR package

2.3.10Analysisnethods

Data with respect to events and number of patients in individual trials were
prepared and entered using NetMetakd1)to facilitate completion of a Bayesian
network metaanalysis using WinBUGS version 1.4.3 from within Microsoft excel.
We used the Markoehain Monte Carlo method of parameter estimation to obtain
posterior estimates of effects. Both vague prior and infative prior results were
presented in theforestplot. Zero cells were adjusted using an adjusted continuity
correction factor accounting for potential differences in sample size, centred

around 0.5.

As NetMetaXL iarelatively new toolwe ran a separate analysis for the same data

onthe GeMT(R package to validate our resultsio significant differencewere shown

Forthe Bayesian computatigrwe performedthe analysiswith both fixed effectsmodels

and random effectshierarchicalmodels.

2.3.11Assessment of consistenayppdel fit andconvergence
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In NetMetaXlaninconsistency plot was generated to facilitate visual assessment of
conflicts between direct and indirect evidence wilimitation in our analysis due
to asubstantial number of nodes on excel. Heterogeneity for vague and informative
priors were providd within the forest plot resultenda Monte Carlo error < 5% of

the standard deviation (SJasused to assess convergence

Forthe GeMTR packageGelmanRubinstatisticswere usednumericallyand
graphically to assess convergence whilkedevianceinformationcriterion(DIC) was
used brassessingiodelfits, with modeswith smallerDICvaluesbeingconsidered

better.

2.3.12Additional analyses:

In addition to the main analysis/ie performed threeother analysesthe first
excluding RCTs with any partial use of hyperosmolar contrast media and the other

two beingdivided according to baseline renal profile.

For each of the four analysese performeda sub-analysis excluding stiies with
zero values asorrepondingeffects estimatesmay be subject to numericalinstabilty,
generallyover-estimaing the effect, whichcan be observed in thesociatedwide

confidenceintervals
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2.4 Results

2.4.1Study selection:

A total of 32,596 study titles were identified in the initial literature search, of which
197 fulfilled criteria for inclusio(bl, 52, 54, 6253)(Figure 1). Some studies were
excluded as some data were partially included canalysedn a followup study
involved in our review254-259) A total of 32,399 studies were excludedter
removing duplication the most common reasons fexclusia after full

examination included observational methodologyfferent outcome measures,
inadequate definition of GAK| andunclear evidence afandomgation. In many
casesold studies did not comply witmore than one of theeligibility criteria(260
323) Twelvestudies published in a languagther than Englisincluded those from
centres in Germang324, 325) China(326-331), Spain(332) Francg333), Turkey
(334)and Italy(335) Eight further potentially suitable studies were identified in
abstract form oty but were excluded as no fabxt article could be identified336-

343)
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PubMed
Records identified:
23372

Cochrane
Records identified:
995

Eligibility

Included

—/

Embase
Records identified:

o7 nN

A 4

(n =2554)

Records screened

A 4

(n =363)

Full abstract screened

A4

Not potentially relevant
(n =2191)

y

for eligibility
(n = 282)

Fulktext articles assessed

A 4

(n =197)

Studies included in
gualitative synthesis

\

200 Studies included muantitative
synthesis (metanalysis) as Bials
armsare analysed as separate

Figure 212 Study selectioflow chart
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2.4.2Study characteristics:

Table 21 outlines individual study characteristics (study inclusion and exclusion
criteria, procedure performedbaseline renal functiordefinition of CIAKI used in

the study, contrast medium volume and osmolality). In total, 19uddies fulfilled

the inclusion criteria, including three which had multiple trial arms requiring
separate analyses (Yang 2014, Kumar 200diChen 2008). A total of 200
comparative analyses were thdoge included in our analyses. Coronary
angiography accounted for 145 (72.5%) of the contdegtendent proceduredess
frequently reported procedures included contrasthanced CT imaging (n=16, 8%),
peripheral angiography with/without angioplasty anesting (n=3, 1.5%)
endovascular aneurysm repairs (EVAR) (n=1, 0.5%). Multiple procedures were
included in 35 studies (17.5%). Low osmolar contrast agents were used in 111
(55.5%), isapsmolar agents in 44 studies (22%), dighosmolar media ithree
studies (1.5%)Physiciandiscretion in selection of contrast medieas permitted in

26 (13%) trialswhile a further 16 (8%) did not specify the contrast medium utilised.
We observedthat more recent studiebad a better designwith the exclusionof
patients using alternative @KI prevention interventions fromarticipation or

stratification ofthose methods amondifferent trial arms
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Table 21 Study characteristics

Exclusion Criteria:

1. Patients on dialysis

2. Primary angioplasty for STEMI
3. Pregnancy

4. Breastfeeding

5. Women of childbearing age not
on contraception

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast/ | IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

A.CT Inclusion Criteria: Patients 1. 2561 >25% 1.HiOsm | @ n dda] NAC 1200 mg | Median Mean S.
Investig | undergoing Peripheral increase in | 2. Ise Normal orally (IQR): 100| Creat.
ators 1. Coronary or peripheral arterial | vascular S. Creat. Osm Saline 1 every 12 (70-130) 1.2+0.5mgd
2011 diagnostic intravascular angiograph from 3. Low mL/kg/hr hours L
(120) angiography y baseline, Osm from 6-12 w H R

OR 2. Coronary 48-96 hours pre pre-and 2

2. Percutaneous intervention diagnostic hours post and 612 doses

with angiograph angiograph hours post

%1 risk factor for GAKI y y post procedure

1. Age >0 years 3. PCI angiograp | Placebo 1200 mg | Median Mean S.

2. CRKstable S. Creat. 232.6 hy orally (IQR): 100| Creat.

mmol/L [1.5 mg/dL]) every 12 | (70-130) | 1.2+0.5mg/d

3. Diabetes mellitus (Changes hours L

4. Clinical evidence of congestive in volume/ w H R

heart failure speed of pre-and 2

5. LVEKO0.45 administra doses

6. Hypotension tion post

permitted) procedure

32




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Abouzei | Inclusion Criteria: 1. Coronary 210 Increase of | lohexol All Na/K citrate | 59 of Mean+SD:| S. Creat.
d 2016 | Adult patients > 18 yeamsith renal | angiograph more than | Low-Osm | patients granules 103.93+4 | Mean+SD:
(231) dysfunction [estimated glomerular | y absolute were dilutedin | 7.70 2.30+0.46
filtration rate (eGFR), 60 0.5 mg/dL hydrated 200 mL of
mL/min/1.73m?2 or less] and/or with water 12,
Exclusion Criteria: relative intravenou 6, and 1h
1. Endstage renal insufficiency 25% in s normal before
(eGFR 45 mL/min) serum salineat 1 procedure
2. Acute renal insufficiency creatinine mL/kg/h followed
3. History of reaction to contrast after 48h for 12h by
media before another
4. Useof potentially nephrotoxic exposure two doses
medicines (48h before and 24h to the after 2
after the procedure) contrast and 8h
5. Pulmonaryoedema and 12h post
6. Multiple myeloma after procedure
7. Exposure to contrast media coronary
within seven days before the angiograp
procedure hy
8. Pregnancy
9. Noncompliance of the patient NaHCQ solution Mean+SD:| S. Creat.
10. Use ofN-acetylcysteine, (150 105.24+4 | Mean+SD:
dopamine, fenoldopam and mEg/L) for| 5.38 2.28+0.44
mannitol before CAG. 8h before
procedure
continued
until 6h
post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Abaci Inclusion Criteria: 1. Coronary 235 Absolute LowOsm | Isotonic Rosuvastati | 40mg on | Mean * eGFRs
2015 Elective coronary or peripheral angiograph increase in | (Optiray- | saline n admission | SD.: 60ml/min/1.
(62) angiography y S. Creat. of | loversol) | (1ml/kg/h) followed 139.2 + 73 n?
%0.5mg/dI for 12 by20mg | 77.4 measured on
OR hours daily day
Exclusion Criteria Relative before and preceding
1. Emergency coronary angiograpt increase of 24 hours procedure
2. Acute or enestage renal failure %25% 48 after
requiring dialysis 72 hours contrast
3.eGFRs& n BOXI/min/1.73 post exposure
m2 procedure
4. Congestive heart failure
5. Coronary artery disease
6. Severe coronary occlusion for
CABG or PCI
7. Allergy to contrast media
8. Contrast media administration
within the previous 14 days
9. Current statin treatment
10. Contraindications to statin
treatment
11. Severe conorbidities
12. Pregnancy
13. Patienrefusal
Control (no | - Mean +
statin) SD.:
117.7+F
56.8
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Adolph | Inclusion Criteria: 1. Coronary 150 XH pilz 2| lodixanol | 2ml/Kg/ho | NaCl 154 mEqg/l | Mean = Mean S.
2008 1. Patients > 18y angiograph 0.5mg/dL IscOsm ur for 2 infusion of | SD Creat. £SD
(63) 2. Elective diagnostic/therapeutic | y increase in hours sodium (Range): | (Range):
coronary angiography 2. PCI S. Creat. at before chloride in | 138+52 1.57+0.36
3. Stable renal insufficiency (2 dayO, or 2 procedure 5% (51-282) (1.202.60)
repeated S. Creat. levels > of contrast and dextrose mg/dL
106umol/L (31.2mg/dL) within 12 administrat 1ml/kg/ho
weeks before procedures, with < ion ur during
5% difference between levels and for 6
hours
Exclusion Criteria: after
1. Acute MI requiring primary or
rescue PCI
2. Allergy to trial medication
3. Exposure to contrast media
within 7 days of procedure
4. Thyroid dysfunction
5. Pregnancy
6. Urcontrolled hypertension
7. Lifelimiting comorbidity
8. Pulmonarpedema
9. Chronic dialysis . NaH©; 154mEq/l | MeanSD | Mean S.
10. Alenlstratlon otiopamine infusion of | (Range): | Creat. +SD
mannltol, fenoldopam or NAC sodium 141450 (Range):
during study bicarbonat | (39-270) | 1.54+0.51
ein 5% (1.204.60)
dextrose mg/dL
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Akyuz Inclusion Criteria: 1. Coronary 241 %25% LowOsm | As per IVhydration | 1ml/kg/hr | Mean+SD:| Median S.
2014 1. Patients undergoing cardiac angiograph relative or | Ultravist interventi | with for 12 108476 Creat (IQR):
(64) intervention y X ndp on isotonic hourspre- 0.9 (0.4)
2. High risk of GAKI 2. PCI absolute protocol (0.9%) procedure mg/dL
increase in saline and
Exclusion Criteria: S. Creat. continued
1. <18 years old from for 12
2. Type 1 DM baseline 48 hours
3. History ofdialysis hours post post
4. Not enough time for volume contrast procedure
admission preprocedure Oral Patients MeanSD:| Median S.
5. Known allergy focontrast media hydration encoura@ | 10770 Creat (IQR):
6. Exposure to contrast media dto drink 0.9 (0.3)
within 3 days of procedure water as mg/dL
7. Nephrotoxic drugs within 7 days much as
of procedure possible
8. Pregnancy or breastfeeding starting 12
9. Uncontrolled hypertension hours pre
10. AKI ofin alternative aetiology procedure
11. Contraindication to volume until 2
expandes hours
directly
prior to
procedure
and
continue
the same
for the 12
hours
post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Albabtai | Inclusion Criteria: 1. Coronary 195 1.0.5 loxaglate | Normal NAC 600mg Mean+SD:| Mean S.
n 1. Patients > 18 years undergoing | angiograph mg/dL LowOsm | saline50- orally 70.1+ Creat. +SD:
2013 coronary angiography/PCI y absolute 125mL/h twice daily | 60.4 145+
(65) HO { © 18MGRIL ORD X 2. PCI increase in IV from for 2 days, 0.56mg/dL
taking medication fodiabetes S.Creat. point of starting
mellitus AND/OR randomsa evening
2. 25% tion until pre-
Exclusion Criteria: relative at least 6 procedure
1. Known acute renal decrease in hours
failure creatinine post
2. Endstage renal disease requiring clearance procedure
dialysis

3. Intravascular administration of
contrast medium within 6 days of
procedure

4. Anticipated readministraion of
contrast medium within 6 days
postprocedure

5. Use ofvitamin C supplements on
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
a daily basis during the week befor Ascorbic Ascorbic Mean+SD:| Mean S.
the procedure acid acid as 88.3 ¢ Creat. +SD:
6. Inability to administer the study effervesce | 64.8 1.24+
medication at least 2 hours before nt tablets 0.44mg/dL
the procedure as three
doses:
Note: A fourth study group usirg 1.3g2
combination of trial interventions hours pre
was excluded from analysis procedure
2.29
immediate
ly post
procedure
3.2g24
hours
post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Placebo Placebo as| Mean+SD:| Mean S.
effervesce | 97.4+99.4 | Creat. +SD:
nt tablets 1.22 £0.40
as three mg/dL
doses:
1. 2 hours
pre-
procedure
2.
Immediat
ely post
procedure
3.24
hours
post
procedure
Allagaba | Inclusion Criteria: 1.PClI 143 Increase in | LowOsm | IV saline NAC 600mg MeantSD:| Mean S.
nd Patients undergoing cardiovascula S. Creat. (0.45%) at orally 1.52+0.81 | Creat. +SD:
2002 interventions requiring the use of a level > 0.5 1ml/kg/hr twice daily | (ml/kg) 2.20+0.73
(66) radio contrast agent mg/dl after for 12hr starting mg/dL
AND 48 hours prior to, the day
M® . aSt A yiSm@ns | during, before the
OR and for procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
H® SDCw X cnYf k) 12hr after | Fenoldopam| IV Mean+SD:| Mean S.
the Fenoldopa| 1.63+0.67 | Creat. +SD:
Exclusion Criteria: procedure mat0.1 (ml/kg) 1.94+0.38
Not specified pa/kg/min mg/dL
starting 4
hr prior to
and
continued
for 4hr
after
contrast
dose
Control IV fluid Mean+SD:| Mean S.
only as 1.47+0.90 | Creat. £SD:
specified | (ml/kg) 2.03£0.79
for all mg/dL
groups
Amini Inclusion Criteria 1. Coronary 98 Increase in | lohexol 1L normal | NAC 600mg Mean+SD:| Mean S.
2009 1. Elective diagnostic coronary angiograph serum LowOsm | saline orally 118.00+3 | Creat. +SD:
(67) angiography y creatinine | lodixanol | (0.9%) twice 5.20 1.736+0.42
2.> 18 years X n®pY IsocOsm commenc daily, mg/dL
3. Diabetes mellitus for at least ong dL (44.2 ed in the starting
year >Y2f K| catheters the day
AND X Hpi: ation before the
nd /Y5 o6{d / NBI I above laboratory procedure
2N x m®dnY3IKR[ 0O° baseline at : and
48hafter Patients continuing
exposure were also for 2
Exclusion Criteria to contrast encourage doses
1. Acute coronary syndrome d to drink post
requiring primary orescue F £ dzA8R procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
coronary intervention within 12h of glasses of | Placebo 600mg Mean+SD:| Mean S.
procedure ~200ml) orally 121.11+4 | Creat. +SD:
2. Cardiogenic shock over 12h twice 3.95 1.736+0.17
3. Current peritoneal or pre- daily, mg/dL
haemodialysis procedure starting
4. Known allergy to NAC the day
before the
procedure
and
continuing
for 2
doses
post
procedure
Angoulv | Inclusion Criteria: 1. Coronary 213 Increase in | Hexabrix | As per IV Hydration| 1000m of | Mean+SD:| Mean S.
ant 1. Patients 180 years angiograph serum LowOsm | interventi 0.9% 231.4+7.8 | Creat. +SD:
2009 2. Elective coronary angiography # y+ PCI creatinine on saline 86.7+1.7
(68) percutaneoudransluminal >25% 3 protocol infusion, pmol/L
coronary angioplasty days after started at
AND contrast the
3. Baseline S. Creat. < 140pumol/L exposure beginning
(1.58mg/dL) of the
procedure
Exclusion Criteria: and
1. NYHAlasslV congestive heart continued
failure for the
2. Pregnancy next 24
3. Significant valvular heart diseas hours

4. Nonischaemic dilated
cardiomyopathy
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
5. Active cancer or any life Control Received | MeanzSD:| Mean S.
threatening disease no 242.748.6 | Creat. £SD:
additional 85.6x1.5
hydration pmol/L
Arabmo | Inclusion Criteria: Coronary 75 Increasein | lodixanol | 0.9% Theophyllin | 200mg Mean+SD:| S. Creat.
meni Patients with ateast moderate risk| angiograph creatinine | LowOsm | sodium e slow 124.0 + Mean+SD:
2015 for CIN as defined by the Mehran | y with or 2F XK chloride (1 release 115.2 1.14 +0.40
(232) risk score without Y3k Rt mil/kg/h) theophylli
Exclusion Criteria: angioplasty 25% from for 24h, ne tablet
1. Unstableangina the started plus
2. Myocardial infarction baseline 12hbefore placebo
3. Cardiac arrhythmia operation.
4. Acute or chronic renal failure
5. IV contrast media in the past Patients NAC 600mg Mean+SD:| S. Creat.
month with left- tablet plus | 155.6 + | Mean+SD:
ventricular placebo | 114.9 1.08 £ 0.22
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
6. Using theophylline or NAC iimet ejection Theophyllin | Both Mean+SD:| S. Creat.
past month fraction of | e plus N&E | tablets 1289+ Mean+SD:
7. Known hypersensitivity twial less than | (this group | All groups | 89.4 1.08 £0.22
drugs 40% or were receive
New York | excluded tablets
Heart from this twice
Associatio | analysis) daily, from
n 24h
functional before to
class of IH 48h after
IV were administra
hydrated tion of
at rate of contrast
0.5 material
mi/kg/h.
Aslanger | Inclusion Criteria: Primary 257 Increase in | loxaglate | Isotonic IV NAC 1200mg Mean+SD:| Mean S.
2012 1. Patients with STEMI undergoing angioplasty S. Creat. > | LowrOsm | saline bolus 193+57 Creat. +SD:
(69) primary angiography within 12h of 25% 3 days hydration during the 0.9+0.3
symptoms after (0.9%) for procedure mg/dL
2.> 30 years old contrast 12h at and
exposure 1ml/kg/h 1200mg
Exclusion Criteria: orally,
1. Known allergies to NAC twice daily
2. Undergoing chronic dialysis for 48h
3. No written informed consent post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Intra-renal 600mg Mean S.
NAC bolus into Creat. #SD:
both renal 0.89+0.4
**This arteries mg/dL
group is before
excluded and after
from our the
analysis** procedure
as well as
1200mg of
NAC orally
twice daily
for 48h
Placebo 12mi MeanzSD:| Mean S.
bolus of IV | 204167 Creat. £SD:
saline 0.86+0.3
during mg/dL
procedure
and oral
doses
twice daily
for 48h
post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Baker Inclusion Criteria: 1. Coronary 90 Increase in | lodixanol | Free oral | IV NAC 150mg/kg | Mean=SD:| Mean S.
2003 Patients with stable renal angiograph { ® / NJ IsocOsm fluids in 500ml 2381155 | Creat. £SD:
(70) dysfunction (S. Creat. > 1.36mg/dl y 25% 24 were saline 1.85+0.59
OR creatinine clearance < 2. PCI days after commenc (0.9%) mg/dL
50ml/min) contrast ed over 30
administrat immediate min
Exclusion Criteria: ion ly post immediate
1. Acuterenalfailure procedure ly before
2. End stage renal failure on dialys in all contrast
3. Patients who received a NSAID patients exposure
(except Aspirin 7850mg) within followed
24h of procedure by
4. Systolic blood pressure < 50mg/kg
90mmHg in 500ml
5. Haemodynamicallysignificant saline
valvular heart disease (0.9%)
6. Signs o€ardiacfailure over the
subseque
nt 4 hours
Control (IV | Normal MeantSD:| Mean S.
Fluids) Saline at | 2224162 | Creat. +SD:
1ml/kg/h 1.75+0.41
for 12h mg/dL
pre- and
post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Balderra | Inclusion Criteria: 1. Coronary 64 Increase in | Amidotriz | All NAC 1200mg Mean+SD:| Mean S.
mo Patients with chronic renal angiograph S. Creat. > | ate patients orally with | 158+60.5 | Creat. +SD:
2004 impairment (stable S. Creat. > y 0.5mg/dL loxitalam | receive 125ml of 1.46+£0.46mg
(71) 1.5mg/dL OR eGFRs8mI/min)) 2. 48 hours ate 0.9% orange /dL
undergoing same dagngiography | Peripheral after the lopamidol | normal juice 3
angiograph procedure | lohexol saline at hours
Exclusion Criteria y 4ml/kg/hr before
1. Haemodynamic instability for 3 hours and 3
2. Congestivéeart failure prior to, hours
3. Pregnancy and after
4. Lactation 2ml/kg/hr catheters
5. Severasthma for 6 hours ation
6. Contrast media use within after
preceding 10 days radiocontr
ast
exposure
Placebo 125ml of | MeanzSD:| Mean S.
orange 155.5+10 | Creat. £SD:
juice 3 8.1 1.42+0.37mg
hours /dL
before
and 3
hours
after
catheteris
ation
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Baskurt | Inclusion Criteria: 1. Coronary 157 Increase in | loversol Isotonic NAC 600mg Mean+SD:| Mean S.
2009 1. Patients with moderate CKD angiograph S. Creat. > | LowOsm | saline orally 115.61+3 | Creat. +SD:
(72) (eGFR 3®0mL/min) undergoing y 0.5mg/dL 1mL/kg/h twice daily | 5.2 1.391£0.24mg
coronary angiography 48 hours for 12 day /dL
after the hours preceding
Exclusion Criteria: procedure before and and day of
1. Acute coronary syndrome after angiograp
2. Cardiogenic shock contrast hy

3. Chronic haemodialysis

4. Overt congestive heart failure
5. Exposure to radiocontrast
medium within preeding 14 days
6. Emergent procedures
T tlFdASyGa
60mL/min

8. Age < 21 years

9. Known allergy to NAC,
theophylline or contrast agents
10. Contraindications to
theophylline

11. Medication shown exerting
pharmacokinetic interaction with
theophylline

GgAlE

NAC+ Theophylline Group:

This Group is not included in this analysis

Control

v
hydration
only

Mean£SD:
113.54+3
7.7

Mean S.
Creat. £SD:
1.30+0.20mg
/dL
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Berwang| Inclusion Criteria 1. 1421 Increase in | HighOsm | 0.9% NAC 1200mg Median Mean S.
er 1. Diabetesnellitus Angiograph S. Creat. > | LowOsm | saline, orally (IQR): 100| Creat. £SD:
2013 y 0.5mg/dL IscOsm mL/kg/hr every 12 (70-130) 1.1+0.5mg/d
(73) Exclusion Criteria 2. 6-12 hours hours L
1. Dialysis Percutaneo pre-to 6- w H R
2. STEMI us 12 hours pre-and 2
3. Pregnancy interventio post doses
4. Breastfeeding n angiograp post
5. Females aged45 years not hy procedure
using contraception Placebo 1200 mg | Median Mean S.
orally (IQR): 100| Creat. +SD:
every 12 | (70-130) | 1.1+0.6mg/d
hours L
w H R
pre-and 2
doses
post
procedure
Bidram | Inclusion Criteria 1.PCI 203 Increase in | 1Iso-Osm 1ml/kg/h Atorvastatin | 80mg 30-40cc Mean S.
2015 serum lodixanol | of isotonic | (patients Creat. +SD:
(74) 1. Chronic stable angina creatinine saline previously 1.18+0.02mg
> 0.5mg/dL solution on statins /dL
ExclusiorCriteria 48 hours 12h pre- excluded
after the and post | from
1. Pregnancy procedure contrast analyss)
2. Diabetes mellitus Increasen Placebo 30-40cc Mean S.
3. Renal failure S.Creat. of Creat. +SD:
4. Single kidney >0.5 mg/dl 1.14+0.02mg
5. Cardiogenic shock or >25% /dL
6. Unstable angina from
7. Mi baseline
8. Hypersensitivity to statins
9. Previous intravascular contrast

injection within month of admissior|
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Bilasy Inclusion Criteria 1. Coronary 66 Elevation lopamidol | 0.9% Theophyllin | 200mg in | Mean+SD:| Mean S.
2012 angiograph of S. Creat.| LowOsm | sodium e 100mL 116.33t5 | Creat. +SD:
(75) 1. Stable S. Creat. y oe X chloride sodium 9.44 1.54+0.73mg

2. Moderate risk for GAKI 2. PCI 0.5mg/dL (ImL/kg/h chloride /dL

3. Elective intervention 2 N25% r for 24 (0.9%) IV

serum creatinine and at least within 3 hours 30

moderate risk for GAKI days of beginning minutes

contrast 12 hours before
Exclusion Criteria injection before the contrast
procedure.

1. Patients with unstable S. Creat.

2. RecentVadministration of All

contrastwithin month of procedure patients

3. Shock received

4. Endstage renal disease NAC 600 | Placebo 100mL Mean+SD:| Mean S.

5. Haemodialysis mg twice sodlu_m 117.17 + | Creat. +SD:

6. Hypersensitivity to NAC or daily, on chloride 63.13 1.34+0.66mg

theophylline the day (0_'9%) 30 /dL

7. Serious cardiac arrhythmias before and minutes

8. Seizures the day of before the

9. Acute renal failure procedure procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Boscheri| Inclusion Criteria 1. Coronary 151 X H piz | lodixanol | 500ml of | Ascorbic lg Mean Mean S.
2007 angiograph absolute IscOsm normal acid ascorbic +SD: Creat. +SD:
(76) 1. Chronic renal failure and stable | y risein S. saline 2 acid orally | 99+46 1.75+£0.4mg/
Creat. > 120umol/l) 2. PCI Creat. day hours 20 dL
2 prior to minutes
Exclusion Criteria compared procedure. prior to
to baseline 500ml contrast
1. Ml within 3 months during the exposure
2. Cardiogenishock procedure
3. Use ofvasopressors and for 6
4. Ejectiorfraction< 25% hours
5. Acute renal failure after.
6. Current peritoneal dialysis or
haerodialysis
7. Pregnancy
8. Exposure to contrast dye or Placebo 19 Mean Mean S.
medication with NAC up to 72 placebo +SD: Creat. +SD:
hours prior to study entry orally 20 112+67 1.73+0.4mg/
minutes dL
prior to
contrast
exposure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Boucek | Inclusion Criteria 1. Elective 132 Increase in | LowOsm | Both NaHC® 154 mL Mean Mean S.
2013 procedure { ® / NX groups of 8.4% +SD: Creat. +SD:
77) 1. >18yearsold with use of 25% receive NaHC® 115+47 170+84
2. Diabetic patients with impaired | low- 'y Rk 2N infusion add to 846 mmol/L
renal function osmolar 44 mmol/L solutionsl mL of 5%
0 { SNUzy O NEDhriokLy A \ contrast within 2 hour pre- glucose
3. Use of lowosmolar contrast media daysafter procedure
media. contrast at3
administrat mL/kg/h
Exclusion Criteria ion to
maximum
1. Endstage renal disease 330mL;
2. Chronic dialysis treatment and for 6
3. Kidney transplant hours

51




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
4. Preplanned dialysis following th¢ after at Control (IV | 154mL of | Mean Mean S.
contrastinvolving procedure 1mL/kg/h | Fluids) 5.85% +SD: Creat. +SD:
5. Emergency procedures to NaCl 104+32 16074
6. Acute kidney injury maximum added to mmol/L
0&SNHzyY ONBLFGAYAY of 660mL 846mL of
50mmol/L durirg the previous 5%
24-h period) glucose

7. Volume overload with left
ventricular failure

8. Uncontrolled hypertension
6adaitz2tA0 .t x
110mmHg)

9. Haemodynamidnstability
(systolic BP 20 and diastolic BP <
50 mmHg)

10. Contrast use in the preuis 48h
period

11. Multiple myeloma

12. Pregnancy

13. Breastfeeding

14. Preplanned use of any other

measure for GAKI prevention
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Brar Inclusion Criteria 1.Coronary 379 XH pilz 2| loxilan As per NaHC® 3mL/kg Median Median S.
2008 angiograph 0.5mg/dL LowOsm | interventi for 1 hour | (IQR): Creat. (IQR)
(78) md 135S x my &Slk1y increase in on before 126 (80 | 1.49 (0.36)
H® 9&d A Y60mSmin/IYE v S. Creat. protocol coronary | 214) mg/dL
m?2 angiograp
2. One or more of hy,
a. Diabetesnellitus decreased
b. Gongestiveheart failure to
c. Hypertension 1.5mL/kg/
d. Age > 75 years hr during
the
Exclusion Criteria procedure
and for 4
1. Inability to obtairconsent hours
2. Receipt oNaHCQ infusion prior after
to randomgation NacCl 3mL/kg Median Median S.
3. Emergency cardiac for 1 hour | (IQR): Creat. (IQR),
catheteriation before 137 (89 1.49 (0.36)
4. Intraraortic balloon counter coronary | 247) mg/dL
pulsation angiograp
5. Dialysis hy,
6. Exposure to radiographic decreased
contrast media within the to
preceding 2 days 1.5mL/kg/
7. Allergy to contrast media hr during
8. Acutely decompensated CHF the
9. Severe valvular procedure
abnormality and for 4
10. Single functioning kidney hours
11. History of kidney or heart after

transplantation
MH® / KFy3aS Ay SI
2NJ Odzydz F GABS OF

preceding2 or more days.
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Briguori | Inclusion Criteria 1. Coronary 199 1. Increase | lopromide | 0.45% NAC 600mg Mean Mean S.
2002 angiograph 2 ¥25% in | LowrOsm | salne IV at orally +SD: Creat. +SD:
(81) 1. Chronic renal impairment (S. y+ S. Creat. 48 1ml/kg/ho every 12 1944127 | 1.52+0.43
Creat. >1.2mg/dl and/or eGFR < | angioplasty hours after ur for 12 hours mg/dL
70ml/min) 2. the hours pre w 087
2. Electiveprocedure Peripheral procedure and 12 and on
angiograph OR hours day of
Exclusion Criteria y+ 2. Need for post administra
None specified angioplasty dialysis procedure tion, total
post of 2 days
contrast Control IV fluid Mean Mean S.
only +SD: Creat. +SD:
200+144 | 1.54+0.36
mg/dL
Briguori | Inclusion Criteria 1. Coronary 209 1. Increase | lodixanol | 0.45% NAC 1200mg Mean Median S.
2004 angiograph in S. Creat. | 1IsoOsm saline IV at orally +SD: Creat. (IQR):
(80) 1. Elective patients y+ 0e x 1ml/kg/ho every 12 | 160482 1.72 (1.55
2. Chronic renal impairment (S. angioplasty 0.5mg/dL ur (or hours 1.90) mg/dL
/ NXB I1ibrby/dkand/or creatinine | 2. 48 hours 0.5ml/kg/ w 087
clearance 6€0ml/min) Peripheral after the hour in and on
3. Stable S. Creat. angiograph procedure patients day of
y+ OR with LVEF administra
Exclusion Criteria angioplasty 2. Need for <40%) for tion, total
None specified dialysis 12 hours of 2 days
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
post pre- and Fenoldopam| Infusion Mean Median S.
contrast 12 hours started at | £SD: Creat. (IQR):
post least 1h 168+104 | 1.75(1.62
procedure pre- 2.01) mg/dL
procedure
at
0.10pg/kg
/min
continued
during and
for 12h
post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Briguori | Inclusion Criteria 1. Coronary 238 Increase of | lodixanol | All NacCl Isotonic Mean Median S.
2007 angiograph %25% in S. | IscOsm patients saline +SD: Creat. (IQR),
(79) md t | dayBarsia x y Creat. 48 received (0.90%) IV | 179+102 | 1.95 (1.69
2. Chronic kidney disease (stable § 2. hours after NAC orally at a rate 2.26) mg/dL
/' NXB I2iD drg/dk. and/or Peripheral the at a dose of
estimated glomerular filtration rate| angiograph procedure of 1200mg ImL/kg/hr
<40mL/min) y twice daily (0.5 mL/kg
on the day for
Exclusion Criteria before and patients
the day d with LVEF
M® { & 8hgdbl (b x administra <40%) for
2. History of dialysis tion of the 12 hours
3. Multiple myeloma contrast before
4. Pulmonary oedema agent and 12
5. Acute MI hours
6. Recent exposure to radiographig after
contrast within 2 days of the study 3d group administra
7. Pregnancy with tion of the
8. Administration of theophylline, mixed contrast
dopamine mannitol or fenoldopam treatment agent
s
excluded
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Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

NaHC®

154mEq/L
NaHCQin
dextrose
and HO
bolus
3ml/kg/h
for 1 hour
immediate
ly before
contrast;
then
infusion at
ImL/kg/h
during
contrast
exposure
and for 6
hours
after the
procedure

