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Objectives

1. To describe the epidemiology of acute kidney injury
following iodinated contrast exposure.

2. To identify the attributable risk of acute kidney injury
associated with contrast exposure in contemporary
practice.

3. To recognize how the risk of acute kidney injury should
be balanced with the potential benefit of contrast
procedures in patients with kidney disease.



Contrast-Induced Acute Kidney Injury (CI-AKI)
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Contrast-Induced Acute Kidney Injury (AKIl)
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Consistently Associated with Poor Outcomes

Author,
Year

Crude

Rich, 1990
Bartholomew, 2004
Skelding, 2007
Chen, 2008

Roy, 2008
Weisbord, 2008
Marenzi, 2009
Cho, 2010

Ma, 2010

Senoo, 2010
Caruso, 2011
Subtotal (l-squared =77.3%, p = 0.000)

Adjusted

Levy, 1996

Rihal, 2002
Lindsay, 2003
Dangas, 2005
Gupta, 2005
Weisbord, 2006
Assali, 2007
Bouzas-Mosquera, 2007
Kowalczyk, 2007
Brown, 2008

From, 2008

Harjai, 2008
Holscher, 2008
Roghi, 2008
Goldenberg, 2009
Kini, 2009

Uyarel, 2009
Wickenbrock, 2009
Zaytseva, 2009
Chong, 2010
Ergelen, 2010
Budano, 2011
James, 2011
Subtotal (I-squared = 88.3%, p = 0.000)

v

Risk Ratio (95% Cl)

2.54 (0.76, 8.51)
18.18 (13.91, 23.84)
5.04 (1.88, 12.84)
45.62 (10.65, 195.38)
10.00 (3.26, 30.65)
31.34 (1.33, 735.12)
23.27 (8.24, 65.73)
3.91(1.92, 8.01)
8.21(0.41, 164.31)
2.92 (1.16, 7.34)
2.88 (0.33, 25.35)
8.19 (4.30, 15.60)

4.25 (255, 6.90)
9.52 (6.38, 13.87)
2.58 (1.48, 4.43)
2.02 (1.57, 2.58)
1.77 (1.24, 2.54)
2.14 (1.75, 2.64)
8.34 (0.71, 98.00)
5.97 (2.54, 14.03)
2.16 (1.95, 2.37)
1.87 (1.61,2.17)
1.57 (1.32, 1.86)
1.80 (1.10, 2.70)
0.79 (0.42, 1.48)
1.83 (0.98, 3.44)
2.66 (1.72, 4.46)
1.16 (1.03, 1.31)
1.90 (1.16, 3.12)
5.15 (2.28, 11.63)
2.64 (1.17,5.97)
4.23(1.85, 8.93)
3.08 (1.68, 5.43)
2.86 (1.38, 5.54)
2.70 (1.48, 4.98)
2.39 (1.98, 2.90)

%
Weight

9.66
14.27
11.04
8.38
10.14
3.24
10.60
12.40
3.51
11.26
5.50
100.00

.25

Decreased risk with AKI

1 4 16 64 256

Increased risk with AKI



Consistently Associated with Poor Outcomes

Figure 1
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Consistently Associated with Poor Outcomes
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Risk Factors — Mehran Risk Score

Risk Factors Integer Score
Hypotension 5 \
IABP S , : :
Risk  Risk of Risk of
CHF 5 Score CIN  Dialysis
Age >75 years 4 <5 7.5% 0.04%
Anemia 3
6to10 14.0% 0.12%
Diabetes — 3 Calculate
; 3
Contrast media volume 1 for each 100 cc 11t016 26.1% 1.09%
Serum creatinine>1.5mg/d| 4
OR 2 for 40 - 60 >16 57.3% 12.6%
eGFR <60 ml/min/1.73 m? 4 for 20 - 40
eGFR (ml/min/1.73 m?) = 6 for <20
186 x (SCr)™"'** x (Age) ***®
x (0.742 if female) x (1.210
if African American) -/




lodinated Contrast Agents

Table 1. Properties of Commonly Used Radiocontrast Media

lodine, Osmolality,
Type Generic Name mg/mL mOsm/kg
High osmolar
lonic monomer Sodium iothalamate 325 1843
lonic monomer Meglumine diatrizoate 306 1530
Low osmolar
lonic dimer Meglumine ioxaglate 320 580
lonic dimer Sodium ioxaglate 320 580
Nonionic monomer lopamidol 300 616
Nonionic monomer lohexol 300 640
Nonionic monomer loversol 300 645
Nonionic monomer lopromide 300 610
Iso osmolar
Nonionic dimer lotrolan 300 320
Nonionic dimer lodixanol 320 290
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CONHCH2(|:HCH20H
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o
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Risk of AKI Attributable to Contrast Agents
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Fig. 1—Incidence of acute kidney injury versus baseline creatinine concentration. Graph shows incidence of
acute kidney injury among control patients closely parallels use of iodixanol and parallels use of iohexol for
baseline creatinine values up to 1.8 mg/dL.



