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ABSTRACT 

BACKGROUND: Few studies that have 
assessed the effect of abbrcviated oral N-
acctylcysteine (NAC) rcgimens in 
radiocontrast-induced nephropat hy (RCIN) 
yield mixed results. OBJECTJVE: To 
evaluate the rcnoprotective effect of high 
periprocedural oral doses (HPOD) of NAC 
in patients with chronic renal impairmcnt 
undergoing a same-day angiography. 
METHODS: Sixty one paticnts vi1Ii renal 
impaired function scheduled to undcrgo 
a same-day angiography were randomly 
assigned to NAC 1200 ing orally 3 hours 
before and 3 after the procedure, or a 
placebo. Al! patients received 0.9% salme 
intravenous. RCIN was defined as an 
increase in SCC > 0.5 mg/dl 48 hours after 
the procedure. RESULTS: The mean 
baseline SCC for all patients was 1.44 ± 
0.42 mg/dl. A slgnificant difference in SCC 
change at 48 hours after the angiography 
was found (-0.07 mg/dl NAC, 0.09 mg/dl 
placebo, P=0.04). RCIN occurred in 1 (3%) 
patient of NAC group and in 2 (7.1%) 
patients of placebo group (P=0.59). 
Adverse effects were similar in both 
groups. CONCLUSIONS: In patients with 
mild renal impairment patients undergoing 
angiographic procedures. HPOD of NAC 
were more effective than placebo in 
preventing SCC change 48 hours. A non 
slgnlficant benefit in RCIN incidence vas 
found. 

KEY WORDS: N-acetylcystemne, 
contrast media, angiography, acute renal 
failure. 

RESUMEN 

ANTECEDENTES: Los escasos 
estudios i  tic han evaluados los efectos 
de regimenes abreviados tic N-
acctiicisteína (NAC) oral en la nefropatía 
por contraste (NC) han encontrarlo 
resultados contrapuestos. OBJETIVO: 
Evaluar el efecto renoprotector de altas 
dosis orales periproceclimiento (ADOP) ele 
NAC en pacientes con insuficiencia renal 
con angiografía programada el mismo cija. 
MATERIAL Y METODOS: Sesenta y un 
pacientes con insuficiencia renal y 
angiografía programada para el mismo día 
fueron asignados aleatoriamente a 1200 mg 
de NAC 3 horas previas y 3 horas 
posteriores al cateterismo o un placebo. 
Todos los pacientes recibieron hidratación 
endovenosa con solución salina al 0.9%. 
La NC se definió como el aumento en la 
creatinina sérica (CS) > 0.5 mg/dl a las 48 
horas del procedimiento. RESULTADOS: 
La CS media en todos los pacientes fue 
1,44 ± 0.42 mg/dl. Se encontró una 
diferencia significativa entre ambos grupos 
en el cambio de CS a las 48 horas tic la 
angiografía (-0.07 mg/d1 NAC, 0.09 mg/dl 
placebo, P=0.04). La NC se presentó en 1 
(3%) paciente del grupo NAC y en 2(7.1%) 
pacientes del grupo placebo (P=0.59). Los 
efectos adversos fueron similares en 
ambos grupos. CONCLUSION: En 
pacientes con insuficiencia renal leve 
sometidos a angiografía en el mismo tija, 
las ADOP de NAC fueron más efectivas que 
el placebo cii la prevención del cambio tic 
CS a las 48 horas del procedimiento. Se 
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encontró un beneficio no significativo en 
la incidencia de NC. 

PALABRAS CLAVE N-ac.ctilcisteína, 
medio (le contraste, angiografía, 
insuficiencia renal aguda. 

INTRODUCTION 

Radiocontrast agent aclniinistration 
during angiographic procedures often 
induces a renal function reduction± Even 
though it is usually mild and reversible, it 
is associatecl with extended hospital stay 
and adverse clinical outconies, including 
the occasional requirernent of clialysis.' 3  
The ability to effectively prevent RCIN 
would result in a significant public health 
bcnefit, especially now that the ongoing 
aclvuices of catheter-based technologics are 
steadily inereasing the volurne of diagnostic 
and therapeutic angiographic procedures? 