Mean
+SD:
169492

Median S.
Creat. (IQR):
2.04 (1.86
2.36) mg/dL
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Brueck | Inclusion Criteria 1.Cardiac 622 1. Increase | Ultravist 0.9% IV NAC 600mg in | Median Median S.
2013 catheterisat in S. Creat. | LowrOsm | sodium 250ml (IQR): Creat. (IQR):
(82) 1. Chroniaenalimpairment(S. ion oe X chloride saline 110 (80 1.5(1.31.8)
/' NJB I1iBrbg/di) 0.5mg/dL (ImL/kg/h (0.9%) 160) mg/dL
2. Elective procedure 0 X r for 12 over 30
44.2pmol/L hours pre min 24
Exclusion Criteria ) within 72 and 12 hours and
hours of hours one hour
M® + | NA D3mghAini® 2 procedure post before
Creat. measurements in 7 days pr¢ procedure. contrast
procedure exposure
2. Exposure to contrast agents or
nephrotoxic medication within Ascorbic 500mg in | Median Median S.
week of procedure acid 250m| (IQR): | Creat. (IQR):
3. Renal transnt recipients saline 115(90 | 1.5 (1.31.7)
4. Patl_ents W|tkp_las_me_1cytoma (0.9%) 150) mg/dL
oxalosis nephrolithiasisor over 30
hyperthyroidism min 24
5. Inadequate time for study hours and
measurements prgrocedure one hour
study procedures before
6. Previously known sensitivity to contrast
NAC or ascorbic acid. exposure
7. Pregnancy
8. Breast feedingromen . .
9. Childbearing females not using Coptrol (v as_per Median Median S.
contraception Fluids) fluid (IQR): Creat. (IQR):
protocol 110 (80 1.5(1.31.7)
150) mg/dL
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Burns Inclusion Criteria Contrast 46 1. Increase | not Normal IV NAC 59in 100 | not Mean S.
2010 enhanced in S. Creat. | specified | saline 12 ml D5W specified | Creat. +SD:
(83) 1. Critically ill adult patients CT by > hours pre before CT, 102+40.9
H @ yearsiof age 50umol/L and 12 2.5gin mmol/L
3. Undergoing contrastnhanced from the hours post 50ml D5W
CT of any organ time of CT at6-and
4. Patient considered at risk of-Cl randomgat 12-hours
AKI ionup to postCT
day 5 Placebo 5gin not Mean S.
Exclusion Criteria following 100ml specified | Creat. £SD:
contrast D5W 118.1+26.3
1. CK> 5,000 exposure before CT, mmol/L
2. Myoglobinuria 2.5gin
3. Known hypersensitivity to 50ml D5W
contrast dye or NAC at6- and
4. Serious illness with low likelihog 12-hours
of survival vithin 48 hours or poor postCT

prognosis

5. Pregnancy

6. Cardiogenic shock

7. Known or suspected nephritic,
nephrotic or pulmonaryenal
syndromes

8. Postrenal aetiology of renal
impairment

9. Previous renal transplant

10. Known solitary kidney

11. Serum creatinie > 200umol/L
12. Recent exposure to
radiographic contrast within 14
days ofrandomgation
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Carbone | Inclusion Criteria 1. Coronary 238 Increase in | lopromide | As per IV NAC 600mgin | Mean Mean S.
I angiograph { ® / NJX LowOsm | interventi 50ml +SD: Creat. +SD:
2007 1. Patients with ACS syndrome y 0.5mg/dL on saline 193+11 0.94+0.16
(84) 2. Normal renal function (Stable S. (44pmoliL) protocol (0.9%) mg/dL
Creat. <1.4mg/dlo MH 0 ®T C > or >25% over 30
a creatinine clearance 80ml/min) increase min twice
above daily for
Exclusion Criteria baseline at total of 4
48h post doses,
1. Haemodynamidnstability contrast starting at
(Systolic B.P. 30mmHg) least 6
2. Known allergy to NAC or contray hours pre
agent procedure
3. Untreated gastrointestinal
bleeding
4. Current or previous treatment
with theophyline, mannitol or
nephrotoxic drugs. Control (IV | 50mL of Mean Mean S.
Fluids) 0.9% +SD: Creat. +SD:
saline 183+10 0.96+0.17
solution mg/dL
for 30
minutes
twice daily
for a total
of 4 doses
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Carbone | Inclusion Criteria 1. Coronary 93 Increase in | lopromide | As per IV NAC 600mgin | Mean Mean S.
I angiograph { ® / NJX LowOsm | interventi 50ml +SD: Creat. +SD:
2010 1. Patients with chronic kidney y 0.5mg/dL on saline 134.79+1 | 2.01+0.77
(85) RAaSIAaS d4medl NB | (44umoliL) protocol (0.9%) 3 mg/dL
(123.76pmol/Lpr <60mL/min or >25% over 30
creatinine clearance) increase min twice
above daily for
Exclusion Criteria baseline at total of 4
48h post doses,
1. Haemodynamidnstability contrast starting at
(systolicB.P. 90mmHg) least 6
2. Known allergy to NA@ contrast hours pre
agent procedure
3. Untreated gastrointestinal
bleeding
4. Current or previous treatment
with theophylline,mannitol or Control (IV | 50mL of Mean Mean S.
nephrotoxic drugs. Fluids) 0.9% +SD: Creat. +SD:
saline 184.66+2 | 1.87+0.7
solution 1 mg/dL
for 30
minutes
twice daily
for a total
of 4 doses.
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Castini Inclusion Criteria 1. Coronary 117 CH YL m) lodixanol | As per NacCl ImL/kg/hr | Mean Mean S.
2010 angiograph 25% IscOsm interventi for 12 +SD: Creat. +SD:
(51) 1. Patients aged 18 years or older | y+ PCI increase in on hours pre | 196.4+12 | 1.59+0.38
HO {GF of $2nfgidl / NX S. Creat. protocol and 12 7.7 mg/dL
over hours
Exclusion Criteria baseline at post
any of 3 contrast
1. S. Creat. #mg/dL predefined exposure
2. History ofdialysis time- NaHC® 154mEqg/L | Mean Mean S.
3. Multiple myeloma points. at +SD: Creat. +SD:
4. Pulmonary oedema (24 hours, 3mL/kg/hr | 179.2412 | 1.59+0.38
5. Cardiogenic shock 48 hours foronel | 5.1 mg/dL
6. Acute Ml and 5 days) hour
7. Emergencgathetersation immediate
8. Exposure to contrast media CHAKIZ2: ly pre-
within 7 days of the study Absolute contrast
9. Allergy to iodinate contrast increase of injection,
media or NAC %0.5mg/dL then
10. Previous enrolment in the sam in S. Creat ImL/kg/hr
or other protocols at the during
11. Pregnancy same time contrast
12. Administration of theophylline, points exposure
mannitol, dopamine, dobutamine, and for 6
nonsteroidal antinflammatory NB: hours
drugs, or fenoldopam CIAKI1 post
used for procedure
this .
analysis NAC and IV | Excluded | Mean Mean S.
NaCl from +SD: Creat. +SD:
analysis 210.5+14 | 1.57+0.38
0.6 mg/dL
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Chen Inclusion Criteria 1.PCI 1185 Absolute Iso-Osm As per v Both Mean Mean S.
2008 increase in interventi | hydration* | arms: +SD: Creat. +SD:
(86) 1. Myocardiaischaemia S.Creat of on *Abnormal | 0.45% Normd Normal Arm:
0.5mg/dl at protocol group saline IV | Arm: 1.3+0.3
Patients divided according to S. 48h post received at 285107 | mg/dL
Creat.: procedure 1200mg 1ml/kg/h | Abnormal | Abnormal
<1.5mg/dL:normalarm NAC 12 starting Arm: Arm:
>1.5mg/dL:abnormalarm before hours pre 12h pre 298+125 | 2.5+0.1
further randomgation. procedure procedure mg/dL
and again
Normal and abnormal arms are post
considered separately procedure
Control (no | Control
Exclusion Criteria hydration) * | Group:
*Abnormal | 1. Normal
1. Coronary anatomy not suitable group arm:
for PCI received no
2. Emergency CABG required 1200mg hydration
3. Patients on peritoneal or NAC 12 2.Abnorm
haemodialysis hours pre alarm:
4. Acute Ml procedure no
5. No written formal consent and again hydration
6. Patients with normal coronary post
arteries procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Cho Inclusion Criteria 1. Coronary 79 Increase in | Isoversol | As per NacCl 154mEq/L Mean S.
2010 angiograph { ® / NJX LowOsm | interventi at Creat.:
(87) 1. Chronic kidney disease y 0.5mg/dL on 3mL/kg/hr 1.38mg/dL
2. 18 years (44pmoliL) protocol for 1 hour
3. Stable S. Creat. of 1.1mg/dL or or >25% immediate
estimated creatinine clearance < increase ly pre-
60mL/min above contrast
4. Diagnostic, elective Cardiac baseline at injection,
angiography 72h post then
contrast ImL/kg/hr
Exclusion Criteria for 6
hours
1. Dialysis post
2. Multiple myeloma procedure
3. Myeloproliferative disease
4. Current decompensated heart
failure or significant change in
IS\I.YCI:-:;ArrZﬁrtnI\F;Itlom Class NaHC® 61&34mEq/L ?:/Is:;rg s.
6. Symptomatic hypokalaemia N
7. Uncontrolled hypertension (SBP EOTIEIE%/S: 1.38mgfdL
>200mmHg or DBP00mmHg) . -
8. Exposure to radiocontrast within immediate
7 days of enrolment ly pre
9. Emergencgathetersation _cc_)ntrgst
10. Allergy to contrast ;?]j:r?tlon,
11. Pregnanc
12, Administration of tm/kg/hr
dopamine, mannitolfenoldopam Loc:u?s
or NAC during the study
13. Exacerbation of COPD post
procedure
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Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

14. S. HCO3828mEqg/L
15. S. Sodium ¥33 mEg/L

Oral
hydration

500mL of
water to
be started
4 hours
prior to
contrast
exposure
and
stopped 2
hours
prior to
procedure
and
600mL of
water
post
procedure

Mean S.
Creat.:
1.38mg/dL

NaHC®and
oral
hydration

Excluded from analysis

65




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Cicek Inclusion Criteria 1. Coronary 84 Increase in | lohexol saline AlphaLipoic | 600mg Median Mean S.
2013 angiograph { ® / NJX LowOsm | infusion at | Acid thioctacid | (IQR): Creat. +SD:
(88) 1. Diabetic patients y 0.5mg/dL 1mL/kg/h in 3 doses | 75 (506 0.86+0.18mg
2. Elective coronary angiography (44pmoliL) from 3h before 100) /dL
or >25% before meal,
Exclusion Critéa increase procedure 30 min
above continued pre- and
1. S. Creat. 2.5mg/dL baseline at for 24h at 24 and
2. Known malignancy 48h post 48hours
3. Liver disease contrast post
4. Allergy to contrast media angiograp
5. Use of any nephrotoxic agent hy
within 48h Control nil Median Mean S.
6. Exposure to contrast agent (IQR): Creat. £SD:
within 7 days 80 (60 0.89+0.18mg
7. Unstable angina 120) /dL
8. Haemodynamicallyunstable
patients
9. Patients requiring PCI
Coyle Inclusion Criteria 1. Coronary 141 Increase in | Mixed: Oral NAC 600mg Mean Mean S.
2006 angiograph { ® / NJ selection | hydration orally +SD: Creat. +SD:
(89) 1. Age =18 years y 0.5mg/dL | and with 1litre every 12 88+61 1.16+0.38mg
2. Diabetesnellitus (44pmol/L) | volume of | of clear hours /dL
above contrast | fluids over w H R
Exclusion Criteria baseline at | at the 10 hours before
48h post discretion | before and 2 days
1. Emergency procedure contrast of the angiograp after
2. Inability to complete hydration operator | hy. administra
protocol tion of
3. History ofcontrastnephropathy \% contrast
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
hydration | Control No Mean Mean S.
on start of interventi | +SD: Creat. +SD:
procedure on 98+65 1.10+£0.44mg
with /dL
0.45%
saline at
300ml/ho
ur for 6
hours.
Durham | Inclusion Criteria 1. Coronary 98 Increase in | lohexol 0.45% NAC 1200mg Mean Mean S.
2002 angiograph { ® / NX LowOsm | saline at orally 1 +SD: Creat. +SD:
(90) MO { & 17MGRIL G &  x y+ PCI 0.5 mg/dL 1ml/kg/hr hour pre | 77.4%#35.9 | 2.2+0.4mg/d
(44pmoliL) for 12 and 3 L
Exclusion Criteria hours pre hours
contrast, post
1. <18 years continuing contrast
2. Renal disease with reversible for 12
component hours
3. Unwilling or unable to provide post-
informed consent procedure

4. Inadequate time to perform the
study procedures

5. Evidence of active athero
embolic disease

6. Known allergy to NAC

7. Severe asthma

8. Breast feeding
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
9. Severe peptic ulcer disease Placebo 1200mg Mean S.
10. Respiratory deprefon orally 1 Creat. +SD:
11. >15% variability in S. Creat. hour pre 2.3+0.5mg/d
over three days prior to and 3 L
angiography hours
12. Women of child bearing not post
using contraception contrast
Dussol | Inclusion Criteria 1. Contrast 258 Increase in | LowrOsm | 0.9% NaCl| Furosemide | 3mg/kg Mean Mean S.
2006 enhanced { ® / N&X contrast 15ml/kg/h intraveno | +SD: Creat. +SD:
(91) 1. Chronic renal failure (creatinine | imaging 0.5mg/dL | medium r IV for 6h usly just 119+42 201481
clearance 15%0ml/min) procedure (44pmol/L) pre- after the mmol/L
2. Radiological procedures above procedure. procedure
necessitating a contrast medium baseline at
injection 48h post 4th Group
contrast usingoral
Exclusion Criteria Nad only
excluded
1. < 18years from this
2. Women of chilebearing age not analysis
on contraceppon Theophyllin | 5mg/kg Mean Mean S.
3. Breastfeeding women e one hour | £SD: Creat. £SD:
4. LVER 30%, . before the | 133+70 214+113
5. Uncontrolled hypertension (BP > procedure mmol/L
180/110mmHg)
6. Obvious extracellular over
hydration

7. Respiratory depression
8. Known prior intolerance to
theophylline or furosemide
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
9. Previous exposure to contrast Control nil extra Mean Mean S.
media in the 14lays before +SD: Creat. +SD:
randomgation 115+57 208+84
10. No informed consent mmol/L
Dvorsak | Inclusion Criteria 1. Coronary 86 >25% lopamidol | Normal Ascorbic 3gorally | Mean Mean S.
2013 angiograph increase in | 1IsoOsm saline 50 | acid pre- +SD: Creat. +SD:
(92) 1. Chroniaenalimpairmentwith y+ PCI S. Creat or 100mL/h procedure | 144.6£86 | 139.4+24
stable S. Creat. 207mmol/L >25% for 2h pre and 2g mmol/L
increase in and for at orally
Exclusion Criteria S. Cystatin least 6h post
C from post procedure
1. Regular vitamin-€ontaining baseline, 3 procedure and again
medication 4 days the next
2. Acute renal failure post morning
3. Endstage renal disease procedure
4. Radiocontrast procedure in the
previous3 months
5. Cardiogenic shock
6. Acute MI Placebo 3g orally Mean S.
pre- Creat. £SD:
procedure 133.3+£30.9
and 2g mmol/L
orally
post
procedure
and again
the next
morning
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Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

Efrati
2003
(93)

Inclusion Criteria

1. S. Creat > 106umol/L
2. Elective coronary angiography

Exclusion Criteria

1. Acute renal failure

2. Acute MI

3. Noncompensated CHF

4. Haemodynamidnstability

5. Known sensitivity to contrast
media

1. Coronary
angiograph
y

51

Increase of
%25% in S.
Creat. 96
hours after
the
procedure

Ultravist
LowOsm

0.45%
saline at
1ml/kg/hr
for 12
hours pre
contrast,
continuing
for 12
hours
post
procedure

NAC

Mucomyst
20%
solution
diluted in
30ml of
regular
CocaCola,
as 1g
orally
twice daily
24 hours
pre- and
24 hours
post
angiograp
hy

Mean
+SD:
142+25.3

Mean S.
Creat. £SD:
135.25+6.19
mmol/L

Placebo

Regular
Coca Cola
alone
orally
twice daily
24 hours
pre- and
24 hours
post
angiograp
hy

Mean
+SD:
138+33.7

Mean S.
Creat. £SD:
131.7+6.19
mmol/L
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Er, F. Inclusion Criteria 1. Coronary 126 Increase in | lohexol RIPC Intermitte | Mean Mg/dl
2012 1.> 18 years of age angiograph serum LowOsm ntarm +SD: 1.63 (1.4¢
(94) 2. Presented with stable angina y creatinine ischaemia | 124+44 1.81)
pectoris %25% onk through 4
4. Renal function tegsevealed 0.5mg/dL cycles of 5
impaired renal function (elevated above minute
serum creatinine of > 1.4mg/dL or baseline at inflation
reduced eGFR60mML/min/1.73 n¥) 48 hours and 5
after minute
Exclusion Criteria: contrast deflation
Patients who do not meet inclusior| medium of a blood
criteria exposure pressure
cuff
started
immediate
ly before
procedure
Placebo Sham Mean Mg/dl
(RIPC) +SD: 1.62 (1.39
103+41 1.93)
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Eric Inclusion Criteria: 1.Elective 331 %25% - See NAC 154mEqg/L | Contrast | S. Creat.
Chong adults >21 years of age with a cardiac increase of Groups sustained | (ml)Mean | Mean SD):
2015 glomerular filtration rate (GFR) of | catheteriat serum Cr sodium (SD): 134.0 (35.5)
(234) 15-60mL/min/1.73n% and who ion concentrati chloride 116 (83.5)
were able to receive praydration 2y 2 NJ regime
for 12h nn>Y2f (AmL/kg/h
(0.5mg/dL) 12h
Exclusion Criteria: increase in before,
1. Endstage renal failure with GFR serum Cr during and
of <15mL/min/1.73n% within 48h 6h after
2. Acute renal failure with a > of cardiac the
nn>Y2t k[ AYyONBI i catheterisa procedure
levels in the previous 24h tion or PCI ) with oral
3. Preexisting dialysigpulmonary NAC at
oedema or moderate to severe 1.2g bid
congestive heart failure (New York| for 3 days
Heart Association {1V) NaHCQ 154mEg/L | Contrast | S. Creat.
4. Inability to withstand the fluid abbreviate | (ml)Mean | Mean SD):
load and presence of d SOB (SD): 141.8 (44.8)
haemodynamic compromise, regime at | 115(85.4)
uncontrolled hypertension 3mL/kg/h
(untreated systolic blood pressure 1h before
160mmHg, odiastolic blood the
pressure 3 00mmHg) procedure
5. Emergency cardiac and
catheterisation 1mL/kg/h
6. Exposure to contrast or study during and
drugs within theprevious48 6h after
7. Allergies to contrast or trial the
medications procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
8. Clinical conditions requiring Combinatio | combinati | Contrast | S. Creat.
continuous fluid therapy n (excluded | on (ml)Mean | Mean ED):
9. Potentiallyrenaktoxic drugs (SD): 138.7 (36.6)
within 48h of cardiac 116 (84.5)
catheterisation and throughout the
study
Erley Inclusion Criteria: 1. CTdigital 67 Increase in | lopromide | All Theophyllin | 810mg Mean Mean S.
1999 subtraction { ® / NX LowOsm | patients e daily in +SD: Creat. +SD:
(95) 1. Chronic renal insufficiency (S. | angiograph 0.5mg/dL received divided 118448 1.9+0.5mg/d
Creat. >1.5mg/dl) y (44pmoliL) hydration doses, L
HO® wSOSA F-6smafality with 2- 270mg
contrast media (lopromide) 2.5ml fluid mané and
(either 540mg
ExclusiorCriteria: orally as tardé
mineral started 2
1. Allergy to contrast media or water or days
theophylline IV with before
2. Pregnancy 0.45% and
3. Uncontrolled hypertension saline) continued
4. Severe heart failure starting at until 3
5. Liver failure least 24h days post
6. Nephrotic syndrome before and contrast
continued
for 24
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
hours Placebo Divided Mean Mean S.
post doses, +SD: Creat. +SD:
contrast mané and | 110+44 1.7+0.4mg/d
tardé L
started 2
days
before
and
continued
until 3
days post
contrast
Erol Inclusion Criteria 1. Coronary 165 Increase of | lohexol 1mg /kg/h | Allopurinol | 300mg Mean Median S.
2013 angiograph %25% in S. | LowOsm | saline for orally 24h | +SD: Creat. (IQR):
(96) 1. S. Creat £.1mg/dL y/ PCI Creat. 48 12h pre before 121425 1.43(1.2
2. cardiaccathetersation 96 hours and post administra 4.15) mg/dL
after the contrast tion of
Exclusion Criteria procedure contrast
agent

1. Acute myocardial infarction
requiring PCI within 24h

2. Cardiogenic shock

3. Acute renal failure

4. Current or planned peritoneal or|
haemo-dialysis

5. Previous administration of
contrast agents or anticipated +e
administration of contrast agents

within the following 4 days.
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Control fluid only | Mean Median S.
+SD: Creat. (IQR):
119+26 1.48(1.1
2.96) mg/dL
Erturk Inclusion Criteria 1. Coronary 225 >25% 0.9% Intravenous | 2400mgl | Mean eGFR 30
2014 angiograph increase in normal NAC hour pre- +SD: 59mil:
97) 1. Age > 2¥ears y S. Creat or saline for procedure | 122+67 n=97
2. eGFR 80ml/min/1.73m? 2. PCI >25% 12 hours and
3. Elective intraarterial procedure | 3. increase in pre- and 4800mg 4 eGFR 15
Peripheral S. Cystatin 12 hours 6 hours 29ml:
Exclusion Criteria interventio C from post post n=5
n baseline, procedure procedure
1. Dialysis 48hours **for this
2. eGFR &5ml/min/1.73m? post analysis
3. Uncontrolled HTN procedure only IV
4. Radiocontrast medium within 7 NAC
days of trial included
5. Acute/chronic inflammatory
disease Oral NAC 1200mg Mean eGFR 30
6. NSAID ometformin up to 2 days orally +SD: 59ml:
before procedure every 12 127489 n=95
7. Pregnancy hours
8. Allergy to contrast dNAC for 24 eGFR 15
9. Patients receivinfenoldopam hours pre 29ml:
mannitol, dopamineand and 48 n=7
theophylline hours
post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
IV hydration | normal Mean eGFR 30
saline only | £SD: 59mil:
127466 n=92
eGFR 15
29ml:
n=11
Eshraghi| Inclusion Criteria: 1. 189 0.5mg/dI lodixanol | Normal Pentoxifyllin | 400mg 3 | Mean+SD:| S. Creat.
2017 Patients with ST elevation Ml and | Emergency or 25% Iso-Osm saline 1 e times a 190.88 + | Mean+SD:
(235) above 18 years of age wieere coronary increase in 1.5cc/kg day from | 75.82 1.147 £0.424
referred for emergency angioplasty angiopgasty serum was referral
creatinine administer day until
Exclusion Criteria: above the ed from 6 24 hours
1. Serum creatinine more baseline, hours after the
than 1.5mg/dI 48 hours before to procedure
2. heart failure, history of endtage after 6 hours
renal failure or being odialysis exposure after
3. Use of NAC, theophylline, to contrast procedure
aminoglycosides nosteroidal anti media
inflammatory medicines
4. |V contrast media administration
within the previous2 days
5. Pulmonarypedema multiple
myeloma and uncontrolled
hypertension
Control v Mean+SD:| S. Creat.
hydration | 231.29 + | Mean+SD:
only 105.10 1.12 +0.26
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Fan, Y Inclusion Criteria: 2. Elective 269 25% Ultravist 0.9% Nicorandil 10mg Mean+SD:| S. Creat.
2016 Patients> 18 years with an coronary increase in | LowOsm | saline at a three 1453 = Mean+SD:
(236) estimated glomerular filtration rate| angiograph serum rate of times daily | 51.6 12355+
(eGFR) of 60mL/min or less y creatinine ImL/kg/h from 2 10.77
undergoing elective cardiac from (0.5mL/kg days
cathetersation baseline or /h for before to
44pmol/L patients 3 days
Exclusion Criteria: (0.5mg/dL) with LVEF after
1. Cardiogenicshock increase in <40%) at contrast
2. AcuteSTsegment elevated Ml absolute least 6h media
requiring primary PCI value before and exposure
3. L€t ventricular ejection fraction within 72h 12h after
<30% after procedure
4. Allergy to contrast agent or exposure
nicorandil to contrast
5. Previous contrast media medium
exposure within 1 week
6. Uraemia or renal failure receivin
dialysis
7. Administration of NAC,
metformin, orNaHCQ within 48h
of the procedure Placebo Matching | Mean+SD:| S. Creat.
Placebo 149.2 + Mean+SD:
57.0 122.99 +
10.39
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Ferrario | Inclusion Criteria 1.Coronary 214 Increase in | lodixanol | Normal NAC 600mg Mean Mean Creat.
2009 | peripheral S/ NB I { IsoOsm saline orally +SD: ClearancetS
(98) 1. Age 38 years angiograph 0.5mg/dL (0.9%) at every 12 180+104. | D:

2. Elective coronary and/or y+ (44pmoliL) 1ml/kg/h hours 4 37+11.5

peripheral angiography and/or angioplasty or >25% in the 12 on day mi/min

angioplasty increase 24h pre pre- and

3. Creatinineclearance $5ml/min above and 24h day of

with only £10% variation in S. Creg baseline post procedure

3-30 days before the procedure within 3 procedure.

days of
Exclusion Criteria contrast Oral clear
fluid

1. NYHA symptoms class Il to IV intake was

2. Ongoing acute myocardial not

infarction restricted

3. Acute coronary syndrome pre- or

4. Renal replacement therapy post-

2 Qltlaeerg)f/otroﬂ’:liphylline, procedure. Placebo Glucose Mean Mean Creat.

dopamine, fenoldopam, mannitol tablet +SD: Clearance+S

. Lo orally 168+103. | D:

or nephrotoxic drugs within 1 week

of the procedure every12 |3 4Oi9.' 3

7. Presence of clinical signs of hours mi/min

dehydration and systemic on day

hypotension. pre-and

day of
procedure
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Firouzi Inclusion Criteria 1. 318 Increase in | lodixanol | Normal Pentoxyfylli | 400mg Mean Mean S.
2012 Angiograph { ® / NJ IsocOsm saline ne three +SD: Creat. +SD:
(99) 1. Non-emergent coronary y/ PCI 0.5mg/dL lopromide | 1.5cc/kg times a 319.28+9 | 1.17+0.22mg
angiography and (44pmol/L) | 1soOsm from 6h day from | 8.1 /dL
intervention or >25% before to 24h pre
increase 6h after to 24h
Exclusion Criteria above procedure post
baseline procedure
1. S. Creat. 2mg/dI within 48
2. Acute Ml hours of
3. Unstable coronary syndrome contrast
4. Cardiogenic shock
5. Endstage renal failure
6. Dialysis
7. Use of NAC
8. History of intravenous contrast
media administration within the
previous 10 days
Control \ Mean Mean S.
hydration | +SD: Creat. +SD:
only 325.34+1 | 1.21+0.24mg
01.41 /dL
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
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Firouzi Inclusion Criteria 2.PCI 152 Increase in | IsoOsm Normal MgSQ 1g just Mean Mean S.
2015 { ® / NJ lodixanol | saline before the | +SD: Creat. +SD:
(100) 1. Acute MI 0.5mg/dL | or infusion & procedure | 319.28+9 | 1.17+0.22mg

2. Age 20 years (44umol/L) | Low-Osm | 1.5cc/kg 8.1 /dL

or >25% iopromide | from start
Exclusion Criteria increase of
above procedure

1. S. Creat. > 2mg/dI baseline until

2. Cardiogenic shock within 48 6h post

3.LVEF 40% hours of procedure

4. Endstage renal failure contrast

5. Dialysis

6. Nacetylcysteine use

7. History of intravenous contrast

mediaadministration within 10

days

8. Metabolic disorder with

impairment of serum magnesium

level.

Control vV Mean Mean S.
hydration | +SD: Creat. +SD:
only 325.34+1 | 1.21+0.24mg

01.41 /dL
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Fung Inclusion Criteria 1. Coronary 105 Increase in | lopromide | Normal NAC 400mg, Mean Mean S.
2004 angiograph { ® / NX LowOsm | saline at thrice +SD: Cred. £SD:
(101) 1. Moderate to severe renal y/ PCI 0.5mg/dL 100mL/h daily the 135.8466. | 2.27+0.54mg
insufficiency (S. Creat 1.69 (44pmoliL) from 12 day pre 6 /dL
4.52mg/dL) or > 25% hours pre and day of
2. Elective coronargingiography reduction until 12 contrast
and/or intervention in eGFR hours procedure
within 48 post Control v Mean Mean S.
Exclusion Criteria hours of procedure hydration | £SD: Creat. +SD:
contrast only 121+66.2 | 2.37+0.61mg
1. Cardiogenic shock /dL
2. Current dialysis therapy
3. Use of dopamine, theophylline,
or mannitol
4. Allergy to NAC or contrast agen|
Gare Inclusion Criteria 1. Coronary 72 Increase in | Lopromid | 0.45% Dopamine | 120ml of | Mean Mean S.
1999 angiograph S. Creat. by| e Saline/D5 0.9% +SD: Creat. +SD:
(102) 1. Mildmoderate chronic renal y 40% from | Low-Osm | W for & saline plus| 173.8+13 | 100.3+5.4
failure baseline 12h pre 2mg/kg mmol/L
AND/OR after the and 36 dopamine
2. Diabetesnellitus injection of 48h post per day
the radio- angiograp for 48h
Exclusion Criteria contrast hy at Control v Mean Mean S.
agents 100ml/h hydration | £SD: Creat. +SD:
1. Severe renal insufficiency (S. (increased only 163.2+13. | 100.6+5.2
Creat. >200pmol/l) depending 2 mmol/L
2. Acute coronary events (Mt on urinary
unstable angina) 48h pre output).

procedure
3. Known intolerance to dopamine
4. Allergy to contrast material

5. Pheochromocytoma
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of Definition OSM n Volume Renal
patients (ml) function
in
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Geng Inclusion Criteria 1. Coronary 299 Increase in | Ultravist Saline at | Anisodamin | 0.2ug/kg/ | Mean Mean S.
2012 angiograph { ® / NJX LowOsm | Iml/kkg/hr | e min 12 +SD: Creat. +SD:
(103) 1. Type 2 DM y/ PCI 0.5mg/dL 12 hours hours pre | 119425 120.9+£19.2
H® S BOmWmIbK (44pmoliL) pre- and and mmol/L
or >25% 12 hours continued
Exclusion Criteria increase post for 12
above procedure hours
1. Allergy to contrast media baseline post
2. Contraindication foanisodamine within 3 procedure
3. Emergencyardiac days of Control vV Mean Mean S.
catheterisation contrast hydration | +SD: Creat. +SD:
4. Congestivieart failure only 124423 122+19.5
5. Intra-aortic ballooncounter- mmol/L
pulsation
6. Dialysis
7. Exposure te@ontrastmedia
within the previous?7 days
Goldenb | Inclusion Criteria 1. Coronary 87 Increase in | lopamidol | 0.45% NAC 600mg Mean Mean S.
erg angiograph { ® / NXY LowOsm | Saline at orally +SD: Creat. +SD:
2004 1. Chronic renal insufficiency (S. | y/ PCI 0.5mg/dL 1ml/kg/hr thrice 111443 2+0.4mg/dL
(104) / NI 1iBrby/dhor creatinine (44pmol/L) 12 hours daily for 2
clearance $0ml/min) within 48 pre- and days,
hours 12 hours starting
Exclusion Criteria post- 24h pre
procedure procedure
1. Acute renal failure Placebo placebo Mean Mean S.
2. Acute MI requiring primary or orally +SD: Creat. £SD:
rescue PCI within 12ours thrice 121449 1.9+0.3mg/d
3. Cardiogenic shock daily for 2 L
4. Current peritonebor days,
haemodialysis starting
5. Planned postontrast dialysis 24h pre
6. Known allergy to acetylcysteine procedure
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of Definition OSM n Volume Renal
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Gomes | Inclusion Criteria 1. Coronary 172 Increase in | loxaglate | 0.9% NAC 600mg Mean Mean S.
2005 angiograph { ® / NX LowOsm | Saline at orally +SD: Creat. +SD:
(106) 1. S. Creat > 106.08mol/l, creatinir| y/ PCI 0.5 mg/dL 1ml/kg/hr twice daily | 102.5+47. | 123.76+45.08
clearance $0ml/min, or drug (44pmoliL) 12 hours for 2 days, | 3 mmol/L
treated diabetes mellitus within 48 pre- and starting
2. Elective intervention hours 12 hours 24h pre
post procedure
Exclusion Criteria procedure (2 doses
pre-and 2
1. Age <8 years doses
2. Use of contrast media within 21 post
days ofrandomisation procedure
3. Current dialysis )
4. Haemodynamic
instability before the procedure Placebo placebo | Mean Mean S.
6{.t K hnYXIdaney orglly _ +SD: Creat. £SD:
5. History of sensitivity to N twice daily | 102.8+60. | 111.38+30.94
acetylcysteine. for 2_days, 4 mmol/L
starting
24h pre
procedure
(2 doses
pre-and 2
doses
post
procedure

)
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of Definition OSM n Volume Renal
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Gomes | Inclusion Criteria 1. Coronary 319 Increase in | loxaglate | IV bolus of | NaHC® 154mEqg/l | Mean Mean S.
2012 angiograph { ® / NJX LowOsm | assigned in D5W +SD: Creat. +SD:
(105) md {d / NBFGd x 1y/PCl 0.5mg/dL fluid at 124465 1.5+0.4mg/d
50mL/min (44pmoliL) 3mL/kg/h L
within 48 for 1 hour
Exclusion Criteria hours immediate
ly pre-
1. Age < 18 years contrast.
2. Use of contrast media during thg
previous21 days IV
3. History of dialysis hydration
4. Cardiac insufficiency (NYHAW) to
5. Emergency procedures. continue
at NacCl 154mEqg/l | Mean Mean S.
ImL/kg/hr in D5W +SD: Creat. +SD:
during and 125487 1.49+0.5mg/
for 6 hours dL
post
procedure
Gu Exclusion Criteria 1. Coronary 859 Increase in 1/mi/kg/h | Furosemide | 20mg over| Mean Mean S.
2013 angiograph { ® / NX saline for 30 +SD: Creat. +SD:
(107) 1. NYHA stage IV y/ PCI 0.5mg/dL 4 hr pre seconds 100440 91+21.3
heart failure (44pmol/L) and for 24 mmol/L
or >25% hr post Control v Mean Mean S.
increase procedure hydration | £SD: Creat. +SD:
above only 100+40 89.2+17.6
baseline mmol/L
within 48
hours of
contrast
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of Definition OSM n Volume Renal
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Gulel Inclusion Criteria 1. 55 Increase in | loxaglat 0.9% NAC 600mg Mean S.
2005 Diagnostic { ® / NX LowOsm | Saline at orally Creat. +SD:
(108) 1. Elective coronary intervention | coronary 0.5mg/dL 1ml/kg/hr twice daily 1.6+0.4mg/d

2. Chronic renal impairment (stabld angiograph (44pmoliL) 12 hours for 2 days, L

S. Creat. > 1.3mg/dl) y within 48 pre- and starting

hours 12 hours 24h pre
Exclusion Criteria post procedure
procedure

1. Acute renal failure

2. End stageenalfailure on regular

dialysis

3. Clinically evident heart failure

4. Allergy gainst contrast medium

5. Serious hepatic dysfunction

6. Planned for percutaneous

coronary intervention

Control \ Mean S.
hydration Creat. +SD:
only 1.8+0.6mg/d
L
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Guneba | Inclusion Criteria 1. Coronary 148 Increase in | lopromide | Intravenou | NAC 600mg Mean: Mean S.
kmaz angiograph { ® / NJX LowOsm | sisotonic orally 63.4 Creat. +SD:
2012 1. Patients scheduled faoronary | y/ PCI 0.5mg/dL saline at twice daily 1.42+0.13mg
(109) angiography and ventriculography (44pmoliL) ImL/kg/h for 4days, /dL
HO { & 12MgRIL G & X or >25% our, for 6 4 doses
increase hours pre pre-
Exclusion Criteria above and 12 procedure
baseline hours , 2 doses
1. Dialysis within 2-5 post day of
2. Recent exposure to contrast days of procedure procedure
media or a nephrotoxic agent contrast and 2
within 7 days before the study doses day
3. Urgent PCI post-
4. Requiring loop diuretics, procedure
theophylline, aminophljine or Nebivolol 5mg every | Mean: Mean S.
dopamine throughout the study 24 hours | 61.8 Creat. +SD:
5. Haemodynamicallyunstable for 4 days: 1.4+0.11mg/
patients 2 doses dL
cd / 2y iNF A yHREKE pre-
prescription. procedure
, 1 dose
day of
procedure
,and 1
dose day
post
procedure
Control \ Mean: Mean S.
hydration | 64.2 Creat. £SD:
only 1.43+0.14mg
/dL
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Gupta Inclusion Criteria 1. Coronary 83 Increase in Dextrose | Captopril 25mg po | Mean Mean S.
1999 angiograph { ® / NX saline g8h +SD: Creat. +SD:
(110) 1.Diabetegmellitus y 0.5mg/dL (with started 1h | 116.6+£11. | 1.38+0.27mg
(44pmoliL) insulin) at pre- 4 /dL
within 24 1ml/kg/ho contrast,
Exclusion Criteria hours ur started continued
3 hours for 3 days

