The effectiveness of N-acetylcysteine in preventing
contrast-induced nephropathy in patients undergoing
contrast-enhanced computed tomography:

A meta-analysis of randomized controlled trials

Mei-Yi Wu e Hui-Fen Hsiang ¢ Chung-Shun Wong ¢ Min-Szu Yao ¢ Yun-Wen Li
Chao-Ying Hsiang ¢ Chyi-Huey Bai ® Yung-Ho Hsu ¢ Yuh-Feng Lin ¢ Ka-Wai Tam

2016-01-12
Nurse practitioner: Lin-Fang Chen



INTERNATIONAL UROLOGY AND NEPHROLOGY
ISSN: 0301-1623

[ #IEBEAEEEES - x { B International Urology And N X

ites.thomsonreuters.com/JCR]

Profil \TI L (e =
0 LeyR System [ Emaker 00 itk

Source Data
®
Rank

View All Years
Cited Joumnal Data
a
Citing Joumnal Data 5
=
Q 754
L]
Box Plot w
o 6
2
Journal Relationships £ s
®
Metric Trend E .
3
5
. 1.567 1471 - e -
o T T T T T
2010 2011 2012 2013 2014
JCR Years

Tell us what you think. Help us improve the Journal Citation Reports by providing your feedback! Click Here >

®2015 THOMSCON REUTERS TERMS OF USE PRIVACY POLICY

R .__:] R - T % )] E The effectiveness of . 'é'mmpwﬁnar;..| @ | | TomalCleh |£Thﬁeﬁevﬁvem§uf.. &N b BB Tre

2Hm  m
G InCites™ - Googl... @\ 1647

Int Urol Nephrol (2013) 45:1309-1318




Introduction

+ Contrast-induced nephropathy (CIN) is a
major complication of intravenous
administration of an iodine contrast medium

+ Defined an increase in serum creatinine
greater than 25 % or 0.5 mg/dl within 3 days
of iv contrast



Introduction

+ CIN is uncommon in patients with normal renal
function, ranging from O to 10 %. However, the
incidence is perhaps as high as 50 % in
patients with preexisting renal impairment or
certain risk factors.

+ Renal insufficiency, old age, diabetes mellitus, reduced left
ventricular systolic function, advanced congestive heart failure,
kidney transplantation, reduced effective arterial volume, and
concurrent administration of nephrotoxic drugs.

+* Alarge dose of intravenous contrast and using high-osmolar
contrast agents in patients with renal impairment also increase
the risk for CIN



Introduction

+ Reduction in the incidence of CIN using adequate
intravenous fluid hydration, low-osmolality contrast media
instead of high-osmolar agents and iso-osmolar agents
instead of low-osmolar agents.



Introduction

* Several randomized controlled trials (RCTs) and
meta-analyses evaluating the anti-oxidative agent
N-acetylcysteine (NAC) in preventing CIN in patients
undergoing coronary angiography have yielded
promising results.

+ However, the effectiveness of NAC in preventing
CIN in patients undergoing contrast-enhanced
computed tomography (CT) is still controversial

Kelly AM, Dwamena B, Cronin P, Bernstein SJ, Carlos RC (2008). Ann Intern Med 148: 284-294.
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2% / %8 (Population/ Problem)

+ patients undergoing contrast-enhanced computed
tomography

T A$E i (Intervention)

x acetylcysteine, administered orally or intravenously

LE# (Comparison)

+ control group with hydration alone

4558 (Outcomes)

+ requirement for dialysis

+ changes of serum creatinine
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Methods
Review protocol

We utilized the Preferred Reporting Items for Sys-
temmatic Reviews and Meta-analyses (PRISMA) state-
ment, explanation and elaboration document, and
checklist to guide our methodology and reporting |9].
The systematic review described herein was accepted
by the online PROSPERO international prospective
register of systematic reviews of the National Institute
for Health Research (CRD42012002094).

