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Divulgation conflits intérêts potentiels

Conférenciers et/ou comité consultatif scientifique au 
cours des 2 dernières années pour :

• Amgen
• Genzyme / Sanofi
• MSL Astra Zeneca

Pas de conflits avec la présentation actuelle.

Plusieurs diapo présentes dans votre syllabus  ne 
seront  présentées faute de temps.
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Objectifs pour néphropathie induite par 
le contraste iodé (NIC) et au gadolinium (Gd)  

• Définition et pathophysiologie de la NIC

• Son incidence, d'hier à aujourd'hui

• Facteurs de risques et facteurs confondants

• Recommandations de diverses sociétés de radiologie

• Prévention et surveillance

• Pathophysiologie et incidence de la toxicité au Gd

• Facteurs de risques et prévention

• Conclusions
3
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Définition néphropathie induite par les produits de 
contrastes (NIC – CIN en anglais).

• Élévation aigue > 44 µM* de la créatinine sérique dans
les 24 -72 heures après une injection de contraste iodé,
en l'absence d'autres étiologies.
– Hausse même à 12 h prédit NIC.

• KDIGO: hausse > 1,5 fois créatinine dans 7 jours suivants.

IRA plus tardives sont reliées à des phénomènes
hémodynamiques, toxiques, embolies de cholestérol.

• Pic IRA entre 4 à 7 jours. Récupère en 7 à 21 jours **.

4

* Aussi 26 µM/L en dedans de 48 h ou  50 % augmentation ligne de base)

** sauf dans les cas sévères
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IRA contraste iodé  (pathophysiologie reste incertaine)

Stress oxydatif
Radicaux libres

Atteinte mitochondries

Perte de polarité
Hausse Na distal

Apoptose, nécrose

Obstruction tubulaire

Baisse du DFG

Toxicité cellulaire               Effets hémodynamiques

IRA

World J Nephrol 2017 May 6; 6(3): 86-99 – Uptodate 2018  NEJM 380;22. 2019 

Vasoconstriction artériolaire

Rén-Angio - Adénosine - ET*
NO - PGE2

Osmolalité et Viscosité 
GR rigide – micro-thrombose

Baisse du flot rénal
tubulaire

Hypoxie médullaire

* endothéline

Entraine dommages cellulaires
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IRA contraste iodé  (pathophysiologie reste incertaine)

Radicaux libres
Apoptose, nécrose

Obstruction tubulaire

Effets hémodynamiques

IRA

World J Nephrol 2017 May 6; 6(3): 86-99 – Uptodate 2018  NEJM 380;22. 2019 

Vasoconstriction artériolaire
Osmolalité et viscosité 

Hypoxie médullaire

Toxicité cellulaire 
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Incidence de la NIC; 3e cause d'IRA lors 
d'hospitalisation (11 %) mais varie .. 

1. Conditions pré existantes
• 0,8 à 2 % dans la population générale
• 4 à 11 % avec IRC modérée *
• 50 à 90 % si diabétique avec IRC sévère *

2. Type de procédure et examens répétés.
• 15 % et plus lors de coronarographies

3. Temps (historique) et l'agent utilisé.
• Baisse de l'incidence avec "nouveaux agents"

7
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* Est-ce encore le cas ?
Problèmes : études sans 

groupe contrôle C-

8

Facteurs de risques : le contraste utilisé.

Relié au produit de contraste

– Type de produit. 

– Volume important; plus de 600 ml      4,88 fois *

– Examens répétés court terme (< 72 h).

Type de procédure (IV ou artériel) 

– Intra-artériel (coronarographie + impliquée)
– Probablement le plus important.

9* Mehran et coll.  KI (2006) 69, S11–S15
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Évolution des produits de contraste

10

N'est plus 
utilisé

Kidney Disease Improving Global Outcomes (KDIGO) LOC ou IOC
Reed et coll JACC Cardiovasc Interv 2009; 2: 645-654  Eng et coll . Ann Intern Med 2016; 164: 417-424  

Risque IRA:  Plus élevé                                                 Plus faible
Différence faible entre 2 groupes *

Viscosité 
plus 

élevée *
6,3-11,8 mPa

2 - 9,4 mPa

7,5 mPa

10

Effet du volume de contraste sur incidence d'IRA
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induce permanent renal failure and the need for dialysis in
patients with chronic kidney disease.26,27 In the study on
a diabetic population, CIN developed in approximately every
fifth, fourth, and second patient who received 200–400,
400–600, and 4600ml of CM, respectively.16 In the same
study, each 100ml increment in contrast volume resulted in a
30% increase in the odds of CIN (odds ratio 1.30, 95%
confidence interval 1.16–1.46), and there was a significant
(Po0.0001) trend towards increased covariate adjusted odds
of CIN across increased amounts of CM (Figure 1).16

Anemia and procedure-related blood loss
Anemia might be one of the factors contributing to renal
ischemia. In a study based on interventional cardiology
database analysis, rates of CIN steadily increased as pre-
procedure hematocrit quintile decreased (from 10.3% in the
highest quintile (hematocrit value X44.8%) to 23.3% in the
lowest quintile (hematocrit value o36.8%); w2 for trend
Po0.0001).28 Stratification by baseline eGFR and baseline
hematocrit showed that the rates of CIN were the highest
(28.8%) in patients who had the lowest level for both baseline
eGFR and pre-procedure hematocrit. Patients with the lowest
eGFR but relatively high baseline hematocrit values had
remarkably lower rates of CIN (15.8, 12.3, 17.1, and 15.4% in
the second, third, fourth, and fifth quintiles of baseline
hematocrit, respectively; Po0.0001) (Figure 2). The rates of
CIN increased also with increment in change in hematocrit
compared to the baseline value. Patients in the lowest quintile
of baseline hematocrit with an absolute hematocrit drop
45.9% had almost twice the incidence of CIN compared
with patients with hematocrit change o3.4% (38.1 vs 18.8%,
respectively; Po0.0001).28 By multivariate analysis, lower
baseline hematocrit was identified as an independent
predictor of CIN regardless of the presence or absence of
chronic kidney disease: each 3% decrease in baseline hemato-
crit resulted in a significant increase in the odds of CIN in
patients with and without chronic kidney disease (11 and
23%, respectively). When introduced into the multivariate

model instead of baseline hematocrit, change in hematocrit
also showed a significant association with CIN.28

Other risk factors
Advanced congestive heart failure, compromised left ventricle
systolic performance, dehydration, hypotension, the use of
IABP and several drugs (angiotensin-converting enzyme inhi-
bitors, diuretics, and non-steroidal anti-inflammatory drugs)
were also recognized as prognostic factors of CIN.2,29–31

Periprocedural hypotension and the use of IABP have a
negative impact on the development of CIN.28,32 The
detrimental influence of prolonged hypotension on kidney
function is well known. However, even relatively short
periods of hypotension may be hazardous.28 IABP insertion
may be linked with CIN through mechanisms that may either
provoke or potentate renal impairment via1 atheroemboli to
the renal circulation during IABP insertion, contrapulsation
or removal;2 as a partial occlusion of the renal blood flow if it
is positioned too low (i.e. in the abdominal instead of the
descending thoracic aorta) and3 as a marker of increased
vascular complications and post-PCI hypotension. Peri-PCI
hypotension and use of IABP were shown to be powerful
independent predictors of CIN.28,32

The role of angiotensin-converting enzyme inhibitors has
been controversial. In one study, patients receiving angio-
tensin-converting enzyme inhibitors had a significant in-
crease in serum creatinine after the procedure compared
with patients without such therapy.21 However, prior use
of angiotensin-converting enzyme inhibitors predicted the
occurrence of CIN only on univariate, but not on multi-
variate, analysis.21

Type of contrast agents
Controversy exists whether the use of different contrast
agents is of any benefit in diminishing the risk of CIN. In
studies by Katholi et al.33 and by Harris et al.,34 the decrease
in creatinine clearance was more pronounced and lasted
longer in the group that received high-osmolality CM
compared to the arm exposed to low-osmolality CM. On
the contrary, Schwab et al.35 did not show any significant
differences in nephrotoxic effect between several studied CM.
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Unadjusted
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CIN/patients

Contrast volume Odds ratio (95% CI)
Range Unadjusted Covariate adjusted

200 – 400 ml
400 – 600 ml

1.46 [1.09,1.94] 1.59 [1.16,2.19]
1.98 [1.24,3.16] 2.38 [1.43,3.97]

>600 ml 4.88 [2.01,11.81] 4.86 [1.73,13.67] 

Figure 1 |Unadjusted and covariate adjusted odds ratios of CIN
in patients stratified by amount of CM administered. The
calculations were performed using the patients who were
administered o200ml of CM as a reference group.
CIN, contrast-induced nephropathy.
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Figure 2 |Risk of CIN in relation to baseline hematocrit and eGFR.

Kidney International (2006) 69 , S11–S15 S13

R Mehran and E Nikolsky: Risk factors for CIN

M ehran et coll.  KI (2006) 69, S11–S15. doi:10.1038/sj.ki.5000368

Risque relatif ajusté et non ajusté de NIC par volume 
de contraste administré (référence < 200 ml)

4,88
1,98

11

Facteurs de risques pour NIC

• Insuffisance rénale DFGe < 60 ml/min (surtout < 45). 
• Diabète avec néphropathie

• Perfusion rénale réduite
– Déshydratation, hypotension, insuffisance cardiaque

• Âge avancé; rein greffé (sévérité IR non réalisée, ASO)

• Usage de Rx néphrotoxiques simultanés
– Ampho B , aminoglycoside, cyclosporine etc.
– IECA/BRA ; pourrait doubler IRA. Leur arrêt ne change 

pas la fréquence NIC-IRA (demi-vie longue)
– AINS, Diurétiques (surtout ceux de l'anse).

12
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Incidence NIC en présence ou non de 
diabète et ou IRC

Diabetes and/or renal insufficiency. It was not increased in patients with no pre-existing RI ± diabetes

hausse de 90 µ/l de créatinine
hausse de 45 µ/l de créatinine

The Iohexol Cooperative Study. Kidney Int 
47:254–261 , 1995
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Risques relatifs NIC selon la créatinine (IRC);
anciennes études
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2,42

7,37

12,82

5,47
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Incidence of CIN after Contrast- Enhanced Computed
Tomography in the Outpatient Setting 

• Étude prospective CT scan "externe" à l'urgence.
• 633 patients, 2007-2009 dont 572 ont eu labo  à 72 h.

70 pts (11 %) ont eu NIC (hausse de > 44 µM/l Cr)
dont 62 avaient DFGe > 60 ml/min

15

Caractéristiques NIC + NIC -
Âge 54 ± 14 46 ± 15
Âge > 70 ans 13 7
Insuf. cardiaque 16 6
Diabète 29 16
ASO 19 9
DFGe < 60ml/min 7 8

Clin J Am Soc Nephrol
5: 4–9, 2010 

Alice M. Mitchell 

15
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Impact du DFGe et diabète sur IRA due NIC

16

Canadian Association 
of Radiologists Journal 

65 (2014) 96e105Diabétiques, pour un même 
degré DFGe, ont plus de risques 

d'IRA ou besoin de dialyse

16

Hausse NIC post coro diabète, intolérance au glucose et 
DFGe 49 ml/min (diabète pas de risque si DFGe N) 
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hyperuricaemia (P¼ 0.001), use of ACE inhibitors or
ARB (P¼ 0.011) and DM (P¼ 0.036) (Table 4).