1. S. Creat. Bmg/dL pre- and

2. Patients already on ACEI continued

3. Contraindication to ACEI for 6 hours

4. LVEF < 30% post

5. Known allergy to contrast media| procedure

Control v Mean
hydration | +SD:
only 118.4+9.3
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Hafiz Inclusion Criteria 1. Coronary 176 Increase in | lodixanol | As per NacCl Normal Median Mean S.
2012 angiograph { ® / NJ lopamidol | interventi Saline (IQR): Creat.:
(111) 1. Chronic kidney disease (S. Creg y 0.5mg/dL loversol on Iml/kg/hr | 100 (80 1.6mg/dL
>1.6mg/dl in nondiabetics and > | 2. PCI (44pmol/L) | All are: protocol for 12h 140)
1.4mg/dl in diabetics) or an 3. or >25% LowOsm pre- and
estimated glomerular filtration rate| Peripheral increase 12h post
(eGFR) of 80ml/min/1.73n¥ interventio above procedure
2. Age>18 years n baseline NaHC@ D5W Median Mean S.
within 48 containing | (IQR): Creat.:
Exclusion Criteria hours d 154mEq/L | 110 (75 1.7mg/dL
contrast of 155)
1. Dialysis NaHCQat
2. Unstableaenal function (> 3ml/kg/hr
0.4mg/dl change in S. Creat. 48 hr for 1hr
pre-procedure) pre-
3. Pulmonary oedema procedure
4. S. bicarbonate 34mmol/L ,
5. Receivedenoldopam mannitol, Iml/kg/hr
dopaming or NAC within 48 hr pre for 6hr
procedure post
6. Cardiogenic shock procedure

7. Allergido contrast media
8. Pregnancy
9. Unable to provide informed

consent.
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Han Inclusion Criteria 1. Coronary| 3095 Increase in | lodixanol | 0.9% Statin Rosuvasta| Median

2014 angiograph { ® / NJ IsocOsm saline at tin 10mg (IQR):

(112) 1. Type 2 DM y 0.5mg/dL 1ml/kg/h tardé from | 120 (100
2. Chronikidneydisease (stage 2 | 2. PCI (44pmol/L) from 12h 2 days 200)
or 3) 3. or >25% pre- until pre- until

Peripheral increase 24h post 3 days
Exclusion Criteria interventio above procedure post
n baseline 60LIKEea procedure
1. Hypersensitivity to contrast within 72 S (total dose
medium or statins hours of discretion 50mg over
2. Type 1 DM contrast allowed) 5 days)
3. Ketoacidosis
4. Lactic acidosis
5. CKD stages 0/1/4/5
6. Acute STEMI within preceding 4
weeks
5. NYHAlasslV heart failure
6. Haemodynamidnstability
7. Administration of iodinated
contrast medium dur_lng_ the 2 Control no statin Median Mean S.
weeks beforeandomgation ) .
8. LDICholesterol 4.82mmol/L (IQR): Creat. +SD:
9. Hepatic dysfunction (S ALB > 110 (100 | 94.95+20.84
200) mmol/L

normal)

10. Thyroid insufficiency
11. Renal artery stenosis (unilaterz
>70% or bilateral 50%)
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Hashemi| Exclusion Criteria 1. Coronary 98 Increase in | Meglumin | Normal Captopril 12.5mg po| Mean Mean S.
2005 angioplasty { ® / NJX compoun | saline g8h +SD: Creat. +SD:
(113) 1. Amount of contrast used X00 or 0.5mg/dL | d (76%, 0.9% started 2h | 225120 | 0.98+0.43mg
>300ml (44pmol/L) | Daroo infusion pre- /dL
2. Calcium antagonists, AGE within 48 Pakhsh, (total contrast,
theophylline prescribed within 2 hours Iran) volume of continued
days before the procedure (370mg/2 | 1.5L) at 60 for 48h
3. Baseline S. Creat. > 2mg/dI. oml) ml/hr Placebo placebo Mean Mean S.
from 12hr po g8h +SD: Creat. +SD:
pre- until started 2h | 223.3£13 | 1.05+0.39mg
12 hr post pre- 0 /dL
procedure. contrast,
continued
for 48h
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Healy, D | Inclusion Criteria: 1. Contrast 98 increase of | lohexol Use of RIPC 40 Most Median (IQR)
2015 Patients aged over 17 years enhanced >25% or LowOsm | hydration minutes patients 73 (59, 85)
(237) scheduled for abdominpelvic CT an increase| lopamidol | prior to before receive a
CEC®cans who were likely to 2F X Iso-Osm the contrast dose of
remain in hospital for at least two 0.5mg/dl in | lodixanol | procedure was given | 90mL, but
days after the scan SCr from IsoOsm | was at the five patients
the discretion minute heavier
Exclusion Criteria: baseline of the cycles of | than
1. Allergy or hypersensitivity to value 48h physician arm 110kg
iodinated contrast after who ischaemia | may
2. Hospital admissn SCr > exposure ordered with three | receive
150umol/dL (a contraindication to to the the scan minutes of | 120mL.
iodinated contrast) contrast reperfusio | All
3. Renal transplant medium n between | patients
4. History of acute renal failure tha by with eGFR
required management by a inflating <
nephrologist blood 60mL/min
5. Current use of either pressure | /1.73m?
sulphonlyurea or nicorandil cuff receive
positioned | iodixanol
on the
LI A S
armto a
pressure
of
200mmHg
or
15mmHg
above
systolic
pressure if
that was >
200mmHg
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Control No Median (IQR)
interventi 75 (62, 85)
on
Heguilen| Inclusion Criteria 1. Contrast 101 >25% loversol As per NaHC® D5W Mean Mean S.
2013 study increase LowOsm | interventi containing | +SD: Creat. +SD:
(114) 1. Age>18 years including above on 154mEq/L | 179.8+14. | 1.57+0.03mg
2. Stable S. Creat. ~1.25mg/dI cardiac baseline S. protocol of 2 /dL
(110Imolfl) cathetersat Creat. NaHCQat
3. Cr. Clearance45ml/min ion or within 48 3ml/kg/hr
arteriograp 72 hours of for 2hr
Exclusion Criteria hy contrast pre-
procedure
1. S. Creat. 4.5mg/dl (3645 2 )t ,
HO / KFy3S osgigd @ 1ml/kg/hr
(44.2> Y #)fwithin the previous during and
week for 6-12hr
3. Emergencygathetergation post
4. Pulmonary oedema procedure
5. Preexisting dialysis
6. Recent exposure to contrast
media
7. Multiple
myeloma NAC 600mg Mean Mean S.
8. Uncontrolled hypertension orally +SD: Creat. +SD:
9. Haemodynamidnstability twice daily | 186.6+15. | 1.60+0.07mg
10. Current treatmentvith day 4 /dL
dopamine, mannitolfenoldopam preceding
aminophylling theophylline and day of
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
ascorbicacid orNAC Both NAC + | Excluded from analysis
11. Pregnant or childbearing NaHC®
women
12. Known hypersensitivity to
contrastmedia or NAC
13. Patients undergoing
interventions limited to the major
renal vasculature
Heng Inclusion Criteria 1. Coronary 65 Increase in | lomeprol | Bicarbonat| NAC 1200 mg | Mean Mean S.
2008 angiograph S. Creat. LowOsm | e saline orally +SD: Creat. +SD:
(115) 1. Stable CRF (eGFB6mI/min and | y/ PCI xXn ®dp lodixanol | 1.4% IV at twice daily | 20870 178+53mmol
S. Creat variability &.1mg/dl (44 Iso-Osm 1ml/kg/hr day /L
between levels measured2 pumol/L), for 12 preceding
months before procedure and the >25% hours pre and day of
baseline level taken within 24 hour increase S. and 12hr procedure
beforeintervention Creat. post Placebo placebo Mean Mean S.
above procedure orally +SD: Creat. +SD:
Exclusion Criteria baseline or (6 hours twice daily | 198+76 193+76mmol
>5ml for day /L
1. Age 48 years decrease in patients preceding
2. Pregnancy eGFR with heart and day of
3. Allergy to NAC within 48 failure) procedure
4. Dialysis hours of
5. Acuterenalfailure contrast
6. Haemodynamic instability
7. Overtcongestivecardiac failure
8. Administration ofodinated

contrastmedia, nephrotoxic agent

or NAC vthin the last 30 days prior
to inclusion

9. Patients on nephrotoxic agents

such as NSAIDs or aminosides
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Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

Hoole
2009
(116)

Inclusion Criteria

Mm@ 1B ¥ears
2. Elective PCI
3. Able to give informed consent

Exclusion Criteria

1. Emergency PCI

2. Elevation of cTnl pseCl
3.Women of chilebearing age

4. Nicorandil or glibenclamide use
5. Severe comorbidity (estimated
life expectancy € months)

1.PCI

218

>25%
increase
above
baseline S.
Creat.
within 24
hours of
contrast

lopromide
LowOsm

RIPC

Blood
pressure
cuff
placed
around
non-
dominant
upper
arm. The
cuff
inflated to
200mmHg
pressure
for5
minutes,
followed
by 5
minutes of
deflation
and
repeated
2 more
times to 3
cycles in
total

Mean
+SD:
196.7+80.
1

eGFR,
median
(IQR):
72.0 (55.8
86.0)

Placebo

Placebo
group:
similar
cuff
placed
around
the upper
arm, but it
was not
inflated

Mean
+SD:
187.5+74.
2

eGFR,
median
(IQR):
75.5 (65.3
89.8)
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Hsu Inclusion Criteria 1. Contrast 241 Increase in | lohexol 3mL/kg/h | Intravenous | 600mg of | Mean Mean S.
2012 Enhanced { ® / NJX lobitridol | of NAC NAC in +SD: Creat. +SD:
(117) 1. Adult patients undergoing CT 0.5mg/dL lopromide | 0.9% NalC 0.9% 91.1+10.0| 1.404.58mg
abdominal or chest contrast (44pmol/L) | All are: for 1hr sodium /dL
enhanced CT in Emergency or >25% LowOsm | pre-CT, chloride at
Department increase continued 3mL/kg
above at for 1hr
Exclusion Criteria baseline ImL/kg/hr pre-
within 48 for 6hr contrast
1. Longterm haemodialysis 72 hours of postCT Control v Mean Mean S.
2. Peritoneal dialysis contrast (decrease hydration | +SD: Creat. +SD:
3. Received another dose of dto only 88.1+10.0 | 1.260.43mg
contrast medium within 72 hours 0.5mL/kg/ JdL
4. Refusal to sign consent forms hrin
5. Known allergy to NAC patients
with
clinical
evidence
of CHF)
Huber Inclusion Criteria 1. Coronary 112 Increase in | lomeprol | 100ml Theophyllin | 200mg IV | Mean Mean S.
2003 angiograph { ® / NX LowOsm | Nad 30 e 30 +SD: Craat. £SD:
(118) 1. Chronic renal insufficiency (S. |y 0.5mg/dL minutes minutes 196.5+84. | 1.65+x0.41mg
/ NI I-1{Brbg/di undergoing (44pmol/L) before before 1 fdL
coronary angiography within 48 coronary coronary
hours angiograp angiograp
Exclusion Criteria hy, fluid hy
Ay 2]
1. Pregnancy L/day was Placebo IV _ Mean Mean S.
2. Contraindications to theophylling advised hydration | +SD: Creat. £SD:
only 216.6495. | 1.72+0.69mg
0 /dL
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Inda Inclusion Criteria 1. 561 Increase of | loxitalam | All Intravenous | NAC in Mean Mean S.
Filho 1. Age> 18 years Angiograph ¥ ndo) ate patients NAC D5W at +SD: Creat. +SD:
2014 2. Elective coronary angiography g y / or absolute | H-rOsm receive 150mg/kg | 21+16.7 1.00£0.25mg
(119) ventriculography ventriculog gt dzS Nad /hr as /dL
raphy 1.1mg/dL (0.9%, bolus
Exclusion Criteria of S. Creat. isotonic) prior to
at 72 hours given contrast,
1. Received an iodinated contrast intravenou then at
medium intravascularly within 30 sly at 50mg/kg/
days preprocedure 1mL/kg/h. h
2. Emergency coronary Patients NaHC® 150mEq of| Mean Mean S.
cathetersation received 8.4% +SD: Creat. +SD:
3. Pulmonary oedema medicatio NaHCQin | 22+17.6 1.00+£0.24mg
4. Acute decompensated congestiy ns 1L 5% /dL
heart failure intravenou dextrose
5. On nonsteroidal anti sly 60 given as
inflammatory drugs or metformin minutes bolus at
at the time of the study immediate 3.5ml/kg/
6. Declined to participate ly before, hr pre-
during, contrast,
and 6 then at
hours 1.18ml/kg
immediate /hr
ly after
contrast Control \Y) Mean Mean S.
hydration | £SD: Creat. +SD:
only 28+22.4 1.04+0.41mg
/dL
Both NAC + | Excluded from analysis
NaHCQ®
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of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Izani Inclusion Criteria: 1. 108 25% lohexol 0.45% NAC 600mg BD| Contrast | S. Creat.
2008 Patients electively admitted for Coronary increase in | Low-Osm | normal for 4 days | (ml)Mean | Mean ED):
(238) coronary angiography > Agars angiograph serum saline 12 started 12 | (SD): 123.7(17.08)
with creatinine clearance 40 y+ PCI creatinine hours hours 136.73(10
90ml/min above the before before 0.23)
baseline, contrast contrast
Exclusion Criteria: 48 hours start and administra
1. Severe renal failure after after at tion
2. Severe peptic ulcer exposure rate of Control Only IV Contrast | S. Creat.
3. Allergy to NAC @asthma to contrast 1ml/kg/h saline (ml)Mean | Mean SD):
4. Pregnancy or breafteding media (SD): 124.4(21.89)
126.67(94
.37)
Jaffery Inclusion Criteria 1. Coronary 456 >25% lodixanol | Additional | Intravenous | 1,200mg Mean Mean S.
2012 angiograph increase Iso-Osm intravenou | NAC bolus +SD: Creat. +SD:
(121) 1. Diagnosis of ACS y/ PCI above s normal followed 169.5+94 | 1.09+0.4mg/
2. Age >18years baseline S. saline by 5 dL
Creat. (0.9% NaC 200mg/hr
Exclusion Criteria within 72 in water) for 24hr
hours of was Placebo matched Mean Mean S.
1. Endstage renal disease (ESRD) contrast administer placebo +SD: Creat. +SD:
requiring dialysis ed such 161.3+£83. | 1.07+0.4mg/
2. Known hypersensitivity to NAC that the 4 dL
3. History of lifethreatening total
contrast reaction. volume of
fluid
infused
was equal
to
lccl/kg/hr
for 24hr
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of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Jo Inclusion Criteria 1. Coronary 212 Increase in | lodixanol | Isotonic Alphalipoic | 600mg Mean Mean S.
2013 angiograph Sp / NB| IsoOsm normal acid orally 8 +SD: Creat. +SD:
(122) 1. Age 39 years y/ PCI 0.5mg/dL Ipromide | salineat hourly 165.2+83. | 120.8+69.8m

H® / NBFGod Of SI NJ (44pmol/L) | LowOsm | 1ml/kg/hr commenc | 6 mol/L

3. Elective procedure or >25% lobitridol | for 12 ed day of

increase LowOsm | hours pre procedure
Exclusion Criteria above and 12 ,uptoa
baseline hours total of

1. Acutecoronarysyndrome post- 3600mg

2. Cardiogenic shock procedure

3. Pulmonary oedema

4. Emergencgoronaryangiography

5. Acute renafailure

6. Endstagerenaldiseaserequiring

dialysis

7. Previougxposureto contrast

mediumwithin seven days of study|

8. Pregnancy Control vV Mean Mean S.

9. Lactation hydration | +SD: Creat. +SD:

10. Hypersensitivity teontrast only 174.6+10 | 108.2+37.5m

media 3.6 mol/L

11. Mechanical ventilation

12 Parenteralseof diuretics

13. Multiplemyeloma

14. Use ofnetformin or non-
steroidal antiinflammatory drugs
within 48 hours of procedure
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of Definition OSM n Volume Renal
patients (ml) function
in
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Jo Inclusion Criteria 1. Coronary 243 Increase in | lodixanol | Half Simvastatin | 40mg Mean Mean S.
2008 angiograph { ® / NJ IsocOsm isotonic twice daily | £SD: Creat. +SD:
(123) 1. Age 39 years y 0.5mg/dL normal for 2 days, | 173.3+99. | 1.285+0.409

HO . | &St A ¢Bng/lLdr / (44umoliL) salineat twice pre | 3 mg/dL

I NBlFid Of SI NI yOf or >25% 1ml/kg/hr and twice

increase for 12 post
Exclusion Criteria above hours pre angiograp
baseline and 12 hy to total

1. Acutecoronarysyndrome hours 160mg

2. Cardiogenic shock post Placebo placebo Mean Mean S.

3. Pulmonary oedema procedure twice daily | +SD: Creat. +SD:

4. Emergencgoronaryangiography for 2 days, | 190.9+13 | 1.234+0.358

5. Acute renafailure twice pre | 3.5 mg/dL

6. thd stagerenaldiseaserequiring and twice

dialysis post

7. Previousxposureto contrast angiograp

mediumwithin seven days of study| hy to total

8. Pregnancy 160mg

9. Lactation

10. Hypersensitivity toontrast
media

11. Mechanical ventilation

12 Parenteral use of diuretics
useof NACascorbicacid,
metformin or nonsteroidal anti
inflammatory drugs within 48 hours
of the procedure

13. Multiplemyeloma

14. Statin use within 30 days of

procedure
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of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Jo Inclusion Criteria 1. Coronary 179 Increase in | lodixanol | Half NAC 1,200mg | Mean Mean S.
200912 angiograph { ® / NJ IsocOsm isotonic orally +SD: Creat. +SD:
4) 1. Age 39 years y 0.5mg/dL normal twice 203.6+14 | 1.38+0.52mg
HO . | &St A ¢Bng/lLdr / (44umoliL) salineat daily, 1.9 fdL
I NBlFid Of SI NI yOf or >25% 1ml/kg/hr twice pre
increase for 12 and twice
Exclusion Criteria above hours pre post
baseline and 12 angiograp
1. Acutecoronarysyndrome within 48 hours hy, to a
2. Cardiogenic shock hours of post total of
3. Pulmonary oedema contrast procedure 4,800mg
4. Emergencgoronaryangiography Ascorbic 5mg pre Mean Mean S.
5. Acute renafailure acid procedure | £SD: Creat. +SD:
6. Endstagerenaldiseaserequiring in divided | 216.4+13 | 1.27+0.35mg
dialysis dosesof | 6.1 /dL
7. Previougxposureto contrast 3g and 2g
mediumwithin seven days of study| with 12h
8. Pregnancy interval,
9. Lactation two doses
10. Hypersensitivity toontrast of 2g at
media 12h
11. Mechanical ventilation intervals
12 Parenteral use of diuretics post
useof NACascorbicacid, procedure

metformin or nonsteroidahnti-
inflammatory drugs within 48 hours
of the procedure

13. Multiplemyeloma
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of Definition OSM n Volume Renal
patients (ml) function
in
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Jurade Inclusion Criteria 1.PCI 473 Increase in | lodixanol | As per IV hydration | Isotonic Mean: Mean GFR
Roman { ® / NJ IsocOsm interventi normal 180 +SD:
2015 1. Patients with STEMI undergoing 0.5mg/dL on salineat 90+21
(125) primary PCI (44pmoliL) protocol Iml/kg/hr
or >25% from start mg/min/1.73
Exclusion Criteria increase of m2
above procedure

1. Endstage renal failure requiring baseline continued

dialysis within 3 for 24h

2. Cardiac arrest days of Control no Mean: Mean GFR

3. Severe heart failure (Killip 11l to contrast hydration | 173 +SD:

V) 88+54
mg/min/1.73
m2

Kai, Z Inclusion Criteria: 1. Coronary 89 wSt I G A lopamidol | intravenou | Standard 2g corbrin | Mean+SD: | S. Creat.

2015 Patients > 18 years and3@ years | angiograph 25%) or an | Low-Osm | sisotonic | Cordyceps | capsules, 3| 248.87+48.| Mean+SD:

(239) with Type 2 diabetes whose Foazfq saline times/d, 3 | 69 121+19
estimated glomerular filtration rate nnoH > (0.9%) at a days before

6SDCw0O gFa& X n ) increase rate of and after

in serum approxima procedure

Exclusion Criteria: creatinine tely Control No Mean+SD: | S. Creat.

1. Hyperpyrexia or allergic to ioding from the 1mL/kg (basic Cordyceps | 246.85+49.| Mean+SD:

2. Tumours baseline per hour treatment 74 122+19

3. Severe heart failure value for 6h group)

4. Severe kidney failure within 3 before, Intensive 3g corbrin | Mean+SD: | S. Creat.

5. Severe liver failure days after and 12 h | Cordyceps | capsules, 3| 250.87+50.| Mean+SD:

6. Disorders of the immune system| intravascul after, times/d, 3 | 72 122+19

7. Blood diseases. ar contrast This group | days before

administrat exposure | was not and after
ion of analysed procedure
contrast

medium
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of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Kama Inclusion Criteria 1.CECT 123 Increasen | LowOsm | 1,000mL | Nad 150mg/kg Median S.
2014 { ® / NJ lohexal of 0.9% 1L 0.9% Creat. (IQR):
(126) 1. Patients whcdhad CECT in 0.5mg/dL | All NaCl at a NaCl at 1.62 (1.4
Emergency Department (44pmol/L) | Patients rate of 350mL/ho 2.07) mg/dL
2. Age> 18 years or >25% get Less | 350mL/hr ur
3. Mehran risk score for @I increase than
moderate and highriskgroups (55 above 100ml
points) baseline | volume Control vV Median S.
within 48 hydration Creat. (IQR):
Exclusion Criteria 72 hours of only 1.47 (1.0
contrast 1.68) mg/dL
1. Low risk for GAKI
2. Allergy to contrast
3. Haemodynamicallyunstable
requiring excessive fluid
resuscitation or surgery
4. Renaleplacement therapy
5. Did not provide informed NaHC@ 150mEq in Median S.
consent 1L 0.9% Creat. (IQR):
NacCl at 1.49 (1.12
350mL/ho 1.85) mg/dL

ur
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of Definition OSM n Volume Renal
patients (ml) function
in
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Kay Inclusion Criteria 1. Coronary 216 >25% LowOsm | NaCl at NAC 600mg Mean Median S.
2003 angiograph increase ImL/kg/hr orally (IQR): Creat. (IQR):
(127) 1. Patients with stable moderate | y/ PCI above for 12hr twice daily | 130 (75 1.24 (0.77
renal insufficiency (S. Creat > baseline S. pre- and day 320) 2.99) mg/dL
1.2mg/dL (106umol/L) or creatining Creat. 6hr post preceding
clearance < 60mL/min) within 48 contrast. and day of
2. Elective coronary angiography hours of procedure
and/or intervention contrast Liberal , total 2
intake of days
Exclusion Criteria oral fluid
was
1. Dialysis encourage
2. Acute renal failure d
3. Contrast media or nephrotoxic
agent within the last 30 days
4. Overt congestive heafailure
5. Severe valvular disease
?' IC_:\(/)%TD%% Placebo placebo Mean Median S.
. or asthma
8. Allergy to NAC orz_:llly _ (IQR): Creat. (IQR):
twice daily | 120 (70 1.26 (0.75
day 380) 3.64) mg/dL
preceding
and day of
procedure
, total 2
days
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Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

Kefer
2003
(128)

Exclusion Criteria

1. S. Creat. 3mg/dl
2. Acuterenalfailure

1. Coronary
angiograph
y

2.PCI

109

Increase in
{ ® / NX
0.5mg/dL
(44pmoliL)
or >25%
increase
above
baseline
within 24
hours of
contrast

LowOsm
lopromide
or

lohexol
Mean
CV/ml per
procedure

199+77

Intravenous
NAC

1200mg in
200ml
0.9% NacCl
in two 60
minute
infusions,
first 12hr
pre-
procedure
,and
second
following
administra
tion of
contrast.

Placebo

placebo in
200ml
0.9% NacCl
in two 60
minute
infusions,
first 12hr
pre-
procedure
,and
second
following
administra
tion of
contrast.
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Khosravi | InclusionCriteria: 1. Coronary 229 Increase in | IsoOsm Isotonic Atorvastatin | 80mg/d < 200ml S. Creat.
2016 Patients aged between 55 and 75 | angiograph serum saline from 48h | for 96.3% | Mean+SD:
(240) who had diabetes (fasting blood |y creatinine (0.9% before of 1.53+0.44
sugar > 126mg/dL, random blood more than sodium angiograp | patients
sugar > 200mg/dL, and glucose 0.5mg/dL chloride or hy
tolerance test > 200mg/dL) and or more half saline, | Placebo Matching | <200ml | S. Creat.
chronic renal failure (creatinine > than 25% 13mL/kg/h Placebo for 98.2% | Mean+SD:
1.5mg/dL or 15 < glomerular from the ), of 1.47+0.42
filtration rate [GFR] < baseline intravenou patients
60ml/min/1.73m?) and were (for this sly, and N
candidates for elective angiograph analysis we acetylcyst
took 48 eine (NAC)
Exclusion Criteria: hour 1200mg,
1. Recent treatment with 80mg of inciden®) orally,
statin (high dose) twice a
2. Need for emergency angiograph day, 1 day
3. Contraindications to statin before to
prescription 2 days
4. Previouscontrastmedia after
administration during the preceding interventi
10days on started
5. Chronic dialysis treatment, and from 1
informed refusal of consent hour
before
angiograp
hy until 4
hours
after
Khoury | Inclusion Criteria 1.CT 87 >25% Radiologis| Normal Nifedipine 10mgl Mean Mean S.
1995 2. increase t saline 0.5 hourpre- | £SD: Creat. +SD:
(129) 1. Patients undergoing Angiograph above preferenc | 1.5L pre procedure | 126+34.8 | 92.4+53.1m
radiocontrast study y baseline S. | e allowed | procedure mol/L
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of Definition OSM n Volume Renal
patients (ml) function
in
analysis
3.IVP Creat. to and 0.5L Control no Mean Mean S.
Exclusion Criteria 4. above after interventi | +SD: Creat. +SD:
Venogram 124pmol/L on 118.1+41. | 92.5+31.6m
1. NSAID use 8 mol/L
2. Use of nephrotoxic drugs
3. Contrast media administration
within 72 hours of procedure
4. LVEF < 30%
Kimmel | Inclusion Criteria 1. Coronary 60 Increase in | lomeperol | 1ml/kg/h NAC 600mg Mean Mean S.
2008 angiograph {® / NXe infusion of orally +SD: Creat. +SD:
(130) 1. Mild to moderately impaired y 0.5mg/dL | LowOsm | 0.45% twice daily | 187+88 151+0.23mg
kidney function (44pmol/L) saline for day /dL
2. Age> 18 years or >25% 24h (12h preceding
o ® { & 12mghilofiGreatigine increase before and and day of
clearance < 50 ml/min measured b above 12h after procedure
a 12 or 24-hour urine collection baseline exposure , total 2
to contrast days
Exclusion Criteria media
Zinc 60mg Mean Mean S.
1. Acute inflammatorylisease once daily | +SD: Creat. +SD:
2. Medication with NSAID or onthe day| 173+85 | 1.60+0.49mg
metformin up to 3 days before before /dL
entering study missing
3. Abnormal findings in physical doses
examinations, e.g. signs of replaced
dehydration or inflammation. by
placebo
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Placebo placebo Mean Mean S.
orally +SD: Creat. +SD:
twice daily | 219+105 | 1.65+0.65mg
day /dL
preceding
and day of
procedure
, total 2
days
Kinbara | Inclusion Criteria 1. Coronary 49 Increase in | lopamidol | Nad NAC 704mg Mean Mean S.
2010 angiograph { ® / NX LowOsm | 1ml/kg/hr orally +SD: Creat. +SD:
(131) 1. Patients with stable S. Creat. y 0.5mg/dL for 30min twice daily | 147423 1.00+0.36mg
006l aSstoAngRL & 1224h 2.PCl (44pmol/L) pre-and day /dL
pre-procedure)concentrations after 48h 10h post preceding
undergoing coronary angiograpky procedure and day of
PCI procedure
, total 2
Exclusion Criteria days
Control \ Mean Mean S.
1. Acute MI requiring primary or hydration | +SD: Creat. +SD:
rescue PCI only 141+14 0.97+0.29mg
2. Use of vasopressors before PCI /dL
3. Cardiogenic shock Aminophylli | 250mg as | Mean Mean S.
4. Current peritoneal dialysis or ne a short +SD: Creat. +SD:
haemodialysis infusion 142+15 0.94+0.21mg
5. Planned postontrast dialys (200ml /dL
6. Allergies to the medications saline,
being studied 0.9%) 30
7. Overt congestive heart failure min pre-
8. Severe valvular disease procedure

9. LVER 30%

10. Pregnancy

11. Multiple myeloma
12. Amyloidosis
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Kitzler Inclusion Criteria 1. Elective 30 >25% LowOsm | 0.45% NAC 1200gm 100ml Mean S.
2012 CT increase lopromide | saline NAC Creat. +SD:
(132) 1. Chronic kidney disease stagd 1 above infusion at granules+ 1.37£0.51mg

2. Elective CT with neionic baseline S. Iml/kg/hr placebo /dL

radiocontrast agents Creat. at 48 for 12h emulsion

3. Age 318years hours before and oral route,

4. S. Creat> 1.25mg/dL for males after CT. 12 and 6h

and 1.09mg/dL for females before

4. No renal replacement therapy and 6 and

12h post
Exclusion Criteria procedure
, as well as

1. Acute kigey injury 0.45%

2. Increase of 8.2mg/dL in S. saline

Creat. from baseline to enrolment infusion

3. Administration of vitamin E, NA( (1:1

or other antioxidant therapy within dilution of

4 weeks of study 0.9%

4. Participation in an investigationg saline with

clinical trial within 1 month prior to 5%

the startof the study glucose)
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Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

5. Known or suspected allergy to
the investigational drugs

6. Current use of theophylline,
dopamine, furosemide, or
mannitol.

Vitamin E

Placebo
granules +
vitamin E
emulsion
(540mgq)
intraveno
usly 12
and 6h
before
and 6 and
12h post
procedure
, as well as|
0.45%
saline
infusion

100ml

Mean S.
Creat. £SD:
1.37+£0.2mg/
dL
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Placebo Placebo 100 Mean S.
granules + Creat. +SD:
placebo 1.33£0.12mg
emulsion /dL
as well as
0.45%
saline
infusion
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Klima Inclusion Criteria 1. Contrast 185 Increase in | LowrOsm | Additional | IV hydration | NaCl at Median Median S.
2012 Study { ® / NJ IsocOsm oral fluid ImL/kg/h | (IQR): Creat. (IQR):
(133) 1. Patients undergoing intrarterial 0.5mg/dL lopromide | intake was beginning | 100 (80 141 (112
/ intravenous radiological contrast (44pmol/L) | lomeprol | encourage from 8pm | 163) 158) mmd/L
study with renal dysfunction (S. or >25% lopentol dinall on the day
Creat.>0.93umol/L for women and increase lohexol groups pre- and
0.117pmol/L for men, or above lobitridol T 2 N2hx
eGFR 60mL/min/1.73n% baseline at | lodixanol post
48h procedure
Exclusion Criteria
1. Age 48 years CV median
2. Dialysis (IQR), mL:
3. Allergy to radiographic contrast 100 (80
4. Pregnancy 163)
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Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

5. NYHA class Ill and IV heatrt failu
¢ ® b24i befidfe contrast

7. Clinical endition requiring
continuous fluid therapy, e.g.
severe sepsis

NaHC®

Initial
intraveno
us bolus
3mL/kg/h
of
166mEq/L
NaHCQ®
for 1hr
pre-
contrast.
Following
this,
patients
received
the same
fluid at
ImL/kg/h
during and
for 6h
post
procedure

Median
(IQR):
100 (86
143)

Median S.
Creat. (IQR):
141 (115
164) mmol/L

Intravenous
and oral
NaHC®

Excluded from analysis
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Ko Inclusion Criteria 1. Coronary 159 Increase in | lodixanol | 0.45% Nicorandil 12mg Mean Mean S.
2013 angiograph { ® / NJ IsocOsm saline at dissolved | £SD: Creat. +SD:
(134) 1. eGFR 80 mL/min y 0.5mg/dL ImL/kg/hr in 100mL | 125.6+69. | 1.73+0.6mg/
(44pmoliL) (0.5mL/kg of 0.9% 1 dL
or >25% /hr saline
increase if LVEF <
above 40%)
baseline at administer
48h SR x
pre- and
post
procedure
Control 100ml of | Mean Mean S.
0.9% +SD: Creat. £SD:
saline 126.9+74. | 1.61+0.44mg
6 /dL
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Koc Inclusion Criteria 1. Coronary 241 Increase in | lohexol As per Intravenous | IV bolus of| Median Mean CrClI.
2012 angiograph { ® / NJX LowOsm | interventi | NAC 600mg (IQR): +SD:
(136) Mm@ 1B ¥ears y 0.5mg/dL on twice daily | 130 (100 | 59+16mL/mi
HO / NBI Ay wehE/midf 2.PCI (44umoliL) protocol before 155) n
'y Rk 2 NJ {1emgldNB I { ¢ or >25% and on the
increase day of
Exclusion Criteria above procedure
baseline at (total =
1. Contrastagent hypersensitivity 48h 2.4q) plus
2. Pregnancy 1V Q9%
3. Lactation saline
4. Decompensated heart failure ImL/kg/h
5. Pulmonary oedema before, on
6. Emergencygatheterigation and after
7. Acute renal failure the day of
8. Endstage renal failure procedure
Control IV 0.9% Median Mean CrCl.
saline (IQR): +SD:
ImL/kg/h | 130 (119 | 63+15mL/mi
12h pre 150) n
and 12h
post
procedure
IV hydration | 1V 0.9% Median Mean CrCl.
saline (IQR): +SD:
ImL/kg/h | 120 (100 | 58+16mL/mi
before, on | 150) n
and after
the day of
coronary
procedure