The precise rnechanism of RCIN is not 
well understood, but there is evidence that 
it is related to alteration in renal 
heniodynarnics aocI dircct toxic effec(s oil 
the renal tubular celis nlediated by oxygen 
free radicals.4  Excepl for intravenous 
hydration and low osmolality contrast 
media, no other stratcgies llave proven 
clearly to be efficacious in preventing 
RCIN .2,  

Since Tepel et al' reporten that N-
acetylcystcine (NAC), arr antioxidant agent, 
was effective in preventing RCIN among 
patients undergoing CT with angiographic 
contrast, several studies have assessed the 
effectivencss of NAC preventingRCIN after 
d ¡agnos tic and/or i nterveu tional 
angiographic procedures, with mixcd 
results. In most of these triais. NAC 
vas started the clay before the angiogram, 
precluding patients with clinical 
presentations that require angiographic 
procedures the samc day. 

Considening that higli oral doses of 
NAC do not menease the inciclence of side 
effects'5, and peak seruni leveis are 
achieved within 2 hours after the 
administration', Wc investigate the 
renoprotective effects of high 
periproccdural oral doses (FIPOD) of NAC 
in patients with chronic renal impairmcnt 
undergoing a same-day angiography. 

METHODS 

Stucly Population 
This prospcctive, nandoniized douhle 

blind, placebo-controlled tnial was 
conducted froni Fehrary-2002 through 
January-2004. Pafienis schecluled to 
undergo a same-day coronary or 
periplieral angiographic diagnostic or 
intervcnlional procedure were eligible if 
they were 18 years or older and liad a 
stable seruin creatinine concentration 
(SCC) ahoye 1.5 mg/dl or an estimated 
creatinine clearance usiug Cockroft-Gaull 
formula below 50 mL/mm. Exciusion 
entena were: dialysi, acule renal failure 
(ARl'), hemodynamic instability (systolic 
blood pressure < 80 inmHg 01 Qn 
vasoactive clrugs), congestive hcart failure, 
pregnaney, laetation, severe asthma and 
contrast medium use within thc prcvious 
10 days. The local ethies committee 
approved the study protocol and ah 
patients gaye written inforined consent. 

Study Protocol 
Patients were randomly assigned to 

receive either NAC or placebo using a 
coinputer generated randomization 11sf. A 
1200 mg-oral dose of NAC (Fluinrucil: 
Zambon Group, Barcelona. Spain) was 
given 3 hours hefore and 3 hours after 
catheterizatiou. NAC vas diluted in 125 
ml oforangejuice. The placebo was siniply 
125 ml of orange juice with similar 
appearance and taste. Both groups received 
intravcnous hydration with 0.9% salme at 
a cate of 4 ml/kg/br for 3 hours hefore the 
angiogram and at a rate of 2 ml/kg/hr for 
6 hours after radiocontrast exposure. 
Liberal flulds intakc was encouragccl to 
all subjects after tlic angiographic 
procedure. The administration of 
tlicophyhline, dopamine or maunitol vas 
not allowecl during the study. The 
angiographic procedures were performed 
with ionic (amiclotrizoate or ioxitalamate), 
nonionic (iopainidol or iohexoi) or both 
types of contrast agents. The dose and the 
type of radiocontrast usecl, as well as the 
adjunctive drug therapics given, were left 
at the diseretion of file piiysieian 
performing the procedure. Participants 
an d all study personal i ud ucling 
physicians, nursing staff, assessors and 
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data analysts. were blinded to treatment 
assignment. No request for unblinding vas 
implementeci. All patients were evaluated 
48 hours after procedure. Hospital 
regislers were screcncd up to 30 days after 
the procedure and followed for 30 days 
after the angiographic procedure to detect 
readmissions clue to ARE requirement for 
dialysis or cleath. 

Endpoints 
The primary cndpoint was RCIN 

dcfined asan increase ¡o SCC > 0.5 mg/chI 
48 hours after the procedure. Seconclary 
endpoints were: a) SCC change at 48 liours, 
b) length ofhospitalization measurecl from 
aclmission to dischargc or up to a vascular 
procedure, c) coinbined event cate of 
rcadmission for ARE, dialysis requiremerit 
or death within 30 days, 

Statistical Analysis 
Based on previous (lata showing a 

RCIN inciclence of 28.5% in a similar 
population pretreated with hyclration plus 
low and/or high-osmolar mecliums , 28  

patients in each group would be recjuirecl 
to c)ctect a similar RCIN reduetion after 
NAC trcatmcnt as a previous stucly 7 (two-
sidecl significance leve] of 5% aocI 60% 
power). A final sample of 60 participants 
was plannecl. Data were expressccl as mean 
+ SD or perceiltages. Continuous data were 
analyzed with paired or unpaired t-test and 
discrete variables with ,2  test or Fisher's 
cxact test. AII statistical tests were two-
tailed and analysis followecl un inteution-
to-treat approach. P value < 0.05 vas 
inclicative of significance. Calculations 
were perlorinecl with Stal View Statistical 
Program (version 4.5. Abacus Concepts, 
CA, USA). 