Receiver operating characteristic (ROC) curve analysis
and predictive values

Using the ROC curve analysis we found that a serum
glucose "124mg/dl was the best cut-off point for
prediction of CIN with a sensitivity of 53.8% and a
specificity of 73.4%, P¼ 0.0042. Area under the curve
was 0.625 (Figure 3). With a CIN prevalence of 20%,
we found that the positive predictive value of serum
glucose "124mg/dl was 33.5% and the negative
predictive value of serum glucose "124mg/dl was
86.4%.

Discussion

The main novel findings of this study are that we found
an 11.4% incidence of CIN in pre-DM patients with
stages 3–4 CKD; this study is the first to report the
incidence of CIN in pre-DM patients. Second, pre-DM
increases the incidence of CIN 2.1-fold in comparison
to patients with NFG but pre-DM is not as strong as

DM as a risk of developing CIN. Third, the decrease in
the GFR and the increase in the serum creatinine are
significantly higher in pre-DM and DM after coronary
angiography. Fourth, the length of hospital stay is
significantly longer in DM and pre-DM after coronary
angiography. Fifth, the number of patients who
required haemodialysis secondary to CIN is signifi-
cantly higher in DM and the total number of haemo-
dialysis sessions during 3 months is significantly higher
in DM and pre-DM. Sixth, major adverse cardiac
events are significantly higher in DM after coronary
angiography. Seventh, high incidence of multivessel
coronary involvement and high incidence of metabolic
syndrome in DM may explain the high risk of CIN in
diabetics. Eighth, serum glucose level "124mg/dl is a
cut-off point for developing CIN.

The treatment of established CIN is limited to
supportive measures and dialysis. Therefore, screening
for high-risk patients before coronary angiography and
initiating the appropriate prophylactic regimens are
important in reducing CIN [2,13]. Pre-existing renal
disease, DM, advanced age, nephrotoxic agent admin-
istration, hypovolaemia, large doses of contrast agent
or use of ionic hyperosmolar contrast agent and

Table 2. Post-angiographic changes in glomerular filtration rate and
serum creatinine in the study patients

DM
(n¼ 137)

Pre-DM
(n¼ 140)

NFG
(n¼ 144)

GFR (ml/min)
Baseline 49.13# 8.01 49.61# 7.94 48.84# 9.42
Post-procedure 40.22# 6.77$,$$$ 44.10# 10.06 45.24# 8.96
Absolute change %8.91# 1.56$,$$ %5.51# 6.27$ %3.60# 1.67
Creatinine

(mg/dl)
Baseline 1.51# 0.25 1.46# 0.19 1.49# 0.39
Post-procedure 1.84# 0.32$,$$$ 1.68# 0.38 1.61# 0.40
Absolute change 0.33# 0.08$,$$ 0.22# 0.32$ 0.11# 0.06

One-way ANOVA was used for the comparisons among the study
groups and paired t-test for the comparisons within groups.
GFR, glomerular filtration rate.
Serum creatinine increased (P< 0.001) and GFR decreased
(P< 0.001) significantly in each group after coronary angiography.
*P< 0.001DM vs NFG
**P< 0.001 and ***P< 0.01DM vs pre-DM.
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P = 0.07, RR = 1.7 P = 0.314, RR = 2.1

Fig. 2. Incidence of contrast-induced nephropathy in the study
groups. The !2 test was used for CIN comparison among the three
groups. CIN, contrast-induced nephropathy; RR, relative risk.
Values are expressed as percentage of CIN (CIN-developed
patients/total number of patients in the group).

Table 3. In-hospital and short-term clinical outcomes in study patients

DM (n¼ 137) Pre-DM (n¼ 140) NFG (n¼ 144)

Length of hospital stay (day) 2.45# 1.45* 2.27# 0.68*** 1.97# 0.45
Procedure-related complications 4 (2.9%) 3 (2.1%) 2 (1.4%)
Multivessel disease 56 (38%)** 38 (27%) 28 (21%)
Major adverse cardiac event in 3 months 12 (8.7%)*** 7 (5%) 3 (2.1%)
CIN requiring haemodialysis 5 (3.6%)*** 1 (0.7%) 0
Total haemodialysis sessions in 3 months 50*,# 5* 0

Major adverse cardiac events include death, reinfarct, stroke, cardiogenic shock and cardiac arrest. Procedure-related complications include
major bleeding requiring blood transfusion, requiring intra-aortic balloon pump, cardiogenic shock, cardiac arrest, requiring
cardiopulmonary resuscitation, ventricular tachycardia or ventricular fibrillation and prolonged hypotension during coronary angiography.
*P< 0.001, **P< 0.01 and ***P< 0.05DM vs NFG.
#P< 0.001DM vs pre-DM.

Diabetes, pre-diabetic and contrast-induced nephropathy 823
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Nephrol Dial Transplant (2007) 22: 819–826

Normal Fasting glucose
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Autres facteurs de risques (2)

• Anémie, protéinurie

• Myélome multiple
– Historiquement lors PEV
– Peu de risque si pas IR; 5 % IRA après CT scan
– Risque + si  IR, hyperCa , 𝛽2-microglobulin > 2.8 mg/L 

• Relié au produit de contraste
– Type de produit. 
– Volume important
– Examens répétés court terme (< 24 -72 h).  
– Intra-artériel (coronarographie + impliquée)

18

Amer J of Roentgenology, vol. 196, no. 
5, pp. 1094–1101, 2011

18
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Protéinurie comme facteur de risque peu 
connu pour la NIC.

19

An uninvestigated risk factor for contrast-induced
nephropathy in chronic kidney disease: proteinuria. 

Piskinpasa S et coll . Renal Fail. 2013;35(1):62-5

The impact of proteinuria for patients with contrast
induced nephropathy After Acute Coronary Syndromes. 

N Nemoto et coll. JACC;70, 18, supp B, 2017 

Impact of Estimated Glomerular Filtration Rate and 
Proteinuria on Contrast-induced Nephropathy in Patients 

With Cardiac Catheterization. 
Y Saito et coll Circulation. 2014;130:A13680

19

Protéinurie comme facteur de risque: plus de diabète 
et ASO mais facteur indépendant.

20

CI-AKI are shown in table 1. Patients with CI-AKI tended to be
older and have a worse neurological deficit score, relatively
lower eGFR, higher incidence of proteinuria, and higher preva-
lence of anemia than patients without CI-AKI. Only five patients
received RRT because of CI-AKI.

The proportion of subjects with proteinuria was 3.2%. The
patients with proteinuria had a higher prevalence of diabetes
(41.5% vs 13.0%, p<0.001) and a worse neurological deficit
score (1 (1,4) vs 1 (1,3), p<0.001).

Role of proteinuria in CI-AKI
The CI-AKI incidence in patients with proteinuria was higher
than that in patients without proteinuria (18.5% vs 3.7%,
p<0.001; figure 1). Subgroup analysis showed that patients with
proteinuria have a higher incidence of CI-AKI among both
patients with ischemic stroke (16.7% vs 4.0%, p<0.001) and
those with hemorrhagic stroke (40.0% vs 1.1%, p<0.001;
figure 1). In the univariate logistic regression analysis, protein-
uria was significantly associated with CI-AKI (OR=5.82, 95%
CI 2.98 to 11.36, p<0.001). Advanced age, eGFR <60 mL/
min/1.73 m2, anemia, and a high NIHSS score were also asso-
ciated with CI-AKI (table 2). The multivariate logistic regression
analysis showed that even after adjusting for potential confound-
ing risk factors, patients with proteinuria still had a fivefold
higher risk of CI-AKI than patients without proteinuria
(OR=5.74, 95% CI 2.22 to 14.82, p<0.001; table 2). Other
independent risk factors for CI-AKI were eGFR <60 mL/min/
1.73 m2, anemia, and a high NIHSS score (table 2).

Role of proteinuria in mortality
The in-hospital mortality rate was 6.3% (127 patients) in this
cohort of patients. Proteinuria did not increase in-hospital mor-
tality (OR=1.25; 95% CI 0.49 to 3.17; p=0.639).

Throughout the 1-year follow-up period, 392 patients
(19.5%) died. The Kaplan–Meier curve showed that the 1-year
mortality of patients with proteinuria was significantly higher
than that of patients without proteinuria (41.5% vs 18.7%,
p<0.001; figure 2). Univariate Cox proportional regression ana-
lyses showed that proteinuria (HR=2.41, 95% CI 1.63 to 3.56,
p<0.001) and NIHSS (HR=1.02, 95% CI 1.00 to 1.04,
p<0.001) among the baseline characteristics were associated
with 1-year mortality. In the multivariate Cox stepwise regres-
sion model, proteinuria was an independent risk factor for
1-year mortality (HR=2.30, 95% CI 1.55 to 3.41, p<0.001).

DISCUSSION
In this retrospective observation study, the incidence of CI-AKI
was 4.2% among patients with stroke undergoing cerebral angi-
ography. We found that proteinuria is an independent risk
factor for CI-AKI in patients with stroke undergoing cerebral
angiography. Patients with proteinuria had a fivefold higher risk
of CI-AKI than patients without proteinuria. In addition to pro-
teinuria, eGFR <60 mL/min/1.73 m2, anemia, and a high
NIHSS score were also independent risk factors for CI-AKI. We
also found that among the baseline characteristics, proteinuria
was an independent risk factor for 1-year mortality.

Recently, a multicenter retrospective population-based cohort
study in China showed that CI-AKI accounted for 13.1% of
hospital-acquired AKI.19 The incidence of CI-AKI in our study
is significantly lower than the incidence of CI-AKI among
patients with cardiovascular disease undergoing coronary arteri-
ography (range 7.8–15.7%)7 9 19 20 but is consistent with other
studies of patients with stroke undergoing cerebral angiography
(range 1.5–5.0%).21–23 Several factors may explain the differ-
ence in incidence of CI-AKI between cerebral angiography and
coronary arteriography. First, the patients undergoing coronary
arteriography present poor hemodynamics, and some patients
may even have cardiogenic shock. In our study, we excluded
those patients with hemodynamic instability, such as hypovol-
emia, hypotension, heart failure, and cardiogenic shock.
Second, the comorbidities of patients with cardiovascular
disease and those with cerebrovascular disease differ. The
patients in our study presented with a lower proportion of dia-
betes and hyperlipidemia. In addition, the contrast volume in
our study was less than that used in the previous study for cor-
onary arteriography.7 9 19 20

Figure 1 Incidence of contrast-induced acute kidney injury (CI-AKI)
among patients with or without proteinuria. *p<0.001 vs patients
without proteinuria.