114




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Koc Inclusion Criteria 1. Coronary 216 Increase in | lohexol As per NaHC® 154mL Median Median S.
2013 angiograph { ® / NJX LowOsm | interventi of 8.4% (IQR): Creat. (IQR):
(135) 1. Diabetesnellitus y 0.5mg/dL Preferred | on NaHC® 90 (85 1.0 (0.81.3)
2. Age> 18 years 2.PCI (44pmoliL) protocol add to 100) mg/dL
or >25% 846mL of
Exclusion Criteria increase 5%
above glucose
1. Hypersensitivity to contrast baseline at given at
2. Decompensatetieart failure 48h Iml/kg/hr
3. Pulmonarypedema 6hr pre
4. Pregnancy and 6h
5. Lactation post
6. Severe renal impairment procedure
7. Emergencprocedure
8. Contrasmediumadministration
within 7 days
IV hydration | IV Median Median S.
Hydration | (IQR): Creat. (IQR):
Group: 90 (90- 1.0 (0.871.3)
1ml/kg/ho | 100) mg/dL
ur for 12h
pre- and
12h post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Koch Inclusion Criteria 1. Coronary 83 Maximum | IsoOsm 2000ml PGE1 20ng/kg/ | Mean Mean S.
2000 angiograph creatinine | (320& (1000ml min 1h +SD: Creat. +SD:
(137 1. Age 318 y increase 340mg/ml | NacCl prior to 158.5+£73. | 2.07+0.48mg
2. Stable impaired renal function (§ 2. over 48h ) solution/ radiocontr | 86 (20 /dL
/' NB F1ibreg/di Peripheral was 1000m ast 445)
angiograph separated 5% administra
Exclusion Criteria y according glucose tion and
to the cut solution) continued
1. Ml off @I f dz for 24h for total of
2. Cerebral stroke 0.5mgdl, x pre- and 6h.
3. Chronic cardiac insufficiency 1.0mg/dl post PGE1 The other 2 arms with 1@0ng
4. Unstable angina pectoris Thecut-off procedure concentrationare not included in this
5. Significant arrhythmias LR AY analysis
6. Intake ofdigitalis 0.5mg/dlis Placebo placebo Mean Mean S.
7. Clinically relevant respiratory, usedfor prior to +SD: Creat. +SD:
gastrointestinal, hematologic, or this radiocontr | 158.5+73. | 2.41+0.72mg
neurologic illness analysis ast 86 (26 /dL
8. Haemodialysis or progressive administra | 445)
renal failure tion and
9. Severe liver damage continued
10. Multiple myeloma for total of
11. Autoimmune illnesses or sever 6 h.

allergies

12 Severe uncontrollde HTN
(systolic >220mmHg)

13. Arterial hypotension (systolic <
80mmHg)

14. Cardiogenishock

15. Infectious diseases or fever
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Kong Inclusion Criteria 1. Coronary 85 Increase in | lopromide | Patients IV hydration | NaCl at Mean Mean S.
2012 angiograph { ® / NJX LowOsm | allowedto 1ml/kg/hr | £SD: Creat.£SD:
(138) 1. Suspected or definitive coronary y 0.5mg/dL drink tap 12h pre 139.6454. | 102+25.9mm
artery disease 2.PCI (44pmoliL) water or and 24h 3 with ollL
2. Age 1830 years old or >25% other fluid post PCI;
3. Normal renal function increase freely in procedure | 79.4422.4
above all groups without
Exclusion Criteria baseline at PCI
48h-72h Oral 500ml of | Mean Mean S.
1. Acute MI Hydration tap water | =SD: Creat. +SD:
2. LVER 45% pre- 142.8+56. | 108+32.78m
3. Blood electrolyte disturbance procedure | 1 with mol/L
4. Liver dysfunction and PCI;
2000ml 74.7+20.2
within 24 | without
hours post | PCI
procedure
Oral 2000ml oral tap water within 24 hours
Hydration postprocedure
NB: this group was excluded from our
analysis (post intervention hydration
only)
Kooiman| Inclusion Criteria 1.CTPA 145 Increase in | lopromide | As per NaHCQ® 250mL IV | Mean Mean eGFR
2014a { ® / NX LowOsm | interventi 1.4% +SD: +SD:
(140) 1. Chronic renal impairment (eGFH 0.5mg/dL lobitridol | on NaHC@1 | 73.8#8.1 | 48.2+15.4
<60ml/min) (44pmol/L) | Low-Osm | protocol hour
2. High clinical suspicion of acute | or >25% lodixanol before
increase Iso-Osm CTPA
Exclusion Ceéria above Contrast without
baseline at | type hydration
1. Pregnancy 48h-96h according after CTPA
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
2. Previous contrast administration to each Control No Mean Mean eGFR
within the past 7 days hospital interventi | +SD: +SD:
3. Documented allergy for iodinate guidelines on 74.5+10.3 | 50.2+15.5
contrast media
4. Haemodynamidnstability (SBP <
100mmHg)
Kooiman| Inclusion Criteria 1.CECT 560 Increase in | low-Osm | As per NaHC@ 250mL IV | Mean
2014b { ® / N&X lomeprol | interventi 1.4% +SD:
(139) 1. Elective GET 0.5mg/dL | lobitridol | on NaHC@1 | 105.7+21
2. Age> 18y (44pmol/L) | lodixanol | protocol hour pre-
3. CKD (eGFR < 60mL/min/1.723m or >25% CECT
increase IVhydration | 2L 0.9% Mean
Exclusion Criteria above group: NacCl, 1L +SD:
baseline pre- and 104.7+21.
1. Pregnancy 1L post 6
2. Previous contrast administration CECT

within the last 7 days

3. Documented allergy for iodinate
contrast media

4. Haemodynamic instabilifsBR<
100mmHg)

5. Previous participation in the trial
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Kotlyar | Inclusion Criteria 1. Coronary 40 Increase in | lopromide | 0.9% Intravenous | 600mgin | Mean Median S.
2005 angiograph theserum | LowOsm | saline at NAC 100ml of | +SD: Creat.
(141) Mm® { O 0ANBOIG O X y creatinine 200ml/h 5% 89432 (Range):
2. Elective coronary, carotid or 2. Carotid concentrati 2h preand dextrose 27.545.8mm
peripheral angiography and/or angiograph on of at continued administer ollL
PTCA and stenting y least fora ed over 20
3. 0.044mmol further 5h min, 1-2h
Exclusion Criteria Peripheral /1 48-96 post before
angiograph hours post procedure angiograp
1. Allergy to the studynedication y procedure hy and
2. Unstable renal function (Creat. | 4. PTCA again 24h
Ay O NBIo4m&ol/kday) after
3. Patients on dialysis angiograp
4. Uncontrolled asthma hy
5. Pregnancy Placebo matched | Mean Median S.
6. Breastfeeding placebo +SD: Creat.
86141 (Range):
27.5£5.8mm
ol/L
Kumar Inclusion Criteria: 1.PCI 289 Increase in | Paifents 0.9% NAC 600mg Mean S.
2014 { ® / NJX randoms | sdine at orally Creat.
(142) 1. Patients without risk factors for 0.5mg/dL | edinto 2 Iml/kg/mi twice daily (Range):
AKI (44pmol/L) | groups: n (to max 12h pre Omnipaque:
2. Patients receiving < maximum or >25% 1. Low- of and post 1.0 (0.91.3)
permissible dose of the dye increase Osm 100ml/hr) contrast Visipaque
above Omnipaq | for 12h 1.1 (0.91.2)
Exclusion Criteria baseline ue pre- and
2.1s6Osm | 12h post
1. Patients receiving maximum Visipaque | procedure.
permissible dose of dye Patients
2. Use of nephrotoxic randomee
drugs dfirst to
3. Gout or serum uric acid levels > Omnipaqu
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
10mg/di e and Allopurinol | 300mg
4. Hypersensitivity or intolerance tq Visipaque orally 12h
allopurinol arms pre- and
5. Congestive heart failure or LVEF whichare post
40% analysed contrast
6. Inability to give consent separately
in this
study
IV Hydration| 1V
hydration
only
Kurnik Inclusion Criteria 1.PCI 28 Increase in | MD 76 75mmol/L | ANP Bolus: Mean S.
1990 { ® / NJX HiOsm NacCl in 50pg, Creat. +SEM:
(144) M® tFGASYyGa oAl 0.5mg/dL water at followed 2.4%0.7mg/d
1.8mg/L (44pmol/L) 100ml/hr by L
2. Elective cardiacathetergation above starting 12 1pg/min
baseline at hr pre- mixed in
Exclusion Criteria 24h post procedure 75mmol
contrast NaQd for 2
1. Hypersensitivity to peptide drugs hours
local anaesthetics, heparin or Mannitol 15% Mean S.
radiocontrast mannitol Creat. +SEM:
2. Pregnancy for 2 2.5+0.8mg/d
3. NYHAlasslV CHF hours L
4. Radiocontrast exposure within before
the previous? days and during
5. Ml within theprevious2 weeks procedure

6. Unstable renal function

7. Medical instability
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Kurnik Inclusion Criteria 1. Contrast 152 Increase in | Choice of | Intravenou | ANP 0.05pg/kg | Mean Mean S.
1998 enhanced { ® / NJX radiocont | s 0.45% /min 30 +SD: Creat. +SD:
(143) 1. Patients aged 185years radiographi 0.5mg/dL | rast agent | saline for minutes 141458 2.1+0.9mg/d
H® tFGASyGa sAaidfc (44pumol/L) | determin | 12hr pre before L
MPy YIK[ hw X MP| procedures or >25% ed by the | and and
1.8mg/L with CreatclearanceXX increase angiograp | continuing continuing
65ml/min above her for 12hr for 30
3. Elective cardiacathetersation baseline post minutes
contrast after
Exclusion Criteria radiocontr
ast
1. Hypersensitivity to peptide drugs administra
local anaesthetics, heparin or tion. The
radiocontrast other 2
2. Dialysis arms(0.1
o ® {100mmblg before study and
3. Dialysis 0.01pg/kg
4. Major surgery or radiocontrast /min were
exposure within theprevious7 days excluded
5. Expectedioseof radiocontrast < from this
than 75mL analysis)
6. NYHAclasslV CHF
7. Scheduled surgical procedure
within 48hr postprocedure Placebo matched | Mean Mean S.
8. Pregnancy placebo +SD: Creat. +SD:
9. Lack of consent 132454 §L1i0-56m9/

10. Cemorbidity
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Lawlor Inclusion Criteria 1. 54 Increase in 0.9% NAC 600mg in Mean S.
2007 Peripheral { ® / NX normal 30ml of Creat. +SD:
(146) 1. Preexisting renal impairment angioplasty 0.5mg/dL saline ginger ale 167+46mmol
2. Angioplasty for peripheral (44pmoliL) Iml/kg/hr orally /L
vascular disease or >25% for 12 twice
increase hours pre daily, day
Exclusion Criteria above and post prior to
baseline at procedure and day of
1. Acuterenalfailure 48h angioplast
2. Haemodynamic instability y
3. Unable to tolerate hydration Placebo 3ml of Mean S.
protocol for medical reasons 0.9% Creat. +SD:
4. Known sensitivity to NAC normal 172+48mmol
5. Unable to provide informed saline in /L
consent 30ml of
ginger ale
orally
twice
daily, day
prior to
and day of
angioplast
y
Control Out-patient oral hydratiorfollowed by

IV hydration, *excluded from analysis*
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Lee Inclusion Criteria Coronary 402 Increase in | lodixanol | As per NaHC® 154mEqg/L | Mean Mean S.
2011 and { ® / NJ IsocOsm interventi in (Range): | Creat.
(147) 1. Patients undergoing endovascul 0.5mg/dL on dextrose 113 (80 (Range):

arteriography or intervention ar (44pmoliL) protocol. and water | 200) 1.5(1.31.9)

HO { & 1.1yl eGFRK angiograph or >25% Also, NAC starting at mg/dL

60mimin/1.73m? y+ increase 1,200mg 3ml/kg/hr,

3. Age A8yr interventio above twice daily 1hr pre

4. Diabetes mellitus n baseline at for 2 days procedure

48h starting ,
Exclusion Criteria day before decreasing
procedure. to

1. Inability to obtain informed 1ml/kg/hr

consent during

2. S. Creat 8mg/dl, eGFR < procedure

15ml/min/1.73n¥ at rest and for

3. Endstage renal disease on 6hr post

haemodialysis procedure

4. Multiple myeloma (decrease

5. Pulmonary oedema dto

6. Uncontolled hypertension (SBP 0.5l/kg/ho

>160mmHg or DBP X00mmHg) urin

7. Acute STEMI while undergoing patients

primary PCI with LVEF

8. Emergency coronary angioplast) <45%)
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
or angiography IV hydration | 0.9% Mean Mean S.
9. Use of contrast media within the sodium (Range): | Creat.
previous 2 days chloride 120 (79 (Range):
10. Pregnancy 1ml/kg/ho | 223) 1.5(1.31.7)
11. Allergy to contrast medium or ur for 12 mg/dL
medicationssuch as theophylline, hours pre
dopaming mannitol, fenoldopam and post
and NAC procedure
(decrease
dto
0.5l/kg/ho
urin
patients
with LVEF
<45%)
Lehnert | Inclusion Criteria 1. 44 Increase in | lopentol 0.9% Haemodialy | Haemodial| Mean CV | Mean S.
1998 Angiograph { ® / NX LowOsm | saline IV at| sis ysis (ml/kg) Creat. +SD:
(148) Mo {GFof $4ngd / NJy 0.5mg/dL 83ml/h started +SEM: 2.58+0.25mg
(224pmolll) (44pmol/L) starting with 3.5+£0.6 /dL
2. Angiography (contrast medium above 12h pre injection
R 2 a 52mikg) baseline at and for of the last
48h post 12h post part of
Exclusion Criteria contrast procedure contrast
media and
1. Endstage renal disease continued
2. Allergy to contrast medium for 3
3. Prior exposure to contrast hours

medium within 14 days before
4. Age 80yr
5. Pregnancy
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Control v Mean CV | Mean S.
hydration | (ml/kg) Creat. +SD:
only +SEM: 2.26+0.2mg/
3.0£0.4 dL
Leoncini | Inclusion Criteria 1.PCI 559 Increase in | 1Iso-Osm 0.9% Statin 40mg Mean Mean S.
2014 { ® / N& lodixanol | saine IV at Rosuvasta| +SD: Creat. +SD:
(149) 1. NonSTEMI 0.5mg/dL | [Visipaqu | 1ml/kg/h tin attime | 183+80 0.95+0.27mg
2. Early invasive strategy (44pmol/L) | €] starting of /dL
or >25% 12h pre randomia
Exclusion Criteria increase and for tion
above 12h post followed
1. Current statirreatment baseline procedure. by
2. Highrisk features warranting NAC 20mg/day
emergency coronary angiography 1,200mg
(within 2h) twice daily
3. Acute renafailure or endstage for 2 days
renal failure requiring dialysis starting
4.SeruntDNBF GAYAY S o day before
5. Severe comorbidities which procedure.
precludedearly invasive strategy (Fluid
6. Containdications to statin decreased

125




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
treatment to Control No Statins | Mean Mean S.
7. Contrast medium administration 0.5l/kg/ho +SD: Creat. +SD:
within the previous 10 days urin 127472 0.96+0.28mg
8. Pregnancy patients /dL
9. Refusal of consent with LVEF
<40%)
Li, W Inclusion Criteria 1.PCI 176 Increase in | LowOsm | 0.9% Statin 80mg Mean Mean S.
2012 { ® / N& Ultravist | saline IV at Atorvastat | +SD: Creat. +SD:
(151) 1. Patients with acute STEMI 0.5mg/dL 1ml/kg/h in pre- 100+25.9 | 82.3+11.2m
2. Emergency PCI (44pmoliL) starting procedure mol/L
above 12h pre , and
Exclusion Criteria baseline 3 and for continued
days post 12hpost long-term,
1. Statin treatment within contrast procedure 40mg/day
preceding 3 months Placebo matched | Mean Mean S.
2. Renal or hepatic dysfunction placebo +SD: Creat. +SD:
3. Dialysis 103.6+26. | 82.6+11.3m
4. Prior fibrinolysis 2 mol/L

5. Unconsciousness on arrival
6. Cardiogenic shock with intra
aortic balloon pumping

7. Uncontrolled hypertension
8. Strke

9. Major operation within the
previous3 months

10. Refusl of PCI
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Li Inclusion Criteria 1. Coronary 228 Increase in | lohexol 0.9% Probucol 500mg Mean Mean S.
2009 angiograph { ® / NJX LowOsm | salineV at orally +SD: Creat. +SD:
(150) 1. Patients undergoinglanned y 0.5mg/dL 1ml/kg/h twice daily | 116165 0.99+0.4mg/
coronary angiography or 2.PCI (44pmoliL) for 12h for 3 days dL
intervention above post before
baseline 3 procedure and after
Exclusion Criteria days post the
contrast procedure
1. NYHAlasslV CHF Control No Mean Mean S.
2. S. Creat. 3.0mg/dI Probucol | £SD: Creat. £SD:
121456 1.08+0.71mg
/dL
Li Inclusion Criteria 1.PCI 123 Increase in | lohexol 0.9% ACE 10mg Mean Mean S.
2011 { ® / NJ low-Osm | sodium inhibitor Benazepril | £SD: Creat. +SD:
(153) 1. Mild to moderate renal 0.5mg/dL chlorideat daily for at | 167.37£5 | 83.2+15.44m
insufficiency (eGFR &®ml/min) (44pmoliL) 1ml/kg/hr least 3 1.23 mol/L
or >25% for 6 hours days pre
Exclusion Criteria increase pre- and 6 procedure
above hours
1. Diagnostic onlprocedure baseline at post
HO { ©176 NIOVLG X 72h post procedure
3. NYHA class IV CHF contrast
4. Renal artery stenosis
5. Diagnosed during angiography
6. Allergy to contrast medium
7. ACEl intolerance
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8. Autoimmune disease Placebo matched Mean Mean S.
9. Endstagerenalfailurerequiring placebo +SD: Creat. +SD:
dialysis 159.90+5 | 83.4+16.71m
10. Administration of contrast 1.58 mol/L
medium within theprevious6 days
or within thefollowing2 days
11. Pregnancy
Li Inclusion Criteria 1.PCI 175 Increase in | lohexol 0.9% PGE1 Intraveno | Mean Mean S.
2014 { ® / N&X low-Osm | sodium us +SD: Creat. +SD:
(152) 1. Patients undergoing coronary 0.5mg/dL chloride infusion at | 172432 0.98+0.14mg
intervention procedure (44pmol/L) solution 20ng/kg/ /dL
or >25% for routine min for 6h
Exclusion Criteria increase hydration before
above (volumel/r and after
1. Patients who used nephrotoxic baseline at ate not the
drugs during preoperative period 48h post specified) administra
2. Severe hepatic and renal angiograph tion of
dysfunction(eGFR < y contrast

30ml/min/1.73n®)

3. Active cancer

4. NYHA class IVCHF

5. LVEE 35 %

6. Thyroid or adrenal dysfunction
7. Acute or chronic infectious
diseases

8. Hyperpyrexia
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Control v Mean Mean S.
hydration | +SD: Creat. +SD:
only 168141 0.96+0.17mg
/dL
Liu, W Inclusion Criteria: 1. Coronary 151 increase of | lodixanol | 1-1.5ml/ Trimetazidin| 20mg Mean+SD:| Mean S.
2015 Patients 1875 yearsold with mild angiograph >25% or Iso-Osm kg per e three 124.94+3 | Creat. +SD:
(242) to moderateCKD (eGFR &%/min) | y an hour times daily | 1.65 107.74+24.03
absolute started 3- orally 48
Exclusion Criteria: increase of 12 hours hours
1. Acute renal failure %0.5mg/dl before before
2. End stage renal disease that in SCr from angiograp and 24
needs dialysis the hy and up hours
3. Unstablerenal function baseline to 12 after
4. Uncontrolled DM, HTN or value 48 hours coronary
hyperthyroidism 72 hours of thereafter angiograp
5. Class IV cardiac failure or left cortrast hy
ejection fraction < 35% administrat
6. Acute mypcardial infarction ion

requiring primary or rescue
coronary intervention

7. Cardiogenic shock

8. Administration of contrast medig
from 7 days before to 72 hours
after study intervention

8. Agents for CIN prevention (such
as NAC) or intake of nephrotoxic
drugsfrom 24 before to 24 hours
after

9. patients treated with ascorbic
acid within last 30 days

10 Allergy to Trimetazidine

129



Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Control No Mean+SD:| Mean S.
Trimetazid | 119.69+3 | Creat. +SD:
ine 4.28 103.38+19.43
Liu Inclusion Criteria 1. Coronary 1100 Increase in | Ultravist | As per Human 0.005pg/k | Median Mean S.
2014 angiograph { ® / NX lopromide | interventi | recombinan | g/minfor | (Range): | Creat. +SD:
(152) 1. Patients with unstable angina | y 0.5mg/dL on t (brain 24 hours | 128 (60 79.2+14.2m
2.PCI (44pmoliL) protocol natriuretic before 185) mol/L
Exclusion Criteria or >25% peptide) procedure
increase (rhBNP)
1. Early invasive therapyithin 12- above
24 hours) baseline at
2. Patients with refractory angina 48h post
or haemodynamicor electrical angiograph
instability y
3. Patients aincreased risk for
clinical event{CHF, serious
ventricular arrhythmias)
4. Highrisk of unstableangina
(resting anginavithin 48 hours or
infarction angina, S$egment
depression more than 1mm and 2(
minutes orincreased cardiac bio
markerstroponin T or 1)
5. Stable angina
6.STEMI
7.NSTEMI IV hydration | 0.9%, Median Mean S.
8. Preexistingrenal dysfunction. normal (Range): | Creat. +SD:
saline at 119 (63 81.5+16.7m
ImL/kg/h | 172) mol/L
for 24
hours
before PCI
CV/mL:
119
(63,172)
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Liu Inclusion Criteria 1. Coronary 232 wSt I (4 lodixanol | 0.9% NaCl| Human 0.005pg/k | Mean+SD:| Mean S.
2016 patients with CKD (eGFR between| angiograph 25%) or IscOsm at recombinan | g/minfor | 102 + Creat. +SD:
(241) 15 and 60mL/min/1.73/) aged 18 | y Foazftq 1.0mL/kg/ | t (brain 24 hours | 17.2 117.2+13.1
to 80 years and undergoing 2.PCI 0.5mg/dL, h for 12h | natriuretic before
coronary angiography or elective 44umol/L) before and | peptide) procedure
PCI increase in 12hafter (rhBNP)
SCr from CM Control Hydration | Mean+SD:| Mean S.
Exclusion Criteria baseline administra only 96 + 14.5 | Creat. £SD:
within 48 h tion 1205+ 14.7
1. Emergency PCI after CM
2. Patients with refractory angina exposure

or haemodynamicor electrical
instability

3. Patients at increased risi
clinical events (CHF, serious
ventriculararrhythmias)

4. Highrisk unstableangina festing
angina within 48 hours or infarctior|
angina, SBegment depression
more than 1mm and 2finutes or
increasel cardiac biomarkejs

5. Heart dysfunction

6. Hypersensitivity taontrast
media or BNP

7. Endstage renal failure
8.9stolicof 22 R LINBaa
100mmHg before study drug
infusion

9. CM administered within the
previous? days; BNP infusion
within 1 month; dopamine, NAC,
NaHCQ and fenoldopam during the

study.
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Ludwig | Inclusion Criteria 1. Coronary 107 >25% lopromide | 1000ml of | MESNA Infusion of | Median
2011 angiograph increase LowOsm | 0.9% 1600mg of | (Range):
(154) 1. Patients scheduled for cardiac | y above saline pre sodium 2 | 140 (120
catheteriation, arteriography or 2.PCI baseline S. and 500ml| mercapto | 200)
computed tomography with 3.CECT Creat. at 48 post ethanesulf
contrast agents hours procedure onate
H® {@® / NBIGD x in both (MESNA)
groups. CV/mL:
Exclusion Criteria No further 140 (120
oral fluid 200)
1. Patients undergoing dialysis intake was | Control v Median
2. Acuterenalfailure allowed. hydration | (Range):
3. Received iodinated contrast only 150 (126
media within 7 days prior to the 180)
study
4. Known aéirgy to MESNA
5. Pregnancy
6. Patients receiving dopamine,
mannitol or NAC
Luo Inclusion Criteria 1.PCI 276 Increase in | lopamidol | As per IV hydration | 0.9% Mean Mean S.
2014 { ® / NJX LowOsm | interventi normal +SD: Creat. +SD:
(156) 1. STEMI 0.5mg/dL on saline at 228.6184. | 76x14mmol/
2. Primary PCI (44pmoliL) protocol ImL/kg/hr | 5 L
or >25% for 12
Exclusion Criteria increase hours
above post
1. Chronic peritoneal or baseline at procedure
haemodialysis treatment 72h post Control no Mean Mean S.
2. Exposure to radiographic angiograph hydration | +SD: Creat. +SD:
contrast within the previous two y 241.2410 | 78+13mmol/
days 1.4 L

3. Allergies to radiographic contras

medium
4. Coronary anatomy not suitable
for PCI or primary CABG
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Luo Inclusion Criteria 1.PCI 208 Increase in | lopromide | IV saline RIPC Blood Mean eGFR
2013 { ® / NJX LowOsm | infusion at pressure +SD:
(155) Mm@ 1B ¥ears 0.5mg/dL ImL/kg/hr cuff 101+20mL/m
2. Elective PCI (44pmoliL) for 12h placed in
3. Informed consent or >25% pre- and around
increase 12h post non-
Exclusion Criteria above contrast. dominant
baseline Patients upper
1. Emergency PCI encourage arm. The
2.Baselingi N2 LI2 Y A Y X d to drink cuff
3. Nicorandil or glibenclamide use oral fluids inflated to
4. Inability to cooperate with trial post 200mmHg
protocol procedure pressure
5. Lack of informed consent for 5
6. Second procedure of staged minutes,
elective PCI followed
by 5
minutes of
deflation
and
repeated
2 more
times to 3
cycles in
total <2h
pre-
procedure
Control no Mean eGFR
interventi +SD:
on 100£20mL/m
in
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MacNeill | Inclusion Criteria 1. Coronary 51 >25% lopromide | Pre- NAC 600mg Mean Mean S.
2003 angiograph increase LowOsm | procedure twice daily | £SD: Creat. +SD:
(157) 1. Cardiacathetersation y above loxilan :0.45% start on 103452 1.89+0.38mg
2. Mild-moderate renallysfunction | 2. PCI baseline S. | Low-Osm | saline at day of /dL
0{® / NBIFG % mop) Creat. at 72 1ml/kg/hr procedure
hours for 12h , for total
Exclusion Criteria (in- of 5 doses
patients) Placebo matched Mean Mean S.
1. Acute renal failure and placebo +SD: Creat. +SD:
2. Dialysiglependent chronic renal 2ml/kg/hr 116+63.3 | 1.88+0.41mg
failure for 4h /dL
3. Exposure to contrast within the (day-case
preceding 5 days patients).
4. Emergent procedures Post
5. Pregnancy procedure
6. Age < 21 years 1 0.4%
7. Known sensitivity to saline at
acdylcysteine 75ml/hr
for 12h
Maioli Inclusion Criteria 1. Coronary 556 Increase in | lodixanol | as per NaCl 0.9% Mean Mean S.
2008 angiograph { ® / NJ IsoOsm interventi sodium (IQR): Creat. +SD:
(52) 1. Planned coronary angiographic | y 0.5mg/dL on chloride at | 170 (120 | 1.20+0.3mg/
procedures (44pmol/L) protoca ImL/kg/hr | 230) dL
2. Renallysfunction(estimated above for 12h
Creat.clearance< 60ml/min) baseline pre- and
5days post post
Exclusion Criteria contrast procedure
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NaHC® 154mEqg/l | Mean Mean S.
1. Creatclearancex c¢c n Y f kY in (IQR): Creat. +SD:
2. Refusal tgarticipate dextrose 160 (126 | 1.21+0.3mg/
3. Administration of contrast and water | 220) dL
medium within the previous 10 at
days 3ml/kg/h
4. End stage renal disease for 1h pre
procedure
, Iml/kg/h
for 6h
post
procedure
Maioli Inclusion Criteria 1.PCI 543 Increase in | lodixanol | as per NaHCG® 154mEqg/L | Mean Mean S.
2011 { ® / NJ IsoOsm interventi in +SD: Creat. £SD:
(158) 1. STEMI 0.5mg/dL on dextrose | 208+92 1.09+0.3mg/
2. Primary PCI (44pmoliL) protocol and water dL
or >25% at
Exclusion Criteria increase 3ml/kg/h,
above starting in
1. Contrast medium administration baseline the
within the previous 10 days within 3 emergenc
2. Endstage renal failure requiring days of y room for
dialysis contrast 1h,
3. Refusal to give informed consen followed
by
infusion of
ImL/kg/h
for 12
hours
after PCI

135




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
NaCl 0.9% Mean Mean S.
sodium +SD: Creat. #SD:
chloride at | 216101 | 1.10+0.4mg/
ImL/kg/h dL
for 12h
immediate
ly postPCI
Control no Mean Mean S.
hydration | +SD: Creat. £SD:
224194 1.08+0.3mg/
dL
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Malhis Inclusion Criteria 1. Coronary 294 Increase in | lodixanol | 1-2 L of Theophyllin | 200mg Mean Mean S.
2010 angiograph serum IscOsm intravenou | e twice daily | £SD: Creat. +SD:
(159) 1. Radiographic imaging with y creatinine s starting 137476 1.38+0.79mg
contrast 2.PClI of at least bicarbonat 24h pre /dL
3.CECT 0.5mg/dL e solution procedure
Exclusion Criteria in patients (150mEdL and
with a ) for 12h continuing
1. Acute renal failure baseline after the for 48h
2. Maintenance dialysis serum procedure post
3. History of acute Ml creatinine procedure
nd [ £+9C X HpPE: less than ;
5. Allergy to contrast media 2mg/dL or OR
6. Pregnancy an increase 200mg
7. Contraindications for of 25% in theophylli
theophylline use baseline ne as a
8. Use of acetylcysteine serum short
creatinine intraveno
with a us
baseline infusion
serum 30
creatinine minutes
more than pre-
or equal to procedure
2mg/dL at , and
48h after continuing
administrat with
ion of 200mg
contrast twice daily
media oral
theophylli
ne for 48h
post
procedure
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Control v Mean Mean S.
hydration | +SD: Creat. +SD:
only 144478 1.21+0.48mg
/dL
Marenzi | Inclusion Criteria 1. Coronary 145 >25% lopentol as per Haemofiltra | Haemofiltr | Mean Mean S.
2003 angiograph increase LowOsm | interventi | tion ation +SD: Creat. +SD:
(161) 1. Chronic renal failure (S. Creat. 5 y above on starting 4 | 247125 | 3.0+1.0mg/d
2mg/dL (176.8pmol/L) OR creat | 2.PCI baseline S. protocol 6h pre L
clearance < 50ml/min) 3. Aortic Creat. procedure
2. Coronary angiography or electiv| angiograph ; stopped
PCI y during and
4. resumed
Exclusion Criteria Peripheral post
angioplasty procedure
1. Acute coronary syndrome / renal , and
2. Cardiogenic shock angioplasty continued
3. Longterm peritoneal dialysis or for 1824
haemodialysis treatment hours
4. Overt CHF Control Normal Mean Mean S.
5. Recent major bleeding saline at +SD: Creat. +SD:
6. Contraindications to 1ml/Kgho | 258+132 | 3.1+1.0mg/d
anticoagulant therapy ur L
(reduced
to
0.5ml/kg/
h if LVER
40%) for
6-8h pre
and 24h
post
procedure
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Marenzi | Inclusion Criteria 1. Coronary 201 >25% lohexol Normal NAC Intraveno | Mean Median S.
2006 angiograph increase LowOsm | saline at us bolus of| +SD: Creat.:
(160) 1. Primary angioplasty for acute y above 1ml/Kg/ho 600mg 264+146 | 1.01mg/dL
STEMI within 12h of presentation baseline S. ur pre-
(18 hours in cases of cardiogenic Creat. at 72 (reduced procedure
shock) hours to and
0.5ml/kg/ 600mg
Exclusion Criteria h if LVER orally
40%) for twice daily
1. Longterm dialysis 12h post for 48h
2. Known allergy to N procedure post
acetylcysteine procedure
, to a total
dose
3000mg
after
interventi
on (total
dose of
3000mg)
Control - Mean Median S.
+SD: Creat.:
2744113 | 1.06mg/dL
39 NAC
doubledose
group were
excluded
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Marenzi | Inclusion Criteria 1. Coronary 81 >25% lopentol Normal Haemofiltra | IV isotonic | Mean Mean S.
2006 Angiograph increase LowOsm | saline at tion post saline, for | £SD: Creat. +SD:
(344) 1. Severe chronic kidney disease | y above 1ml/Kg/ho | procedure 12h pre 237+122 | 3.6+0.7mg/d
(Creat. clearance 30mL/min) 2.PCI baseline S. ur contrast L
2. Diagnostic antherapeutic Creat. (reduced followed
cardiovascular procedures to by
0.5ml/kg/ haemofiltr
Exclusion Criteria h if LVER ation for
40%) 18-24h
1. Acute coronary syndrome post-
2. Cardiogenic shock contrast
3. Acute renal failure Control IV isotonic | Mean Mean S.
4. Chronigeritoneal or saline for | +SD: Creat. £SD:
haemodialysis 12h pre 232+144 | 3.6+0.8mg/d
5. Overt CHF and 12h L
6. Recent major bleeding post
7. Contraindications to contrast
anticoagulation Haemofiltra | Haemofiltr | excluded from analysis
tion pre- ation pre-
andpost- and post
procedure procedure

140




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Marenzi | Inclusion Criteria 1. Coronary 189 Increase in | lomeprol | as per Furosemide | Single Mean Mean S.
2012 angiograph { ® / NJX LowOsm | interventi intraveno | +SD: Creat. +SD:
(133) 1. Age 185 y 0.5mg/dL on us bolus of| 181+104 | 1.8+0.6mg/d
2. Chronikidneydisease (eGFR < | 2. PCI (44pmoliL) protocol 0.5mg/kg L
60ml/min/1.73n¥) or >25% (uptoa
increase maximum
Exclusion Criteria above of 50mg)
baseline after
1. Primary or rescue PCI initial
2. Angiography procedures bolus of
requiring a direct renal injection of 205ml
contrast normal
3. Cardiogenishack saline.
4. Overt CHF Renal
5. Acute respiratorynsufficiency guard
6. Recent acute kidney injury system
7. Chronic peritoneal or used for
haemodialysis fluid
8. Known furosemide replaceme
hypersensitivity nt
9. Receipt of intravenous contrast (matched
within 10 daysefore the hydration)
procedure Control Normal Mean Mean S.
10. Another planned contrast saline at +SD: Creat. +SD:
enhanced procedure in the 1ml/Kgho | 158+109 | 1.7+0.5mg/d
following 72hours ur L
11. Contraindications to placement (reduced
of a Foley catheter in the bladder to
0.5ml/kg/
h if LVER
40%) for
12h pre
and 12h
post
procedure
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Markota | Inclusion Criteria 1. Coronary 227 Increase in | lopamiro | eGFR < Na/K citrate | 59 of Mean Mean S.
2013 angiograph { ® / NJ 370 60mL/min granules | £SD: Creat. +SD:
(162) 1. Age 48 y 0.5mg/dL | LowOsm | /1.73n¢: diluted in | 222.3+10 | 93.96+18.39
2.PClI (44pmoliL) IV normal 200mL of | 2.3 mmol/L
Exclusion Criteria or >25% saline at water
increase ImL/kg/h
1. Endstage renal insufficiency above for 2h pre
(eGFR 45 mL/min) baseline and 12h
2. Acute renal insufficiency OR post
3. History of reaction to contrast >25% procedure.
media decrease in
4. Use of nephrotoximedications eGFR eGFR >
5. Pulmonarpedema within 48h 60mL/min
6. Multiple myeloma of /1.73mZ
7. Factors predisposing to kidney procedure hydration
injury orally
8. Exposure to contrasbedia Control 200ml Mean Mean S.
within 7 days before the procedure water +SD: Creat. +SD:
9. Pregnancy 231.2+95. | 89.35+23.97
10. Noncompliance 85 mmol/L