RESULTS 

A total of 61 paticnts were inclucled. 
Baseline characteristics were similar 
between both grou ps (Table 1). 
Angiographic and proceclu ral 

Table 1 Basetine Characteristics. 

Characteristic 
Placebo group 
(n=28) 

NAC gwup 
(n=33) 

Va l ue  

Agc,years 69.7(13.1) 71.7(7.4) 0.81 
Men. a (%) 1 8(64.3) 23(69.7) 0.66 
l3ody mass iiidcx (kg m'2 ) 27.6 (4.1) 27.3 (5.4) 0.61 
Bluod pressure, mmi Ig 

Systolie 134.2 (24.3) 132.2 (17.9) 0.83 
Diastolic 76.5 (II 9) 78.4 (9.6) 0.59 

Senim creatmnmne concentration (mg/dl) * 1 42 (0.37) 1.46 (0.46) 0.91 
Estimated CrCI (mi/mm') t 42.8 (8.7) 41 7(11.8) 0.68 
Uvpertension, 11 (%) 16(57 1) 26(78.8) 0 10 
Diabetes lile¡ litio, a (%) 5(17.8) 8 (24 2) 0.57 
Fleart lailure. n (%) 6(21.4) 8 (242) 0.81 

NY! A 1-II 3 (500) 2 (25.0) 0.58 
NYI-1A lii 3(500) 6(75.0) 0.58 

Previous myocardial nfaretmon, u (%) 5 (17.8) 7(21.2) 0.76 
l'revious CABG surgery. a (%) 5(17.8) 6 (18.2) 0.98 
Med,cations, u (%) 

Calcium channel blocker 5(178) 8(24.2) 0.57 
Diuretie 9(32.1) 14(42.4) 0.42 
NSAID 15 (53.6) 20(60.6) 0.59 
ACE inhbitor 11(39,3) 12(36.4) 0.82 
Angiotensin II receptor inhihitor 4 (14.3) 6 (18.2) 0.74 
Oral hypoglmcernic 2 (7.1) 5 (15.1) 044 
Insulmn 3(10.71 4(12.1) 0.99 

Abbreviations: NAO, Nacetylcysteine: CrCI, creatinine clearence; NYHA, New York Heart Association; CABG, coronary artery 
bypass graft; NSAID, non steroidal antiinflamatory drugs: ACE, angiotensin-converting enzyme. 
* To convert mg/dl topmoi.l multipiy serum creatinine concentration values by 68.4. 
t To conved ml/mm to mlv multipiy values by 0.0167. 
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characteristics were similar in both groups 
(Table II). Thc type of radiocoritrast used 
was similar in both groups with 70% of 
the patients recciving an ionic agent. 'l\venty 
one percent of the patients enrolled were 
diabetic. The mean basclirie SCC for ah 
patients was 1.44 ± 0.42 mg/dl. Mean SCC 
values at 48 hours after the catheterization 
were similar in both groups. There was a 
significant clifference in SCC change at 48 
hours after the procedure favor NAC (-0.07 

Tabte II. Angiographic and procedural characteristics. 

mg/dl NAC, 0.09 mg/dl placebo. P=0.04) 
(Table III). 

RCIN occurred in 1 patient (3.0%) from 
NAC group and ja 2 patients (7.1%) from 
placebo group (RR 0.42. 95% CI 0.06-3.10, 
P=0.59) (Table III). There vas no 
statistically significant diffcrence in the 
incidence of RCIN hetween NAC and 
placebo in the following subgroups of 
patients: diabetics. baseline SCC > 2 mg/ 

l'laeebo group NAC group P Charactcristic (n28) (n-33) value 

Angiographic procedure, n (%) 
Coron,iry sil 9091 a phv and 1.V  
C'oronary angiography and ad hoc PCI 
Coroiiarv un gi ograplis'',t id periplierical angiography 
PCI 
Pcriphcrical angiography 
Peripherical angiography and angioplasty,  