Table 2 Univariate and multivariate logistic analysis of CI-AKI risk
factors

Variable

Univariate analysis Multivariate analysis

OR 95% CI p Value OR 95% CI p Value

Proteinuria 5.82 2.98 to 11.36 <0.001 5.74 2.23 to 14.83 <0.001
eGFR <60 mL/
min/1.73 m2

1.67 1.07 to 2.61 0.025 2.74 1.48 to 5.10 0.001

Anemia 7.17 4.47 to 11.51 <0.001 6.82 3.67 to 12.71 <0.001
NIHSS 1.21 1.18 to 1.25 <0.001 1.20 1.16 to 1.24 <0.001
Age >65 years 2.51 1.57 to 4.02 <0.001 – – –

CI-AKI, contrast-induced acute kidney injury; eGFR, estimated glomerular filtration
rate; NIHSS, National Institute of Health Stroke Scale.

Figure 2 Kaplan–Meier curve for 1-year survival according to
proteinuria (p<0.001).

Ischemic stroke
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combination of both ischemic and chemotoxic injury
to the proximal tubules triggers a process called
tubuloglomerular feedback, which signals the
glomerulus to reduce filtration, and hence the rise in
the plasma concentration of creatinine (Cr) is seen
approximately 24 to 48 h after there has been a sig-
nificant reduction in filtration (12). Newly available
urine markers of tubular damage (Figure 3) can
elevate within a few hours of tubular injury
(neutrophil gelatinase-associated lipocalin, fatty-acid
binding protein, and cell-cycle arrest markers
[insulin-like growth factor binding protein-7, tissue
inhibitor of metalloproteinase-2]) (13). These markers
hold promise for the detection of subclinical CI-AKI,
as well as early detection of more severe cases,
where future treatments may be applied before there
is cessation of renal filtration and a drop in urine
output.

Iodinated contrast does not injure the glomerulus;
therefore, no hematuria is seen. Contrast is water
soluble and freely filtered; however, its water solu-
bility allows relatively easy reabsorption by the
proximal tubular cells, where it causes cellular dam-
age (8). Recent evidence suggest that as renal tubular
cells are damaged, the mitochondria release intra-
cellular catalytic or unbound iron, which serves as the
catalyst in the Haber-Weiss and Fenton equations to
drive oxidative stress and the production of the
dangerous hydroxyl radical (14). A similar process is
accentuated by exposure of iron-rich myoglobin in
the setting of rhabdomyolysis, as well as heme in the
setting of cardiac surgery (15). Of interest, the 3 ways
of reducing these oxidative stress reactions are: 1)
reduce temperature (as is done during cardiac sur-
gery); 2) alkalinize the environment; or 3) remove the
substrate and or catalyst (14). Additionally, alkalin-
ization reduces the precipitation of Tamm-Horsfall
protein in the tubular lumen (16).

Subclinical CI-AKI may occur in every patient
exposed to iodinated contrast. Because there is a
robust tubular repair capability in healthy subjects,
this process may not have any clinical consequences
(17). However, in patients with CKD and diabetes
mellitus, who have a reduced number of functioning
nephrons and an impaired ability to regenerate
tubular epithelial cells, routine cardiac procedures
using average doses of iodinated contrast can cause
CI-AKI that is clinically important. The natural history
of acute tubular injury follows a time course of
approximately 8 to 10 days, with recovery and
regeneration of tubular cells from within the tubule
structure. However, with each exposure of contrast,
there may be sufficient destruction to some nephrons
that recovery is not possible, and ultimately, there is

loss of the functional unit, replaced by fibrosis. Thus,
in those with few functioning nephron units and
advanced CKD (eGFR <30 ml/min/1.73 m2), CI-AKI can
result in such a relatively large proportional reduc-
tion in renal filtration to yield azotemia, volume
overload, and hyperkalemia warranting renal
replacement therapy. In approximately one-half of
these cases, there is permanent end-stage renal
disease (ESRD), whereas in the other one-half, there
can be eventual recovery that allows some period of
dialysis-free survival.

With catheter administration of intra-arterial
contrast, there is the opportunity for microshowers
of atheroembolic material to the renal and systemic
circulation. Because the kidneys receive 25% of
cardiac output, it has been hypothesized that micro-
embolism not detected clinically accounts for some
portion of CI-AKI. The relative contribution of renal
atheroemboli may be greater in CI-AKI cases after
transcatheter aortic valve replacement (TAVR), where
the proportion of cases that result in severe acute
kidney injury appears to be higher than in reports
from PCI registries. However, a pooled analysis has
suggested that TAVR is associated with a lower risk of
AKI compared with surgical valve replacement (18). In
studies of patients with similar levels of renal func-
tion and contrast doses given in the venous system,
there are consistently lower rates of CI-AKI, largely
because there is no opportunity for atheroembolism
and possibly because of a greater admixture of
contrast in the blood pool before the kidneys are

FIGURE 1 Incidence of CI-AKI and New ESRD Requiring Dialysis From the
ACC Cath-PCI Registry
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Algorithme pour évaluer le risque IRA suite contraste 
lors d'une angiographie coronarienne.

In the meta-analysis of 45 trials, the greater increase in serum
creatinine after administration of high- compared with low-
osmolality CM was seen only in patients with pre-existing
renal failure.36 Within the variety of currently available CM
with low osmolality, there are certain differences in
nephrotoxic effect that seem to be more evident with ionic
than non-ionic agents. A randomized, double-blind, pro-
spective, multicenter Nephrotoxicity in High-Risk Patients
Study of Iso-Osmolar and Low-Osmolar Non-Ionic Contrast
Media study showed that CIN may be less likely to develop in
high-risk patients (baseline serum creatinine 1.5–3.5mg/dl)
when iso-osmolality, non-ionic iodixanol is used rather than
a low-osmolality, non-ionic iohexol.37 The issue of the
nephrotoxic effects of various CM is addressed more fully in
a subsequent paper in this symposia.

Despite the still existing uncertainty regarding the degree
of nephrotoxicity produced by various contrast agents, in
current practice non-ionic low-osmolar CM is a preferred
agent in patients with renal impairment. Further study is
warranted to clarify the issue of minimizing the renal
damage, while using the different contrast material.

Combination of multiple risk factors: CIN risk score
Apart from the known unfavorable combination of diabetes
and renal insufficiency, the presence of two or more other
risk factors for CIN also has an additive influence on the rates
of CIN.9 In one study, for example, CIN occurred in 1.2% of
the patients without risk factors, 11.2% with one risk factor
(contrast volume greater than 200ml, serum albumin level
o35 g/l, diabetes mellitus, serum sodium levelo135mmol/l,
and serum creatinine level 4133mmol/l), and in 420% of
the patients with two or more risk factors.7

To assess the cumulative risk of several variables on renal
function, a simple CIN risk score that could be readily
applied was developed.38 Based on the odds ratio derived
from multivariate logistic regression model, eight variables
(hypotension, intraaortic balloon pump, congestive heart
failure, chronic kidney disease, diabetes, age 475 years,
anemia, and volume of contrast) were assigned a weighted
integer; the sum of the integers was a total risk score for each
patient (Figure 3). The occurrence of CIN was found to be
7.5–57.3% for a low (p5) and high (X16) risk score,
respectively. The simplicity of assessment of the risk for CIN
post-PCI using readily available information encourages the
more widespread use of this risk score for both clinical and
investigational purposes.38

CONCLUSIONS
CIN is an iatrogenic disorder, resulting from the adminis-
tration of CM. Although rare in the general population, CIN
occurs frequently in patients with underlying renal dysfunc-
tion, diabetes, anemia, and the elderly. These risk factors are
synergistic in their ability to predispose to the development
of CIN. A careful risk–benefit analysis must always be
performed prior to the administration of CM to patients at
risk for CIN. Given the volume of CM is one of the strongest

predictor of CIN, an attempt should be made to reduce the
amount of CM. Individual patient risk for CIN after PCI can
be globally assessed with the calculation of a simple risk score
based on readily available information.
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13 126 patients angioplastie percutanée MI;
3 % IRA reliée contraste. 6,5 % ont eu HD

4 | DISCUSSION

Risk factors for the development of, and outcomes associated with

CIN have been well documented in the setting of PCI; however, there

have been few published data on CIN associated with PVI. This is the

first reported, large registry-based analysis of CIN in patients

undergoing PVI. The central findings of this study are summarized

in Fig. 2. We found that CIN after PVI occurs in 3% of cases. However,

when CIN does occur, it is associated with an extremely poor in-

hospital outcome, including a greater than 25-fold increased risk of

death, an increased risk of MACE, transfusion, and an increased

hospitalization duration. Predictors of CIN in this real-world,

contemporary cohort included pre-PVI renal insufficiency, history of

CHF, diabetes, anemia, and cerebrovascular disease. Patients with CLI

as an indication for PVI andwho undergo urgent or emergent PVI were

also more likely to develop CIN. Use of higher volume of contrast

normalized to baseline renal function was also strongly associated

with CIN.

The health care implications of CIN are significant given the

apparent relationship with patient morbidity, mortality, and increased

cost. Prior studies suggest that risk factors for acute renal insufficiency

after contrast exposure include reduced baseline renal function,

diabetes mellitus, heart failure, dehydration, previous diuretic use,

hypoalbuminemia, increased age, and increased contrast vol-

ume.1,17,18 The incidence of acute renal insufficiency after PCI in

patients with normal baseline renal function is approximately 2%; this

rate increases to 20-30% in patients with a baseline creatinine greater

than 2mg/dL.17,19

Chronic renal insufficiency (Cr > 1.5 mg/dL or CCC < 60mL/min)

has been consistently shown to increase the risk of CIN.3,6,17

TABLE 2 Pre-PVI predictors for the development of post-PVI CIN by

stepwise logistic regression

Name Odds ratio (95% CI) P-value1

Creatinine clearance

< 30mL/mina
3.1 (2.1, 4.4) <0.001

Creatinine clearance

30-60mL/mina
1.2 (1, 1.6) 0.112

Low BMI < 18b 3.3 (1.2, 9) 0.024

High BMI > 30b 4.3 (1.5, 12.2) 0.006

Pre anemia 2 (1.6, 2.6) <0.001

Hyperlipidemia 0.8 (0.6, 1.1) 0.126

Diabetes 1.8 (1.4, 2.3) <0.001

Prior CHF 1.7 (1.3, 2.1) <0.001

COPD 0.7 (0.5, 0.9) 0.002

CVD or TIA 1.2 (1, 1.5) 0.123

Prior PCI 1.4 (1.1, 1.7) 0.013

Prior MI 1.3 (1, 1.6) 0.06

Prior CABG 0.7 (0.5, 0.9) 0.012

Aspirin (Pre procedure) 0.8 (0.6, 1) 0.101

Ace inhibitor (Pre procedure) 0.8 (0.7, 1) 0.096

Critical limb ischemia 1.6 (1.2, 2.1) <0.001

Renal 1.8 (1.2, 2.7) 0.006

Status—urgentc 3 (2.4, 3.9) <0.001

Status—emergentc 7.7 (4.9, 12.2) <0.001

Contrast/CCC ratio > 3d 1.4 (1.1, 1.8) 0.003

Model Assessment Measure (Hosmer-Lemeshow P-value: 0.487; Area

under the ROC curve (AUC): 0.786).
aReference is creatinine clearance > 60mL/min.
bReference is normal BMI (18 ≤ BMI ≤ 30).
cReference is elective.
dReference is contrast/CCC ratio ≤ 3.
1P < 0.05 is significant.