11. Use of NAC, teofiline,
dopamine, fenoldopammannitol,
or NaHC®within 48h of procedure
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Masuda | Inclusion Criteria 1. 71 Increase in | lopamidol | Initial NaHC® 154mEqg/L | Mean Mean S.
2007 Emergency { ® / NJX LowOsm | intravenou of sodium | £SD: Creat. +SD:
(163) 1. Chronic kidney disease (S. Creg coronary 0.5mg/dL s bolus of bicarbonat| 112489 1.31+0.52mg
1.1mg/dl or eGFR 60ml/min) procedure (44pmoliL) 3ml/kg/h e /dL
2. Emergency coronary procedure or >25% for 1h, if
increase possible,
Exclusion Criteria above pre-
baseline procedure.
1. Change in seruereatinine within 2 Same fluid
concentration of at least 0.5mg/dl days of at
during the previous 24 hours procedure 1ml/kg/h
2. Preexisting dialysis during and
3. Recent exposure to radiographic for 6h
contrast media within 2 days of the post
study procedure
4. Allergy to radiographic contrast
media NaCl 154mEqg/L | Mean Mean S.
5. Pregnancy sodlu_m +SD: Creat. £SD:
6. Previous or planned chloride 120161 llciﬁZiO.GSmg

administration of mannitol,
fenoldopam, Nacetylcysteine or
non-study sodium bicarbonate
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Matejka | Inclusion Criteria 1. Coronary 59 Increase in | lodixanol | Continuou | Theophyllin | 1h Mean Mean S.
2010 angiograph { ® / NJ IsocOsm s normal e Group infusion of | +SD: Creat. +SD:
(164) 1. Age > 18 years y 0.5mg/dL saline 205.7mg | 95+38 2.02+0.45mg

2. S. Creat. persistentlyl>47mg/dl | 2. PCI (44pmoliL) infusion theophylli /dL

(230pmol/l) or >25% was nein

increase started 500ml
Exclusion Criteria above immediate 0.9%
baseline ly post normal

1. Longterm dialysis within 48h procedure saline

2. Pregnancy of at Control 500ml Mean Mean S.

3. Lactation procedure 0.5ml/kg/ 0.9% +SD: Creat. +SD:

4. Epilepsy hr, normal 94+35 2.06+0.59mg

5. Thyrotoxicosis stopped saline /dL

6. Theophylline allergy on day

7. Previous theophylline medicatio| three

8. Arrhythmias witthaemodynamic
instability

9. Severe liver dysfunction

10. Clinical signs of dehydration
11. Inability to take oral fluids.

12. Use of ACE inhibitors

13. Use of N&IDs
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Menting | Inclusion Criteria 1. Contrast 1 Increase in | Xenetrix Normal RIPC Four Mean Mean S.
2015 enhanced { ® / NX LowOsm | salineat3 cycles of | £SD: Creat. +SD:
(165) 1. Interventional or diagnostic radiological 0.5mg/dL 4ml/Kg/ho ischaemia | 99429 115+27mmol
radiological procedure expected to| studies (44pmoliL) ur for 4h and /L
use >100mL intravascular contrast or >25% pre- and reperfusio
2. Fulfil risk criteria for AKI increase 4h post n of the
according to Dutch guidelines above procedure forearm
baseline (reduced by
Exclusion Criteria within 48h to inflating a
72h of 1ml/kg/h blood
1. Age 48 years procedure for 12h pressure
2. Haemodialysis or peritoneal pre- and cuff
dialysis post around
3. Simultaneous participation in procedure the upper
another interventional study if signs of arm at
4. Percutaneous CHF or 50mmHg
coiling/embolisation procedures of eGFR < abovethe
the kidney 30ml/min/ actual
5. Impossibilityof performing RIPC 1.73m?) systolic
6. No written informed consent pressure
for 5
minutes,
followed
by 5
minutes of
reperfusio
n
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Placebo Placebo Mean Mean S.
group: +SD: Creat. £SD:
similar 98+29 119+32mmol
cuff /L
placed
around
the upper
arm, but it
was not
inflated
Merten | Inclusion Criteria 1. 128 >25% lopamidol | Assigned | NacCl 154mEg/L | Mean Mean S.
2004 Angiograph increase LowOsm | fluid at of sodium | +SD: Creat. +SD,
(166) 1. Age =18 years y above 3mL/kg chloride in | 134163 (Range):
2. Stable S. Creat.1x1mg/dL 2.CT baseline S. per hour D5W 1.71+0.42
3. Scheduled cardiac 3.TIPSS Creat. for 1h (1.2:3.7)
cathetersation, CT, diagnostic or within immediate mg/dL
therapeutic arteriography, oirans- 2days of ly before
jugularintrahepatic portal systemic procedure radiocontr
shunt placement ast
injection,
Exclusion Criteria followed
by same
1. S. Creat. 8mg/dL fluid at
2. Change in S. Creat0:5mg/dL ImL/kg/h
within last 24 hours during
3. Preexisting dialysis contrast
4. Multiple myeloma exposure
5. Pulmonary oedema and for 6h
6. Uncontrolled hypertension post
7. Emergencgatheterisation procedure
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8. Recent exposure to radiographig NaHC® NaHCQ Mean Mean S.
contrast within 2days of the study group: +SD: Creat. +SD,
9. Allergy to radiographic contrast 154mEqg/L | 130+72 (Range):
10. Pregnancy of sodium 1.89+0.69
11. Administration of dopamine, bicarbonat (1.25.2)
mannitol, fenoldopam, or NAC e in D5W mg/dL
during the study
Miao Inclusion Criteria 1.CECT 383 Increase in | LowrOsm | IV Fluid > | PGE1 Alprostadil | 100 Mean S.
2013 { ® / NJ& lohexol 800 ml 6h (0.4lg/kg/ Creat. +SD:
(167) Mo 138 x Ttn &SI 0.5mg/dL pre- and day) in 87.18+24.6m
2. Stable clinical state (44pmol/L) postCECT 100ml mol/L
3. Scheduled focontrast enhanced or >25% sterile
CT increase saline pre
above and post
Exclusion Criteria baseline procedure
within 3
1. Uncontrolled DM, hypertension, days of
CHF (LVER9Q%), or other procedure

uncontrolled clinical diseases
2. Fever or infectioudiseases

3. Unstable renal function or
chronic renal failure [S. Creat >
265.2mmol/l]

4. Hypersenisivity to iodine

containing compounds or
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hyperthyroidism Placebo 100ml 100 Mean S.
5. Hypersensitivity talprostadil sterile Creat. +SD:
6. Ulcers saline 88.11+24.19
7. Coagulation abnormalities mmol/L
8. Other diseases with
contraindications to alprostadil
9. Patients who had received any
iodinated contrast agent or other
drugs that affect renal function
within 7 days
Miner Inclusion Criteria 1. Coronary 208 >25% Omnipaq | 0.45% NAC 6000mg Mean Mean S.
2004 angiograph increase ue saline at (4000mg | £+SD: Creat. +SD:
(168) 1. Planned PCI or urgent coronary| y above Iso-Osm 75mL/hou for day / 3444211 | 124+49mmol
angiography with a high likelihood | 2. PCI baseline S. r for at case /L
of ad hoc PCI. least 24 patients)
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2. Creatinineclearance<50mL/min, Creat. 48 hours Placebo \Y Mean Mean S.
(<100mL/min if Diabetic) or S. 72h beginning hydration | +SD: Creat. +SD:
Creat. >200umol/L at the only 350+187 | 130+58mmol
time of /L
Exclusion Criteria enrolment
. Changes
1. Renal replacement therapy in
2.Reactive airway disease requirin hydration
oral steroids were
3. Baseline SBP8®@mmHg allowed at
4. Active CHF the
5. Acute Ml discretion
6. Enrolment in another clinical tria of the
7. Inability to provide informed cardiologis
consent t
8. Ongoing need for intravenous
nitro-glycerine
9. Treatment with NA@ithin 72
hours of planned PCI
10. Women of childbearing age
Minoo Inclusion Criteria: 1. Elective 453 Increase of | lopromide | normal Oxygen nasal Median Mean S.
2016 tl GASyda x op @& ¢ coronary 25% or LowOsm | saline at cannula at| (IQR): Creat. +SD:
(243) elective coronary angiography angiograph more in the dose the rate of | 200 (100 | 0.96 £ 0.24
y serum of 2L/minto | 250
Exclusion Criteria: creatinine 1mL/kg/h, 3L/min
1. Baseline serum creatinine concentrati 12 hours beginning
concentrations greater than ons, or an leading to 10
1.5mg/dL increment the minutes
2. Need for emergency of at least procedure before the
cathetersation 0.5mg/dL and 12 procedure
3. Receiving contrast media for in serum hours until the
diagnostic or therapeutic creatinine after the end of the
concentrati procedure procedure
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interventions in theprevious3 ons 48 Control \ Median Mean S.
months hours after hydration | (IQR): Creat. +SD:
4. Uncontrolled congestive heart cathetersa only 150 (106 | 0.93+0.15
failure tion 257)
5. Uncontrolled chronic obstructive
pulmonary disease
6. History ofallergy to contrast
media
7. Pregnancy or lactation
Moore Inclusion Criteria 1.EVAR 23 >25% Niopam Median IV | NAC 600mg Median Median S.
2006 increase LowOsm | fluids orally (IQR): Creat. (IQR):
(169) 1. Elective EVAR above received twice daily | 258 (210 | 102 (76112)
baseline S. (IQR): for 2 days, | 285) mmol/L
Creat. NAC.: starting
5.9(3.0 day
5.75) L pre-
Control: procedure
437)L (total 3
doses pre
op)
Control v Median Median S.
hydration | (IQR): Creat. (IQR):
only 258 (200 | 86 (81.599)
355) mmol/L
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Morikaw | Inclusion Criteria 1. Coronary 273 Increase in | lomeprol | oral ANP 0.042pg/k | Mean Median S.
a angiograph { ® / NJX LowOsm | hydration g/min of +SD: Creat. (IQR):
2009 1. Chronic renal insufficiency (S. |y 0.5mg/dL encourage ANP + 139462 1.57(1.34
(170) Creat. 1.36mg/dI) 2.PCI (44pmoliL) d 1.3ml/kg/ 1.95) mg/dL
or >25% h Rnger's
Exclusion Criteria increase lactatelV
above 4-6h pre
1. Pregnancy baseline and
2. Lactation within 48h continued
3. Acute renal failure of for 48h
4. Endstage renal failure on dialysi procedure post
5. Acute Ml procedure
6. Multiple myeloma
7. Pulmonary oedema
8. Cardiogenic shock
9. SBP < 110mmHg
10. Dehydration
11. History of allergies to contrast
media or ANP
12. Received contrast media withir Control v Mean Median S.
7 days of study entry hydration | +SD: Creat. (IQR):
13. Received an infusion of ANP only 140£72 | 1.55(1.36
within 1 month of study entry 1.90) mg/dL

13. Parenteral use of diuretics

14. Administration of dopamine,-N
acetylcysteine, metforminaHCQ,
fenoldopam,mannitol, or NSAIDs
during the study
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Motohir | Inclusion Criteria 1. Coronary 167 Increase in | lopamidol | 0.9% NaHC® 1ml/kg/ho | Mean Mean S.
o angiograph { ® / NJX LowOsm | sodium ur +SD: Creat. +SD:
2011 1. Age > 2Qears y 0.5mg/dL chloride at continued | 140450 1.54+0.43mg
(171) 2. eGFR 80ml/min/1.73n? (44pmoliL) 1ml/kg/h from 3 /dL
or >25% for 12h hours pre
Exclusion Criteria increase pre- and to 6 hours
above post post
1. S. Creat. #mg/dI baseline procedure procedure
2. Change in S. Creat0:5mg/dl in within 48h
preceding 24 hours of
3. Preexisting dialysis procedure
4. Pulmonary oedema
5. Uncontrolled hypertension
(treated SBP $60mmHg or DBP >
100mmHg)
6. Emergencygathetersation
7. Exposure to radiographic
contrast within previous 2 days Control vV Mean Mean S.
8. Anyallergyto radiographic hydration | +SD: Creat. +SD:
contrast medium only 130440 1.55+0.44mg
/dL
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Nawa Inclusion Criteria: 1. Elective 204 25% lomeprol | 0.9% Nicorandil 2 vials Mean+SD:| Mean S.
2015 Patients with poor renal function | PCI increase in | Low-Osm | saline (48mg/V) | 135.2+57.| Creat. +SD:
(244) and who had a high cystatin C leve serum lohexol hydration dissolve in| O 0.99+0.29
(> 0.95mg/L in males and creatinine | LowOsm | intravenou 100mL
0.87mg/dL in females) or an sly infused 0.9%
increase in at saline, and
Exclusion Criteria: creatinine 1.0mL/kg/ dripped it
1. Endstage renal failure on of h at speed
dialysis, a singlinctioning kidney, 0.5mg/dL (nicorandil of
or history of kidney transplantation from group) or 0.1mL/kg/
2. Hypotension with systolic blood baselineat 0.9% h)
pressures below 100mmHg 48 h saline Control IV saline | Mean+SD:| Mean S.
3. Acute myocardial infarction infusion Only 146.3+63. | Creat. +SD:
4. Acute heart failure, left only at 6 1.02+0.35
ventricular ejection fraction (LVEF) 1.1mL/kg/
less than 30% on echocardiogram h
or evidence by pulmonaryoedema
5. Multiple myeloma Infusions
6. Pregnancy were
7. History of allergies to CM or initiated
nicorandil 4h prior to
8. Received CM within 7 days of elective
studyor nicorandilwithin 1 month PCl and
9. Parenteral use of diuretics and were
the administration of NAC, continued
metformin, NaHCQ, theophylline, for 24h
fenoldopam, mannitol, or a after the
phosphodiesterasehibitor during procedure

the study

153




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Ng Inclusion Criteria 1. Coronary 97 Increase in | Omnipag | Normal NAC 600mg Mean
2006 angiograph { ® / NX ue saline (or orally +SD:
172) 1. High risk for the development of| y 0.5mg/dL | Visipaque | 5% twice daily | 172.2+73.
CHAKI (44pmol/L) | Hexabrix. | dextrose for 2days, | 2
2. Preexisting stable renal or >25% in normal starting
insufficiency (S. Creat.1»2mg/dL increase saline in day
with no change greater than + above diabetics pre-
0.1mg/dL) baseline on insulin) procedure
at (total 4
ExclusiorCriteria 1mL/kg/h doses)
beginning
1. Acuterenalfailure 1-2h pre
2. History of renal transplantation procedure
3. Receiving Mcetylcysteine or and
fenoldopam continuing
4. Known contraindication or for 6-12h | Fenoldopam| 0.1mcg/kg | Mean
hypersensitivity to Nacetylcysteine /min IV +SD:
or fenoldopam started = | 164.4485
5. Pregnancy 2h pre
and
continued
for 6h
post
procedure
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Nijssen | Inclusion Criteria: 1. Elective 599 Increase in | lopromide | Seegroups | Hydration standard | Contrast | S. Creat.
2017 Patients aged 18 years and older, | procedure serum LowOsm protocol (ml)Mean | Mean ED):
(245) referred for an elective procedure | with creatinine intraveno | (SD): 11878
requiring intravascular iodinated intravascula by more us Q9% 92 (41) (27.63)
contrast material withestimated r contrast than 25% NaCl 3
glomerular filtration rate (eGFR) media or 4mL/kg
between 45 and 59mL per administrat 44pmol/L per h
min/1.73m?2 combined with either | ion within 2-6 during 4h
diabetes, or at least two predefinec days of before
risk factors (age 25 years; contrast and 4h
anaemia defined as haematocrit exposure after
values <0-39 L/L for men, and < (2-5 days contrast
0-36 L/L for womercardiovascular was aimed administra
disease; norsteroidal anti for, but day tion
inflammatory drug or diuretic 6 was Non No Contrast | S. Creat.
nephrotoxic medication); or eGFR allowed if hydration hydration | (ml)Mean | Mean SD):
between 30 and 45mL per no other (control) (SD): 11771
min/1.73m?; or multiple myeloma option was 89 (41) (24.62)
or lymphoplasmacytic lymphoma available)

with small chain proteinuria

Exclusion Criteria:

1. Inability b obtain informed
consent

2. eGFR 30mL per min/173m?
3. Renal replacement therapy,
emergency procedures

4. Intensive care patients

5. Known inability to plan primary
endpoint data collection

6. No referral for prophylactic
hydration

7. Participation iranother
randomised trial

8. Isolation (infection control)
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Ochoa Inclusion Criteria 1. Coronary 94 Increase in | loxaglate | Normal NAC 1000mg Mean S.
2004 angiograph { ® / NX LowOsm | saline at [5mL] Creat. +SD:
173) 1. Elective or urgent coronary y 0.5mg/dL lohexol 150mL/h diluted in 2.02+0.56mg
angiography = PCI 2.PCI (44pmol/L) | Low-Osm | beginning 20mL of /dL
2. Chronic renal insufficiency (S. or >25% lodixanol | 4 hours diet cola)
Creat. >1.8mg/dL males, > increase Iso-Osm pre- and administer
1.6mg/dL females), or Creat. above continued ed orally
clearance<50mL/min baseline for 6 hours 1h pre
within 48h post and 4h
Exclusion Criteria of procedure post
procedure procedure
1. >0.5mg/dL increase S. Creat. in Placebo 5mL 0.9% Mean S.
preceding 6 weks normal Creat. +SD:
2. Current or planned dialysis saline 1.93+0.53mg
3. Contrast exposure within diluted in /dL
preceding 48 hours 20mL of
4. Known allergy to NAC diet cola)
5. History of anaphylactic reaction administer
to contrast ed orally
6. Recentlecompensated CHF 1h pre
within preceding 4 weeks and 4h
7. Cardiogenic shock or use of post
intravenous vasom@ssors within procedure

preceding week

8. Known or suspected severe
aortic valve stenosis (arealOn¥,
mean gradient 550mmHg)

9. Recent (4 weeks) initiation of
diuretics or ACE inhibitors
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Oguzhan| Inclusion Criteria 1. Coronary 101 Increase in | lopromide | Isotonic Amlodipine | Amlodipin | Median Mean S.
2013 angiograph { ® / NJX LowOsm | sodium /valsartan e/valsarta | (Range): | Creat. +SD:
174) 1. S. Creat. 2. 1mg/dL y 0.5mg/dL chloride group: n 60 (30 1.13+0.33mg
(44pmoliL) ImL/kg/h (5/160mg) | 200) /dL
Exclusion Criteria or >25% for 12h mané
increase pre- and commenc
1. Acute STEMI above post e day prior
2. NYHA class IV CHF baseline procedure to
3. Haemodynamidnstability (SBR within 48 procedure
dn YY Il 32 BeAsungments 72h of (total 3
or patients requiring pressors) procedure doses)
4. Exposure to contrast within
preceding 7 days
5. Use of a nephrotoxic drug withir
preceding 48h
6. Contraindication to amlodipine
or valsartan
Control vV Median Mean S.
hydration | (Range): | Creat. +SD:
only 60 (25 1.07£0.23mg
250) /dL
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Oldeme | Inclusion Criteria 1. Coronary 103 Increase in | lopamidol | (0.45%) NAC 1500mg Mean
yer angiograph { ® / NX LowOsm | saline at BD orally | +SD:
2003 mM® 119 ¥ears y 0.5mg/dL 1mL/kg/h in 120mL | 134471
(175) 2. Creat. clearance50mL/min and (44pmoliL) for 12h of
S. Creat > 1.2mg/dL or >25% pre- and carbonate
3. Elective coronary angiography increase 12h post d
above procedure beverage
Exclusion Criteria baseline commenc
within 24- ed
1. Acute kidney failure 48h of evening
2. Dialysis procedure pre-
3. Unstable renal functiorcijange procedure
%0 ®p Y 3K B5k inSNIrest. in (total 4
preceding 10 days) doses)
4. Known allergy to contrast or
acetylcystine
5. Administration of mannitol, Placebo equivalent | Mean
intravenous catecholamines, volume of | +SD:
parenteral diuretics, theophylline, normal 127+73
or a contrast agent within days of saline BD
study entry orally in
6. Mechanical ventilation 120mL of
7. Cardiogenic shock carbonate
8. Emergent angiography d
beverage
commerc
eevening
pre-
procedure
(total 4
doses)

158




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast/ | IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Onbasili | Inclusion Criteria 1. Coronary 90 Increase in | lopromide | Isotonic Trimetazidin| 20mg TDS| Median: Mean S.
2007 angiograph { ® / NX LowOsm | saline at e orally for | 225 Creat. +SD:
(176) Mmd { PMHONBHERK 63y 0.5mg/dL 1mL/kg/h 72h 1.31+0.25mg
106mmol/l) or creat. clearance < | 2. (44pmoliL) for 12h starting /dL
50ml/min Angioplasty or >25% pre- and 48h pre
increase 12h post procedure
Exclusion Criteria above procedure | Control v Median: Mean S.
baseline hydration | 240 Creat. +SD:
1. Acute renal failure within 24- only 1.26+0.16mg
2. Acute MI requiring primary or 48h of /dL
rescue coronary intervention procedure
3. Cardiogenic shock
4. Renal replacement treatments
5. Known allergy ttrimetazidine
Ozcan Inclusion Criteria 1. Coronary 192 Increase in | loxaglate | Assigned | NaCl ImL/kg/h | Median Mean S.
2007 angiograph { ® / NX LowOsm | fluid at (max (Range): | Creat.
a77) 1. S. Creat. 2.2mg/dL y 0.5mg/dL ImL/kg/h 100ml/hr) | 110 (30 (Range):
2.PClI (44pmoliL) (max for 6h pre | 270) 1.40 (1.22.3)
Exclusion Criteria or >25% 100ml/hr) and 6h mg/dL
increase for 6h pre post
1. Uncontrolled hypertension (SBP above and 6h procedure
>160mmHg and DBP110mmHg) baseline post NaHC® 154mL of | Median Mean S.
2. Emergencygathetergation within 48h procedure 1000mEqg/ | (Range): | Creat.
3. Recent exposure to radiocontras of L NaHC® | 100 (50 (Range):
medium within preceding 2 days procedure in 846mL | 300) 1.36 (1.23.8)
4. Volume overload of D5W at mg/dL
5. S. Creat. levels4mg/dL ImL/kg/h
(max
100ml/hr)
for 6h pre
and 6h
post
procedure
NAC+ NaCl: | Excluded from analysis
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Ozhan Inclusion Criteria: 1. Coronary 139 Increase in | lopamidol | 1L saline | Statin 80mg Mean S.
2010 angiograph { ® / NJ IsocOsm infusion atorvastati Creat. £SD:
(178) 1. Patients undergoing coronary |y 0.5mg/dL in 6h post n plus 0.88+0.2mg/
angiography (44pmoliL) procedure 600mg dL
or >25% NAC twice
Exclusion Criteria increase daily on
above day of
1. Known allergy for contrast agent baseline procedure
2. Renal insufficiency (S. Creat. > followed
1.5mg/dL or eGFRmL/min by 80mg
atorvastati
n for 2
days after
the
procedure
Control 600mg Mean S.
NAC twice Creat. +SD:
daily on 0.88+0.19mg
day of /dL
procedure
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Pakfetra | Exclusion Criteria 1. Coronary 311 RIFLE lodixanol NaHC® 3mL/kg of | Mean Mean S.
t angiograph criteria: IscOsm 154mEq/l | +SD: Creat.£SD:
2009 1. Exposure to contrast media y S. Creat. NaHCQ®in | 58+32.7 1.1+0.3mg/d
(179) within preceding two days 2.PCI increased dextrose L
2. Hypotension by 1.52 solution
3. Intra-aortic balloon pump times for 1 hour
4. Pulmonary oedema baseline before
5. Dialysis coronary
6. Electrolyte and acitlase angiograp
disturbances hy,
7. Known sensitivity to decreased
acetazolamide to
8. Medications affectingenal ImL/kg/hr
functione.g. mannitol, dopamine for 6
and theophylline hours
9. Unwilling to give written post
informed consent procedure
NaCl Group:| 1ml/kg/h Mean Mean S.
starting 6h | £+SD: Creat. +SD:
pre- and 67+41.1 1.1+0.2mg/d
continued L
6h post
procedure
Acetazolami| 250mg Mean Mean S.
de group: orally 2h +SD: Creat. +SD:
pre- and 70.1+67.9 | 1.1+0.3mg/d
6h post L
contrast
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Patti Inclusion Criteria 1. Coronary 263 Increase in | lobitridol | Patients Statin 80mg Mean Mean S.
2011 angiograph { ® / NX LowOsm | with pre- loading +SD: Creat. +SD:
(180) 1. Statin naive patients with nen y 0.5mg/dL existing dose of 20972 79.8+£29.4m
STEMI or unstable angina 2.PCI (44pmoliL) renal atorvastati mol/l
2. Planned intervention within 48 or >25% failure (S. ngiven
hours increase / NBI ~12h pre
above 1.5mg/dl procedure
Exclusion Criteria baseline 2 NJ / NJ , with a
60ml/min) further
1. Current orprevious (<3 months) received 40mg ~2h
statin treatment v pre-
2. NonSTE ACS with higisk hydration procedure
features warranting emergency with
coronary angiography (Zhours) normal
3. Any baseline increases in liver saline at
enzymes Iml/hour/
4. LVEF 80% 13 F2
5. Renal failure with S. Creat. > 12h pre
3mg/dl Iy R4 %
6. History of liver or mscle disease| hours Placebo matched | Mean Mean S.
post- placebo +SD: Creat. £SD:
procedure 213£13 77+£27.6mmo

I/l
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Poletti Inclusion Criteria 1.CT 128 Increase in | LowOsm | 250ml of NAC 6000mg Mean Mean$S.
2013 { ® / NJ lohexol 0.45% NAC +SD: Creat. +SD:
(181) 1. Patients admitted as an 0.5mg/dL | (Accupaq | NaCl pre diluted in | 117.4+£1.8 | 132.4+34.8m
emergency requiring CT (44pmol/L) | ue®) CT and 1L 100ml mol/l
2. Creat. clearance < or >25% post-CT 0.45%
60ml/min/1.73n? by MDRD (eGFR increase normal
~42ml/min/1.73n%) and need CT above saline IV
scan baseline 1h preCT
Exclusion Criteria
1. Asthma
2. Pregnancy
3. Obstructive nephropathy
4. Patientrefusal Placebo matched | Mean Mean S.
placebo +SD: Creat. +SD:
117.7+3.2 | 133.5+34.8m
mol/l
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Qiao Inclusion Criteria 1.PCI 124 Increase in | 1Iso-Osm Isotonic Statin Rosuvasta| Mean eGFR 339
2015 { ® / NJ lodixanol | saline tin 10 +SD: mil/min/1.73
(182) 1. Diabetesnellitus 0.5mg/dL 0.9%ati mg/day) 2 | 204.3t74. | m2

2. Mildto-moderate chronic kidney (44pmoliL) 1.15mL/kg dayspre |7

disease (eGFR 30 or >25% /h for 3- and 3 days

89ml/min/1.73n?) increase 12h pre post

3.TotalO2 Yy i NI al @2¢ above and 624 contrast

baseline hours
Exclusion Criteria within 72h post-
procedure

1. Pregnancy

2. Lactation

3. Ketoacidosis

4. Lactiacidosis

5. Contrast administration within 7

days ofstudy

6. Emergent coronary angiography

7. History of hypersensitivity

reaction to contrast or statins

8. NYHA class GHF

9. Unstable renal function

10. Use ofaminophylling Control v Mean

prostaglandinor E1 withn 7 days of hydration | +SD:

the procedure only 212-3i84-

11. Recent statimse within 14 days
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Quintav | Inclusion Criteria 1. Coronary 430 Increase in | lodixanol | NAC Statin Atorvastat | Mean Mean S.
alle angiograph { ® / NJ IsocOsm 1200mg in (80mg) | +SD: Creat.
2012 1. Statirnaive patients y 0.5mg/dL orally within 24 | 177174 (Range):
(183) 2. Elective coronary angiography | 2.PCI (44pmoliL) twice hours 1.16 (1.0
due to symptomatic coronary or >25% daily, the 1.32) mg/dL
artery disease OR PCI in de novo increase days pre
lesions in native coronary above and of
baseline contrast,
Exclusion Criteria within 48h as well as
hydration
1. Primary or rescue PCI with
2. ACS with elevated cardiac 154mEq/L
biomarkers NaHC®in
3. Coronary artery restenosis dextrose
4. Treatment of a saphenous vein and HO.
graft or left internal mammary with the
artery graft initial IV
5. Active statin therapy bolus of
3mL/kg/h
for 1 hour
immediate
ly before Control v Mean Mean S.
CM hydration | £SD: Creat.
injection, only 184+78 (Range):
followed 118 (1.6
by 1.35) mg/dL
ImL/kg/h
during and
for 6h
post
procedure
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Rahman | Inclusion Criteria 1. Coronary 436 Increase in | lopamiro | Normal Trimetazidin| 35mg Mean Mean S.
2012 angiograph { ® / NX LowOsm | saline e twice daily | £SD: Creat. +SD:
(184) 1. Elective coronary angiography f( y 0.5mg/dL 1mg/kg/h commerc | 95.34+4.2 | 1.23+0.23mg
ACD, chronic stablanging (44pmoliL) for at least e48hpre | 5 /dl
dilated/iscraemic cardiomyopathy or >25% 12h pre procedure
and preoperative assessment increase and 12h , for 96h
2. S. Creat. 1:2.5mg/dI above post Control v Mean Mean S.
baseline procedure hydration | +SD: Creat. +SD:
Exclusion Criteria within 24- only 97.45+5.6 | 1.4+0.24mg/
48h 2 dl
1. Diabetesnellitus
2. Acute renal failure
3. Acute MI reqiring primary or
rescue PCI
4. Cardiogenic shock
5. Patients on renal replacement
therapy
6. Patients undergoing PTCA
7. COPD
8. Exacerbation of asthma
9. Allergy to TMZ
Rashid Inclusion Criteria 1. 100 Increase in | Omnipaq | All NAC 1g per bag| Mean Mean S.
2004 Peripheral { ® / NJX ue patients of normal | £SD: Creat. +SD:
(185) 1. Peripheral vascular disease angiograph 0.5mg/dL | LowOsm | received saline 1354+62. | 109.9+41.15
2. Elective angiography or y (44pmol/L) normal 7 mmol/L
angioplasty 2. or >25% saline Control v Mean Mean S.
3. Candidates subdivided into 2 Angioplasty increase (500mL hydration | +SD: Creat. +SD:
groups:normal S. Creat. (< above over 46 only 151.2+75. | 124.3+63.47
120mmol/L[1.32mg/dI] for men baseline hours) 6 6 mmol/L
and <97mmol/L[1.07mg/dl] for within 48h 12h pre
women) and post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Reineck | Inclusion Criteria 1. Coronary 431 Increase in | lopromide | 500mlI 5% | NAC 600mg Mean Mean S.
e angiograph { ® / NJ IsocOsm glucose evening +SD: Creat.
2007 1. S. Creat. 1:3.5mg/dI y 0.5mg/dL and 500ml pre- 197480 (Range):
(186) 2. Elective coronargingiographyx (44pmoliL) isotonic procedure 1.5(1.31.9)
1.3mg/dF3.5mg/dl 48-72h NaCl over , second mg/dl
post 12h pre dose
Exclusion Criteria procedure and for morning
12h post pre-
1. Acute or recent Ml within 30 procedure procedure
days , third
2. NYHA class IV CHF evening
3. Recipient of transplanted organg post
4. Monoclonal gammopathy procedure
5. Previous contrast medium , and the
administration within 7 days last dose
was given
on
morning
post
procedure
Dialysis Haemodial| Mean Mean S.
ysis +SD: Creat.
performed | 184+80 (Range):
within 20 1.5(1.32.2)
min after mg/dl
catheters
ation
Control \ Mean Mean S.
hydration | +SD: Creat.
only 188479 (Range):
1.4 (1.31.9)
mg/dl
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Rezaei | Inclusion Criteria: 1. Coronary 329 Absolute lodixanol | See vitamin E 0.9% Median S CMedian
2016 LI G A Sy (18 yebrsvIR X | angiograph Ay ONB I IsoOsm | Groups (& saline (IQR): (IQR):
(246) baseline estimated glomerular y 0.5mg/dL tocopherol) | infusions | 1.3(1.2 1.3(1.21.5)
filtration rate (eGFR) 80mL/min ora (ImL/kg) | 1.5)
per 1.73m relative for 12
Ay ONBI hours
Exclusion Criteria: 25%over prior to
1. AcuteSTFsegment elevation baseline and after
myocardial infarction or highisk serum coronary
NSTEACS warranting emergency creatinine angiograp
coronary angiography (& hours) concentrati hy
2. Cardiogenic shock on within combined
3. Pulmonarypedema overt heart 72 hours with
failure and/or ejection fraction < after 600my
30% administrat oral
4. ACS undergoing coronary ion of vitamin E
angiography or angioplasty during contrast at 12
the previous 5 days media hours
5. Sensitivity to contrast medium, before
recent administration of contrast plus
medium for any reason 400mg
6. AKI or history of dialysis 2 hours
7. Pregnancy before
8. Newly prescribed angiotensin interventi
converting enzyme inhibitors or on
angbtensin receptor blockers Placebo Matching | Median S CiMedian
9. Bleeding and/or coagulopathy placebo (IQR): (IQR):
disease (No VitE) | 1.3(1.2 1.3(1.21.5)
10 Consumption of nephrotoxic 1.5)

drugs, vitamin E, vitamin C, or NA(
at least 48 hours before

intervention
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Rohani | Inclusion Criteria 1. Coronary 70 Increase in | Omnipag | Isotonic Aminophylli | 250mg as | Mean Mean S.
2010 angiograph { ® / NX ue crystalloid | ne a short +SD: Creat. +SD:
(187) 1. Chronic rendilure (stable S. y 0.5mg/dL LowOsm | 1.0- infusion 200+89 1.93+0.21mg
Creat. >1.3mg/dl) (44pmoliL) 1.5ml/kg/ (200ml /dl
48h post hr for 3 saline,
Exclusion Criteria procedure 12h pre 0.9%) 30
and for 6 min pre
1. Pregnancy 24 hours procedure
2. Contraindications to post- Placebo Short Mean Mean S.
aminophylline (history of seizures, procedure. infusion of | +SD: Creat. £SD:
arrhythmia resulting in circulatory Additional 100ml 210490 1.84+0.54mg
instability) hydration saline, /dI
was 0.9% 30
performed min pre-
according procedure
to clinical
examinati
on, Xray,
and
central
venous
pressures,
if
available.
Sadat Inclusion Criteria 1. 44 >25% lopamidol | 1L 0.9% NAC 600mg Mean Mean S.
2011 Peripheral increase LowOsm | normal twice daily | £SD: Creat.
(188) 1. Peripherabrterial disease angiograph above saline IV on the day | 70+20 (Range):
y baseline S. infusion pre- and 97 (72-125)
Exclusion Criteria Creat. 72h over 12h 600mg mmol/l
post pre- and twice on
1. Established renal failure procedure 1L over the day of
2. Renal replacement therapy procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
12h post Control \ Mean Mean S.
procedure hydration | +SD: Creat.
only 75125 (Range):
88 (68142)
mmol/l
Sadineni| Inclusion Criteria: 1. Coronary 118 Relative lodixanol | Normal NAC 600mg Mean+SD:| Mean S.
2017 Patients > 30 years undergoing angiograph increasein | 1soOsm saline orally 61.4+34.8 | Creat. +SD:
(247) coronary angiography + PCI for y serum 0.5ml/kg/ twice 2.24+0.9
angina, norRSFsegment elevation | 2. PCI (non creatinine h 12h daily, the
myocardial infarction (NSTEMI) an| emergency) from prior to day before
acute myocardial infarction/STEMI baseline of the and the
g A0K &S NHzy1.2mglll | *25% or procedure day of the
on their most recent sample drawn an and was procedure
within 3 months of planned absolute continued
procedure. increase of for 12h
%0.3mg/dI after
Exclusion Criteria: (44.2umol/ contrast
1. Patients with acute rendailure L) during administra
or endstage renal disease requirin days 1 and tion (total
dialysis 2. 24h).
2. Intravascular administration of Patients
contrast material within previous 6 who had
days low - -
3. Pregnancy olactation ejection Allopurinol SQOmg Mean+SD:| Mean S. '
4. Emergency coronary angiograpl fraction (< smgle_ 68.7+46.7 | Creat. £D:
5. History of hypersensitivity 40%) dosegiven | 7 1.9120.72
reaction to contrast media received the day
6. Cardiogenic shock NS at rate before the
7. Pulmonarypedema of procedure
8. Mechanical ventilator 0.3ml/kg/
9. Parenteral use of diuretics h
10 Recent use of NAC or ascorbic Placebo Normal Mean+SD:| Mean S.
acid saline only | 77.33+43. | Creat. +SD:
11. Use of metformin or NSAIDS 30 2.19+1.01

within 48h of procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Saitoh Inclusion Criteria 1. Coronary 23 Increase in | lomeprol | 0.9% NAC 704mg Mean
2011 angiograph { ® / NX LowOsm | saline at twice daily | £SD:
(189) 1. S Creat. £.5mg/dl £ creatinine |y 0.5mg/dL 1ml/kg/h orally 117.1+£9.0
clearance $0ml/min (44pmoliL) for 24h from 1 day
2. Elective coronargingiography or >25% started pre-
increase 12h pre procedure
above procedure for a total
baseline and of 2 days
within 48h continued | Control v Mean
until 12h hydration | £SD:
after only 113.6+14.
5
Glutathione | 100mg/mi | Mean
n from +SD:
30min 130.7+19.
pre- 3
procedure
to max of
3000mg
Sandhu | Inclusion Criteria 1. 109 Increase in | lodixanol NAC 600mg Mean S.
2006 Diagnostic { ® / NJ IsoOsm twice daily Creat. +SD:
(190) 1. Noncoronary diagnostic angiograph 0.5mg/dL lopamidol the day 116+48.9mm
angiography (head and neck, y (44pmol/L) | Low-Osm pre- and olll
extremity and visceral abdominal above day of the
angiography) baseline procedure
2. With or without renal within 48h Control no Mean S.
impairment interventi Creat. +SD:
on 103.6+48.6m
Exclusion Criteria mol/l
1. Acute renal failure
2. Renal transplant
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Sanei Inclusion Criteria 1.CTA 247 Increase in | Low-Osm Statin 80mg All Mean S.
2014 { ® / NJX lopromide dose of patients Creat. +SD:
(191) 1. Elective CTA 0.5mg/dL atorvastati | received a| 1.0+0.16mg/
2. Normal renal function (44pmoliL) n daily total of dl
or >25% commenc | 100ml of
Exclusion Criteria increase ed24h the
above pre- and contrast
1. Unstable angina baseline continued | material;
2. Ml within 48h for 48h 15ml for
3. Cardiac arrhythmias post the test
4. Heart failure procedure | bolus and
5. Acute or chronic renal failure Placebo matched | 85mlfor | Mean S.
6. S. Creat. levelZz5mg/dI placebo the Creat. +SD:
7. IV administration of contrast imaging 1.03+0.17mg
material inthe past month (6ml/s /dI
8. Known hypersensitivity to stating injected
9. Lost to followup with
injector
device)
Sar Inclusion Criteria 1.CT 48 Increase in | LowOsm | Normal NAC 1200mg IV| 100mg Mean S.
2010 { ® / NJ lohexol saline 1h pre standard | Creat. +SD:
(192) 1. Type diabetesmellitus 0.3mg/dL 0.9% at procedure | dose 0.83+£0.15mg
2.Normal renal function or >20% 1ml/kg/h , 1200mg /dl
3. Elective radiological investigatio increase for 12h orally for
requiring intravenous contrast above pre- and 2 days
media administration baseline, or 24h post Placebo v Mean S.
>20% procedure hydration Creat. +SD:
Exclusion Criteria decrease in only 0.81+0.17mg
eGFR /dl
1. BMI <21 or > 30
2. Concomitant systematic disease
3. Use of nephrotoxic drug or drug
that can interact with ACElithin
the last 30 days
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Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