Risk of AKI Attributable to Contrast Agents

Intravenous Contrast Material
Exposure Is Not an Independent
Risk Factor for Dialysis or
Mortality'
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Risk of AKI Attributable to Contrast Agents

4 N '
Inclusion Criterla .
k¢ Age | & : o
All contrast-enhanced and unenhanced thoracic, abdominal g g :
pelvic CT scans performed between 2000-2010 with > 1 pre —
and 1 posiscanpseCr value in each time window as show;: 2 g Sex a :
e CT scan SE Inpatent | ® O
m )
4 e} (W) '
Pre sc.:ns(tmndcw il = ?;“:;‘]: SU“:'?de:‘ QEJ g :
(24 hes pior 0 CTscan O evolion window® © £ |Charlson | # O
| L LI | I‘TI LI I A U ]
0 7 H .
days ’ White | O
NumberMestingInclusion Criteria 1 ocas _Patents w Black (€O :
\_ 230,014 74,217/ \‘é . '
T < Asian [ O |
. . Other | €O . O Pre-Match
]
Propensity Score Matching Mo & Post-Match
¥ ¢ DN|(® O
"5 ™ = .
Study Population g CRF (¢ O
Contrast Noncontrast o) -
Population Patients CTs CTs g CRP ‘ .D
o .
Al 21346 10673 10673 o ARF | ¢ : @]
Low Risk subset 14546 7273 7273 :
Medium Risk subset 4884 2402 2442 CHF @ )
High Risk subset 1916 958 as8 T t T T T T ]
2;‘ SU:?‘ ?g?g 3(;'-;;0 2;}"0 0 5 10 15 20 25 30 35 40
subset L 75
e 948 e e Absolute Standardized Differences (%)
CHF subsat 2974 1,487 1,487




Risk of AKI Attributable to Contrast Agents

Propensity Score-adjusted Outcomes

Statistics
Data Set and Outcome Contrast Group Noncontrast Group  ORs and HRs* PValue
Entire matched data set 10673 10673 - ...
AKI 515 (4.8) 544 (5.1) 0.94 (0.83, 1.07)t .38
30-d dialysis 25(0.2) 27 (0.3) 0.96 (0.54, 1.60) .89
30-d mortality 850 (8.0) 875 (8.2) 0.97 (0.87, 1.06)* 45
AKI risk groups$
Low-risk group 7273 7273 e .
30-d dialysis 7(0.1) 8(0.1) 0.88(0.32, 2.41)t 79
30-d mortality 417 (5.7) 426 (5.9) 0.95(0.83, 1.09) 44
Medium-risk group 2442 2442 ... .
30-d dialysis 7(0.3) 7(0.3 1.00 (0.35, 2.86)* 79
30-d mortality 303 (12.4) 314 (12.9) 0.97 (0.83, 1.14)* .64
High-risk group 958 958 . .
30-d dialysis 11(1.1) 12 (1.3) 0.92 (0.40, 2.09) 84
30-d mortality 130 (13.6) 135 (14.1) 0.93(0.73,1.18)* .56



Risk of AKI Attributable to Contrast Agents

Contrast Material-induced
Nephrotoxicity and Intravenous
Low-0smolality lodinated
Contrast Material’
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Risk of AKI Attributable to Contrast Agents

Effect of Intravenous lodinated Contrast Material on the Development of Post-CT AKI

AKIN Criteria*
Pre-CT SCr Subgroup No. Patients  No Post-CT  Post-CT ~ Post-CT  PValue Odds 95%Cl
Analysis AKI AKI AKI Rate Ratio

SCr <1.5 mg/dL
With contrast agent 9350 8685 665 7.1% .25 0.93 0.83,1.05
Without contrast agent 9025 8368 657 7.3%