FIGURE 1 Unadjusted and adjusted odds ratios and their 95% confidence intervals for adverse outcomes comparing CIN versus non-CIN.

Frequencies, percentages for outcomes and P-values are from unadjusted numbers. P-values for adjusted odds ratio are the same as those of

unadjusted, except TIA or Stroke has P-value of 0.001. The blue vertical line is at 1

FIGURE 2 Pre-procedural and procedural risk factors for the

development of acute kidney injury in this study. The development

of acute kidney injury was strongly associated with adverse in

hospital outcome
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IRA même légère ne serait  pas sans conséquences

• Hospitalisation prolongée.
• Risque IRC à court terme et plus sévère à long terme.
• Augmentation de la mortalité.

Due au contraste ou conditions associées ?

• Hausse de 30 µM/l de la créatinine lors OAP est 
associée à 2 x mortalité (pas de contraste).
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Contrast-Induced Nephropathy and Long-Term Adverse
Events: Cause and Effect?
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Background and objectives: The relationship of contrast-induced nephropathy (CIN) to long-term adverse events (AEs) is
controversial. Although an association with AEs has been previously reported, it is unclear whether CIN is causally related
to these AEs.

Design, setting, participants, & measurements: We obtained long-term (>1 yr) follow-up on 294 patients who participated
in a randomized, double-blind comparison of two prevention strategies for CIN (iopamidol versus iodixanol). A difference in
the incidence of AEs between patients who had developed CIN and those who had not was performed using a !2 test and
Poisson regression analysis. A similar statistical approach was used for the differences in AEs between those who received
iopamidol or iodixanol. Multiple definitions of CIN were used to strengthen and validate the results and conclusions.

Results: The rate of long-term AEs was higher in individuals with CIN (all definitions of CIN). After adjustment for
baseline comorbidities and risk factors, the adjusted incidence rate ratio for AEs was twice as high in those with CIN.
Randomization to iopamidol reduced both the incidence of CIN and AEs.

Conclusions: The parallel decrease in the incidence of CIN and AEs in one arm of this randomized trial supports a causal
role for CIN.

Clin J Am Soc Nephrol 4: 1162–1169, 2009. doi: 10.2215/CJN.00550109

C ontrast-induced nephropathy (CIN), a form of acute
kidney injury (AKI), has received increasing attention
in the past few years as a result of new knowledge

regarding its pathogenesis, the proliferation of innovative ap-
proaches to its prevention, and recognition that CIN is associ-
ated with long-term adverse events (AEs) (1–5). The increased
incidence of AEs after CIN is derived primarily from retrospec-
tive analyses of large databases (2,4,5) or observational studies
(3) of patients who have undergone coronary angiography
and/or percutaneous coronary intervention. A cause-and-effect
relationship cannot be determined from such data. Patients

with an increased burden of cardiovascular risk factors before
contrast medium exposure may be more likely to develop CIN
and independent of the occurrence of CIN have more long-term
AEs. Alternatively, the occurrence of CIN may in some as-yet-
undefined manner alter the future likelihood of AEs (i.e., CIN is
on a pathophysiologic pathway that leads to AEs).

Randomized, prospective trial designs provide an opportu-
nity to explore causal relationships. If CIN is causally related to
long-term AEs, then a strategy that prevents CIN should reduce
long-term AEs, as long as the strategy itself does not alter any
other risk factors for those AEs. In a randomized trial of two
different treatments, the assumption is that the baseline risk
factors for long-term AEs will be equally distributed between
the two treatments being tested. Differences in the incidence of
CIN between treatments, if paralleled by differences in long-
term AEs, would suggest that CIN is on a pathophysiologic
pathway that leads to those AEs.

The Cardiac Angiography in Renally Impaired Patients
(CARE) Study was a large, multicenter, prospective, double-
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cardiovasculaires et rénaux adverses à long terme.
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CIN and long-term AEs even after adjustment for potential
confounding baseline risk factors. The analysis validates the
use of these newer definitions of CIN because they predict
long-term AEs.

Incidence of CIN Differs between Treatment Groups
The CARE trial was designed to compare the incidence of

CIN between two treatments, as reflected in the randomization
to two different contrast media. Neither contrast medium is
known to influence any potential risk factor for long-term AEs
that was present before contrast medium exposure. In the fol-
low-up study, the two contrast medium groups were compa-
rable for most of the variables tested, with the exception of the
gender distribution and a significantly lower mean value of left
ventricular ejection fraction in the iopamidol group (Table 5).

Incidence of AEs Differs between Treatment Groups
To adjust for possible confounding risk factors present at

baseline, we repeated the Poisson regression analyses compar-
ing the two treatments for all events and major events. Table 6
shows the results of this analysis. Although there was no dif-
ference in follow-up time between the agents, there was a
significant difference in the incidence of AEs between the two
treatments.

Interaction between CIN and AEs
To explore further the interaction between treatment groups,

the incidence of CIN, and AEs, we estimated the adjusted
incidence rate ratio using the same covariables in the adjusted
Poisson regression model and using the adverse event rate in
those who received one of the treatments (iopamidol) and with
CIN as the reference. Table 7 shows the results of this adjusted
analysis. A significant interaction between CIN and type of
treatment was confirmed. In the absence of CIN (by any defi-
nition), there is no significant increased risk of AEs. A higher
incidence of CIN was observed with iodixanol, and there was a
two- to four-fold increase in risk for AEs in those patients.
Thus, the interaction is largely explained by the higher number
of AEs in patients who had CIN after randomization to a less
effective treatment for CIN (iodixanol).

Discussion
Unlike myocardial infarction, in which the acute injury to the

myocardium can be quantified by serum markers of injury such
as troponin and creatine kinase, AKI has no established marker
of injury. Instead, all current definitions of AKI, including CIN,
depend on serum markers of function (i.e., GFR). SCr is the most
widely used serum marker of function, although serum cystatin

Table 3. Comparison of incidence of all events between patients (n ! 294) with postcontrast CIN and patients
without CINa

Definition of CIN Overall CIN Incidence
(%)

All AEs
Pb

CIN Group Non-CIN Group

SCysC increase !15% 24.8 25/60 (42%) 47/182 (26%) 0.02
ScysC increase !20% 19.4 20/47 (43%) 52/195 (27%) 0.03
ScysC increase !25% 16.1 18/39 (46%) 54/203 (27%) 0.01
SCr increase !0.3 mg/dl 17.3 22/51 (43%) 70/243 (29%) 0.04

aAE, adverse event.
bP value from "2 test.

Table 4. Comparison of the incidence of AEs in CIN versus non-CIN groups by various CIN definitions (n ! 294)a

CIN Definition
ScysC Increase SCR Increase

!0.3 mg/dl
!15% !20% !25%

All AEs
adjusted IRR 2.0 1.7 2.0 2.2
95% CI 1.1 to 3.6 0.9 to 3.3 1.0 to 3.9 1.3 to 3.8
Pb 0.0291 0.0935 0.0356 0.0029

Major AEsc

adjusted IRR 2.2 1.9 1.2 3.2
95% CI 0.9 to 5.1 0.8 to 4.5 0.3 to 3.2 1.1 to 8.7
Pb 0.0632 0.1437 0.7591 0.0213

aIncidence rate ratio (IRR) comparing those with CIN and those without CIN from Poisson regression model. CI, confidence
interval.

bP value from Poisson regression analysis.
cMajor events: Death, stroke, myocardial infarction, and ESRD requiring dialysis.
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for patients with CKD who did not develop CIN was 0.8% (P !
0.0001). Among the patients without CKD, in-hospital mortality
rates were significantly higher for those with CIN (2.5%) than
for those without CIN (0.1%, P ! 0.0001) (Table 1). These
observations support previous observations that CKD itself is
associated with increased in-hospital mortality in a cardiac
setting (9) and also demonstrate that CIN is associated with
poor outcomes even in patients without baseline CKD. Cumu-
lative 1-yr death rates among patients with CKD were signifi-
cantly greater for those with CIN compared with those without
CIN (22.6% versus 6.9%; P ! 0.0001), as were 1-yr death rates for
patients discharged from the hospital (16.3% versus 6.1%; P !
0.0001). A similar pattern emerged for the 1-yr death rates
among patients without CKD: 8.0% in CIN patients versus 2.7%
in patients without CIN for the cumulative 1-yr rate and 6.5%
versus 2.6% for the out-of-hospital rate; P ! 0.001) (Table 1). Not
surprisingly, 1-yr mortality remained greater for CIN patients
versus non-CIN patients when stratified according to baseline
GFR, and with worsening baseline GFR, mortality rose propor-
tionately (Figure 3A). Furthermore, with increasing clinically

significant definitions of CIN, there was a proportional rise in
mortality (Figure 3B). Independent predictors of 1-yr mortality
are listed in Table 2. These observations suggest that 1-yr
mortality appears to be a function of both CKD and CIN,
emphasizing the difficulty in ascertaining how much of the
observed mortality in other studies is caused by the underlying
CKD and not the CIN.

In one of the few studies that was not restricted to patients
undergoing PCI, Levy et al. retrospectively analyzed mortality
findings in 16,248 in-patients who underwent contrast proce-
dures (half of the patients underwent angiography; the other
patients underwent computed tomography and other miscella-
neous contrast procedures) between 1987 and 1989 at Yale-New
Haven Hospital using a matched-pairs cohort design (11). A
total of 174 patients developed CIN. Index subjects (with AKI)
were matched with control subjects (no AKI) for age, baseline
SCr, and type of contrast-enhanced procedure. Mean Scr was
1.6 mg/dl in both index and control subjects. When compared
with control subjects, index subjects had significantly more
acute comorbid conditions such as sepsis, mental status
changes, liver disease, and gastrointestinal bleeding. The in-
hospital mortality rate for the index patients was 34% com-
pared with 7% for the matched subjects (P ! 0.001). The odds
ratio associated with in-hospital mortality for the patients de-
veloping AKI after a contrast procedure was 5.77 (95% CI 2.91
to 13.19; P ! 0.001). Mortality rates also were higher in index
patients compared with control patients when both groups
were matched for Physiologic Severity Scores. Three baseline
variables were found to influence the odds ratio by "5% for
mortality in patients with CIN: liver disease, age "60 yr, and
Physiologic Severity Score. The clinical course of CIN in these
patients was atypical: 29% developed oliguria and 12% under-
went renal replacement therapy. Mortality was 62% in the renal
replacement patients. The clinical course of the index patients
was marked by sepsis, bleeding, delirium, and respiratory fail-
ure, usually with onset after the development of CIN. The
authors concluded that although all of the case subjects had
AKI, “most could not be considered to have contrast nephrop-
athy, since other risk factors for renal failure (both comorbid
and iatrogenic) were present” (11) Despite this, they also con-
cluded that AKI in this setting is directly associated with in-
creased mortality, even when comorbidities are adjusted for by
matching Physiologic Severity Scores.