LVEF <400 6 
Corona ry ang iogriiph e d lag e oso,  ii 

Nornitil 
Single-veasel disease 
Doublc-vesael disearie 
Tiple-vessel discase 
(ira t't-d lacase 

Contrast agent. ri (% 
It gh-osni olar 

Low-osmo lar 

l3oth 
Vol uine of contrast agent, ml 
Volume ol'eontrast agent per hody weight, mLKg' t  
lod irte mount, mg 
t ntraveno as hy dration, inI 
Preprocedure plus procedure hydration time, hours 

yproccd ure hvd ni llon ti ni e, ro urs 

1 4 (50.0) lo(20.3) 0.I9 
6(21.4) 5(151) 0.74 
3(10.7) 5(15.11 071 

(3.6) 0)0) 046 
4 (14 3) 1 1)33.3) 0t3 
() (0) 2(6.2) 0.49 
4(,14.3) 7)212) 0.53 

5(17.9) 2 (100) 0.23 
3 (12.5) 4 (20.0) 0 68 
6(250) 3(150) ((48 
6(25.0) 7(35.0) 099 
4(I6.7) 4 (20 0) 0.99 

22(78.6) 21 (63 6) 0.26 
2(7.1) 4(12.1) 0.67 
4(l4.3) 8)24,2) 0.52 

55.5 (108.1) 158.0 (60 5) 0.09 
20(1,1) 23(t.3( 0,17 
56.1 (39.8) 56,2(206) 0.1) 
1 487 (1263) 800(989) OIt 
3.8(17) 4.5)3.5) 0,66 

8.6 (16.3) 21.4(187) 0.68 

Abbreviations: NAC, N-acetylcysteine: LV, left ventriculography; PC¡, percutaneous coronary intervention; LVEF )ett ventricular ejection fraction. 

Table III. Outcomes in both groups 46 hours after the angiography. 

Placebo grolrti NAC group /' Cliaracterisiic )11=28) (11 33 ) salve M can S('C al 48 liouis * 1 .49 (0.60) 1.40 (0.49) (1,52 ('tiange iv S('C at 48 hout a 11.09 (0.32) -((07 (0 ,2 6) 0 ,u4 tneidence of RCIis , u 
Risc of> 0,5 nigrdt ¡ti seruni ci'eaiiirine u  2 (7.1) t (3.0) 0 59 Risc of> 2591, iv setum ei'eaiiniire 3 (0.7) 1 (3.0) 0 32 Risc .' t nmg'dt ¡ti serum crcatinrne * t (3.6) 0(0) 0.46 t.eilgmh of liospiiallzaLioii. llours 39.0 (55.3) 39 7 (419) 0 98 Readmission for acule renal failure, mi (%) I (3.6) I (3.0) 0.99 Dialysis, a (%) 1 (3.6) 0 (0) 0,46 beatO, u (%) t (3.6) (((0) 0.46 ('onibined cvemmt. im °6) 3(107) t (3.))) 032 

Abbreviations: NAC, N-acetylcyste)ne; RCIN, radiocontrast-induced nephropathy. 

* To convert mg/dl to imoI.l mu)tiply serum creatin)ne concentration values by 88.4. 
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cli, amount nr .type of radiocontrast agent 
aci cnt nistered. 

Length of hospitalization anci the 
cornbined cvcnt rate were similar in both 
groups (Table III). There was no difference 
in RCIN inciderice accorcling to 
radiocontrast agent type (P=0.98). Aciverse 
effects were similar in NAC and placebo 
groups (drowsiness 12. 1% Vs. 14.3%. chills 
6.1%vs. 10.7%,nausea0%vs. 3.6%). 

DISCUSSION 

This randoniized study showed a 
significant difference in SCC change at 48 
hours with HPOD of NAC plus Iiydration 
and hyclration alone in patients with mild 
chronic renal impairincnt undergoing a 
same-day angiographic procedures. Thcrc 
was a not significant difference in RCIN 
incidence between the iwo strategies. 

A difference in SCC change at 48 hours 
between both groups vas fourid in the 
prescnt ti-¡al. Comparable findings had 
been reportecl in other studics.0 0.12  The 
Values of the weighteci mean mercase of 
SCC at 48 hours reporteci in two mcta-
analysis were similar to our changc.'7'' 
However, clinical utiiity of SCC change at 
48 hours is not confirmed, and this 
parameter may not be a reasonablc 
surrogate for relevant outcomes such as 
need of dialysis and the length of 
hospitalization compared to RCIN, clefincd 
as an increase ¡u SCC >0.5 mg or 25% at 
48 hours.' 