SCr = 1.5 mg/dL
With contrast agent i 601 170 22.0% .06 1.25  0.99,1.59
Without contrast agent 1096 886 210 19.2%

SCr = 1.6 mg/dL
With contrast agent 514 379 135 26.3% .007 145  1.11,1.89
Without contrast agent 875 703 172 19.7%

SCr =1.7 mg/dL
With contrast agent 333 230 103 30.9% .001 167 1.23,2.28
Without contrast agent 703 562 141 20.1%

SCr =1.8 mg/dL
With contrast agent 233 151 82 35.2% .001 180 1.26,2.57
Without contrast agent 537 424 113 21.0%

SCr = 1.9 mg/dL
With contrast agent 174 105 69 39.7% <.001 198 1.33,2.95
Without contrast agent 434 338 96 22.1%

SCr = 2.0 mg/dL
With contrast agent 141 80 61 43.3% <.001 215  1.38,3.34
Without contrast agent 346 268 78 22.5%

Overall
With contrast agent 10121 9286 835 8.3% .55 097 0.87,1.08

Without contrastagent 10121 9254 867 8.6%




Risk of AKI Attributable to Contrast Agents
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Understanding the Actual Risk

E Use Contrast! Benefit from contrast
imaging procedures

Risk of AKl and
complications

N-Acetyl Cysteine

Whatever - Just give steroids,
heparin, vancomycin, and zosyn




Understanding the Actual Risk

Perspective gained from exploring underutilization of coronary
angiography and invasive management of acute coronary syndromes in
patients with pre-existing kidney disease



Risks of Cardiovascular Events and Adverse
Outcomes with Pre-existing Kidney Disease
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Inappropriately Low Rates of Imaging and
Intervention in Kidney Disease

A

20 0,
100% Yo 3%
90%
80% 10% 9%
70%
0% 19%
50%
40% o o
30; 21% 76% 76%
o 20%
10% 18% 2%
0%
eCGFR 290 eGFR 60-89 eGFR 30-59 eGFR 15-29 eGFR
<15/Dialysis
n=6064 n=11509 n=4839 n=572 n=278
(26.1%) (49.5%) (20.8%) (2.5%) (1.2%)

O No coronary angiography O Only coronary angiography B PC| B CABG



Risk of AKI According to Baseline Kidney
Function

100
80 -

60 -
% AKI

40 36.5 m AKI Dialysis

18.9
20 -
9.4

4.3 8.1
1.9
O 0.2 0.4 [ l

eGFR (mumin1.73m2) >0 45-59 30-44 <30
Number at risk 18132 3841 1150 318




Benefits of Intervention in Kidney Disease

Favors Invasive Favors Non-invasive Death
A) B) Favors Invasive Favors Non-Invasive Ml
Risk ratio Risk ratio
Trial Name (Year) (35% % Weight Trial Name (Year) 95% Q1) % Weight
nMi3e  (1994) 067 (032,139 277 T 38 (1994) - 096 049,1.51) 20
TACICS TS (2001) 0.99(045.2.15) 253 mencstmis (200 —— | 052024115 188
FRISCR  (1089) : 0.54(0.26,1.14) 73 FRISCH (1999) . _ 059 93509% i
VINO (2001
{2001) u s s o - VING (2001} S — 054 (0.19452) ss
ICTUS (2005 ! 163 (057, 150
4 - | xpe ooy ICTUS (2005) | 186 (0.74471) 146
Overall- All Studies (95% C1) ~ 076 (049,1.17) ;
Overall- All Studies (95% CI) _— Q78 (0.521.16)
Overall- Exchuding ICTUS (95% C1) ‘ 0567 (044,1.02)
Overall- Exchuding ICTUS (95% Cl)  ~— | Q.67 (0.48,0.94)
Overall- Exchuding TIMI 3B (95% C1) 7 080 (043,1.46) 1
Overall- Exchuding TIMI 38 (95% C) ——— | 078 044137
| p—
2. 4.3 & 2 5 1 2 5



Risk vs Benefits of Intervention in Kidney
Disease

Alberta residents aged 218 years admitted to hospital with non-ST elevation
acute coronary syndrome between 1 January 2004 and 31 October 2009 (n=10 697)

Excluded (n=159):
l = Receiving dialysis at admission (n=113)

No measure of kidney function during hospital admission (n=46)

Initial cohort (n=10 538)