To summarize at this point, many observational studies con-
firm a higher rate of death in patients with CIN compared with
patients without CIN. Clearly, CIN events identify individuals
at very high risk for diminished survival. However, observa-
tional studies cannot definitively establish whether CIN caus-
ally contributes to mortality. The results of these studies are
consistent with the hypotheses that CIN development is a risk
marker for mortality and/or CIN may modify subsequent ther-
apies that influence mortality. The plausibility of a causal con-
nection between CIN and subsequent mortality is greatest for
complications associated with renal and hemodynamic insta-
bility. It is more difficult to causally associate CIN with down-
stream events such as liver disease, sepsis, respiratory failure,
delirium, bleeding/hematoma, pseudoaneurysm, etc., as re-

A

70

30

40

50

60

20

10

0

5.8
2.2

eGFR >90
(n=23)

10.8

3.3

eGFR 60-90
(n=146)

19.9

7.0

eGFR 30-60
(n=1835)

44.1

14.9

eGFR 15-30
(n=4111)

62.5

21.1

eGFR <15
(n=1434)

%

Patients with CIN
Patients without CIN

B

80

70

30

40

50

60

20

10

0

5.9
2.7

8.7

3.4

20.9

4.0

22.7

5.0

27.3

10.5

20.2
23.0

45.7

75.0

No
Cr Rise
(n=3385)

Cr Rise
<25%

(n=3139)

Cr Rise
25-33%
(n=260)

Cr Rise
33-50%
(n=371)

Cr Rise
50-75%
(n=152)

Cr Rise
>75%

(n=176)

In-hospital
Dialysis
(n=39)

%

Patients with CKD
Patients without CKD
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these risk factors, especially those that acutely alter hemody-
namic stability, on subsequent clinical events makes it difficult
to separate out the role, if any, of CIN per se in subsequent
mortality. As demonstrated in Figure 1, it is not surprising that
as the number of risk factors increases, there is a proportional
increase not only in CIN but also in mortality. Those patients
with the greatest number of risk factors also were the most ill at
baseline (2).

Overall, the findings from the study by Bartholomew et al.
and others showed that increased net baseline morbidity was
associated with the development of CIN (2–4). Because baseline
net morbidity also negatively impacts survival and hospitaliza-
tion, it is not surprising that one can readily identify associa-
tions between CIN and mortality.

Possible Strategies to Elucidate the
Relationship between CIN and Mortality
Study design and data analysis for elucidation of the relation-
ship between CIN and postevent morbidity and mortality
present a number of challenges. There are multiple possible
strategies that could be used to elucidate this relationship. One
strategy would be to compare survival data from patients with
CIN to survival data from patients who developed AKI of
similar severity but from other causes. With this approach,
careful statistical modeling would be needed to control for
differences in these patient groups, especially with respect to
baseline medical status. The findings from more feasible and
interpretable studies and analyses reflecting other strategies in
elucidating the CIN–mortality relationship will be covered in

the next section. These strategies include comparisons of sur-
vival among patients after CIN to survival in patients whose
recovery after a contrast-enhanced procedure was not compli-
cated by CIN; comparisons of survival across treatment arms of
clinical trials assessing prophylactic agents associated with dif-
ferent rates of CIN; and comparisons of survival across treat-
ment arms of clinical trials assessing different types of contrast
agents.

Observational Studies on the Effects of CIN
on Mortality
Mortality after development of CIN has been assessed in sev-
eral observational studies that compared mortality from pa-
tients developing CIN to mortality without CIN after contrast
exposure. Although mortality rates varied from study to study,
one consistent finding was that, within these studies, short-
term and long-term mortality rates were significantly greater
for patients who developed CIN compared with those with
stable renal function after contrast-enhanced procedures (Table
1).

McCullough et al. reported an analysis of CIN in patients
undergoing percutaneous coronary interventions (PCI) be-
tween December 1993 and May 1995 (5). A total of 1826 patients
were included in a derivation set, and subsequently 2251 pa-
tients were included in a validation set. In the derivation set,
14.5% developed CIN and the incidence of CIN requiring dial-
ysis was 0.8%. In-hospital mortality rates (derivation set) were
1.1% for patients without CIN, 7.1% for patients with CIN, and
35.7% for patients with CIN requiring dialysis (P ! 0.0000001)
(Table 1). The adjusted odds ratios for the relationship between
renal outcomes and in-hospital mortality were 6.56 (95% con-
fidence interval (CI) 3.34 to 12.62; P ! 0.00001) for CIN of any
severity and 13.54 (95% CI 3.92 to 46.8; P ! 0.00001) for CIN
requiring dialysis. Long-term survival was poor, respectively,
for patients with CIN requiring dialysis (the derivation and
validation set populations combined); median survival was
2.75 mo, with a 2-yr survival rate of only 18.8%.

Rihal et al. conducted a retrospective analysis of 7586 patients
from the Mayo Clinic PCI Registry (3). There was a total of 254
patients (3.3%) who developed AKI, 20 of whom (2.6%) re-
quired hemodialysis. In-hospital mortality rates were 22.0% for
patients with AKI versus 1.4% for patients without AKI (P !
0.001) (Table 1). One-year mortality rates were 12.1% for pa-
tients with AKI versus 3.7% for patients without AKI and 44.6%
versus 14.5% at 5 yr (P ! 0.0001). In this study a number of risk
factors for AKI were identified including age, contrast volume,
CHF, acute myocardial infarction (AMI), diabetes mellitus,
PVD, and higher baseline SCr. Most of the in-hospital mortality
in patients with AKI was the result of cardiac causes. Not
surprisingly, preprocedural cardiac morbidity tended to be
greater among the patients with AKI who died during hospi-
talization than among those with AKI who were discharged, as
evidenced in the former group by a significantly higher inci-
dence of shock (both pre- and postprocedure), history of CHF,
three-vessel coronary disease, AMI within 24 h of the proce-
dure, need for urgent or emergent procedure, and need for
IABP assistance. Independent predictors of in-hospital death
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Figure 1. Risk for development of contrast-induced nephropa-
thy (CIN) according to CIN risk score. The CIN risk score was
developed from data from a derivation cohort of "10,000 pa-
tients undergoing percutaneous coronary interventions (PCI)
between 1993 and 1998, with subscores assigned to the follow-
ing variables significantly associated with CIN: baseline creat-
inine clearance !60 ml/min, urgent PCI, and intraaortic pump
use each receiving 2 points; and diabetes mellitus, congestive
heart failure, hypertension, peripheral vascular disease, and
contrast volume "260 ml each receiving 1 point. Findings for
development of CIN and in-hospital death were combined for
the derivation and validation cohorts ("20,000 patients) (2).
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Contrast-Induced Nephropathy: What Are the True Clinical
Consequences?

Michael Rudnick* and Harold Feldman†
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Background and objectives: Observational studies have demonstrated that short- and long-term mortality is increased in
patients who develop contrast-induced nephropathy (CIN). The more clinically relevant questions, and the objectives of this
review, are whether CIN is causally related to mortality, and to what extent could mortality in patients undergoing contrast
procedures be reduced by preventing CIN.

Design, setting, participants, & measurements: A literature review was conducted, focusing on observational studies that
assessed factors associated with mortality in patients with CIN.

Results: The deaths of some patients with CIN are complicated by factors that cannot be directly related to CIN, such as liver
disease, sepsis, respiratory failure, bleeding, etc. However, it is plausible that CIN contributes to cardiovascular causes of
death in patients with CIN.

Conclusions: At the very least, CIN is a marker for increased mortality. More carefully designed prospective studies are
needed to fully elucidate the relationship between CIN and death. In the absence of data disproving a causal relationship
between CIN and death in all subgroups, reducing its incidence should remain a goal in clinical practice as well as a target
for future research.

Clin J Am Soc Nephrol 3: 263–272, 2008. doi: 10.2215/CJN.03690907

A cute kidney injury (AKI) in the setting after contrast
media (CM) administration derives from many
causes including ischemia, atheroembolism, or neph-

rotoxicity of the CM itself. The latter is referred to as contrast-
induced nephropathy (CIN).

During the past decade, multiple studies have addressed the
question of whether patients who develop CIN have a greater
risk for other medical complications and for death. Before these
studies, most observers viewed CIN as a condition usually
characterized by asymptomatic, minor, and transient elevations
in the serum creatinine (SCr) without any significant associated
morbidity or mortality (1). As reviewed below, recent studies
have demonstrated convincingly that patients experiencing
CIN have a greater risk of in-hospital and 1-yr mortality. How-
ever, the causal nature of this relationship is much less clear.
Stated differently, the portion of mortality or morbidity ob-
served after CIN that would be avoided if CIN events were
prevented remains unknown because of the potentially con-
founded nature of these relationships. This article will review

recent observational studies and clinical trials to shed light on
the nature of the relationship between CIN and mortality.

Risk Factors Associated with CIN
Most of the studies that have evaluated the relationship be-
tween CIN and downstream events of morbidity and mortality
demonstrate that patients who experience CIN have greater
levels of comorbidities at the time of CM administration than
patients who do not experience CIN. This raises the question of
whether downstream events such as death are caused by the
preexisting comorbidities or by CIN itself. Many of these base-
line comorbidities have also been demonstrated to be patient or
procedural risk factors for CIN. Examination of specific non-
traditional risk factors (traditional risk factors are chronic kid-
ney disease (CKD) and diabetes mellitus) identified in these
studies provides further clarity as to how these risk factors
could contribute to downstream events after contrast adminis-
tration. For example, Bartholomew et al. found significant as-
sociations between CIN and chronic medical conditions beyond
renal impairment and diabetes to include congestive heart fail-
ure (CHF), hypertension, and peripheral vascular disease
(PVD) (2). Significant associations also were noted for acute
conditions that influence specific procedures such as vascular
collapse requiring the use of an intraaortic balloon pump
(IABP) and acute vascular and hemodynamic alterations neces-
sitating urgent interventions. The negative impact of many of
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Serum Creatinine Changes and Contrast Nephrotoxicity

uniform. Most investigators have used serum 
creatinine determinations to assess renal 
function after IV contrast material has been 
given; a few have calculated creatinine clear-
ance [15] and a few have measured enzymuria 
[16–18]. A variety of thresholds of elevations 
in creatinine levels have been used to identify 
patients thought to have contrast-induced 
nephropathy; increases of 20% [19], 25% 
[20–24], 33% [11], and 50% [9] over the pre-
contrast creatinine levels have been used, as 
have absolute increases of 0.2 [25], 0.4 [11], 
0.5 [26], and 1.0 [27] mg/dL. The time be-
tween the initial creatinine determination and 
the administration of contrast material has 
varied from as little as an hour to as much as 
2 weeks, the number of creatinine determina-
tions has ranged from one to five, and the 
time after contrast administration that these 
creatinine levels have been measured has 
ranged from an hour to 2 weeks.