Savaj
2014
(193)

Inclusion Criteria
1. Diabetic patients
Exclusion Criteria
1. CHF

2. Complications during
angiography

1. Coronary
angiograph
y

102

Increase in
{ ® / NX
0.3mg/dL
or >30%
increase
above
baseline at
24h

Allthe
patients
received
1L of
normal
saline
before
procedure

RIPC

Blood
pressure
cuff
placed
around
non-
dominant
upper
arm. The
cuff
inflated to
200mmHg
pressure
for5
minutes,
followed
by 5
minutes of
deflation
and
repeated
for 3
cycles in
total,
starting
15min
pre-
procedure

Mean
+SD:
126.6+77.
2

Mean S.
Creat. £SD:
1.3+0.4mg/dl

Control

no
interventi
on

Mean
+SD:
123.8+66.
6

Mean S.
Creat. £SD:
1.1+0.3mg/dl
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Sedighif | Inclusion Criteria: 1. Elective 153 Increase in | lodixanol | 0.9% Silymarin Single Average, | Mean S.
ard 2016| Patients with mild tanoderate risk | coronary serum IscOsm sodium dose 45mL Creat. +SD:
(248) for CIN were included in the study | angiograph creatinine chloride (280mg) 0.85+0.16
referred for elective coronary y 2F X (ImL/kg/h tablet 2h
angiography 0.5mg/dL ) for 12h, before
2 N25% of started 6h adminstra
Exclusion Criteria: the before and tion of the
1. Unstable angina baseline continued contrast
2. Myocardial infarction creatinine to 6h after material.
3. Cardiac arrhythmias after 48h the Placebo Single Average, | Mean S.
4. Acute or chronic renal of contrast procedure dose 45mL Creat. +SD:
insufficiency/failure (estimated material match 0.94+0.15
glomerular filtration rate [eGFR] < injection placebo
60mL/min/1.73n7) tablet 2h
5. Acute ordecompensatd heart before
failure administra
6. Diabetes tion of the
7. Intravascular administration of contrast
contrast material in thgorevious material.
month
Sekiguch| Inclusion Criteria 1.PCI 359 >25% 0.9% Oxygen Administr
i increase normal ation via
2013 1. Elective coronary angiography + above saline at nasal
(194) PCI baseline S. 1ml/kg/h cannula;
Creat. 48h 12h pre 2l/min of
Exclusion Criteria post procedure oxygen
procedure until 12h from 10
1. ACS post min
2. Endstage renal failure procedure before the
3. Dialysis procedure
4. Cardiogenic shock to the end
5. CHF of the
6.COPD procedure
7. Oxygen saturation levets90% Room air
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Seyon Inclusion Criteria 1. Coronary 43 Increase in | lohexol 0.45% NAC 600mg Mean
2007 angiograph { ® / NX LowOsm | normal orally, for | £SD:
(195) md 135S x my &Slk1y 0.5mg/dL | lodixanol | saline at atotal of | 147.5+74.
2. ACS (44pmol/L) | 1soOsm ImL/kg/h 4 doses, 75
3. Renal dysfunction above 4-6h pre with the
O0{ @ /NS (Y wkR[ A baseline and 12h first dose
1.3 mg/dL in females; + Creat. within 48h post at 8:00
clearance < 50mL/min procedure AM. the
4. Informed consent day of the
5. Available for followp procedure
and 3
Exclusion Criteria doses
post
1. Haemodynamidnstability procedure
requiring inotropic support
2. Pregnancy
3. Acute gastrointestinal disorder
(unable to tolerate oral medication)
4. NYHA class Ill or IV CHF
5. Unsuitable to receive intravenod
hydration therapy as per Placebo matched | Mean
cardiologist placebo | +SD:
6. Known sensitivity to NAC 133.68+5
7. Currenttreatment with 8.04

theophylline or mannitol

8. Dialysis therapy

9. Participation in another study or
use of experimental drug
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Shehata | Inclusion Criteria 1. Elective 108 Increase in | LowOsm | 0.9% Trimetazidin| 35mg Mean Mean$S.
2014 PCI { ® / NJ Ultravist Isotonic e twice daily | £SD: Creat. +SD:
(196) 1. Diabetesnellitus 0.5mg/dL saline for 72 270+10 2.0+£0.5mg/dI
2. Chronic stable angina (44pmoliL) solution at hours,
3. Mild-to-moderate renal or >25% 1ml/kg/h starting 48
dysfunction (mean eGFR increase starting hours
48+16ml/min/1.73n%) above 12h pre before PCI
baseline procedure
Exclusion Criteria within 48h and up to
24h.
1. Severe CKD (eGFBO< N-
ml/min/1.73m?) acetylcyst
2. Endstage renal disease eine
3. Haemodialysis (1,200mgq)
4. Acute Ml requiring emergency 24h pre
coronary intervention and post
5. Cardiogenic shock procedure.
6. History of ACS, PCI or CABG
7. CHD or myocardial disease othe Placebo v . Mean Mean S.
than ischaemia hydration | +SD: Creat. +SD:
only 28015 2.0£0.4mg/dI

8. Limited life expectancy

9. Positive preprocedural cTnl
result

10. Previous treatmat with
trimetazidine

11. Contraindications for aspirin,
clopidogre| ortrimetazidine

use

12.Parkinsg” &iQease and other
motion disorders
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Shehata | Inclusion Criteria 1.PCI 148 Increase in | LowOsm | 0.9% Statin 80mg Mean Mean GFR of
2015 { ® / NJ lopromide | Isotonic dose of +SD: 48.5+16
(197) 1. Diabetesnellitus 0.5mg/dL , saline at atorvastati | 274+8 mL/min/1.73

2. Mildto-moderate chronic kidney (44pmol/L) | Norrionic | 1mL/kg/h n daily for m2

disease or >25% Ultravist starting 48h pre

increase 370/100 12h pre procedure
Exclusion Criteria above and up to
baseline 24h post

1. Severe CKD (eGFR < within 48h procedue.

30mL/min/1.73n7) NAC

2. Endstage renal disease (or (1200mg)

patients onhaemodialysis administer

3. Intake of potentially nephrotoxic ed to both

drugs groups

4. Acute Ml requiring emergency 24h pre

coronary intervention and post

5. Cardiogenic shock procedure [ placebo v Mean

6. Priorhistory of hydration | +SD:

ACS only 278£11

7. Prior history of PCI or CABG

8. Congenital heart disease or any,
myocardial disease apart from
ischaemia

9. Known skeletal muscle disorder
10. Chronic liver disease

11. Limited life expectancy due to
coexistent disease

12. Contraindicatios for aspirin
and/or clopidogrel
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Shyu Inclusion Criteria 1. Coronary 138 Increase in | lopamidol | 0.45% NAC 400mg Mean Mean S.
2002 angiograph { ® / NX LowOsm | normal twice daily | £SD: Creat. +SD:
(198) 1. Chronic renal insufficiency (S. |y 0.5mg/dL saline IV at orally, on | 119+3 2.8+0.8mg/dI

Creat.2.0-6.0mg/dl or creat. (44pmoliL) 1ml/kg/h the day

clearance 80ml/min) above for 12h pre- and

H® {GFofS { & / NX baseline pre- and day of

0.1mg/dl compared with baseline g within 48h 12 h post procedure

12 to 24h beforeprocedure) procedure. , fora

All total of
Exclusion Criteria patients two days
were Placebo matched | Mean Mean S.

1. Acute MI requiring primary or encourage placebo +SD: Creat. +SD:

rescue PCI d to drink 115448 2.8+0.8mg/dl

2. Use of vasopressors before the if they

procedure were

3. Cardiogenic shock thirsty.

4. Current peritoneal dialysis or
haemodialysis

5. Planned postontrast dialysis
6. Allergies to the study
medications
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Singh Inclusion Criteria: 1. Elective 116 Serum Visipaque | Intravenou | RIPC Right Mean+SD:| S. Creat.
2016 patients withdiabetes scheduled | PCI creatinine | Iso-Osm s 0.9% upper arm | 197.5 ¢ Mean+SD:
(233) for elective PCI with eGFER NhasS 4 NaCl cuff 114.3 1.42 +0.58
ml/min/1.73m2 or urinary albumin 0.5mg/dI infusion at manually
creatinine ratio of >300 mg/g from 60ml/hour inflated to
Exclusion Criteria: baseline 6 hours 200mmHg
1. Patients with S€&levation Ml or and/or an before and for5
decompensated heart failure in the increase in after PCI minutes,
preceding months creatinine procedure followed
3. End stage renal disease on 2 F25% by
maintenance dialysis from deflation
4. Cerebrovascular disease baseline for5
5. Chronic liver disease within 48 minutes to
6. chronic obstructive pulmonary hours after allow
disease contrast reperfusio
7. Gastrointestinal bleeding exposure n and this
8. Acute or chronic infection cyclewas
9 Malignancy performed
3 times 30
minutes
before the
PCI.

Placebo Sham cuff | Mean+SD:| S. Creat.
applied 196.3 £ Mean+SD:
for 30 118.8 1.41+0.34
minutes
with no
inflation
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Solomon| Inclusion Criteria Coronary 63 Increase in | The 0.45% Mannitol 25¢g Mean Mean S.
1994 angiograph { ® / NJ choice of | normal intraveno | +SD: Creat. +SD:
(199) Mmd® {d / NBIFGP B Ny 0.5mg/dL | radiocont | saline IV at usly 130456 2.1+0.64mg/
or Creat. clearance < 60ml/min (44pmol/L) | rast agent | 1ml/kg/h during the dl
above was made| for 12h 60
baseline by the pre- and minutes
within 48h | cardiologi | 12h post immediate
st procedure. ly before
All angiograp
patients hy
\elzvr?gurage Furosemide 80mg \ Mean Mean S.
d to drink dqung 30 | +SD: Creat. +SD:
. min pre 132448 2.1+0.59mg/
if they
procedure dl
were
thirsty.

Control vV Mean Mean S.
hydration | +SD: Creat. £SD:
only 125+45 2.1+0.54mg/

dl
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Solomon| Inclusion Criteria: Elective 412 ¥ N ®p Y Nodetails | Infusion NaHCQ 50ml Mean+SD:| Mean S.
2015 Patients > 18 years scheduled for | Coronary or or 25%rise | (Multicen | rate in all ampules 110466 Creat. +SD:
(249) elective coronary or peripheral peripheral in tre study) | groups of Im 1.98+0.62
angiography, and if their calculateq angiograph creatinine was sodium
eGFR was 45ml/min per 1.73m y from 5ml/kg 60 bicarbonat
baseline minutes e
Exclusion Criteria: during the before and (154mEq/
1. Haemodynamidnstabilityasper first 3 days. 1.5ml/kg L) and a
investigator judgment per h partially
2. Renal replacemeriherapy during and filled 11
3. Hypocalcaemia for 4 hours bag with
after 830ml
angiograp sterile
hy. In water
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Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

patients
with a low
ejection
fraction
(40%),
history of
congestive
heart
failure, or
significant
oedema,
the same
total dose
of study
fluid could
be infused
over5
hours
post
angiograp
hy at the
discretion
of the
investigato
r

Nad

Standard
0.9%
sodium
chloride

Mean+SD:
104472

Mean S.
Creat. £SD:
1.85+0.49
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Spargias| Inclusion Criteria 1. Coronary 265 Increase in | The 50 Ascorbic 39 Mean Mean S.
2004 angiograph { ® / NJ choice of | 125mL/h | acid chewable | £SD: Creat. +SD:
(54) 1. Norremergent coronary y 0.5mg/dL | the type normal tablets at | 287+148 | 1.52+0.64mg
angiography 2.PCI (44pmol/L) | of saline IV least 2 /dl
HO { & 12 M#BdL {iasumol/L) or>25% | contrast | from hours pre
within 3 months of the planned increase agent was | randomsa procedure
procedure above left to the | tion until , followed
baseline interventi | at least 6h by 2g the
Exclusion Criteria within 2-5 onal post- night and
days of cardiologi | procedure. the
1. Known acute renal failure contrast st All morning
2. Endstage renal disease requiring performin | patients post
dialysis g the were procedure
3. Intravascular administration of procedure | encourage
contrast medium within the ,butuse | dtodrink
previous 6 days ofanon | ifthey
4. Anticipated readministration of ionic, low | were
contrast medium within the oriso thirsty
following 6 days osmolar Placebo 39 Mealn Mean S. .
5. Use of vitamin C supplements ol contrast chelwable iSD; Creai. £SD:
a daily basis during the week befor agent was }:gsit; at | 261+128 llci|50_0.54mg
the procedure encourag hours pre
6. Inability to administer the study ed. P
medication at least 2h pre procedure
procedure. , followed
by 2g the
night and
the
morning
post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Spargias| Inclusion Criteria 1. Coronary 33 Increase in | The 1.5mL/kg/ | lloprost 1ng/kg/mi | Mean Mean S.
2006 angiograph { ® / NJ choice of | hnormal n +SD: Creat. +SD:
(201) Mm® {d / NBFGD % Ny 0.5mg/dL | the type | saline for beginning | 217118 | 1.71+0.7mg/

month 2.PCI (44pmol/L) | of X nk 30-90min dl

2. Elective procedure or >25% contrast procedure prior to

increase agent was | and and
Exclusion Criteria above left to the | continued ending 4h
baseline interventi | for at least post

1. Circulatory shock for any reason within 2 onal 12h post procedure

2. SBP 85mmHg days of cardiologi | procedure

3. Acute renal failure contrast st

4. Endstage renal disease requiring performin

dialysis g the

5. IV administration of contrast procedure lloprost 2ng/kg/mi | excluded from analysis

medium within preceding 10 days , but use n

or anticipated readministration of of a non beginning

contrast medium within the ionic, low 30-90min

following 6 days or iso prior to

6. Inability to administer study osmolar and

medication at least 30min pre contrast ending 4h

procedure agent was post

7. Primary intervention for acute encourag procedure

STEMI ed.

Placebo Normal Mean S.
saline Creat. +SD:
beginning 1.66+0.64mg
30-90min /dl
prior to
and
ending 4h
post
procedure
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Spargias| Inclusion Criteria 1. Coronary 239 Increase in | Use ofa | 1.5mL/kg/ | lloprost 1ng/kg/mi | Mean Mean S.
2009 angiograph { ® / NJ nonionic, | h normal n +SD: Creat. +SD:
(200) Mm® { O 1AMNGRIL Within D y 0.5mg/dL | iso- saline for beginning | 257+129 | 1.63+0.49mg
month before the planned 2.PCI (44pmol/L) | osmolar, | % n k 30-90min /dl
procedure or >25% or low- procedure prior to
increase osmolar and and
Exclusion Criteria above contrast | continued ending 4h
baseline medium for at least post
1. Circulatory shock for any reasor within 2 was 12h post procedure
2. SBP 85mmHg days of encourag | procedure | Placebo Normal Mean Mean S.
3. Acute renal failure contrast ed. saline +SD: Creat. +SD:
4. Endstage renal disease requiring beginning | 249+137 | 1.59+0.49mg
dialysis 30-90min /dl
5. Intravascular administration of prior to
contrast medium withinte and
previous 10 days or anticipated-re ending 4h
administration of contrast medium post
within the following 6 days procedure

6. Inability to administer study
medication at least 30 minutes
before the procedure

7. Primary intervention for acute

STEMI
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Stone Inclusion Criteria 1.Diagnosti 373 Increase in | LowOsm | 0.45% Fenoldopam| 0.05pg/kg | Mean Mean S.
2003 c* serum normal /minand | +SD: Creat. +SD:
(202) 1. Age > 1§ears interventio creatinine saline increased | 153+107 | 1.82+0.71mg

2. Risk for developing contrast nal t SpSt infusions in 20 /dl

induced nephropathy (creat. cardiology 25% from at minutes to

clearance 60mL/min (1.00mL/s) | procedures baseline to 1.5mL/kg/ 0.10pg/kg

3. Diagnostic + interventional the h (or /min if

cardiology procedures. maximum 1.0mL/kg/ tolerated.

value h if heart The
Exclusion Criteria obtained at failure was infusion
24-96h present) was then

1. Known severe allergy to contras for 2-12h maintaine

media orfenoldopam or its infusion prior to d during

components trial angiograp

2. Acute renal failure or unstable hy and

renal function percutane

3. SBP < 100mmHg ous

4. Acute MI interventi

5. Decompensated heart or on and

respiratory failure continued

6. Contraindication to dopaminergi for 12

agents hours
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7. Current use of mannitol or Placebo matched Mean Mean S.
dopamine placebo +SD: Creat. +SD:
8. Plannechddition, 162+110 | 1.81+0.83mg
discontinuation, or dose /dI

adjustment of trimethoprim,
cimetidine, metoclopramide,
bromocriptine, levodopa,
nonsteroidal antinflammatory
drugs, or catecheD-
methyltransferase inhibitors during
the study

9. Exposure to iodinated contrast
within the previous 10 days

10. Other serious medical
conditions likely to interfere with
data collection or followup

11. Participation in other
investigational protocols within 30
days
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Stone Inclusion Criteria 1. 157 >25% lodixanol | 0.9% Hypothermi | Reprieve | Mean Mean S.
2011 Angiograph relative LowOgn. | saline at a endovascu| £SD: Creat. +SD:
(203) 1. Age 38 years y increase Other low | 1.5ml/kg/ lar 150+94.3 | 12.7+£3.0mg/

2. CKD (Creat. clearance 20 2.PCI above osmolar hour temperatu dl

50ml/min) 3.Renal baseline contrast (2.0ml/kg/ re therapy

3. Elective coronary arteriography | angiograph within 96h | agents hour of system

(xPCI) y of contrast | were 0.45% used to

4.Useofh 2 RAY | (i S Feont) 2 orincrease | permitted | normal achieve a

in S. Creat. | according | saline for central
Exclusion Criteria %0.5mg/dL | to the patients temperatu
(44pmol/L) | 2 LIS NI | with CHF re of 33°C

1. Acute renal failure choice. or left 34°C

2. Unstable renal function and ventricular before

current or planned dialysis dysfunctio first

3. Renal artery angiography, renal n). contrast

drug infusion, or known renal arter] 1h before injection

stenosis the and for 3

4. Use of mannitol or intravenous procedure hours

diuretics NaCl was after the

5. Decompensated heart failure replaced procedure
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6. Respiratory failure with Control Normo- Mean Mean S.
7. Hypotension NaHC® thermia. +SD: Creat. +SD:
8. Acute or recent STEMI (150mEq v 138+78.3 | 12.1+2.2mg/
9. Allergy tocontrastheparin, in 1L D5W) hydration dl
meperidine or buspirone that could at only
not be adequately premedicated 0.45mEqg/k
10. Recent monoamine oxidase g
inhibitor (3ml/kg/h
11. Use of additional cordst our) for
administration 10 days before or the first
after the procedure hour and
12. Inferior vena cava filter then
13. Height 4.5 m 0.15mEqg/k
14. Hypersensitivity to hypothermié g/hour
(Raynaud) (Iml/kg/h
15. Bleeding diathesis, our) for 5
coagulopathy or sickle cell disease 7 hours
16. Hepatic impairment after the
17. Cryoglobulinemia procedure

18. Untreated hypothyroidism
19. Addison disease

20. Prostatic hypertrophy or
urethral stricture

21. Would refuse blood
transfusions

22. Pregnancy

23. Inabilityor unwillingness to sign
informed consent

24. Enrolment in another
investigational drug or deee trial
25. Condition possibly leading to
noncompliance with any study

procedures
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Sun, C Inclusion Criteria: 1. Coronary 141 acute lodixanol | Seegroups | BNP M ®p > 3| Mean+SD:| Mean S.
2015 Patients > 18 years referred for angiograph decline in IscOsm bolus 145.56+7 | Creat. +SD:
(250) coronary angiography and / or PCIl| y + PCI renal lopromide followed 5.86 75.461£17.25
Exclusion Criteria: function LowOsm by an
1. Acute myocardial infarction characters adjusted
requiring emergency edby an dose
cathetersation absolute infusion of
2. Chronic heart failure rise of nonwm>
3. Previous PCI or coronary artery 0.5mg/dL /min
bypass grafts (44.2pmol/
4. Contrast media within 7 days L) in SCror
5. Acute respiratory insufficiency a>25%
6. Acute renal fallu_re - Increase IV Hydration| isotonic Mean+SD:| Mean S.
7: Enqistage renatlisease requiring from . saline 149.36+7 | Creat. +SD:
dialysis . baseline to (0.9%) at 6| 3.28 75.10+14.59
8. Patients on metformin, 48 hours hours
nonsteroidal antinflammatory after before
drugs, diuretics, mannitol, angiograph and 12
dopamine, theophylline, ascorbic y hours
acid and MNacetylcysteine during after the
the study period. procedure
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Tamura | Inclusion Criteria 1. 154 Increase in | lohexol 0.9% NaHCQ Standard | Mean Mean S.
2009 Diagnostic { ® / NJX LowOsm | isotonic group: hydration | +SD: Creat. +SD:
(204) 1. Patients with mild renal + 0.5mg/dL saline at with NaCl | 82.1+40.4 | 1.36£0.18mg
insufficiency (S. Creat. 1.1 interventio (44pmoliL) 1ml/kg/h plus /dl
2.0mg/dl) nal or >25% (0.5ml/kg/ single
2. Elective coronary procedure cardiology increase h for bolus IV
procedures above patients administra
Exclusion Criteria baseline with LVEF tion of
within 3 <40%) for NaHC®
1. Allergy to contrast medium days of 12h pre [20mI =
2. Pregnancy contrast and 12h 20mEq], 5
3. History of dialysis post minutes
4. Exposure to contrast medium procedure pre-
within the preceding 48 hours of procedure
the study CV/mL
5. ACS within the preceding 1 Mean
month of the study (SD):
6. NYHA class IV CHF 82.1+40.4
7.LVEK 25% Control \ Mean Mean S.
8. Severe chronic respiratory hydration | +SD: Creat. +SD:
disease only 87.8+44.9 | 1.38+0.19mg
9. Single functioning kidney /dl
10. Administration of N
acetylcysteine, theophylline,
dopamine or mannitol
Tanaka | Inclusion Criteria 1.PCI 83 >25% lopamidol | Intravenou | NAC 705mg Mean Mean S.
2011 relative LowOsm | a WwWAY orally +SD: Creat. +SD:
(205) 1. Primaryangioplasty increase lactate before 205+80 0.88+0.25mg
for acute Ml above solution at and at 12, /dl
baseline 1-2mL/kg 24 and
Exclusion Criteria within 72h /h for > 36h post
of contrast 12h post procedure
1. Dialysis procedure (to a total
2. Known allergy to NAC of
3. Inability to take NAC orally 2,820mg)

191




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Placebo 4ml water | Mean Mean S.
+SD: Creat. +SD:
216485 0.80+£0.19mg
/dI
Tasanar | Inclusion Criteria 1. Coronary 118 Increase in 0.9% h- 525U Mean Mean S.
ong angiograph { ® / NI isotonic tocopherol | daily +SD: Creat. +SD:
2009 MO { ® 12MgRIL or Creai y 0.5mg/dL saline at commenci | 150+83 1.62+0.44mg
(206) Of S| NBOKIGEN X 2.PCI (44pmol/L) 1ml/kg/h ng48h /dl
or >25% for 12h pre-
Exclusion Criteria increase pre- and procedure
above 12h post for total 3
1. Renafailure baseline procedure doses.
2. End stageenaldisease requiring within 48h
dialysis
3. Unstable renal function
4. Known allergy to contrast agents
5. Receiving mechanical ventilatiof
6. Congestive heart failure
7. Cardiogenic shock
8. Emergency angiography
9. Receiving NAC, mannitol,
diuretics, theophyllinedopamine,
ascorbic acid or contrast agents
within 14 days beforstudy Placebo matched MeantSD:| Mean S.
Mno® | drd-togopherbl placebo 132458 Creat. +SD:
supplements on a daily basis durin /1d|67i0-53m9

the week prior to the study.
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Tasanar | Inclusion Criteria 1.PCI 331 Increase in 0.9% h- 350mg/ Mean+SD:| Mean S.
ong { ® / NX isotonic tocopherol | day5days | 134173 Creat. +SD:
2013 1. Chronic kidney disease 0.5mg/dL saline at before 1.58+0.48mg
(207) (44pmoliL) 1ml/kg/h and 2 days /dl
Exclusion Criteria or >25% for 12h after
increase pre- and procedure
1. Acutekidneyinjury above 12hpost | - 300mg/ Mean+SD:| Mean S.
2. CKDBtage5 baseline procedure | tocopherol | day5days | 137+75 Creat. +SD:
3. Unstable renal function within 48h before 1.48+0.48mg
4. Knownrallergy to contrast agents and 2 days /dl
5. Receiving mechanical ventilatiof after
6. Congestive heart failure procedure
7. Cardiogenic shock Placebo 350mg/ Mean+SD:| Mean S.
8. Emergency angiography day5days | 134+69 Creat. +SD:
9. Receiving NAC, mannitol, before 1.63+0.53mg
diuretics, theophyllinedopamine, and 2 days /dl
ascorbic acid or contrast agents after
within 14 days beforstudy procedure
Mn® | »r3-toopherdl
supplements on a daily basis durin
the week prior to the study
Tepel Inclusion Criteria 1.CT 93 Increase in 0.45% NAC 600mg Mean S.
2000 { ® / NX saline at orally Creat. +SD:
(208) 1. Elective computed tomography 0.5mg/dL 1ml/kg/h twice daily 2.5+1.3mg/dI
(cmn (44pmol/L) for 12h on the day
2. Chronic renal insufficiency (S. above pre- and prior to
Creat. >1.2mg/dL (106umol/L) or baseline 12h post and dayof
creat. clearance §0ml/min) within 48h procedure. CT
Patients Control IV Mean S.
Exclusion Criteria were hydration Creat. +SD:
encourage only 2.4+1.3mg/dl
1. Acute renafailure d to drink
if thirsty.
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Thiele Inclusion Criteria 1. Coronay 292 >25% lopromide | 0.9% NAC Intraveno | Median Median S.
2010 angioplasty relative LowOsm | isotonic us bolus of| (Range): | Creat.
(209) 1. Patients with S€levation increase saline at 1,200mg | 180 (146 | (Range):
undergoing primary angioplasty above 1ml/kg/h before 230) 81 (6997)
baseline (0.5ml/kg/ angioplast mmol/l
Exclusion Criteria within 72h h for y and
of contrast patients in 1,200mg
1. Previous fibrinolysis ¥2h overt intraveno
2. Known NAC allergy heart usly twice
3. Chronic dialysis failure) for daily for
4. Pregnancy 12h 48h after
5. Contraindications to magnetic (total dose
resonance imaging (MRI) 6,000mg)

Placebo matched Median Median S.
times- (Range): | Creat.
10ml of 160 (120 | (Range):
0.9% NacCl| 220) 78 (6790)
at each mmol/l
injection
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Toso Inclusion Criteria 1. Coronary 353 Increase in | lodixanol | 0.9% Statin 80mg Mean+SD:| Mean S.
2010 angiograph S/ NB I { IsoOsm isotonic atorvastati | 164+99 Creat. +SD:
(210) 1. Chronic kidney disease y 0.5mg/dL saline at n daily 1.2+0.35mg/
(estimatedCreat.clearance< (44pmoliL) 1ml/kg/h starting dl
60ml/min) or >25% (0.5ml/kg/ 48h pre
2. Elective coronary angiography increase h for procedure
and/or other intervention above patients in ,
baseline overt continued
Exclusion Criteria within 5 heart for 48h
days failure) for post
1. Currentireatment with a statin 12h. Oral procedure
2. Contraindication to statin NAC
treatment (1200mg)
3. Previous contrast media twice daily
administration within 1Gays of from the
study entry day before
4. Endstage renal failure requiring to the day
dialysis after the Placebo matched | MeantSD:| Mean S.
5. Informed refusal of consent procedure placebo 151+95 | Creat. +SD:
starting 1.18+0.33mg
48h pre /dl
procedure
continued
for 48h
post
procedure
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Traub Inclusion Criteria 1.CECT 383 Increase in | LowrOsm | as per NAC 3gin Mean: Mean S.
2013 { ® / NJ Isovue interventi 500mL 113.11 Creat. +SD:
(211) 1. Patients undergoing chest, 0.5mg/dL LowOsm | on NaCl as an 1.00£0.28mg
abdominal, or pelvic GET (44pmol/L) | Optiray protocol IV bolus /dl
2. Age > 18 years or >25% Iso-Osm and then
od x 2yS NMKI] TFI increase Visipaque 200mg/h
above as 67mL/h
Exclusion Criteria baseline for up to
within 48 24 hours
1. Unable owunwilling to provide 72h of Placebo 500mL Mean: Mean S.
written informed consent procedure NaCl as an| 115.24 Creat. +SD:
2. Endstage renal disease IV bolus 0.99+0.27mg
3. Pregnancy and then /dl
4. Allergy to NAC 200mg/h
5. Clinical instability as 67mL/h
for up to
24 hours
Trivedi Inclusion Criteria 1. Coronary 63 Increase in as per IV fluid 0.9% Mean S.
2003 angiograph { ® / NX interventi normal Creat. +SD:
(212) 1. Age > 18 years y 0.5mg/dL on saline at 101+21mmol
2. Electivecoronaryangiography (44pmol/L) protocol 1ml/kg/h Nl
above for 24h
Exclusion Criteria baseline pre-
within 48h procedure
1. Creat. clearance < 20ml/min of Oral fluid unrestrict Mean S.
2. Clinically decompensated heart procedue ed oral Creat. +SD:
failure fluid 112+33mmol