Died during first two Died during index
days of admission (n=22) admission (n=321)
Y Y
Early invasive versus conservative Invasive versus medical management
management (n=10 516) (n=10217)

(n=3739 propensity score matched pairs) (n=2146 propensity score matched pairs)



Risk vs Benefits of Intervention in Kidney
Disease

No (events/100 person years)

No of Early invasive Conservative Risk ratio P interaction  Risk ratio
matched pairs treatment treatment (95% CI) (95% Cl)
Acute kidney injury*
eGFR=60 1948 95 (4.9) 80 (4.1) — 1.19 (0.89 to 1.59)
eGFR 30-59 1363 213 (15.6) 179(13.1) s m 0.996 1.19(0.99 to 1.43)
eGFR <30 73 41 (56.2) 36 (49.3) —i— 1.14 (0.86 to 1.51)
Overall 3384 349 (10.3) 295 (8.7) = 1.18 (1.03 to 1.36)
End stage renal disease
eGFR 260 1948 4(0.1) 5 (0.1) B 0.80 (0.22 to0 3.00)
eGFR 30-59 1363 13 (0.4) 15 (0.4) 3 0.975 0.88 (0.42 to 1.86)
eGFR <30 73 11 (9.6) 11 (10.4) 0.96 (0.41 t0 2.22)
Overall 3384 28(0.3) 31 (0.4) 0.91 (0.55 to 1.49)
Mortality
eGFR260 1948 78 (1.6) 105 (2.2) —— 0.74 (0.56 t0 0.99)
eGFR 30-59 1363 97 (3.0) 148 (4.4) —Ea— 0.66 (0.52 10 0.85)
eGFR <30 73 21 (15.1) 33 (28.4) —— w24 0.55 (0.31 to 0.98)
Overall 3384 196 (2.4) 286 (3.4) -~ 0.69 (0.58 t0 0.82)
*Values are numbers (percentages) of participants 0.1 1 10
Increased risk with Increased risk with

conservative treatment early invasive treatment



Current Initiative for Safe Contrast Imaging

Integrated Knowledge Translation Framework and Local Project Champions with Ql training

APPROACH clinical information system

(IT infrastructure) .
} Patient leaves
Patient enters
di cardiac
cardiac Patient Cardiac Catheterization catheterization
catheterization .
Informed Procedure unit to hospital
unit
Consent ward, recovery
unit, or
T Obtained .
community
¢ LVEDP
Individualized safe contrast limits and contrast Tailored IV fluid / patient hydration and
volume reduction strategies provided follow-up recommendations

Automated Clinical Decision Support (Integrated within workflow and at time and place of decision making)

— Iterative Evaluation and Refinement <




Implications

Although contrast exposure is associated with a risk of AKI, the
risk attributable to contrast is smaller than is often thought for
the majority of patients.

The risk and implications of AKI are most clinically relevant in
patients with pre-existing kidney disease.

Patients with pre-existing kidney disease have among the
highest risk of cardiovascular event and adverse outcomes and
potential to benefit from these procedures. Avoiding contrast

imaging and interventions in these patients is unlikely to
improve their outcomes.



Questions / Discussion




Iso-osmolar versus Low Osmolar Agents

Study

Bracco (unpublished)
Thomsen 2007
Hardiek 2007
Solomon 2007
Schmid 2007
Feldkamp 2006
Barrett 2006

Rudnick 2005 (ab)
Sinha 2004 (ab)
Kolehmainen 2003 (ab)
Aspelin 2003
Chalmers 1999
Carraro 1998

Siegle 1996
Fischbach 1996

Hill 1994

Overall

Test for Heterogeneity
Test for Overal| Effect

RR (95 % Cl)

0.87 (0.30-2.52)
1,32 (0.374.72)
0.62 (0.26-1.51)
1.26 (0.73-2.19)
0.97 (0.06-15.06)
1.24 (0.50-3.10)
1.01 (0.21-4.86)
0,66 (0.33-1,32)
0.22 (0.05-0.96)
1,00 (0.22-4,49)
0.44 (0.22-0.88)
0.36 (0.07-1.75)
3.00 (0.13-71.00)
1.17 (0.324.32)
0.95 (0.06-14.13)
0.20 (0,01-4,03)

0.80(0.61-1.04)

Q=137, df=15, p=0.55, ’=0%

Z=-166, p=0.10

100,00

Weight (%)