Without concurrent control groups in most 
of these series, it is difficult to estimate the 
probability that the reported creatinine ele-
vations after the administration of contrast 
material were, in fact, caused by contrast 
material. To determine whether creatinine 
variations caused by the combination of all 
conditions other than contrast administration 
might be frequent enough to have been re-
sponsible for an important fraction of the 
cases of presumed contrast nephrotoxicity, 
we assessed the variability in creatinine lev-
els in clinical data extracted from 10 years of 
records in the clinical data warehouse of an 
urban academic medical center. We com-
pared the incidence of creatinine increases 
in a non-contrast-exposed population with 
those reported in previously published series 
of contrast-exposed patients.

Because the term “contrast-induced neph-
ropathy” presumes causality that may not ex-
ist, in this article we will use the term “post-
contrast creatinine increase.”

Materials and Methods
Patients

This study was approved by the relevant in-
stitutional review board and the HIPAA priv acy 
committee, and informed consent was waived for 
this retrospective study. We searched the medical 
records of the clinical data warehouse of a major 
medical center. This warehouse is a relational, 
longitudinal repository that contains electronic 
records of more than 2 million patients dating 
from 1989 [28, 29]. Electronic records for labor-
atory, radiology, and cardiology have been stored 
in coded form since the mid 1990s.

Database Search
The clinical data warehouse was searched for 

the period from January 1, 1995, through December 
8, 2004. All patients with serum or plasma 
creatinine measurements on five consecutive days 
were identified. For each day in which more than 
one creatinine measurement was made, the first 
creatinine value of the day was selected for later 
analysis. For each of these patients, records of all 
radiology and cardiology examinations were 
retrieved for the period beginning 10 days before 
the first creatinine measurement and ending on the 
day of the last creatinine measurement.

The clinical data warehouse was searched for 
all radiology and cardiology procedure codes 
during the period of interest. In total, 562 radiology 
procedure codes and 30 cardiology procedural 
codes were used to identify studies. These studies 
were manually classified into those involving no 
contrast material and those involving any type of 
contrast material (parenteral and oral; iodinated, 
noniodinated, and radioactive). Only patients who 
had had studies involving no contrast material, or 
who had had no radiology or cardiology studies at 
all, were included in subsequent analyses. These 
findings were then used to classify all radiology 
and cardiology procedures during the period of 
interest for each patient.

Data Analysis
Data from the clinical data warehouse search 

were transferred to a MySQL (MySQL AB) data-
base for further analysis. For each patient, only the 
first 5-day series of creatinine measurements was 
selected for analysis; subsequent series were ex-
cluded. The day of the baseline creatinine measure-
ment was defined as day 0. Groups were stratified 
on the basis of baseline creatinine values. For 
subsequent days, both relative percentage and 
absolute changes from day 0 were computed.

Literature Comparison
We reviewed publications that reported series 

of patients who received IV contrast material and 
were evaluated for a postcontrast creatinine 
increase; the search was conducted through 
MEDLINE using topic search terms including 
“contrast material” and a variety of words and 
phrases denoting nephrotoxicity and renal failure 
or dysfunction. The list was narrowed by including 
only articles that reported renal function in terms 
of serum creatinine determinations (i.e., excluding 
those that reported only creatinine clearance or 
enzymuria), specified the threshold of postcontrast 
creatinine elevation used to diagnose nephropathy, 
and reported the interval between the precontrast 
creatinine level and contrast administration and 
the interval between contrast administration and 

the postcontrast creatinine determination. Articles 
that described the use of intracardiac or intra-
arterial contrast administration, or in which the 
route was not specified, were not analyzed.

2ESULTS
A total of 32,161 patients with serial creati-

nine levels recorded on five consecutive days 
and no prior contrast material administration 
were identified. The average baseline creati-
nine level on day 0 was 1.65 mg/dL (± 2.21 
[SD] mg/dL). Average creatinine levels trend-
ed down slightly. The average on day 4 was 
1.45 (± 1.78) mg/dL. Figure 1 summarizes the 
overall changes in creatinine levels. Both in-
creases and decreases in creatinine occurred. 
The longer the interval after day 0, the greater 
the fraction of patients who exceeded each 
threshold for an increase or decrease. Cumulative 
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uniform. Most investigators have used serum 
creatinine determinations to assess renal 
function after IV contrast material has been 
given; a few have calculated creatinine clear-
ance [15] and a few have measured enzymuria 
[16–18]. A variety of thresholds of elevations 
in creatinine levels have been used to identify 
patients thought to have contrast-induced 
nephropathy; increases of 20% [19], 25% 
[20–24], 33% [11], and 50% [9] over the pre-
contrast creatinine levels have been used, as 
have absolute increases of 0.2 [25], 0.4 [11], 
0.5 [26], and 1.0 [27] mg/dL. The time be-
tween the initial creatinine determination and 
the administration of contrast material has 
varied from as little as an hour to as much as 
2 weeks, the number of creatinine determina-
tions has ranged from one to five, and the 
time after contrast administration that these 
creatinine levels have been measured has 
ranged from an hour to 2 weeks.

Without concurrent control groups in most 
of these series, it is difficult to estimate the 
probability that the reported creatinine ele-
vations after the administration of contrast 
material were, in fact, caused by contrast 
material. To determine whether creatinine 
variations caused by the combination of all 
conditions other than contrast administration 
might be frequent enough to have been re-
sponsible for an important fraction of the 
cases of presumed contrast nephrotoxicity, 
we assessed the variability in creatinine lev-
els in clinical data extracted from 10 years of 
records in the clinical data warehouse of an 
urban academic medical center. We com-
pared the incidence of creatinine increases 
in a non-contrast-exposed population with 
those reported in previously published series 
of contrast-exposed patients.

Because the term “contrast-induced neph-
ropathy” presumes causality that may not ex-
ist, in this article we will use the term “post-
contrast creatinine increase.”

Materials and Methods
Patients

This study was approved by the relevant in-
stitutional review board and the HIPAA priv acy 
committee, and informed consent was waived for 
this retrospective study. We searched the medical 
records of the clinical data warehouse of a major 
medical center. This warehouse is a relational, 
longitudinal repository that contains electronic 
records of more than 2 million patients dating 
from 1989 [28, 29]. Electronic records for labor-
atory, radiology, and cardiology have been stored 
in coded form since the mid 1990s.

Database Search
The clinical data warehouse was searched for 

the period from January 1, 1995, through December 
8, 2004. All patients with serum or plasma 
creatinine measurements on five consecutive days 
were identified. For each day in which more than 
one creatinine measurement was made, the first 
creatinine value of the day was selected for later 
analysis. For each of these patients, records of all 
radiology and cardiology examinations were 
retrieved for the period beginning 10 days before 
the first creatinine measurement and ending on the 
day of the last creatinine measurement.

The clinical data warehouse was searched for 
all radiology and cardiology procedure codes 
during the period of interest. In total, 562 radiology 
procedure codes and 30 cardiology procedural 
codes were used to identify studies. These studies 
were manually classified into those involving no 
contrast material and those involving any type of 
contrast material (parenteral and oral; iodinated, 
noniodinated, and radioactive). Only patients who 
had had studies involving no contrast material, or 
who had had no radiology or cardiology studies at 
all, were included in subsequent analyses. These 
findings were then used to classify all radiology 
and cardiology procedures during the period of 
interest for each patient.

Data Analysis
Data from the clinical data warehouse search 

were transferred to a MySQL (MySQL AB) data-
base for further analysis. For each patient, only the 
first 5-day series of creatinine measurements was 
selected for analysis; subsequent series were ex-
cluded. The day of the baseline creatinine measure-
ment was defined as day 0. Groups were stratified 
on the basis of baseline creatinine values. For 
subsequent days, both relative percentage and 
absolute changes from day 0 were computed.

Literature Comparison
We reviewed publications that reported series 

of patients who received IV contrast material and 
were evaluated for a postcontrast creatinine 
increase; the search was conducted through 
MEDLINE using topic search terms including 
“contrast material” and a variety of words and 
phrases denoting nephrotoxicity and renal failure 
or dysfunction. The list was narrowed by including 
only articles that reported renal function in terms 
of serum creatinine determinations (i.e., excluding 
those that reported only creatinine clearance or 
enzymuria), specified the threshold of postcontrast 
creatinine elevation used to diagnose nephropathy, 
and reported the interval between the precontrast 
creatinine level and contrast administration and 
the interval between contrast administration and 

the postcontrast creatinine determination. Articles 
that described the use of intracardiac or intra-
arterial contrast administration, or in which the 
route was not specified, were not analyzed.

2ESULTS
A total of 32,161 patients with serial creati-

nine levels recorded on five consecutive days 
and no prior contrast material administration 
were identified. The average baseline creati-
nine level on day 0 was 1.65 mg/dL (± 2.21 
[SD] mg/dL). Average creatinine levels trend-
ed down slightly. The average on day 4 was 
1.45 (± 1.78) mg/dL. Figure 1 summarizes the 
overall changes in creatinine levels. Both in-
creases and decreases in creatinine occurred. 
The longer the interval after day 0, the greater 
the fraction of patients who exceeded each 
threshold for an increase or decrease. Cumulative 
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Fig. 1—Fraction of patients with threshold creatinine 
change. Figure shows fraction of patients having 
relative change in creatinine level at indicated 
percentage on a specific day versus day 0. Lower 
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sum to greater than 100% because higher percentage 
of change (e.g., 50%) is included in results for lower 
thresholds (e.g., 25%).
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La créatinine varie beaucoup  lors de l'hospitalisation 
et est un élément confondant pour la cause IRA.

28

Frequency of Serum Creatinine Changes in the Absence of 
Iodinated Contrast Material: Implications for Studies of 

Contrast Nephrotoxicity . 32,161 patients (hausse et baisse) 

Jeffrey H. Newhouse . AJR 2008; 191:376–382 

Jour                    1               2                3              4 

90 µM

Hausse créat
jours après 
admission

Baisse créat
jours après 
admission

28

AJR:192, March 2009 713

Contrast-Induced Nephrotoxicity

with R, an open-source statistical envi ronment (R 
Foundation for Statistical Comput ing). All values 
of p in Table 1 are based on naive independent 
assumptions of observations. All other statistical 
computations (Tables 2–4) were based on results 
of an analysis of variance per formed with a 
bootstrapping technique to ac count for cluster ing 
effects. Subgroup analysis was performed for 
inpatients versus outpatients, pa tients with dia-
betes mellitus, and patients with proteinuria.