Search methods

The studies were identified by computerized searching
in the PubMed, EMBASE, SCOPUS, and Cochrane
databases. The following MeSH search headings were
used: acetvicysteine, radio induced or contrast
induced, renal insufficiency or renal failure or kidney
injury or nephropathy, and computed tomography.
These terms and their combinations were also
searched as text words. All included studies were also
entered into the PubMed ‘related articles’ function and
the science citation index. In addition, we attempted to
identify other studies by hand-searching the reference
sections of these papers and by contacting known

Flowchart for the selection of the studies

Search for potentially relevant citations

(n=386)
Citations excluded (n=254)
Not relevant (n=18)
Mot human studies (n=26)
Not clinical trials (n=68)
4 Review articles (n=142)

Articles retrieved for further evaluation
(n=132)

¥

Studies included 1n synthesis

(n=b)

Articles excluded (n=126)
Different comparison {n=37)
Not tandormized trials (n=34)
(Questionnaire survey (n=3)
Not computer tomography studies (n=32)

Finally, unpublished trials were sought in the ClinicalTrials.gov registry
(http:// clinicaltrials.gov/). No language restrictions were applied. The final search was performed in October 2012.
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Two reviewers (M.Y. Wuo and K.W. Tam) inde-
pendently  extracted the following information
from each sindy: study population characteristics,
study  design, inclusion and exclusion criteria,
experimental drug administration, assessment of
CIMN, and complications. The individually recorded
decisions of the two reviewers were compared,
and any disagreements were resolved by a third
reviewer (M.5. Yao). The authors of the siudies
were contacted for additional information when
NECCsSSAry.

The risk of bias in the included trials was assessed
according o individual domains. reporting the fol-
lowing aspects: adequacy of randomization, allocation
concealment, blinding. length of follow-up, number of
drop-outs and whether intention-to-treat (IT7T) analy-
sis was conducted.
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Study selection

1.

RCTs that have evaluated the efficacy of
acetylcysteine, administered orally or
Intravenously, versus a control group with
hydration alone.

Paper excluded:

1.

Patients enrolled in the trials had undergone other
contrast-enhanced diagnostic and therapeutic
procedures concomitantly.

Trials compared NAC with another active treatment.
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Table 1 Characteristics of studies fulfilling inclusion criteria in the meta-analysis

Study Inclusion criteria Mo, of Age, years, Baseline Hydration/intervention Contrast
[references] patient mean = 50 SETUIM type,
(% of creatinine, volume, ml
male) mgfdl
Hums et al.  Serum creatinime Ac 21 NA A 115 £ 046 NS 12 h before and 24 h MA
[ =1,2 mgidl. or urine 1] - 134 £ 030 after CT
output <05 mbkg A: 5 g IV posi-
aver 4 h randomization and 2
doses of 2.5 g at 6 h and
12 h after CT
D5 W oinstead of NAC
Kitzier Kerum creatinine A 10 (240 A THGH £ 95 A 137 £ 051 045 % saline 1 mbikg 12 h lopromide
et al. [16] =125 mgfdL for males g 0 a0 E:733+ 119 E: 137 + 0.2 before and 12 h after CT uliravisit
:f'_'d '][H mgfdL. for C:10(50) C74+85  C:133s002 A Oy, L200mg 12and 100 ml
cInatEs & h before and & and 12 h
after CT
E: 540 mg IV 12 and 6 h
before and & and 12 h
after CT
Ci 0,45 % saline instead of
NAC and vitarmin E
Hsu et al. Patents received A 106 (T4) A TOT =85 A 150 £ 056 A 600 mg IV in 3 mlkg lohexol or
[15] abdominal or chest CT . gy (T6)  C:793 = 1010 O L6l = 063 NS 1 h before CT and NS iopromide
in the emergency | mbkg & h afier CT or
department C: only hyvdration tobitridol
Poleni Patients with serum A 44 (59) A ab + 11 Al LGS £ 040 045 % saline 5 mlkg 1 h lopromide
etal. [12] creatining =12 mgidl o 43 67 C65 + |5 C: 16T + 0.41 before and 1 ml'kg 12 h ultravisit
admitted © emergency ) after CT 100 ml
department A OO0 me IV diluted in
30 oml 5 W 1 h before
and in 0.45 % saline
| mbkg 12 h after CT
C: 50 ml of M5 instead of
MAC
Sar et al. Diabetic patients with A 25 (52) Aral £ 113 Al W3 £ (L15 NS 12 h before and 24 h Tohexol
(131 serum creatinine G55 G535 +£9% 08 o017 aberCT 1040 ml
=12 mgdl or A Owally, 1,200 mg before
creatinine clearance and 2 days after OT
=& mlfmin ) ° X
C: Only hydration
Tepel et al.  Serum creatinine A4l (585) Aroe =11 Ar25+ 13 0.45 % saline 1 mbkg 12 b lopromide
[14] =1.2 mgidL. or O 42 (548) 65 4 15 C-24 4 1.3 betore and 12 h atier T ultravisit
creatinine clearance A: Orally, 600 mg BID on 75 ml