6.3
4.4
9.0

23.4
0.9
8.4
2.9

14,5
33
3.1

14.4
2.8
0.7
4.1
1.0
0.8



Iso-osmolar versus Low Osmolar Agents

a b
Study | RR (855 C1) Weight(e) ~ Study ' RIS % Cl Weight (%)
I
|}
I
Sinka 7004 (ab) —- 0.22 (3.05-0.96) 131 Kuhn 2008 —— 0.87(0.30-2.52) 84
: Thomsen 2008 —— 1.32(0.374.72) 58
Aspelin 2003 B D.44 (1.22-088) 56 7 Hardiek 2008 —- 0.62 (0.26-1.51) 121
|
Solomon 2007 - 1.26 (0.73-2.19) 313
1 - 0.36 (0.07-1.75 110
Chatrers 1999 ! { ) Schrid 2007 ‘ 0.97 (0.06-15.06) 13
Siegle 1996 — 1.7 (0.324.32) 162 Feldlamp 2000 - 1.24 (0.50-3,10) 13
|
, _ Barret: 2006 R 1.01(0.21-4.88) 39
Hill 1004 | 0.20 (2.01-4.63) 30 Rudrick 2005 (ab) - 0.86 (0.93-1.32) 195
| Kolehmainen 2003 (ab) —— 1.00 (0.22-4.49) 42
| Carraro 1008 - 3.00 (0.13-71.00) 00
! Fisctbach 1996 S — 0.95 (0.06-14.13) 13
|}
Overal ’ : 0.45 (2.260.76) i
I
I
. [ Cveral & 097 (0.72:1,32)
Test for Heteregeneity : Q=33 df=4, p=051,#=0 |
Test for Overall Effect I Z=-300, p<0.01 Test for Helorogerely ' Q=4.1, ¢1=10, p=094, P=0°
Test for Overall Cffect [ L=L07, p=046
T T 1 f T T T T T T 1
001 010 100 1000 10000 001 010 100 1000 100.00

Figure 14 |Risk for contrast-induced nephropathy. (a) lodixanol vs. iohexol and risk for contrast-induced nephropathy; (b) iodixanol vs.
nonionic low-osmolar contrast media other than iohexol and risk for contrast-induced nephropathy. Reprinted from Heinrich MC, Haberle L,
Muller V et al. Nephrotoxicity of iso-osmolar iodixanol compared with nonionic low osmolar contrast media: meta-analysis of randomized
controlled trials. Radiology 2009; 250: 68-86 with permission, copyright 2009, from Radiological Society of North America**’; accessed
http://radiology.rsna.org/content/250/1/68.long



Intravenous Fluids

Haemodynamic-quided fluid administration for the

prevention of contrast-induced acute kidney injury:
the POSEIDON randomised controlled trial

3000

2000 —

1000

Hydration volume (mL)

[ l ]
L T J

0 T
LVEDP Control
Treatment group




Intravenous Fluids

Haemodynamic-guided fluid administration for the

prevention of contrast-induced acute kidney injury:
the POSEIDON randomised controlled trial

LVEDP hydration- Controlgroup  Relative risk Risk difference p value
guided group (95%C1) (95% CI)
Primary endpoint
>25% or 0-5 mg/dL increase in serum creatinine 12/178 (6-7%) 28/172(163%) 041(0-22-0-79) -9-5(-2.9t0-16-2) 0-005
Secondary endpoints
>25% increase in serum creatinine 12/178 (6-7%) 27/172 (157%)  043(0-22-0-82) -9-0(-2-5to-15-5) 0-008
>0-5 mg/dL increase in serum creatinine 5/178 (2-8%) 11/172 (6-4%)  0-44(0-16-1-24) -3-6(-8:0t00-8) 011
Sensitivity analyses
>0-3 mg/dL increase in serum creatinine 24/178 (13-5%) 43/172 (25-0%) 054 (0-34-0-85) -11-5(-3-3t0-19-7) 0-006

>25% or 0-5 mg/dL increase in serum creatinine in participants ~ 12/190 (6-3%) 28/196 (14-3%) 0-44(0-23-0-84) -8.0(-2-0to-14-0) 0-01
with 21 serum creatinine value available




IV Bicarbonate versus Saline

Author, Year (Reference) Events/Patients, n/n Favors Favors Relative Risk

) A "
Bicarbonate  Saline Bicarbonate Saline (95% CI)