2ESULTS
Data were analyzed for a total of 13,274 

patient encounters (5,328 iohexol, 462 iodix-
anol, and 7,484 no contrast agent) from a total 
of 11,588 patients. The cohort demographics 
are shown in Table 1. There was a trend to-
ward increasing incidence of acute kidney 
injury with increasing baseline creat inine 
concentration in all three groups, including 
those not receiving contrast material (Fig. 1). 
The iodixanol and control groups had similar 
incidences of acute kidney injury through the 
entire range of baseline creatinine concentra-
tions studied. As shown in Tables 2 and 3, the 
control and iodixanol cohorts had statistically 

4!",%���� "ASELINE�$EMOGRAPHIC�#HARACTERISTICS

Characteristic Iohexola Iodixanola Controla

Iohexol  
Minus  

Controlb

Iodixanol  
Minus  

Iohexolb

Iodixanol  
Minus  

Controlb

Age (y) 53.0 ± 18.4 63.0 ± 15.6 58.8 ± 19.1 –5.9 (< 0.001) 10.0 (< 0.001) 4.2 (< 0.001)

Sex (no. of patients) (0.015) (0.001) (< 0.001)

 Men 2,454 (55.3) 219 (65.09) 3,610 (53.0)

 Women 1,982 (44.7) 118 (35.0) 3,205 (47.0)

Race (no. of patients) (0.756) (0.896) (1.000)

 Black 217 (4.9) 17 (5.0) 344 (5.1)

 Other 4,196 (95.1) 320 (95.0) 6,446 (94.9)

Hospitalization status (no. of patient encounters) (< 0.001) (< 0.001) (< 0.001)

 Inpatient 3,255 (61.4) 320 (69.7) 4,280 (57.5)

 Outpatient 2,046 (38.6) 139 (30.3) 3,160 (42.5)

Diabetes mellitus (no. of patient encounters) 721 (13.5) 160 (34.6) 1,638 (21.9) (< 0.001) (< 0.001) (< 0.001)

Proteinuria (no. of patient encounters) 50 (0.9) 22 (4.8) 213 (2.8) (< 0.001) (< 0.001) (0.015)

Mean baseline creatinine concentration (mg/dL) 0.98 ± 0.32 1.50 ± 0.42 1.39 ± 0.81 –0.41 (< 0.001) 0.52 (< 0.001) 0.10 (< 0.001)

Mean estimated glomerular filtration rate (mL/min) 85.6 ± 31.1 51.3 ± 19.6 67.0 ± 35.7 18.7 (< 0.001) –34.4 (< 0.001) –15.7 (< 0.001)

Stage of chronic kidney disease (no. of patient encounters) 5,328 462 7,484 (< 0.001) (< 0.001) (< 0.001)

 1 1,984 (37.2) 26 (5.6) 1,703 (22.8)

 2 2,292 (43.0) 83 (18.0) 2,296 (30.7)

 3 1,023 (19.2) 320 (69.3) 2,354 (31.5)

 4–5 29 (0.5) 33 (7.1) 1,131 (15.1)
aValues in parentheses are percentages.
bValues in parentheses are p.
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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.
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Richard J. Bruce  AJR 2009; 192:711–718 

Baisse DFGe post contraste 
pas toujours due au 

contraste: patient malade.

IRA qui survient sans produit contraste viens 
compliquer interprétation des données.

29
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Risques relatifs NIC selon conditions plus récents:
DFGe 45-59 : 1,54.      30-44 : 1,80     et < 30 ml : 2,42
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Diabète
1,26 à 3,4

Les conditions aigues sont aussi causes IRA en général !
Radiology: 268: 3 2013.719-28 MSDavenport et coll

Angiol Cir Vasc. 2015;11(2):68—78
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Impact du diabète, DFGe et risque d'IRA nécessitant 
dialyse lors hospitalisation sans produit contraste !

31

RC Y Hsu et coll. KI . (2008) 74, 101–107

Risque ajusté d'IRA (log)
Requérant une dialyse

IRC cause importante IRA

1 746 adultes Kaiser Perm N Cal.  hospitalisés avec IRA et  HD vs 
600 820 membres hospitalisés sans IRA sans besoin HD

31

Études suggèrent que le risque n'est pas 
nécessairement relié au CI…

32

Risk of Acute Kidney Injury After Intravenous
Contrast Media Administration

Jeremiah S. Hinson, MD, PhD*; Michael R. Ehmann, MD, MPH, MS; Derek M. Fine, MD;
Elliot K. Fishman, MD, FACR; Matthew F. Toerper, BS; Richard E. Rothman, MD, PhD; Eili Y. Klein, MS, PhD

*Corresponding Author. E-mail: jhinson4@jhmi.edu.

Study objective: The study objective was to determine whether intravenous contrast administration for computed
tomography (CT) is independently associated with increased risk for acute kidney injury and adverse clinical outcomes.

Methods: This single-center retrospective cohort analysis was performed in a large, urban, academic emergency
department with an average census of 62,179 visits per year; 17,934 ED visits for patients who underwent contrast-
enhanced, unenhanced, or no CT during a 5-year period (2009 to 2014) were included. The intervention was CT scan
with or without intravenous contrast administration. The primary outcome was incidence of acute kidney injury.
Secondary outcomes included new chronic kidney disease, dialysis, and renal transplantation at 6 months. Logistic
regression modeling and between-groups odds ratios with and without propensity-score matching were used to test for
an independent association between contrast administration and primary and secondary outcomes. Treatment
decisions, including administration of contrast and intravenous fluids, were examined.

Results: Rates of acute kidney injury were similar among all groups. Contrast administration was not associated with
increased incidence of acute kidney injury (contrast-induced nephropathy criteria odds ratio¼0.96, 95% confidence interval
0.85 to 1.08; and Acute Kidney Injury Network/Kidney Disease Improving Global Outcomes criteria odds ratio¼1.00, 95%
confidence interval 0.87 to 1.16). This was true in all subgroup analyses regardless of baseline renal function and whether
comparisons were made directly or after propensity matching. Contrast administration was not associated with increased
incidence of chronic kidney disease, dialysis, or renal transplant at 6months. Clinicians were less likely to prescribe contrast
to patients with decreased renal function and more likely to prescribe intravenous fluids if contrast was administered.

Conclusion: In the largest well-controlled study of acute kidney injury following contrast administration in the ED to
date, intravenous contrast was not associated with an increased frequency of acute kidney injury. [Ann Emerg Med.
2017;69:577-586.]

Please see page 578 for the Editor’s Capsule Summary of this article.

A feedback survey is available with each research article published on the Web at www.annemergmed.com.
A podcast for this article is available at www.annemergmed.com.

0196-0644/$-see front matter
Copyright © 2016 by the American College of Emergency Physicians.
http://dx.doi.org/10.1016/j.annemergmed.2016.11.021

INTRODUCTION
Background

Intravenous iodinated contrast media are routinely
used to improve the diagnostic accuracy of computed
tomography (CT). Although more than 80 million doses of
intravenous contrast media are administered annually,1

clinical decisionmaking in regard to their use is complicated
by concerns related to their potential for precipitating renal
dysfunction.2-6 Indeed, contrast media administration is
cited as the third most common cause of iatrogenic acute
kidney injury6,7 and has been linked to increased risk of
major adverse events, including initiation of dialysis, renal
failure, stroke, myocardial infarction, and death.3,8,9 Recent
studies performed in the emergency department (ED),

where intravenous administration of contrast media for
enhancement of CT imaging is often necessary to diagnose
acute critical conditions, have reported an incidence of
contrast-induced nephropathy as high as 14% and linked
contrast-induced nephropathy to a 2-fold increased risk of
major adverse events within 1 year.3,10-12 Although these
reports are concerning, the causal relationship between
administration of intravenous contrast media and the
development of acute kidney injury has recently been
challenged.13-19

Importance
Current understanding of contrast-induced nephropathy

is complicated by studies that predate widespread use of

Volume 69, no. 5 : May 2017 Annals of Emergency Medicine 577
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Risk of Intravenous Contrast 
Material–mediated Acute Kidney 
Injury: A Propensity Score–matched 
Study Stratified by Baseline-estimated 
Glomerular Filtration Rate1

Jennifer S. McDonald, PhD
Robert J. McDonald, MD, PhD
Rickey E. Carter, PhD
Richard W. Katzberg, MD
David F. Kallmes, MD
Eric E. Williamson, MD

Purpose: To determine the effect of baseline estimated glomerular 
filtration rate (eGFR) on the causal association between 
intravenous iodinated contrast material exposure and sub-
sequent development of acute kidney injury (AKI) in pro-
pensity score–matched groups of patients who underwent 
contrast material–enhanced or unenhanced computed to-
mography (CT).

Materials and 
Methods:

This retrospective study was HIPAA compliant and in-
stitutional review board approved. All patients who un-
derwent contrast-enhanced (contrast material group) or 
unenhanced (non–contrast material group) CT between 
2000 and 2010 were identified and stratified according to 
baseline eGFR by using Kidney Disease Outcomes Quality 
Initiative cutoffs for chronic kidney disease into subgroups 
with eGFR of 90 or greater, 60–89, 30–59, and less than 
30 mL/min/1.73 m2. Propensity score generation and 1:1 
matching of patients were performed in each eGFR sub-
group. Incidence of AKI (serum creatinine [SCr] increase 
of !0.5 mg/dL [!44.2 mmol/L] above baseline) was com-
pared in the matched subgroups by using the Fisher exact 
test.

Results: A total of 12 508 propensity score–matched patients with 
contrast-enhanced and unenhanced scans met all inclu-
sion criteria. In this predominantly inpatient cohort, the 
incidence of AKI significantly increased with decreasing 
baseline eGFR (P , .0001). However, this incidence was 
not significantly different between contrast material and 
non–contrast material groups in any eGFR subgroup; for 
the subgroup with eGFR of 90 or greater (n = 1642), odds 
ratio (OR) was 0.91 (95% confidence interval [CI]: 0.38, 
2.15), P = .82; for the subgroup with eGFR of 60–89 (n = 
3870), OR was 1.03 (95% CI: 0.66, 1.60), P = .99; for the 
subgroup with eGFR of 30–59 (n = 5510), OR was 0.94 
(95% CI: 0.76, 1.18), P = .65; and for the subgroup with 
eGFR of less than 30 mL/min/1.73 m2 (n = 1486), OR was 
0.97 (95% CI: 0.72, 1.30), P = .89.

Conclusion: Diminished eGFR is associated with an increased risk of 
SCr-defined AKI following CT examinations. However, the 
risk of AKI is independent of contrast material exposure, 
even in patients with eGFR of less than 30 mL/min/1.73 m2.

q RSNA, 2014

1 From the Departments of Radiology (J.S.M., R.J.M., 
D.F.K., E.E.W.), Health Sciences Research (R.E.C.), and 
Neurosurgery (D.F.K.), College of Medicine, Mayo Clinic, 
200 1st St SW, Rochester, MN 55905; and Department of 
Radiology, Medical University of South Carolina, Charleston, 
SC (R.W.K.). Received April 1, 2013; revision requested 
June 12; final revision received September 30; accepted 
October 16; final version accepted October 22. Address 
correspondence to J.S.M. (e-mail: mcdonald.jennifer@
mayo.edu).

q RSNA, 2014

Note: This copy is for your personal non-commercial use only. To order presentation-ready  
copies for distribution to your colleagues or clients, contact us at www.rsna.org/rsnarights.