<50 mlfmin

ihe day before and on the
day of CT

C: Only hydration

A N-acetvloysteine, O control, T computer tomography. &

vitamine E, NA not availlable, N normal saline
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The risk of bias in the included trials was assessed according to individual
domains, reporting the following aspects: adequacy of randomization,
allocation concealment, blinding, length of follow-up, number of
drop-outs and whether intention-to-treat (ITT) analysis was conducted.
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Table 2 Methodological quality assessment of included trials

Study Allocation Allocauon Double Doto Dwuration  Loss (o

[references]  generation concealment  blinding analvsis  of follow-
follow- up %)
up

Burns et al.  Random number  Unclear 5 days Stopped early due o slow recruitment
L] tahle post-
contrast
Kiizier Block Unclear Adequate 48 h Low risk
el ol [16] randomization pisi-
scheme contrast
Hsu et al. Computer- Adequate Lnclear T2 h K Significant differences in body
[15] generated posi- weight, amount of contrast material
COntrast adminmistered, and the presence of
CKD between groups
Poletn Seral 4 days 9 patients died before final

et al. [12] cnrol lment posi- measurenment
contrast

Sar et al. Unclear Open=label  Inadequate T2 h Mo real amount of volume infusion
[13] ol provided
conlrast

Tepel et al.  Unclear Unclear Unclear 48 h Low risk
[14] post-
COnLrast

CED chrome kidney disease, [TT intention-to-treat, PP per protocol
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N-acetyleysteine Control Risk Ratio Risk Ratio
udy or Subgroup ents ota vents Tota 95% CI M-H, Random, 95% CI
3.1.1 High risk group (Serum creatinine >1.2 mg/dL)
Burns 2010 1 21 3 21 B3% 0.33 [0.04, 2.95] - |
Kitzler 2012 1] 10 0 9 Mot estimable
Poletti 2007 2 44 9 43 18.1% 0.22 [0.05, 0.95] - ]
Tepel 2000 1 a1 9 42 96% 011002088 |
Subtotal (95% CI) 116 15 36.0% 0.20 [0.07, 0.57] ‘
Total events 4 21
Heterogeneity: Tau? = 0.00; Chi# = 0.53, df =2 (P = 0.77); IF = 0%
Test for overall effect : Z = 3.00 (P = 0.003)
3.1.2 Low risk group (Serum creatinine <1.2 mg/dL)
Hsu 2012 B 108 15 103 58.3% 0.52(0.23, 1.17) —
Sar 2010 0 25 3 20 47% orzppon 2 Y
Subtotal (95% CI) 131 123 64.0% 0.46 [0.21, 1.02] ‘
Total events 8 18
Heterogeneity: Tau® = 0, 00; Chi# = 0,98, df = 1 (P = 0.32); P = 0%
Test for overall effect: Z = 1.92 (P = 0.06)
Total (95% CI) 247 238 100.0% 0.34[0.18, 0.64] "
Total events 12 39 | ) ) )
Heterogeneity: Tau? = 0,00; Chi# = 3,17, df = 4 (P = 0.53); F = 0% ' ' ' !
0.01 0.1 1 10 100