3. Decrease effective arterial
volume (e.gnephroticsyndrome,
liver cirrhosis)

4. Unwilling to participate

N
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Tumlin Inclusion Criteria 1. Coronary 59 Increase in | LowOsm | Pre Fenoldopam| 0.1pg/kg/ | MeantSE | Mean S.
2002 angiograph { ® / NJ IsocOsm hydration min M: Creat. +SEM:
(213) md 135S x my &Slk1y 0.5 mg/dL with 1/3 starting 1h | 80+15 13+56mg/dl
2. Moderatesevere renal failure (S| 2. (44pmoliL) normal pre-
Creat. 2.65.0mg/dL) Peripheral or >25% saline at procedure
angiograph increase 100mL/h and
Exclusion Criteria y above for 3h pre continued
baseline procedure for4
1. Uncontrolled ventricular within 48 hours with
arrhythmia hours of 1/3
2. Chronichaemodialysi®r contrast normal
peritoneal dialysis saline at
3. Metformin therapy 100ml/h
4. Acutecerebral vascular accident
5. Oxygen saturation 30% on
room air or possible overt
pulmonaryoedema
6. Known glaucoma
7. Unstable clinical condition that
\r/]v;du::tir;?]t allow for 3 hours of pre Control nolr_mal | MeantSE I\C/Iear: S.SEM
saline on : reat. + :
8. S. Creat. 2.0mg/dL or > at same Y 96+19 | 11+50mg/d
5.0mg/dL :
9. Known hypersesitivity to time and
schedule

fenoldopam mesylate

10. Informed consent not possible
11. Patients who received
prophylactic furosemide, mannitol,
or renal dose dopamine before
randomgation

12. Pregnancy or lactation
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Vashegh | Inclusion Criteria 1. Coronary 281 Increase in | lohexol 3ml/kg for | NaCl 1075ml of | Mean+SD:| Mean S.
ank angiograph { ® / NJX LowOsm | 1 hour 0.45% 125+96.2 | Creat. +SD:
Farahani| 1. Elective coronary angiography | y 0.5mg/dL immediate normal 1.63+£0.32mg
2009 HO { & 15MGgRIL G & X (44umoliL) ly before salineat /dl
(215) or >25% contrast specified
Exclusion Criteria increase injection rate
above followed
1. Unstable serum creatinine baseline by infusion
2. Previous history of dialysis within 48 of
3. eGFR 20ml/min hours of 1ml/kg/h
4. Emergencgathetersation contrast for 6h
5. Recent exposure to radiocontrag post
agent within 2 days prior to study procedure
6. Allergy to contrast agent
7. Pregnancy
8. Administration oflopamine
fenoldopamor NAC during the
intended time of the study
9. Need for continuous hydration
NaHC® 75ml of Mean+SD:| Mean S.
8.4% 129+96.3 | Creat. +SD:
NaHC®@ 1.66+0.50mg
added to /dl
1L of
0.45%
normal
saline
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Vashegh | Inclusion Criteria 1. Coronary 76 Increase in | lohexol 3ml/kg for | NaCl 1075ml of | Mean+SD:| Mean S.
ank angiograph { ® / NJX LowOsm | 1 hour 0.45% 123431 Creat. +SD:
Farahani| 1. Elective coronary angiography | y 0.5mg/dL immediate normal 1.77+0.52mg
2010 HO { & 15MGgRIL G & X (44umoliL) ly before salineat /dl
(214) 3. Uncontrolled hypertension or >25% contrast specified
4. Compensated severe heart increase injection rate
failure above followed NaHC® 75ml of MeanSD:| Mean S.
5. History of pulmonary oedema baseline by infusion 8.4% 112433 Creat. +SD:
within 48 of NaHCQ® 1.71+0.45mg
Exclusion Criteria hours of 1ml/kg/h added to /dl
contrast for 6h 1L of
1. Unstable serum creatinine post- 0.45%
2. Previous history of dialysis procedure normal
3. eGFR 20ml/min saline
4. Emergencgathetersation
5. Recent exposure to radiocontrag
agent within 2 days prior to study
6. Allergy to contrast amt
7. Pregnancy
8. Administration oflopamine
fenoldopamor NAC during the
intended time of the study
9. Need for continuous hydration
Vogt Inclusion Criteria 1.Renal 143 Increase in | LowrOsm | IV saline at| Dialysis Haemodial| Mean+SD:| Mean S.
2001 angioplasty { ® / NX 1ml/kg/h ysis 2104143 | Creat. £SD:
(216) 1. Chronic stable renal insufficienc| 2. 0.5mg/dL for 12h starting as 308+106mm
2. S. Creat. 200pm/L (>2.3mg/dL) | Peripheral (44pmoliL) pre- soon as ol/l
angioplasty or >25% procedure possible
3.CECT increase after
4. Coronary above radiograp
angiograph baseline hic
y within 6 investigati
days on
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Control IV saline Mean+SD:| Mean S.
at 143+115 | Creat. +SD:
1ml/kg/h 316+112mm
for 12h oll
pre-
procedure
Wang, C| Inclusion Criteria: 1.Non+ 866 Absolute lopamidol | 1ml/kg Glutathione | 1.8g Mean+SD:| Serum Cr
2015 18-80 years old undergoing nen emergency increase of | 1IsoOsm body reduced 135.6+70. | (mmol/L):
(251) emergency coronary angiography | coronary serum weight per glutathion | 1 74(64,84)
and/or intervention angiograph creatinine hour e in 500ml
y concentrati intravenou of normal
Exclusion Criteria: on of at s normal saline
Mo { SNUzY @niglIl G Ay least saline
(707mmol/L) 0.5mg/dI 500ml was
2. Known acute kidney injury, (44.2mmol administer
current peritoneal or haemodialysig ) ora edin all
3. Acute myocardial infiion or relative patients at
cardiogenic shock increase of the
4. Hypersensitivity to iodine at least beginning
containing compounds 25% from of the
5. Intravascular administration of baseline procedure
contrast medium within the within 48
previous week hours after Placebo Saline Mean+SD:| Serum Cr
6. Use of antioxidant on a daily the 132.8+66. | (mmol/L):
basis during the week before the procedure. 7 75
procedure (63.3,84.0)
7. Pregnancy or lactation
8. Malignancy
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Wang Inclusion Criteria 1. Coronary 225 Increase in | LowOsm | 0.45% ERAs Group| 100ug/kg | MeantSD:| Mean S.
2000 angiograph { ® / NJX Type saline at endothelin | over 104+64.8 | Creat. +SD:
(217) 1. Adult patients undergoing y 0.5mg/dL | determin | 1ml/kg/h A and B 10min, 2.7+0.9mg/dI
cardiac angiography (44pmol/L) | ed by beginning | receptor then
HO { & 20MghIL G & X or>25% | consultan | 2-12h pre | antagonist | 1.0pg/kg/
(176.8umol/L) within 48h of increase t and (SB 290670)| min
procedure above continuing starting
baseline T2N x 30-150min
Exclusion Criteria within 48 post- pre-
hours of procedure. contrast,
1. SBP 400/70mmHg or heart rate contrast Patients and
>100 bpm at baseline were continued
2. Acute renal failure encourage for 12
3. Chronic renal failure requiring d to drink hours
dialysis if thirsty. after
4. Inability to adhere to the CV/mL
hydration regimen MeanzSD:
5. Diuretic therapy withi 12h or 104.0 64.8
during infusion of study drug Placebo matched MeantSD:| Mean S.
6. Dopamine therapy within six placebo 122.4+86. | Creat. +SD:
hours or during infusion of study 2 2.8+1.1mg/dI

drug
7. Administration of NSAIDs other
GKEFEY FaLANRY 0 X

24h of study drug

8. Uncontrolled cardiac arrhythmia
9. Hepatic dysfunction

10. Cerebrovascular accident withi
1 week

11. Women of childearing
potential
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Wang Inclusion Criteria 1.PCI 143 Increase in | Ultravist Normal Anisodamin | 50ug/kg Mean+SD:| Mean S.
2011 { ® / NX LowOsm | saline at e bolus dose| 256.8+71. | Creat. +SD:
(218) 1. Patients with SBegment 0.5mg/dL 1ml/kg/h followed 9 83.1+17.7m
elevation undergoing primary PCI (44pmoliL) pre- by mol/l
or >25% procedure adjusted
Exclusion Criteria increase and for dose (0.1
above 24h after 0.2pg/kg/
1. Cardiogenic shock baseline min) for
2. Heart rate > 100bpm on within 48 24h after
admission 72 hours of Placebo matched | Mean+SD:| Mean S.
3. End stage renal disease requirir] contrast placebo 259.8+79. | Creat. £SD:
dialysis 1 82.2+14.1m
4. Notagreesingto consent mol/l
5. Known allergic condition
6. Candidate not suitable to use
anisodamine
Webb Inclusion Criteria 1. Coronary 496 >25% loversol 200ml NAC 500mg IV | Median Median
2004 angiograph relative LowOsm | isotonic immediate | (IQR): (IQR):
(219) 1. Renal dysfunction (eGFR < y increase salinepre- ly pre- 120 (80 141 (125
50mL/min) 2.PClI above procedure, procedure | 186) 166) mmol/l
2. Cardiacatheteriation baseline S. then at Placebo vV Median Median
Creat. 1.5mL/kg/ hydration | (IQR): (IQR):
Exclusion Criteria h for 6h, only 120 (80 142(124
unless 155) 167) mmol/l
1. Suspected acute renal failure contraindi
2. S. Creat. 200pmol/L cated

3. Current dialysis

4. Haemodynamidnstability

5. NAC administration within 48
hours

6. Age <8 years

7. L&k of informed consent

8. Inability to comply with follovwup
9. Recent creatinine elevation aftel

a diagnostic angiogram
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Weisber | Inclusion Criteria 1.Cardiac 41 >25% MD 76 as per Dopamine | 2u/kg/min Mean S.
g Cathetersa relative HiFOsm interventi in 0.45% Creat. +SD:
1993 md {GF o6t $8ngt / NJX tion increase on Nacl 2.37+0.17mg
(220) 2. Elective cardiacathetersation above protocol /dl
baseline S.
Exclusion Criteria Creat.
1. NYHA class IVCHF
2. Haemodynamic instability
3. Allergy to radiocontrast agent or|
prior exposure within the last 7
days
4. Pregnancy
Control 0.45% Mean S.
normal Creat. +SD:
saline 2.66+0.15mg
100ml/h /dl
starting
12hpre-
procedure
continued
throughou
t
procedure
and for
total of
120min
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Wrobel | Inclusion Criteria 1. Coronary 107 Increase in | loversol as per IV fluid Intraveno | Mean+SD:| Mean S.
2010 angiograph { ® / NJX LowOsm | interventi us 101.1+36. | Creat. +SD:
(221) 1. Patients with cardiovascular y 0.5mg/dL on infusion of | 62 1.235+0.4454

disease 2.PCI (44pmoliL) protocol isotonic mg/dl

2. Diabetesnellitus or >25% 0.9% NacCl

increase at
Exclusion Criteria above ImL/kg/h
baseline started 6h

1. Contraindications for pre-

invasive procedures procedure

2. Pregnancy ,

3. Breastfeeding continued

4. Symptoms and signs of infectior] up to 12h

5. Antibiotic treatment post-

6. Participation in procedure

204



Chapter 2:NetworkMetaAnalysis

Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

other studies within the preceding
30 days

7. History of hypersensitivity to
contrast agents

8. Cancer

9. Acute renal failure of alternative
aetiology

Oral fluid

Weight
adjusted
quantity
of neutral
fluid
(commerci
ally
available
still
mineral
water or
boiled
water)
administer
ed at
ImL/kg/h
between
12-6 hours
pre-
procedure
continued
up to 12h
post
procedure

Mean£SD:
110.4+65.
28

Mean S.
Creat. £SD:
1.172+0.3872
mg/dl
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Xu, R. H | Inclusion Criteria: 1.PCI 67 Relative lopromide | 1ml/kg/h Alprostadil | 10ug Mean+SD:| Mean S.
2013 t I GA Sy (60 year)WEhR increase of | Lowlso normal (diluted 133.71+3 | Creat. £SD:
(252) coronary artery disease who were >25% or saline for with 2.46 83.63+£23.59
admitted for PCI an 6h prior to 100ml
absolute PCl and normal
Exclusion Criteria: increase of 12h saline)
1. Refusal to participate %0.5mg/dI following twice a
2. Refusal of PCI in SCfrom PCI day by
3. Use of any nephrotoxic drugs the intraveno
during the perioperative period baseline us drip for
4. Severe hepatic and renal failure value 72h the 3 days
5. Serious infectious disease after following
6. New York Heart Association exposure PCI
functionalclassification(NYHA) 3 to the Control vV Mean+SD:| Mean S.
7. Haemodynamidnstability contrast hydration | 123.57+3 | Creat. £SD:
(including systolic blood pressure < medium Only 7.14 76.82+19.45
90mmHg The original | No Mean+SD:| Mean S.
8. Coronary lesions below the control interventi | 134.09+3 | Creat. +SD:
threshold for clinical groupin this | on 6.99 88.27+27.40
revasculasation therapy study were
9. Coronary lesions not suitable fol excluded

PCI due to coronary anatomy
10. Allergic reaction to contrast

media and alprostadil
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Xu Inclusion Criteria 1. Coronary 207 >25% RIPC Blood Mean+SD:| Mean eGFR
2014 angiograph relative pressure | 171.8+37.| +SD:
(222) 1. Diabetesnellitus y increase cuff 9 99.1+20.6m
H® 165 farsK above placed mol/l
baseline S. around
Exclusion Criteria Creat. non-
dominant
1. Previous use dfimetaziding upper arm
nicorandil orglibenclamide within 2h
2. Uncontrolleddiabetesmellitus pre-
3. Elevatectardiac biomarker at procedure
admission . The cuff
4. Ml within 6 months, stent inflated to
implantation or CABG within 6 200mmHg
months pressure
5. Cardiogenic shock for5
6. LVEF 50% minutes,
7. Congenital or valvular heart followed
disease requiring further surge by 5
8. Moderate or severe renal minutes of
insufficiency with eGFR30mL/min deflation
9. Ongoing bleeding, or a history o and
bleeding diathesis repeated
10. Expected life spank2 months 2 more
times to 3
cycles in
total
Control no cuff Mean+SD:| Mean eGFR
163.3+39 | +SD:
100.8+28.2m
mol/l
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Yamana | Inclusion Criteria 1.PCI 109 Increase in | low-Osm | 0.9% RIPC Blood Mean S.
ka { ® / NJX contrast isotonic pressure Creat. +SD:
2015 md 138 x Hn &St 0.5mg/dL | media saline at cuff 0.82+0.21mg
(223) 2. Suspected STEMI undergoing P (44pmol/L) | used in all | 1ml/kg/h placed /dl
or >25% cases (0.5ml/kg/ around
Exclusion Criteria increase h for non-
above patients in dominant
1. Left bundle branch block baseline overt upper
2. Previous CABG 48-72h heart arm. The
3. Severe heart failure requiring post failure) cuff
percutaneous cardiopulmonary procedure beginning inflated to
support 24h pre 200mmHg
4. Severe chronic kidney disease PCl and pressure
requiring dialysis or continuous continuing for 5
haemodiafiltration for 24h minutes,
followed
by 5
minutes of
deflation
and
repeated
2 more
times to 3
cycles in
total
Control no cuff Mean S.
Creat. +SD:
0.87+0.44mg
/dl
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Yang Inclusion Criteria 1. Coronary 655 Increase in | lopromide | as per NacCl 0.9% Mean+SD:| Mean eGFR.

2014 angiograph { ® / NJX LowOsm | interventi sodium 124+63.8 | +SD:

(224) 1. Age > 18 years y 0.5mg/dL on chloride at | 1; 93.46+22.45
2. Elective cardiovascular 2.PCI (44pmoliL) protocol 1.5mL/kg/ ml/min/1.73
procedures or >25% h 6h pre m2

increase procedure
Exclusion Criteria above , and

baseline 3 continued
1. Severe renal dysfunction (eGFR days post for 6h
30mL/ min) procedure after
2. Chronic renal failurenduced
incomplete dialysis therapy
3. Exposure to radiographic
contrast within 10 dgs
4. A second contrasgtnhanced
procedure planned within 72h NaHC® 1.5% Mean+SD:| Mean eGFR.
5. Previous emergent PCI NaHCQ@at | 127+48.0 | £SD:
6. Heart failure and LVER0% 1.5mlUkg/ | 9; 92.77+22.98
7. Previous CABG h for 6h ml/min/1.73
8. Preoperative SBPO0mMmHg pre- m?
9. Kidney transplantation or procedure
congenital unilateral renal agenesij )
10. Use of nephrotoxic neications continuing
11. Valvular disorders for 6h

after
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
12. Active cancer NaCl 0.9% MeantSD:| Mean eGFR.
13. Uncontrolled hypertension sodium 129+46.7 | +SD:
14. Previous dialysis chloride at | 7 93.84+21.98
15. Autoimmune diseases 1.5mL/kg/ ml/min/1.73
16. Chronic or acute infectious h 6h pre m2
disease procedure
17. Overt CHF , and
18. Recent acute kidney injury continued
19. Allergy to radiographic contras for 6h
combired with severe liver and after plus
lung diseases 600mg
20. Gastrointestinal bleeding NAC BD
21. Infection 24h pre
22. Cacinoma and post
23. Anaemia (Hb < 9gm/L) procedure
24. Hyperthyroidism NaHC@ 1.5% Mean+SD:| Mean eGFR.
25. Autoimmune diseases NaHC@at | 126+57.9 | +SD:
1.5mlkg/ | 7 92.76+23.05
h for 6h ml/min/1.73
pre- m?
procedure
continuing
for 6h
after plus
600mg
NAC BD
24h pre
and post
procedure

210




Chapter 2:NetworkMetaAnalysis

Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis

Yavari Inclusion Criteria 1.PCI 211 >25% Iso-Osm 0.9% Pentoxifyllin | 400mg Mean+SD:| Mean S.
2014 relative lodixanol | saline at e TDS 191.96%9 | Creat+SD:
(225) 1. Age 1&5 years increase 1ml/kg/h starting 4.32 1.06+£0.16mg

HO . aStARee{ydt/ above for 6h day of /dl

(1.5mg/d) baseline S. prior to, procedure

Creat. at during, and day
Exclusion Criteria 48h post and 6h after
procedure post

1. Acute MI procedure

2. Congestive heart failure

3. Haemodynamidnstability during

or after the procedure

4. Known allergy or previous

administration ofpentoxifylling

and use of concomitant

nephrotoxic agents

(e.9. NSAIDs, aminoglycosides IV fluid Normal Mean+SD:| Mean S.

5. Recent contrast injection Saline only| 185.88+8 | Creat. +SD:

6. Diuretics 1.06 1.04+0.16mg

/dI
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Yeganeh| Inclusion Criteria 1. Coronary 183 >25% low-Osm | 150mL NaHC® 3mL/kg/h Mean S.
khah angiograph relative lohexol 8.4% Creat. +SD:
2014 1. Patients undergoing coronary |y increase NaHC® 1.17£0.32mg
(226) angiography with at least one of th above added to /dl
following risk factors: baseline S. 850mL NAC NAC Mean+SD:| Mean S.
Creat. at isotonic 600mg 45.7+21.6 | Creat. =SD:
i) Congestive heart failure (LVEF < 48h post normal twice daily 1.17+0.43mg
40%) procedure saline orally /dl
i) History ofdiabetesmellitus starting
iii) Age >65 years one day
iv) Renal failure (eGFR < pre-
60mL/min/1.73n%) procedure
,in
Exclusion Criteria addition
to isotonic
1. Pregnancy and lactation normal
2. History of allergic reaction to saline at
contrast agents 1ml/kg/h
3. Cardiogenic shock (max
4. Pulmonaryedema 100ml/h)
5. Multiplemyeloma for 12h
6. Mechanical ventilation before
7. Urgent coronarangiography and after
8. S. Creat. 4mg/dL angiograp
9

. Endstagerenaldisease (ESRD)

hy
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
10. Receiving contrast agents two IV fluid Isotonic Mean+SD:| Mean S.
days prior to the study and 48h normal 41.9+17.7 | Creat. +SD:
after saline at 1.08+0.32mg
11. Using diuretics, NAC, sodium 1ml/kg/h /dI
bicarbonate, theophylline, (max
dopamine, mannitol, fenoldopam, 100ml/h)
metformin and NSAIDs during the for 12h
study before
12. DBP 200mmHg and after
13. Need for further fluid therapy angiograp
14. Hypertension hy
Yin Inclusion Criteria 1.PCI 231 Increase in | low- 0.9% probucol 1000mg Mean+SD:| Mean S.
2013 { ® / NJX osmolality | isotonic orally 168.89+7 | Creat. +SD:
(227) 1. Consecutive patients admitted t 0.5mg/dL | contrast | saline at before 9.77 0.8+0.23mg/
the coronary care unit including: (44pmol/L) | medium, | 1ml/kg/h primary or dl
or >25% Ultravist | (0.5ml/kg/ urgent
i) Acute STEMI requiring PCI increase (lopromid | h for angioplast
i) Acute NSTEMI requiring urgent above e) patients in y
coronary intervention baseline overt and
72h post heart 500mg
procedure failure) for twice daily
24h for 3 days
after
interventi
on
Control IV MeantSD:| Mean S.
hydration | 157.9+69. | Creat. +SD:
only 9 0.88+0.38mg
/dl
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Trial

Inclusion and Exclusion Criteria

Procedure

Number
of
patients
in
analysis

CHAKI
Definition

Contrast /
OSM

IV Fluid

Interventio
n

Dose

Contrast
Volume
(ml)

Baseline
Renal
function

Zagidulli
n 2017
(253)

Inclusion Criteria:

Patients undergoing coronary
angiography with impaired renal
function (eGFR 80ml/min)

Exclusion Criteria:

1. Acute coronary syndrome,

2. Acute kidney injury/
decompensation of chronic kidney
disease

1. Coronary
angiograph
y

59

Absolute
(44mmol/L
) or relative
increase in
creatinine
(by 25%)
retested in
day 2+12
hours

Omnipaq
ue

Body
weight
adapted
0.9%
normal
saline 612
hours
before
procedure

RIPC

5 minute
cycks of
cuff
inflation
on the
upper arm
(systolic
blood
pressure +
50mmHg)
with blood
pressure
cuff and
with a5
minute
rest
between
the cycles

Mean+SD:
155.8+16.
9

Mean S.
Creat. £SD:
106.9+10.0

Placebo
(sham RIPC

Cuff
inflated to
diastolic
blood
pressure

Mean+SD:
148.3+16.
7

Mean S.
Creat. £SD:
124.8+11.04
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Zhang Inclusion Criteria 1.PCI 185 Increase in | lodixanol | 0.9% Human 1.5pg/kg Mean+SD:| Mean S.
2010 S/ NB I { IsoOsm isotonic recombinan | bolus 189.86+5 | Creat. +SD:
(228) 1. STEMI with heart failure within 0.5mg/dL | (usedin saline at t (brain followed 1.66 90.89+17.64
24h of onset of symptoms (44pmol/L) | patients an natriuretic by mmol/l
2. Primary PCI or >25% with adjusted peptide) adjusted
increase chronic rate of (rhBNP) dose
Exclusion Criteria above kidney 0.5 infusion of
baseline diseases) | 1.5ml/kg/ 0.0075
1. Cardiogenic shock 72h post lohexol h 0.030ug/k
2. Inadequate blood volume procedure | LowOsm | depending g/min for
3. Mechanical complications of (All other | ondegree 24h after
acute Ml patients) | of heart PCI
4. Known allergy failure Placebo v Mean+SD:| Mean S.
from hydration | 181.27+5 | Creat. £SD:
admission only 0.05 90.44+15.37
to 12h mmol/|
after PCI
Zhao Inclusion Criteria 1.PCI 110 Increase in | lodixanol | 0.45% Cordyceps | 2g TDS for| Mean+SD:| Mean S.
2014 { ® / NJ IsoOsm saline at 3days 248.8614 | Creat. £SD:
(229) 1. Age 1875 years 0.5mg/dL 1ml/kg/h before 8.68 82.8+19.2m
2. Acute coronary syndrome (44pmol/L) beginning and after mol/l
3. Elective PCI or >25% 2-12h pre PCI
increase and Control No Mean+SD:| Mean S.
Exclusion Criteria above continuing cordyceps | 246.87+4 | Creat. +SD:
baseline 3 T2N x 9.76 83.2+18.6m
1. Cardiac shoakstate supported days post post mol/l
by device, such as int@ortic procedure procedure.| Cordyceps | 3g TDS for| excluded from analysis
balloon pump (IABP) 3days
2. Hyperpyrexia before
3. Allergy taodine and after
PCI
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Trial Inclusion and Exclusion Criteria | Procedure | Number CHAKI Contrast / IV Fluid Interventio Dose Contrast Baseline
of Definition OSM n Volume Renal
patients (ml) function
in
analysis
Zhou Inclusion Criteria 1. Coronary 166 Increase in | The Normal Ascorbic 3g IV pre | Mean+SD:| Mean S.
2012 angiograph { ® / NJ choice of | saline acid group: procedure | 136+71.6 | Creat. +SD:
(230) 1. Age 38 years y 0.5mg/dL | the type at , then 0.5g 1.286+0.418
2. Chronic renal insufficiency (eGH 2. PCI (44pmol/L) | of Img/kg/h orally BD mg/dl
<60 mL/min/1.73n or baseline S. or >25% contrast for 4h pre for 2 days
I NBFid x modmYIAKF increase medium |FyR T post
above was left 12h post procedure
Exclusion Criteria baseline to the procedure :once
interventi before
1. Acute renal failure onal coronary
2. Endstage renal disease requiring cardiologi angiograp
dialysis st hy,
3. Unstable raal function performin starting
4. Uncontrolleddiabetesmellitus g the the
5. NYHA class IV CHF or LVES& procedure morning
6. Intraarterial or intravenous , but use before the
administration of iodinated CM of a non procedure
from 7 days before to 72 hours ionic, low and twice
after the administration or after
of the study agents iso- coronary
7. Administration of anynedication osmolar angiograp
to prevent GIAKI such as NAC contrast hy,
8. Intake of nephrotoxic agent was beginning
medications from 24 hours before encourag the
to 24 hours after the administratior ed. evening of
of the study agent Agents procedure
9. Recent ascorbic acid users used: (total 59)
(within 30 days before the lodixanol Control v Mean+SD:| Mean S.
procedure) lopromide hydration | 133.7+74.| Creat. +SD:
lohexol only 4 1.248+0.364
mg/dl
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2.4.3Networkstructure:

The relationship and comparisons between included studreslemonstrated in

the network diagram (Figure-2). A total of 44interventionsisincluded in this

network

Figurel3-2 Networkdiagram
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NO Drug Abbreviation Patients
1 IV Hydration vV 5136
2 Statins Sta 3040
3 Furosemide Fur 554
4 NAC NAC 6095
5 Trimetazidine Tri 352
6 NaHC® NaH 3393
7 PGE1 PGE 304
8 MgSQ MgS 62
9 Pentoxifylline Pen 438
10 Placebo Pla 7044
11 Control Con 9120
12 Allopurinol All 204
13 BNP BNP 744
14 Probucol Pro 198
15 h -tocopherol h-t 312
16 1-tocopherol 1t 102
17 Oxygen Oxy 346
18 Amlodipine andralsartan Aml 45
19 K/Na citrate K/N 203
20 Nicorandil Nic 291
21 Ascorbicacid Asc 552
22 AlphaLipoicacid Alp 139
23 Oralhydration Ora 254
24 Nebivolol Neb 40
25 Anisodamine Ani 192
26 RIPC RIP 608
27 Theophylline The 384
28 Hypothermia Hyp 58
29 Glutathione Glu 421
30 MESNA MES 51
31 ACEI AC 129
32 Aminophylline Ami 45
33 lloprost llo 118
34 Acetazolamide Ace 94
35 ANP ANP 202
36 Zinc Zin 18
37 Dialysis Dia 293
38 Fenoldopam Fe 333
39 ERAs ER 77
40 CCB cC 42
41 Dopamine Do 48
42 Mannitol Ma 35
43 Cordyceps Co 88
44 Silymarin Si 69

Table2-2 Interventions withirthe network diagramACEIAngiotensin ConvertinBnzyme InhibitgrANP:Atrial
Natriuretic PeptideBNP B-Type Natriuretic Peptide; CCB: Calcium Channels Blockatd; Clontrast Induced
Acute Kidney Injury; CIN: Contrast Induced Nephropathy; ERdathelin Receptor AntagonisMESNA:
Mercaptcethane Sulfonate SodiumMgSQ: Magnesium SulphateNACN-Acetyl CysteindNaHC@ Sodium

BicarbonatePGE1Prostaglandin EIRIPCRemotelschaemidreconditioning
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2.4.4ANetworkgeometry:

Data from 42,273 patients recruited to 200 trials investigating 44 interventions
were included in our analyse& summary of network characteristics is provided in
(Table 23) and a total 0046 pair-wise comparisons were possible, of which 81
used data from directomparisonsThe most commonly investigated comparisons
are between Nacetylcysteine (NAC) and placebo (36 stud&g02patients) and
betweenintravenous normal saline and intravenous sodium bicarbonate (24
studies,5,481patients). The interventions most commonly investigaseel NAC,
NaHCG@ statins, intravenoushydration (IV) and placebo or control. The

characteristics of individual interventions are outlinedinalysisl.

Table3-3 Networkcharacteristics

Characteristic Number
Number of Interventions 44
Number of Studies 200
Total Number of Patients in Network 42,273
Total Number of Events in Network 4,602
Total Possible Pairwise Comparisons 946
Total Number Pairwise Comparisons with Direct Data 81
Number of Twearm Studies 179
Number of Multitarm Studies 21
Number ofStudies with No Zero Events 184
Number of Studiesvith at Least One Zero Event 16
Number of Studies with All Zero Events 2
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2.4.5Risk of bias:

A riskof biassummaryfor individual studiess provided inTable 24, while Figure2-

3 showsthe risk of bias graph across all studies. Most of the stuti@sonstrae an

unclearor low risk of biaswhile most of the high risk of biasobserved irthe

attrition bias domain. As the outcome measure-f8ll) is dependent on laboratory

results it seems reasonable to assurti&t the risk of bias attributed to blinding of

the outcome assessment domaislow by default

Random sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of participants and personnel (perfarmance hias)

Blinding of outcome assessment (detection hias)
Incomplete outcome data (atfrition hias)

Selective reporting (reporting hias)

0% ®%  50%

.an fisk of bias DUncIearrisknfbias .High fisk of bias

Figure 214 Riskof bias graph
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Table2-4 Risk of bias for individual studies

Study Nameand Year

Selection Bias

Performanc
e Bias

Detection
Bias

Attrition
Bias

Reportin
g Bias

Random
Sequence
Generatio

Allocation
Concealme
nt

Blinding of
participants
and
personnel

Blinding of
Outcome
Assessme

Incomplet
e
Outcome
Data

Selective
Reportin
9

A.C.TInvestigators,
2011

B

Abaci, 2015

B

Abouzeid 2016

Adolph, 2008

Akyuz 2014

?
®
7

Albabtain, 2013

=)

Allagaband, 2002

Amini, 2009

Angoulvant, 2009

Arabmomenj2015

Aslanger, 2012

00000

SCIEICIE

Baker,2003

Balderramo, 2004

Baskurt, 2009

Berwanger, 2013

Bidram, 2015

Bilasy, 2012

Boscheri, 2007

Boucek, 2013

Brar, 2008

00000

Briguori 2002

00000~ 000000~ 0o e -

000000~

=i

Briguori, 2004

=i

Briguori, 2007

Brueck, 2013

Burns,2010

Carbonell, 2007

Carbonell, 2010

Castini, 2010

0000

Chen, 2008

~ 0000

000 >00=

Cho, 2010

Cicek, 2013

000000000000 000000000000 VOO0 &=

000000 - 00000000~-~0000000000000 » =

000000000000000~-000000000000 -
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Study Nameand Year

Selection Bias

Performanc
e Bias

Detection
Bias

Attrition
Bias

Reportin
g Bias

Random
Sequence
Generatio nt

Allocation
Concealme

Blinding of
participants
and
personnel

Blinding of
Outcome
Assessme

Incomplet
e
Outcome
Data

Selective
Reportin
g

Coyle, 2006

E

Durham, 2002

E

Dussol, 2006

E

Dvorsak, 2013

00 0:-

Efrati, 2003

Er, F.2012

Eric Chong2015

Erley, 1999

Erol, 2013

Erturk, 2014

Eshraghi2017

Fan, Y, 2016

Ferrario, 2009

Firouzi, 2012

000~ 0000~000

000 ~0~00 -

Firouzi, 2015

=)

Fung, 2004

=i

Gare 1999

Geng, 2012

Goldenberg, 2004

Gomes, 2005

Gomes, 2012

0000

Gu, 2013

Gulel, 2005

=

Gunebakmaz, 2012

Gupta, 1999

Hafiz, 2012

Han 2014

000000
)

Hashemi2005

Healy, D, 2015

Heguilen, 2013

Heng, 2008

Hoole 2009

Hsu, 2012

9000000~

Huber, 2003

0000

=)

0000000000 000000000000000000D0ODQCQDDDN-
—

000000~ 000000000000 " 00000DOCOCOCOVOODOOYS
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Study Nameand Year

Selection Bias

Performanc
e Bias

Detection
Bias

Attrition
Bias

Reportin
g Bias

Random
Sequence
Generatio nt

Allocation
Concealme

Blinding of
participants
and
personnel

Blinding of
Outcome
Assessme

Incomplet
e
Outcome
Data

Selective
Reportin
g

Inda-Filho, 2014

Izanj 2008

Jaffery, 2012

Ja 2008

Jo, 2009

Jo, 2013

900000

JuradeRoman 2015

=)

Kai, Z, 2015

Kama2014

Kay, 2003

Kefer 2003

Khosravi2016

Khoury, 1995

000000000 -

Kimmel, 2008

=i

Kinbara, 2010

Kitzler, 2012

Klima, 2012

0000000

Ko, 2013

Koc, 2012

Koc, 2013

ol JEd L e

Koch, 2000

Kong, 2012

Kooiman 2014

9000000000000 "00000O0MVO "~

Kooiman, 2014a

Kotlyar, 2005

00 0=

Kumar, 2014

=i

Kurnik 1990

=)

Kurnik, 1998

=i

Lawlor, 2007

Lee, 2011

Lehnert, 1998

" 0000000000~

Leoncini, 2014

Li, 2009

SCIEICIE

Li, 2011

=)

0000000000 000000000000000000D0ODQCQDDDN-
—

0000000000 OGD-"0000DOCDOCOIFOIONONOONOGO~DOVOCODODODODS

0000000OGOGO~
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Study Nameand Year

Selection Bias

Performanc
e Bias

Detection
Bias

Attrition
Bias

Reportin
g Bias

Random
Sequence

n

Allocation
Concealme
Generatio nt

Blinding of
participants
and
personnel

Blinding of
Outcome
Assessme

Incomplet
e
Outcome
Data

Selective
Reportin
g

Li, 2014

=i

Liu, W 2015

E

Liu, 2014

E

Liu 2016

Li, W., 2012

Ludwig, 2011

Lug 2014

00

Lug S, 2013

0000

MacNeill, 2003

Maioli, 2008

Maioli, 2011

Malhis, 2010

Marenzi, 2003

Marenzi, 2006

Marenzi, 2006a

Marenzi, 2012

000~ 00~00000~0

Markota, 2013

Masuda, 2007

Matejka, 2010

000000 ~00"

Menting, 2015

Merten, 2004

Miao, 2013

..._-.. -

Miner, 2004

Minoo, 2016

Moore, 2006

Morikawa, 2009

Motohiro, 2011

Nawa 2015

Ng, 2006

Nijssen 2017

Ochoa, 2004

Oguzhan, 2013

Oldemeyer, 2003

Onbasili, 2007

000000~ 000000"~

00~ 0000 ~00"

0000000000 000000000000000000D0ODQCQDDDN-
—

000000000000~ 00~ 000000000 000000~
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Study Nameand Year

Selection Bias

Performanc
e Bias

Detection
Bias

Attrition
Bias

Reportin
g Bias

Random
Sequence
Generatio nt

n
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Study Nameand Year Selection Bias Performanc | Detection | Attrition Reportin
e Bias Bias Bias g Bias
Random | Allocation | Blinding of | Blinding of | Incomplet | Selective
Sequence| Concealme| participants | Outcome e Reportin
Generatio nt and Assessme| Outcome g
n personnel nt Data

Tamura, 2009 ® + ? ® ® ®
Tanaka, 2011 ? ? ? ® ® @
Tasanarong, 2009 ? . . . . .
Tasanarong, 2013 ? 2 . . . .
Tepel, 2000 ? ? ? ® ® ®
Thiele, 2010 + - + ® ® ®
Toso, 2010 - ® ? ® ® ®
Traub, 2013 ® ® + + 2 ®
Trivedi, 2003 ? ® ? * ® ®
Tumlin, 2002 ? . ® * ® ®
\zlgggeghanFaraham, . . . . 2 .
\zlgigeghanFaraham, . . . . . .
Vogt, 2001 ? 7 ? ® ® ®
Wang, G 2015 ? ? ? + ® +
Wang, Y.2011 + ? ? ® ® ®
Wang, 2000 ? - ® ® ® ®
Webb, 2004 ? + ® + ® ®
Weisberg, 1993 ? . e . . .
Wrobel, 2010 ? ? ? - + ®
Xu, R. H2013 ? ? ? + ? ®
Xu 2014 ? ? ? ® ® ®
Yamanaka2015 2 ? 2 . . .
Yang2014 ? ? ? ® + ®
Yavari, 2014 ® ? ? ® ® ®
Yeganehkhah, 2014 ? 7 ? ® ® ®
Yin, 2013 ® ? ? + ® ®
Zagidullin2017 . ? ? ® ® ®
Zhang, 2010 ® ® ® ® ® @
Zhaq 2014 ® ? ? + ® ®
Zhou, 2012 ? ? ? ® ® ®
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2.4.6 Synthesis ofesults

The Renal Associatiotine British Cardiovascular Intervention Society and the Royal
College of Radiologistse among many other medical bodi#sat recommend

using intravenous volume expansion as a prevention method #KCIThus, we
conside intravenous hydration clinicallp be the reference intervention in this
analysisIn addition, the node size and the multiple armassociated with this

method within the network make i very good comparator.