Published studies

Merten et al, 2004 (18) 1/60 8/59 L 0.12 (0.02-0.95)
Recio-Mayoral et al, 2007 (19) 1/56 12/55 | 0.08 (0.01-0.61)
Briguori et al, 2007 (30) 2/108 11/111 L] 0.19 (0.04-0.82)
Masuda et al, 2007 (31) 2/30 10/29 n 0.19 (0.05-0.81)
Ozcan et al, 2007 (32) 4/88 12/88 . 0.33 (0.11-0.99)
Adolph et al, 2008 (21) 3/71 2/74 L] 1.56 (0.27-9.08)
Maioli et al, 2008 (23) 25/250 29/252 i 0.87 (0.52-1.44)
Brar et al, 2008 (22) 26/158 30/165 0.91 (0.56-1.46)
Pakfetrat et al, 2009 (33) 4/96 12/96 . 0.33 (0.11-1.00)

Total (95% CI) 68/917 126/929 <> 0.43 (0.25-0.75)

(n=57.9%,Q=19.0,P =0.02)

Unpublished studies

Hengel et al, 2006 (34) 1/39 4/33 » 0.21 (0.02-1.80)
Saidin et al, 2006 (35) 9/29 4/28 | 2.17 (0.75-6.25)
Addad et al, 2006 (36) 1470 13/70 —F 1.08 (0.55-2.12)
Heguilen et al, 2007 (37) 1/9 1/9 1.00 (0.07-13.64)
Chen et al, 2007 (38) 1/55 7/50 B 0.13 (0.02-1.02)
Mora et al, 2007 (39) 1/86 21/88 < = 0.05 (0.007-0.35)
Kim et al, 2007 (40) 10/56 8/44 - m 0.98 (0.42-2.28)
Shaikh et al, 2007 (41) 14/159  19/161 *— 0.75 (0.39-1.44)
Tamura et al, 2008 (42) 1/72 9/72 ] 0.11 (0.01-0.85)
Shavit et al, 2008 (43) 5/51 3/36 — 1.18 (0.30-4.61)
Lin et al, 2008 (44) 4/30 5/30 I 0.80 (0.24-2.69)
Malpica et al, 2008 (45) 9/57 10/46 . 0.73 (0.32-1.64)
Vasheghani-Farahani et al, 2009 (46) 5/36 4/36 — 1.25(0.37-4.28)
Vasheghani-Farahani et al, 2009 (47)* 11/135 8/130 —%—F 1.32 (0.55-3.19)
Total (95% CI) 86/884  116/833 <>r 0.78 (0.52-1.17)
(I7=412%, Q =221, P = 0.05) T T 1 1
0.01 0.1 1 10

Relative Risk (95% CI)



IV Bicarbonate versus Saline

Subgroups Trials, n Favors Favors Relative Risk P Value for Heterogeneity Heterogeneity
Bicarbonate Saline (95% CI) Between Subgroups Within Subgroups
Q 12, % P Value

Publication year

Before 2008 R 0.20 (0.10-0.40) <0.001 1.89 0 0.76

After 2008 <> 0.82 (0.57-1.18) 333 10 0.34
Events, n

<15 Ry 0.23 (0.09-0.60) 0.005 6.15 35 0.19

215 4 e 0.68 (0.43-1.07) 5.20 42 0.16
Participants, n

<200 i 0.27 (0.11-0.66) 0.01 623 36 018

2200 e 0.63 (0.37-1.10) 6.54 54 0.09
Follow-up

<48 h 6 - 0.31 (0.17-0.54) 0.003 49 0 042

248 h 3 i 0.70 (0.35-1.40) 5.62 64 0.06
Allocation concealment

No or not specified 5 E— 0.25 (0.14-0.44) <0.001 2.05 0 0.73

Yes - 0.84 (0.53-1.32) 4.05 26 0.26
Jadad score

3 o 0.22 (0.11-0.44) 0.001 162 0 066

>3 R 0.72 (0.43-1.18) 6.73 41 0.15

T T 1
0.01 0.1 10 10.0

Relative Risk (95% CI)




N-Acetylcysteine

Acetylcysteine in the Prevention
of Contrast-Induced Nephropathy

A Case Study of the Pitfalls in the Evolution of Evidence

Table 2. Publication History and Summary of Findings for Meta-analyses on the Efficacy of Acetylcysteine for Prevention
of Contrast-Induced Nephropathy