Several factors may expiain the negative 
results in the present trial when RCIN vas 
evaluated, but probably the main was the 
lower incidence of RCIN ¡u the placebo 
group compared to other studies. The 
baseline SCC, a strong predictor of RCIN, 
was lower than the studies that have shown 
positive results and similar to the studies 
that have shown no significant preventive 
benefit with NAC.8''3  Similarly, the 
percentage ofdlahetics (<18% in placebo-
treated patients), a subgroup of special 
lnterest, was lower than most of the 
positive trlals.8 10,12 It could he possible that 
the beneficial effects of NAC become more 
evident in hlgh risk populations. " In 
contrast, the rate of RCIN in patients treated 
with NAC ¡u this study was similar to other  

studies, but since the cate of RCIN in the 
placebo grou) was ]]ueh lower than it was 
expected, the study lackecl the nccessary 
power lo detcct significant di fferenccs in 
RCIN between both groups. 

While several studies have assessecl the 
eí'fe.ctiveness of oral NAC preveuting RCIN 
after cliagnostic and/or interventional 
angiographic procedu res, the effcct of 
periproceclural NAC use in patients that 
rcquire a same-day procedure has heen 
evaluated in few oncs. Ochoa el al ', 

assessed an abbrcviated regimen of NAC, 
1000 mg-oral dose one hour before and 4 
after the proceclurc, RCIN occurred 3 of 
36 (8%) patients of the NAC group vs 11 of 
44 (25%) in Ihe control group (P=0.051). 
SCC remaineci stahlc tu NAC group, but a 
significant increascd occurrcd in the 
controis. Durham el al found no 
significant difference in RCIN with 1200 
mg-oral close one hour before and 3 after 
the procedure respectivcly. The reason for 
(he lack of a clear benefit in RCIN observen 
with abhreviatecl regiincns is not cicar. 
Aithough serum levels of NAC shouki be 
adequate 1 to 2 hours after aclministration 
and the doses of NAC u.sed were similar 
to Tepe) el al's / regimell, it cannot be rulccl 
out that NAC rriay have a rnetabolitc that 
exerts its favorable effects in renal function 
requiring a longer periocl of time before 
becoming active." "' 

1  The RAPPID trial, 
which evaluated a periproceclural regimen 
of very high intravenotis NAC, showed 
favorable effects in RCIN, although NAC 
infusion 'vas terminated early in three 
patients due to sicle eÍ'fects.2 ' Wehb el al 22  

found no difference in RCIN with 
periprocedural intravenous NAC tu a large 
raiidomized (rial. 

NAC is a thiol-contamning antioxidant.2  
Interest ¡u NAC for preventmon of RCIN was 
greatly stimulated by Tepel et al's 
publication. 723  There is eviclence that 
renoprotective effects of NAC may be elite 
to its ameliorating effect on the expected 
contrast-induced reduction of nitric oxide 
and by an antioxidartt mechanism."'2" 

O iven the sharply diverge nt pubhshecl 
study results, NAC efficacy in RCIN and 
the optimal adnñnistration regimen are not 
completely established. 22  Two meta-
analysis yielded a risk reduction of RCIN 
with NAC use1720, although a systematic 
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revision (15 trials, 1776 patients) revealed 
a borderline bencfit and highlight the lack 
of stuclies reporting long term outcomes. 
F'inally, the recent non-randomized trial 
yielded that NAC could affect SCC 
de ter mi o a ti o n s w it ha u t alt e r i ng 
glomerular filtration evaluated with 
cystatin C leveis.  17  

The present trial has several 
liinitations. Thc sample size was small and 
it was a single center stucly. SCC was only 
measured at baseline aocI 48 hours after 
the procedure, although a 30-clay follow 
up was performed. Finaily the influence 
of clifferent renal pathologies in NAC 
effectiveness in RCIN prevention was not 
explored. 

CONCLUSION 

Wc conclude thai in patients with mild 
renal impairmcnt patients undergoing a 
same-day angiographic proceclu res, HPOD 
of NAC were more effective than placebo 
in preventing SCC change 48 hours, 
although this benefil was not significarit in 
RCJN incidence. 
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