Test for overall effect : Z = 3.34 (P = 0.0008)

Tost for subgroup difterences: Chif = 1.57, df = 1 (P = 0.21), I7 = 36.3%

Favours N-acetylcysteine Favours control

Fig. 2 Forest plot of comparison: N-acetylcysteine with hydration versus hydration. Outcome: the incidence of contrast-induced

nephropathy
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N-acetylcysteine Control Mean Difference Mean Difference

1 Subgr Total Mean | Weight IV, Random, 35% CI IV, Random, 95% CI
Kiler 2012 001 01 10 003 01 8 277% -002¢0:11,007 *
Polet 2007 0175 036 44 0009 046 43 237% 0184036001 by
Sar 2010 000 018 25 013 0165 20 204% 0174027007 *
Tepel 2000 04 04 40 02 08 @ 2% 0604082039 = o
Total (95%C) 120 113 1000% 0.22(0.41,0.09) ¢
Helerogenely. Tau'= 0.3, Ch*= 2245, df= 3P < L0001) = 7% PR T T

Testfor overall effect Z= 2.32(P=0.2)

Favours N-acetylcysteine Favours control

Fig, 3 Forest plot of comparison; N-acetylcysteine with hydration versus hydration, Outcome; change of serum creatinine
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The incidence of CIN

The definition of CIN varied considerably across
trials. The incidence of CIN was proportional to the
number of patients in whom nephrotoxicity developed
after CT, defined as an increase of 0.3-0.5 mg/dL and/
or an increase of 20-25 % over baseline creatinine at
2-5 days after the administration of a contrast agent.
We performed subgroup analysis on populations with
serum creatinine above or below 1.2 mg/dL. In high-
risk patients, our analysis revealed that a significant
difference between the 2 treatment groups, with more
patients in the control group experiencing greater
incidence of CIN (RR = (.20; 95 % CI 0.07-0.57). In
low-risk patients, we found no significant difference
between the 2 groups (RR =046: 95 % CI
0.21-1.02), although the incidence of CIN was lower
in the NAC group (Fig. 2). No significant_heteroge-
neity was observed among these trials (I° = 0 %). The
number of people needed to receive the treatment
before 1 person would experience a beneficial out-
come [number needed to treat (NNT)| was 8.73.

Sar et al. [13] cannot provide the real deliv-
ered amount of saline in each group, which could

Int Urol Nephrol (2013) 45:1309-1318




Discussion

+ N-Acetylcysteine with antioxidant and vasodilatory
properties is of potential benefit in preventing CIN
because it minimizes both vasoconstriction and
oxygen-free radical generation after administering
a radiocontrast agent.

+* 1he most popular protocol involves an oral NAC,
600 mg, twice daily for 24 h the day before and on
the day of the procedure.
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Discussion

ROLE OF NAC IN THE PREVENTION OF Cl-AKI

4.4.3: We suggest using oral NAC, together with i.v. iso-
tonic crystalloids, in patients at increased risk of
CI-AKIL (2D))



Discussion

LDEERIRE D BRiG TFAcetin - LURI VBT E TN
RERVTE - Bk ABREFEASIIR - 1A2

HER = AR -

AcetinNZ =145 - HEEMSRECTRIRE - BER

EEEFENN mEERE Z0]1TH

K7 LL0.9% normal saline%s =
Glucose water B~ MAB&E

. 0.45% saline 5

T E/NRRCTHEEAMNEIV Actein fER T ATEHE - B
Pl R FHET BV AR B - HRFENPO E% - 2& LUK

NiET AT




Discussion

Except IV hydration (1.0-1.5 ml/kg/h) 12 h before and 12 h after CT.

Added PO N-acetylcysteine 200mg/ pk 2 PKTID as routine
prescription in patient ongoing for CT examination
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