Clinical Studies  No. of Trials No. of Patients  Heterogeneity Pooled Estimate Author

Source Scope Included* Included Included (P Value) (95% CI) Conclusions
Birck et al CT or angiography A 7 805 Present (P=.02) RR, 0.44 (0.22-0.88) Treatment beneficial
Isenbarger et al® CT or angiography A 7 805 Present (P=.01) OR, 0.37 (0.16-0.84) Treatment beneficial
Alonso et al* CT or angiography A, B 8 885 Not reported RR, 0.41 (0.22-0.79) Treatment beneficial
Kshirsagar et al” CT or angiography A, B 16 1538 Present (P<.001) Not reported Inconclusive

Pannu et al?® CT or angiography A, B,D 15 1776 Present (P=.02) RR, 0.65(0.43-1.0) Inconclusive

Guru and Fremes?*®  CT or angiography A, C 11 1213 Present (P=.01) OR, 0.46 (0.32-0.66) Treatment beneficial
Bagshaw and Ghali*® Angiography A 14 1261 Present (P=.03) OR, 0.54 (0.32-0.91) Inconclusive

Misra et al*! Angiography A 5 643 Present (P=.05) RR, 0.30(0.11-0.82) Treatment beneficial
Nallamothu et al*? CT or angiography A, D 20 2195 Present (P=.01) RR,0.73(0.52-1.0) Inconclusive

Liu et al*® CT or angiography A, B 9 1028 Present (P=.03) RR, 0.43 (0.24-0.75) Treatment beneficial
Duong et al* CT orangiography A, C 14 1584 Present (P=.01) RR, 0.57 (0.37-0.84) Treatment beneficial

Abbreviations: Cl, confidence interval; CT, computed tomography; OR, odds ratio; RR, relative risk.
*Source(s) of data for meta-analyses: A indicates published articles describing randomized controlled trials; B, published abstracts describing randomized
controlled trials; C, published articles describing nonrandomized clinical trials; and D, unpublished data.



N-Acetylcysteine

Acetylcysteine for Prevention of Renal Outcomes in Patients
Undergoing Coronary and Peripheral Vascular Angiography
Main Results From the Randomized Acetylcysteine for Contrast-Induced
Nephropathy Trial (ACT)

Table 3. End Points

Relative Risk
Outcomes Acetylcysteine Placebo (95% Cl) P
Primary end point, No. of events/total No. (%)
Contrast-induced acute kidney injury 1471153 (12.7) 142/1119(127) 1.00(0.81-1.25) 097

Other end points, No. of events/total No. (%)
End points in 48 to 96 h
Doubling in serum creafinine 13/1153(1.1) 171119 (1.5) 0.74(0.36-1.52) 0.41
Elevation =44.2 pmol/L (0.5 mg/dL) in serum creatinine  45/1153 (3.9) 42/1119(3.8) 1.04 (0.69-1.57) 085
Elevation =13.3 pmol/L (0.3 mg/dL) in serum creatinine  140/1153 (12.1) 123/1119(11.0) 1.10(0.88-1.39) 0.39
End points at 30 d

Deaths or need for dialysis* 2611171 (2.2) 26/1135(2.3) 097 (0.56-1.69) 0.92
Death, need for dialysis, or doubling in serum creatinine 381171 (32) 41/1135(3.6) 0.90(0.58-1.39) 063
Deaths* 231171 (2.0) 24/1135(21)  097(0.54-1.73) 0.92
Need for dialysis” 3/1171 (0.3) 3/1135(0.3) 0.87(0.17-4.35) 0.6

Cardiovascular deaths® 18/1171 (1.9) 18/1135(1.6) 0.99(0.51-1.90) 097




N-Acetylcysteine

RE—— P value for
Subgroup Trials,n N Rcm:,‘e B'Sk I’ homogeneity
(95%CI) 3 i
between subgroups
Allocation concealment <0.001

No or unclear

Yes

All methodological criteria
adequate

No or unclear

Yes

ACT Trial

34
11

40

3,778
1,581

4,359
1,000

2,308

I 1
N 5
Favours
acetylcysteine

1 T
2 10
Favours
control

0.59 (0.43 - 0.82) 57%
1.01 (0.75 - 1.37) 0%

0.001
0.63 (0.47 - 0.85) 56%
1.05 (0.73 — 1.53) 0%
1.00 (0.81; 1.25) NA NA