A forest plothas beergenerated to demonstrate oddsitiosgenerated from diect
and indirect pakwise comparison€£ffeds estimatesand confidence intervalare
included for both vague and informative priors using a random effects model. The
overall heterogeneity for the vagygiorsis0.54 (95% CI 0.410.69), while that for
the informative priorsis 0.498 (95% CI 0.3@80.6403). The SUCRA (surface under
the cumulative ranking curves utilised to generate a stacked bar chart colour
rankogram(Figure2-4). A league tablevhich presensa summary ofeffeds
estimatesandranks interventions according to impact arutcomes, can be found

in Analysisl, in addition to theforestplot, characteristics of interventions
comparisons and analysis specifications. The probabifdiesach interventiorof
being ranked besare summarsedin Table2-5. While the numerical values follow
the rankogranresults the list of interventions in the first columiollowsthe

league table hierarchyrorexample allopurinol, whichisincluded infour studies is
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ranked best in botlthe rankogram(0.9647) andhe leaguetable, while silymarinis

third (0.7934) and lastespectivelyandisincluded in one study
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O sitymarin
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AHHN @ Dialysis
l 1l BZinc
- IR DANP
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Figure 24 Rankogranfor analysis 1ranking the interventionby theirprobability
of being the bestthe interventions are colour codedth the first column
represeting the chance of being beshe secand column the chance of being
secand best and so on. The overall numericaluesare presented infable 2-5.
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Table 25 Ranking ofnterventions The treatmen columnfollowsthe league table
(whichpresensthe summary estimates by ranking the treatments in order of most
pronounced impact on the outcome under considerati®mg numerical values
representhe cumulative resultfor the probability of being beswith the highest
scorebeingl or 100% (seenkograrm)

Treatment ‘ SUCRA Treatment SUCRA
Allopurinol 0.9647 NaHCQ@ 0.3419
MESNA 0.9427 Pentoxifylline 0.3391
PGE1 0.7809 IV Hydration 0.3124
h -tocopherol 0.7614 Placebo 0.2694
Oxygen 0.7527 Oral Hydration 0.2517
K/NaGtrate 0.7469 Hypothermia 0.2021
Trimetazidine 0.7151 Control 0.1658
Probucol 0.7042 ngllszorllzlr?e e 0.05485
1 -tocopherol 0.689 ACEI 0.5783
BNP 0.6767 Aminophylline 0.6593
Anisodamine 0.6594 lloprost 0.7481
Nicorandil 0.6442 Acetazolamide 0.6242
Theophylline 0.629 ANP 0.3291
RIPC 0.5692 Zinc 0.198
Statins 0.5497 Dialysis 0.4319
MgSQ 0.5177 Fenoldopam 0.2296
NAC 0.4592 ERAS 0.06734
Nebivolol 0.4543 CCB 0.7249
Ascorbic Acid 0.4433 Dopamine 0.1916
Alpha-Lipoic Acid 0.4322 Mannitol 0.1905
Furosemide 0.4027 Cordyceps 0.4459
Glutathione 0.3554 Silymarin 0.7934
Analysis Randomeffects (vagué
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2.4.7 Sensitivitgnalysis

Sub-analysis excluding

ARV T RCTs with zero values =

184 RCTs

Sub-analysis excluding RCTs with e

partial use of hyperosmolar contrast
media = 173 RCTs

RCTs with zero values =
159 RCTs

Sub-analysis: RCTs with Sub-analysis: RCTs with
Normal renal baseline = 60 Abnormal renal haseline =
112

Sub-analysis excluding RCTs Sub-analysis excluding RCTs

with zero values =53 with zero values = 105RCTs

Figure 25 How chart: mainanalyss and sub-analyses

Besideghe main analysisf 200 RCT,sve runasub-analysis that includes 184CT,
in which we exclude all studies with zero values (n=7). All figures and tables are

included inAnalysisl
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The second analysisvolves 173 RCTs after excluding studies reporting any use of
hyperosmolar contrast mediavhile the subanalysisof RCTsvithout zero values

includes159 RCTS

Trials with high baseline renal profaéee included inanalysis 3involving112 RCTs
with the sub-analysiancludingl05RCS. The fourth analysis includes 60 and 53

RCTsrespectively.

When interpreting results isonventional direcpairwisecomparism sub-analyss,
the main effect results from the size of the excluded studies wilirect impact on
the overallsize of theeffeds estimatsand confidencentervals. This isunlike
network meta-analysisin which we can see changesdynamicconnections
intervention numbers andhe node sizes affected or totally removed by excluding
studies. In the latter case theetwork diagram the characteristics ofhe
interventions andhe comparisons provida detailed picture to help compare the
mainanalysis with thesub-analysis. IiAnalyses 4, we detalil all of the excluded
studies, the affected interventionthe network diagramsand the characteristics of

the interventions and comparisons

2.4.8 Assessment of consistency:
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Random Effects (Vague) Fixed Effects

Inconsitency Model
Inconsistency MModel

Consistency Model Consistency Model

Figure 26 Inconsistencylot

An inconsistency plot (Figuge6) hasbeengenerated to assess inconsistency
Inconsistency in network metanalysis is similar to heterogeneity in conventional
meta-analysisbut consistencygoncerns the relation between thteeatments
whereas heterogeneity concerns the variation between trials within a pairwise
comparison between two treatmenténconsistency isaused by imbalances in the
distribution ofeffecs modifiers in the direct and indirect evidence. Effects
modifiers in this large sample includeut are not limited tq patient factors, drug
interactions, contrast media volume and tym@ad renal function prentervention.
Inevitably, some modifiers exist that cannot be completely eliminated in large
multi-treatment network metaanalysis, leading to some inconsisteacyl
indicating a need for careful interpretation of the resu|&!5) The consistency plot
showsthe posterior mean deviance contributiom$ individual data pointso the
consistency model (horizontal axis) and the unrelated mean effects model (vertical
axis) along with the line of equality. In our analysis the main limitatioexsd Q a

inability to handle alargenumberof nodes.However there should be
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considerationof individual pairwise comparisons effect estimates generated within

the forest plot.

In GeMT(R analysed? statistics and DI@ere much smaller forandom effets,
indicating less heterogeneity compared with fixeffeds, which is expected
giventhe nature of the networkGelman and Rubin's convergence diagnostics

were added tagivecorrespondng analyses
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2.5Results fronmthe main analysis(200 RCTSs)

Number of Studies: 200 RCTs

Figures andables
1. Networkdiagram(Figure 22)
2. Tables:
A. Studycharacteristic{Table 21)
B.Intervention characteristic{Table 26)
C Directcomparisa characteristic§Table 27)
3. RankogramAigure 24)
4. Rankingf interventions(Table 25)

5. Foresplot (Figure 27)

Software Spec Convergence Analysis

NetMetaXLl/ | Burn 5000 | goodconvergenceRE MC Randomeffects

WinBUGS14 | Model error 5% of the SD) (vague

version 14.3 | 10000 Randomeffects
(informative)
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Table2-6 Interventian characteristics

Treatment # Studies | # Events| # Patients| Aggregate Rate
IV Hydration 41 539 5136 0.1049
Statins 14 123 3040 0.0405
Furosemide 3 50 554 0.0903
NAC 68 667 6095 0.1094
Trimetazidine 4 17 352 0.0483
NaHC@ 32 366 3393 0.1079
PGE1 4 24 304 0.0789
MgSQ 1 9 62 0.1452
Pentoxifylline 4 30 438 0.0685
Placebo 70 938 7044 0.1332
Control 88 1238 9120 0.1357
Allopurinol 4 5 204 0.0245
BNP 4 52 744 0.0699
Probucol 2 12 198 0.0606
h -tocopherol 4 18 312 0.0577
i -tocopherol 1 6 102 0.0588
Oxygen 2 33 346 0.0954
Amlodipine and Valsartan 1 8 45 0.1778
K/NaQtrate 2 6 203 0.0296
Nicorandil 3 15 291 0.0515
Ascorbic Acid 7 52 552 0.0942
Alpha-Lipoic Acid 2 6 139 0.0432
OralHydration 5 23 254 0.0906
Nebivolol 1 8 40 0.2000
Anisodamine 2 17 192 0.0885
RIPC 10 38 608 0.0625
Theophylline 7 21 384 0.0547
Hypothermia 1 14 58 0.2414
Glutathione 2 21 421 0.0499
MESNA 1 51 0.0000
ACEI 3 10 129 0.0775
Aminophylline 2 4 45 0.0889
lloprost 2 8 118 0.0678
Acetazolamide 1 5 94 0.0532
ANP 3 24 202 0.1188
Zinc 1 3 18 0.1667
Dialysis 5 43 293 0.1468
Fenoldopam 5 78 333 0.2342
ERAs 1 43 77 0.5584
CCB 1 42 0.0000
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Treatment # Studies | # Events| # Patients| Aggregate Rate
Dopamine 2 9 48 0.1875
Mannitol 2 10 35 0.2857
Cordyceps 2 7 88 0.0795
Silymarin 1 2 69 0.0290
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Table2-7 Directcomparism characteristics

Comparison # Studies # Patients| # Events
NAC vs. Placebo 36 8,202 945
Statins vs. Control 6 4,382 200
NaHCQ@vs. K/NaCitrate 1 206 4
IV Hydration vs. NaHGO 24 5,481 515
IV Hydration vs. Oral Hydration 5 509 43
NAC vs. Ascorbic Acid 3 583 88
Placebo vs. Ascorbic Acid 5 869 139
NAC vs. Control 21 2,474 367
NAC vs. Fenoldopam 3 359 44
Control vs.Fenoldopam 2 123 26
IV Hydration vs. Control 8 2,884 396
NAC vs. Theophylline 1 62 13
Statins vs. Placebo 7 1,508 125
Placebo vs. Theophylline 3 224 21
NaHCQvs. Oral Hydration 1 43 3
Control vs. AlphaLipoic Acid 2 280 16
Furosemide vsControl 3 1,089 131
Furosemide vs. Theophylline 1 159 18
Control vs. Theophylline 3 493 27
Control vs. RIPC 6 782 68
NAC vs. NaHGO 5 805 211
Control vs. Allopurinol 1 159 6
IV Hydration vs. NAC 6 681 109
Pentoxifylline vs. Control 2 461 46
Placebo vs. Nicorandil 1 240 29
MgSQ vs. Control 1 126 26
Control vs. Dopamine 2 96 17
Control vs. Anisodamine 1 260 39
NAC vs. Nebivolol 1 80 17
Control vs. Nebivolol 1 80 19
Control vs. ACEI 1 71 12
Placebo vs. ACEI 2 202 19
Placebo vs. RIPC 4 427 43
NaHCQvs. Control 6 1,056 231
Control vs. Cordyceps 2 180 19
Statins vs. Pentoxifylline 1 220 9
Control vs. CCB 1 85 2
NAC vs. Zinc 1 37 4
Placebo vs. Zinc 1 35 5
NAC vs. Aminophylline 1 30 0
Control vs. Aminophylline 1 30 4
NAC vsh -tocopherol 1 20 0

t £ I OS o6tAcopfiérab h 4 624 66
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Comparison # Studies # Patients| # Events
Control vs. Nicorandil 2 341 22
PGEL vs. Placebo 2 392 74
IV Hydration vs. Allopurinol 2 185 31
NAC vs. Allopurinol 3 215 30
ANP vs. Mannitol 1 20 8
Placebo vs. ANP 1 126 26
Control vs.Dialysis 5 588 112
Control vs. Probucol 2 409 50
PGEL vs. Control 2 226 16
Control vs. BNP 1 209 23
IV Hydration vs. BNP 2 1,128 113
Trimetazidine vs. Control 4 714 71
Control vs. MESNA 1 100 7
Control vs. K/N&(Qtrate 1 202 25
Control vs.Oxygen 2 697 115
Control vs. ANP 1 254 19
Control vs. Amlodipine and Valsartar 1 90 11
IV Hydration vs. Acetazolamide 1 190 21
NaHCQvs. Acetazolamide 1 190 9
NAC vs. Dialysis 1 275 11
Placebo vs. Aminophylline 1 60 10
Placebo vsAllopurinol 1 60 16
NAC vs. Glutathione 1 14 1
Control vs. Glutathione 1 14 1
Placebo vs. Silymarin. 1 143 10
Control vs. Mannitol 1 53 10
Placebo vs. lloprost 1 30 3
Control vs. lloprost 1 208 31
Placebo vs. Fenoldopam 1 283 90
Control vs.Hypothermia 1 128 29
t £ I OS o6t@cop@eioth 1 203 21
h-i 2 02 LK S-te@pherdd a ¢ 1 204 11
Placebo vs. ERAs 1 158 67
Placebo vs. Glutathione 1 825 41
Placebo vs. Anisodamine 1 126 17
IV Hydrationvs. Pentoxifylline 1 199 12
Placebo vs. BNP 1 149 36
Control vs. Ascorbic Acid 1 156 10
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Figure2-7 Forestplot

Treatment 1 vs. Treatment O.R. (95% Cr.l.)
MESNA versus Amlodipine * 0.01 (0.00-0.24)
—— _
and Valsartan 0.01 (0.00 - 0.25)
MESNA versus ERAs % 0.01 (0.00 — 0.28)
* 0.01 (0.00—-10.27)
Allopurinol versus —— 0.02 (0.00-0.12)
Amlodipine and Valsartan I 0.02 (0.00—-0.12)
MESNA versus Zinc ’ * ! 0.02 (0.00 — 0.68)
. 0.02 (0.00 — 0.69)
MESNA versus Dopamine & 0.02 (0.00 — 0.55)
¢ 0.02 (0.00 —0.52)
MESNA versus Mannitol e 0.02 (0.00 — 0.56)
P 0.02 (0.00 — 0.55)
MESNA versus Hypothermia —— 0.02 (0.00 — 0.58)
=i 0.02 (0.00 —0.11)
Allopurinol versus ERAs —o— 0.02 (0.00 —0.12)
—— 0.02 (0.00 — 0.56)
MESNA versus Control ¢ 0.03 (0.00 — 0.49)
e 0.03 (0.00 — 0.47)
MESNA versus Fenoldopam ¢ 0.03 (0.00 —0.59)
—— 0.03 (0.00 — 0.58)
MESNA versus Oral —— 0.03 (0.00 — 0.64)
. —— —
Hydration 0.03 (0.00 - 0.63)
MESNA versus Placebo & 0.03 (0.00 — 0.65)
P 0.04 (0.00 — 0.63)
MESNA versus ANP —— 0.04 (0.00 — 0.79)
i 0.04 (0.00 — 0.38)
Allopurinol versus Zinc * 0.04 (0.00 - 0.38)
P 0.04 (0.00 — 0.76)
MESNA versus |.V Hydration e 0.04 (0.00 — 0.69)
e 0.04 (0.00 — 0.68)
Heterogeneity (Vague) = 0.5405
95% Crl (0.412 — 0.6895) 0.00001 0.001 0.1 10 1000 100000
Heterogeneity (Inform.) = 0.498 Favours Treatment1  Favours Treatment 2
95% Crl (0.366 — 0.6403)
Random Effects (Vague Prior) Random Effects (Informative Prior) .
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Treatment 1 vs. Treatment 0O.R. (95% Cr.l.)
MESNA versus Glutathione * 8 821 {888 - ggég
f———————— . \ —-0.
MESNA versus Pentoxifylline * 0.04 {0.00 - 0.77:)’
¢ 0.04 (0.00-0.93
MESNA versus NaHCO3 *— 0.04 (0.00 - 0.75)
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Allopurinol versus Mannitol =& 0.05 (0.01 - 0.26)
—— 0.04 (0.01 —0.24)
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Acid == 0.05 (0.01 - 0.24)
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i 0.05 (0.01 —0.25)
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. 1 _
Hypothermia 0.05 (0.00 —1.19)
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—— 0.05 (0.00 — 1.23
MESNA versus Ascorbic Acid —— 0.05 (0.00 — 0.96)
e 0.05 (0.00 — 0.95)
MESNA versus NAC —— 0.05 {0.00 - 0.93;
e 0.06 (0.00 — 0.90
Allopurinol versus Control : 0.06 {0.02 - 0.15;
0.06 (0.02 —0.15
MESNA versus MgS04 —— 0.06 (0.00 — 1.61)
1 0.06 (0.00 — 1.50)
Heterogeneity (Vague) =0.5405 000001 0001 01 10 1000 100000
95% Crl (0.412 - 0.6895) ' ) )
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Treatment 1 vs. Treatment 0O.R. (95% Cr.l.)

MESNA versus Statins * 0.06 (0.00 —1.13)
i 0.06 (0.02 — 0.20)
Allopurinol versus * 0.06 (0.02 — 0.20)
Fenoldopam o 0.06 (0.02 —0.22)
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Hydration - 0.07 (0.01-0.57)
K/Na citrate versus —— 0.07 (0.01-0.61)
Amlodipine and Valsartan 0.07 (0.01 - 0.48)
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—— —
Valsartan 0.07 (0.00 — 1.21)
MESNA versus ACEI * 0.07 (0.00 — 1.44)
g 0.07 (0.02 — 0.19)
Oxygen versus Amlodipine ¢ 0.07 (0.01 —0.53)
and Valsartan 0.08 (0.01-0.51)
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. —— —
Amlodipine and Valsartan 0.08 (0.00 - 1.46)
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Treatment 1 vs. Treatment O.R. (95% Cr.l.)
Allopurinol versus L.V * 0.08 (0.03 —-0.21)
Hydration i 0.08 (0.01—0.72)
Allopurinol versus o 0.08 (0.02 — 0.28)
Pentoxifylline : 0.08 (0.03 - 0.22)
Allopurinol versus * 0.08 (0.02 —0.38)
. —e— —
Glutathione 0.09 (0.00 — 1.60)
MESNA versus Anisodamine * 0.08 (0.00 —1.84)
—— 0.09 (0.01 — 0.61)
Trimetazidine versus —— 0.08 (0.01 — 0.58)
. —— —
Amlodipine and Valsartan 0.09 (0.00 - 2.16)
Probucol versus Amlodipine * 0.08 (0.01 — 0.64)
—— —
and Valsartan 0.09 (0.00 - 1.72)
Allopurinol versus NaHCO3 Ho- 0.08 (0.03 — 0.23)
e 0.09 (0.01 —0.57)
MESNA versus BNP —— 0.09 (0.00 — 1.66)
& 0.09 (0.00 — 2.48)
MESNA versus b * ’ 0.09 (0.00 — 2.59)
. . —— —
Aminophylline 0.09 (0.00 — 1.66)
Anisodamine versus < 0.09 (0.01 —-0.73)
Amlodipine and Valsartan I 0.09 (0.03 - 0.32)
BNP versus Amlodipine and ——i 0.09 (0.01 — 0.64)
Valsartan I 0.10 (0.02 - 0.50)
Allopurinol versus & 0.09 (0.02 — 0.33)
Furosemide ——i 0.10 (0.02 — 0.55)
MESNA versus Probucol 06 0.10 (0.00 — 2.08)
P 0.10 (0.00 — 4.08)
MESNA versus Trimetazidine * 0.10 (0.00—1.97)
¢ 0.10 (0.01 - 0.60)
MESNA versus y-tocopherol : *— 0.10 (0.00 — 2.68)
¢ 0.10(0.02-0.41)

Heterogeneity (Vague) = 0.5405
95% Crl (0.412 — 0.6895)
Heterogeneity (Inform.) = 0.498
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+

0.00001 0.001 0.1
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Treatment 1 vs. Treatment O.R. (95% Cr.l.)
PGE1 versus ERAs —— 0.10 (0.02 — 0.44)
—e— 0.10 (0.01 — 0.71)
Allopurinol versus Alpha- H—— 0.10 (0.02 — 0.53)
Lipoic Acid ¢ 0.10 (0.03 —0.32)
K/Na citrate versus ERAs ——i 0.10 %0.0Z - 0.60;
* 0.10 (0.00—-4.19
Nicorandil versus Amlodipine —— 0.10 (0.01 —0.73)
—— —
and Valsartan 0.10 (0.00—-1.91)
lloprost versus ERAs —— 0.10 (0.02 — 0.61)
* 0.10 (0.02 — 0.55)
Allopurinol versus Dialysis = 0.10 (0.03 — 0.33)
4 0.10 (0.02 — 0.50)
Allopurinol versus Cordyceps * 0.10 (0.02 — 0.53)
e 0.10 (0.00 — 2.47)
Allopurinol versus Ascorbic o 0.10 (0.03 —0.32)
Acid i 0.10 (0.01 - 0.71)
CCB versus Mannitol * 0.10 (0.00 — 4.36)
¢ 0.10 (0.02 — 0.53)
Oxygen versus ERAs )¢ 0.10 (0.02 — 0.53)
¢ 0.10 (0.00 — 2.08)
a-tocopherol versus ERAs —— 0.10 (0.02 — 0.47)
o 0.10 (0.02 — 0.44)
Allopurinol versus Nebivolol * 0.10 (0.02 — 0.54)
- 0.11 (0.03 —0.31)
Theophylline versus —— 0.11 (0.01—-0.72)
Amlodipine and Valsartan 0.11 (0.02-0.50)
Allopurinol versus NAC g 0.11 (0.04 — 0.28)
H 0.11 (0.04 — 0.27)
CCB versus Dopamine ‘ * ‘ 0.11 (0.00 — 4.51)
—— 0.11 (0.01 — 0.68)
Heterogeneity (Vague) = 0.5405
95% Crl (0.412 — 0.6895) 0.00001 0.001 0.1 10 1000 100000
Heterogeneity (Inform.) = 0.498 Favours Treatment1  Favours Treatment 2
95% Crl (0.366 — 0.6403)
Random Effects (Vague Prior) Random Effects (Informative Prior)
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Treatment 1 vs. Treatment O.R. (95% Cr.l.)
MESNA versus a-tocopherol 0¢ 0.11 (0.00 - 2.37)
¢ 0.12 (0.00 - 2.31)
MESNA versus Oxygen * 0.11 (0.00 — 2.46)
¢ 0.12 (0.02 — 0.69)
MESNA versus lloprost * 0.11 (0.00 — 2.84)
o 0.12 (0.02 — 0.57)
MESNA versus K/Na citrate —— 0.12 (0.00 — 2.86)
e 0.12 (0.00 — 2.29)
y-tocopherol versus ERAs —&—i 0.12 (0.02 - 0.75)
e 0.12 (0.00 — 2.59)
MESNA versus PGE1 & 0.12 (0.00 — 2.45)
o 0.12 (0.03 — 0.52)
Probucol versus ERAs —o— 0.12 (0.02 — 0.64)
—— 0.12 (0.02 — 0.66)
Trimetazidine versus ERAs —o— 0.12 (0.03 — 0.55)
e 0.13 (0.00 — 2.41)
RIPC versus Amlodipine and —— 0.12 (0.02 — 0.78)
| | —
valsartan 0.13 (0.00 — 2.74)
Allopurinol versus MgS04 ——i 0.12 (0.02 —0.71)
- 0.13 (0.04 — 0.35)
Aminophylline versus ERAs —&—i 0.13 (0.02 — 0.90)
—— 0.13 (0.02 — 0.77)
Allopurinol versus Statins o 0.13 (0.04 — 0.36)
¢ 0.13 (0.02 - 0.87)
Statins versus Amlodipine —&— 0.13 (0.02 —0.78)
and Valsartan * 0.13 (0.03 - 0.54)
MgSO04 versus Amlodipine i 0.13 (0.01 — 1.26)
and Valsartan ¢ 0.14 (0.04 — 0.41)
Allopurinol versus RIPC o 0.13 %0.04 - 0.42%
¢ 0.14 (0.02 - 0.78
Heterogeneity (Vague) = 0.5405
95% Crl (0.412 — 0.6895) 0.00001 0.001 0.1 10 1000 100000
Heterogeneity (Inform.) = 0.498 Favours Treatment1l  Favours Treatment 2
95% Crl (0.366 — 0.6403)
' Random Effects (Vague Prior) Random Effects (Informative Prior)
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Treatment 1 vs. Treatment O.R. (95% Cr.l.)
BNP versus ERAs = 0.14 (0.03 — 0.60)
—— 0.14 (0.01 —1.21)
Anisodamine versus ERAs —— 0.14 (0.03 — 0.68)
* 0.14 (0.03 — 0.65)
Allopurinol versus ACEI —o— 0.14 {0.03 - 0.60;
* 0.14 (0.02 - 0.86
Acetazolamide versus ERAs ——| 0.14 %0.02 - 0.98;
* 0.14 (0.03 —-0.64
Nicorandil versus ERAs —— 0.15 (0.03 — 0.69)
—— 0.15 (0.03 — 0.58)
PGE1 versus Zinc —— gig %88‘21 - éggg
K/Na citrate versus Zinc —— 0.15 (0.01 — 1.89)
—— 0.16 (0.01 — 1.64)
Theophylline versus ERAs i 0.15 (0.04 — 0.66)
o 0.16 (0.02 — 1.43)
lloprost versus Zinc * 0.16 (0.01 — 1.80)
i 0.16 (0.05 — 0.51)
Allopurinol versus = 0.16 (0.04 — 0.52)
Theophylline o 0.16 (0.02 —0.90)
NAC versus Amlodipine and —— 0.16 (0.02 — 0.91)
Valsartan —— 0.17 (0.02 — 1.40)
Nebivolol versus Amlodipine * 0.16 (0.02 — 1.43)
and Valsartan 0.17 (0.03 - 0.78)
MESNA versus Silymarin * 0.16 (0.00 — 7.14)
—— 0.17 (0.02 — 1.79)
Ascorbic Acid versus —— 0.16 (0.02 — 1.05)
Amlodipine and Valsartan ‘ 0.17 (0.04 - 0.61)
a-tocopherol versus Zinc * 0.16 (0.02 - 1.60
—— 0.17 (0.02 — 1.01
Heterogeneity (Vague) = 0.5405
95% Crl (0.412  0.6895) 0.00001 0.001 0.1 10 1000 100000
Heterogeneity (Inform.) = 0.498 Favours Treatment1  Favours Treatment 2
95% Crl (0.366 — 0.6403)
Random Effects (Vague Prior) Random Effects (Informative Prior)
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Treatment 1 vs. Treatment O.R. (95% Cr.l.)
Oxygen versus Zinc —— 0.16 (0.02 — 1.68)
—— 0.17 (0.02 — 1.54)
Allopurinol versus Nicorandil o 0.17 (0.04 — 0.64)
——i 0.17 (0.03 — 0.93)
Alpha-Lipoic Acid versus —— 0.17 (0.02 — 1.56)
Amlodipine and Valsartan 0.17 (0.02 - 1.61)
Allopurinol versus —— 0.17 (0.03 — 0.98)
Acetazolamide e 0.17 (0.04 —0.67)
ACEI versus ERAs —— 0.17 (0.03 — 0.86)
e 0.17 (0.00 — 6.92)
Allopurinol versus —— 0.17 (0.04 —0.72)
Anisodamine % 0.18 (0.05 — 0.56)
Furosemide versus *> 0.18 (0.02 — 1.19)
Amlodipine and Valsartan : 0.18 (0.05 - 0.67)
Allopurinol versus BNP = 0.18 (0.05 — 0.58)
—— 0.18 (0.03 — 1.11)
RIPC versus ERAs = 0.18 (0.04 — 0.72)
* 0.18 (0.02 — 1.55)
PGE1 versus Mannitol * 0.18 (0.04 — 0.98)
—— 0.18 (0.02 — 1.18)
y-tocopherol versus Zinc —— 0.18 (0.01 — 2.28)
o 0.18 (0.03 — 1.12)
PGE1 versus Dopamine —— 0.18 (0.04 — 0.97)
—— 0.18 (0.04 — 0.90)
K/Na citrate versus —— 0.19 (0.03 — 1.28)
Dopamine = 0.19 (0.05 — 0.68)
K/Na citrate versus Mannitol ——i 0.19 (0.03 —1.27)
—— 0.19 (0.02 — 2.19)
lloprost versus Dopamine * 0.19 (0.03 — 1.24)
—— 0.19 (0.03 — 1.16)
Heterogeneity (Vague) = 0.5405
959 Crl (0.412 — 0.6895) 0.00001 0.001 0.1 10 1000 100000
Heterogeneity (Inform.) = 0.498 Favours Treatment1  Favours Treatment 2
95% Crl (0.366 — 0.6403)
Random Effects (Vague Prior) Random Effects (Informative Prior)
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Treatment 1 vs. Treatment O.R. (95% Cr.l.)
lloprost versus Mannitol —o— 0.19 (0.03 — 1.24)
. 0.19 (0.03 - 1.16)
Allopurinol versus ——i 0.19 (0.03 — 1.29)
Aminophylline ¢ 0.19 (0.03 — 1.15)
Statins versus ERAs —— 0.19 (0.05 —0.71)
i 0.19 (0.04 — 0.91)
Probucol versus Zinc —— 0.19 (0.02 —2.01)
——i 0.19 (0.03 — 1.17)
Trimetazidine versus Zinc —— 0.19 (0.02 — 1.84)
—— 0.19 (0.02 — 1.86)
MESNA versus CCB * ! 0.19 %0.00 - 176.?0)
* 0.19 (0.04 —1.00
Oxygen versus Mannitol —— 0.19 E0.03 - 1.12;
* 0.19 (0.04 —0.92
MgSO4 versus ERAs * 0.20 %0.03 - 1.28;
¢ 0.20 (0.05-0.70
PGE1 versus Hypothermia —— 0.20 (0.04 — 1.01)
—— 0.20(0.02 —1.77)
a-tocopherol versus —— 0.20 (0.04 — 1.06)
Mannitol —o— 0.20 (0.04 — 1.06)
Oxygen versus Dopamine —— 0.20 (0.03 — 1.09)
——i 0.20 (0.03 — 1.19)
NaHCO3 versus Amlodipine ——i 0.20 (0.03 —1.18)
and Valsartan = 0.20 (0.05-0.81)
a-tocopherol versus —— 0.20 (0.04 — 1.06)
Dopamine —— 0.20 (0.04 — 1.09)
K/Na citrate versus —— 0.20 (0.03 — 1.33)
Hypothermia == 0.20 (0.04 —1.00)
Aminophylline versus Zinc * 0.20(0.01 — 2.68)
—— 0.21 (0.04 — 1.07)
Heterogeneity (Vague) = 0.5405
95% Crl (0.412 — 0.6895) 0.00001 0.001 0.1 10 1000 100000
Heterogeneity (Inform.) = 0.498 Favours Treatment1  Favours Treatment 2
95% Crl (0.366 — 0.6403)
* Random Effects (Vague Prior) Random Effects (Informative Prior)
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Treatment 1 vs. Treatment O.R. (95% Cr.l.)
Allopurinol versus Probucol * 0.20 (0.05 — 0.85)
| 0.21 (0.04 — 1.00)
Allopurinol versus * 0.20 (0.05 -0.73)
Trimetazidine I 0.21(0.03 - 1.16)
Pentoxifylline versus * 0.20 (0.03 -1.39)
Amlodipine and Valsartan I 0.21(0.02 - 1.59)
Glutathione versus —&—- 0.20 (0.02 — 1.66)
Amlodipine and Valsartan 0.21 (0.04 —1.07)
Allopurinol versus y- * 0.21 (0.04 —-1.19)
tocopherol === 0.21 (0.02 — 2.68)
Oxygen versus Hypothermia —&—i 0.21 (0.04 — 1.15)
* 0.21 (0.03 —-1.38)
a-tocopherol versus —— 0.21 (0.04 — 1.08)
Hypothermia e 0.22 (0.00 — 240.33)
1.V Hydration versus —— 0.21 (0.03 — 1.23)
Amlodipine and Valsartan 0.22 (0.03 —1.23)
BNP versus Zinc —— 0.22 (0.02 — 1.98
—— 0.22 (0.03 — 1.53)
y-tocopherol versus —— 0.22 (0.03 — 1.66)
Mannitol —— 0.22 (0.03 — 1.89)
Anisodamine versus Zinc —— 0.22 (0.02 — 2.21)
——i 0.22 (0.04 — 1.21)
y-tocopherol versus . —&— 0.22 (0.03 — 1.61)
Dopamine , * ' 0.22 (0.00 — 8.80)
Acetazolamide versus Zinc —&— 0.23 (0.02 — 2.82)
= 0.23(0.02—2.17)
Nicorandil versus Zinc —&— 0.23 (0.02 — 2.25)
—— 0.23 (0.02 — 2.60)
Probucol versus Mannitol —&—i 0.23 (0.04 — 1.31)
o 0.23 (0.07 — 0.76)
Heterogeneity (Vague) = 0.5405
95% Crl (0.412 — 0.6895) 0.00001 0.001 0.1 10 1000 100000
Heterogeneity (Inform.) = 0.498 Favours Treatment1  Favours Treatment 2
95% Crl (0.366 — 0.6403)
Random Effects (Vague Prior) Random Effects (Informative Prior)
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