Ceux de "30 à 60" ml avait 44 ml/min de DFGe
Risque IRA 6 % idem entre C + et C- scan

Risque IRA de 14 % idem entre 2 si moins de 30 ml/min
Pas d'info sur hydratation, médicaments toxiques

Pas de différence IRA 
mais DFGe 95 ml C+ et 

77 ml dans C-
McDonald JS et coll Radiology: 271;1. 2014. 65-73 
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used SCr methods (11) to the potentially 
more accurate eGFR-based methods 
(13,19,29), it would be useful to know 
how many additional or fewer patients 
would be labeled as at risk. A study by 
Herts et al (30) addressed this question 
and compared the incidence of elevated 
SCr levels (.1.4 mg/dL) to the incidence 
of low eGFR values (,60 mL/min/1.73 
m2) in a cohort of 2689 outpatients. 
They found that 5.3% (142 of 2689) had 
a SCr level of 1.5–1.9 mg/dL, 0.9% (23 
of 2689) had a SCr level of 2.0–2.4 mg/
dL, and 0.04% (1 of 2689) had a SCr 
level greater than 2.4 mg/dL. This was 
different than the eGFR incidence of 
15.1% (406 of 2689) for eGFR of 30–59 
mL/min/1.73 m2 and 0.2% (6 of 2689) 
for eGFR less than 30 mL/min/1.73 m2. 
The authors did not segregate eGFR into 
30–44 and 45–59 mL/min/1.73 m2 rang-
es, which would have provided a useful 
comparison to our results. Additionally, 
they did not specifically exclude patients 
with AKI; in these patients, eGFR esti-
mations are unreliable. In general, they 
noted that a greater fraction of patients 
had an eGFR less than 60 mL/min/1.73 
m2 than had a SCr greater than 1.4 mg/
dL, which suggested that more patients 
might be labeled as at risk if eGFR-based 

Radiology (ESUR) has begun to advo-
cate specific eGFR-based risk thresh-
olds for CIN that are similar to the 
ranges used in our report (13,29). Spe-
cifically, the ESUR guidelines consider 
patients with eGFR less than 45 mL/
min/1.73 m2 to be at risk before IV 
LOCM administration and patients with 
eGFR less than 60 mL/min/1.73 m2 to 
be at risk before intra-arterial LOCM 
administration. The results of our study 
agreed with the ESUR guidelines for IV 
LOCM. Although the effect of IV LOCM 
for patients with stable eGFR of 30–44 
mL/min/1.73 m2 was not statistically 
significant, the results were trending to-
ward significance, and we suspect that 
this effect would have manifested had 
a greater number of patients been in-
corporated. Patients with stable eGFR 
of less than 30 mL/min/1.73 m2 ap-
peared to be at increased risk, while 
patients with stable eGFR of 30–44 
mL/min/1.73 m2 appeared to be at 
borderline increased risk. Unlike the 
ESUR, the American College of Radiol-
ogy Committee on Drugs and Contrast 
Media has yet to make a formal rec-
ommendation regarding eGFR-based 
pre-CT CIN screening because of the 
relative paucity of available data (12).

If CIN risk stratification is clinically 
converted from the more commonly 

and determined that incidence of CIN 
was dependent on the eGFR range an-
alyzed: 0.6% for eGFR of 41–59 mL/
min/1.73 m2; 4.6% for eGFR less than 
40 mL/min/1.73 m2; and 7.8% for eGFR 
less than 30 mL/min/1.73 m2. However, 
in all three studies (26–28), the authors 
did not include a control group of pa-
tients who were not exposed to contrast 
material, and all post-CT AKI events 
were assumed to be CIN. Therefore, 
it was difficult to interpret these data. 
Without a control group of patients who 
were not exposed to contrast material, 
it was unclear to what degree contrast 
material was the causative factor in 
post-CT AKI incidence. This was partic-
ularly true when ranges of renal insuffi-
ciency were analyzed. It has been shown 
that SCr variability increases as renal 
function declines (17). In our study, as 
eGFR decreased, both populations (non-
enhanced and contrast-enhanced CT) 
showed increased rates of overall post-
CT AKI, regardless of contrast material 
administration.

Although the data that support 
eGFR-based screening for CIN are not 
as numerous as those for SCr-based 
assessments of CIN risk, in recognition 
of the superior ability of eGFR to pre-
dict renal function relative to SCr (19), 
the European Society of Urogenital 

Whisker plot of nephrotoxic effect of IV LOCM, 
stratified by eGFR thresholds. Odds ratio (OR) and 
95% confidence intervals refer to the development of 
post-CT AKI in patients with stable renal function by 
comparing contrast-enhanced CT to nonenhanced CT 
in the 1:1 propensity-matched multivariate analysis.

Table 5

Effect of IV Iodinated Contrast Material on the Development of Post-CT AKI in Patients 
with Stable Renal Function after Controlling for All Tested Covariates

Pre-CT eGFR No.
No Post-CT  
AKI

Post-CT  
AKI

Post-CT AKI  
Rate (%) Odds Ratio

95% Confidence  
Interval

eGFR ! 60
 With contrast 6971 6592 379 5.4 1.00 0.86, 1.12
 Without contrast 6996 6612 384 5.5 … …
eGFR 45–59
 With contrast 1273 1139 134 10.5 1.06 0.82,1.38
 Without contrast 1207 1077 130 10.8 … …
eGFR 30–44
 With contrast 538 448 90 16.7 1.40 0.997, 1.97
 Without contrast 551 473 78 14.2 … …
eGFR , 30
 With contrast 44 28 16 36.4 2.96* 1.22, 7.17
 Without contrast 72 58 14 19.4 … …

* Statistically significant.

Risque de NIC avec contraste hypo-osmolaire IV …
ACR (USA) pas risque si > 30 ml/min basée sur cette étude.
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Contrast Material–induced 
Nephrotoxicity and Intravenous 
Low-Osmolality Iodinated 
Contrast Material: Risk 
Stratification by Using Estimated  
Glomerular Filtration Rate1

Matthew S. Davenport, MD
Shokoufeh Khalatbari, MS
Richard H. Cohan, MD
Jonathan R. Dillman, MD
James D. Myles, PhD
James H. Ellis, MD

Purpose: To determine the effect of intravenous (IV) low-osmolality 
iodinated contrast material (LOCM) on the development 
of post–computed tomography (CT) acute kidney injury 
(AKI), stratified by pre-CT estimated glomerular filtration 
rate (eGFR), in patients with stable renal function.

Materials and 
Methods:

Institutional review board approval was obtained and 
patient consent waived for this HIPAA-compliant, retro-
spective study. CT examinations performed over a 10-year 
period on unique adult inpatients with sufficient serum 
creatinine (SCr) data and stable renal function (difference 
between baseline and pre-CT SCr within 0.3 mg/dL and 
50% of baseline) were identified. A 1:1 propensity score 
matched cohort analysis with multivariate analysis of ef-
fects was performed with post-CT AKI as the primary out-
come measure (8826 nonenhanced and 8826 IV contrast 
agent–enhanced CT studies in 17 652 patients). Propen-
sity matching was performed with respect to likelihood 
of receiving IV contrast material (19 tested covariates). 
Post-CT AKI with Acute Kidney Injury Network SCr cri-
teria was the primary endpoint. A stepwise multivariate 
conditional logistic regression model was performed to 
identify the effect of IV LOCM on post-CT AKI.

Results: After 1:1 propensity matching, IV LOCM had a significant 
effect on the development of post-CT AKI (P = .04). This 
risk increased with decreases in pre-CT eGFR (!60 mL/
min/1.73 m2: odds ratio, 1.00; 95% confidence interval: 
0.86, 1.16; 45–59 mL/min/1.73 m2: odds ratio, 1.06; 95% 
confidence interval: 0.82, 1.38; 30–44 mL/min/1.73 m2: 
odds ratio, 1.40; 95% confidence interval: 1.00, 1.97; 
,30 mL/min/1.73 m2: odds ratio, 2.96; 95% confidence 
interval: 1.22, 7.17).

Conclusion: IV LOCM is a nephrotoxic risk factor in patients with a 
stable eGFR less than 30 mL/min/1.73 m2, with a trend 
toward significance at 30–44 mL/min/1.73 m2. IV LOCM 
does not appear to be a nephrotoxic risk factor in patients 
with a pre-CT eGFR of 45 mL/min/1.73 m2 or greater.

q RSNA, 2013

1 From the Department of Radiology, University of Michigan 
Health System, 1500 E Medical Center Dr, B2-A209P, Ann 
Arbor, MI 48103 (M.S.D., R.H.C., J.R.D., J.H.E.); and Michi-
gan Institute of Clinical and Health Research, University of 
Michigan, Ann Arbor, Mich (S.K., J.D.M.). Received October 
18, 2012; revision requested November 16; revision 
received December 13; accepted January 20, 2013; final 
version accepted February 5. Address correspondence to 
M.S.D. (e-mail: matdaven@umich.edu).

q RSNA, 2013

Note: This copy is for your personal non-commercial use only. To order presentation-ready  
copies for distribution to your colleagues or clients, contact us at www.rsna.org/rsnarights.

M S. Davenport,  et coll Radiology: 
Volume 268: Number 3—September

2013 pp 719-28

Seulement 6,2 % 
avait DFGe en bas 

de 44 ml/min

Tendance à plus de 
NIC 30-44 ml 

Significatif si DFGe
< 30 ml/min

(16000 pts) 14,2  vs 
16,7 % 
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Autres études "négatives"

34

Nationwide Inpatient Sample (NIS) dataset de 2009  
7,810,762 hospitalisations; évaluer IRA . Stratifications 12 

conditions + analyse régression comorbiditées mais pas IRC!
IRA de 5,6 % et 5,5 % sans égard au contraste

Études rétrospectives : correspondance de propension avec 
des facteurs de risques pour créer artificiellement une 

population contrôle mais avec biais possible.

Estimating the Risk of Radiocontrast Associated
Nephropathy.  Emilee Wilhelm-Leen et coll. JASN 28: 653–659, 2017.

"Les produits contraste sont souvent évités chez les plus 
malades et ceux avec risque élevées d'IRA sauf si 
absolument nécessaire." JASN February 2017 vol. 28 no. 2 397-399 

34

Problèmes des études négatives.
L'absence d'évidence n'est pas une évidence !

• Peu de pts à risque avec DFGe en bas de 30 ml/min
– Risque faible de retrouver IRA dans les études.
– Noyés dans grand nombre …

• Études hospitalières rétrospectives
– Correspondance de propension pas égal à prospective

• Biais de sélection C+: MD évite le contraste aux plus 
malades et ceux qu'il estime plus à risque IRA.

"Même des analyses sophistiquées peuvent ne pas détecter 
l'effet  de la sélection des patients sur leurs résultats et, dans 
ce cas, conclure à tort qu'il n'y a pas de risque réel pour les 

patients."
35

35

Autres conditions
Synchroniser dialyse avec examen … 

Hémodialysé chronique et dialyse péritonéale
• Préservation de la diurèse résiduelle.

– Plusieurs études ne démontrent aucun bénéfice à faire 
une hémodialyse post-contraste. Perte diurèse 
similaire avec ou sans contraste à 3 mois *.

– Pas d'impact en DP, le contraste sera excrété.

• Gestion de la volémie si grand volume.

• Diabétique, IR et metformine ?
– Metformine ne cause pas IRA mais s'accumule si IRA.
– Son arrêt peut causer hyperglycémie sévère…. 

36
* Seminars in Dialysis— Vol 27, No 6 (November–December) 2014 pp. 607–610
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Et que disent quelques sociétés de radiologie ?

37

Canadian Association of Radiologists Guidelines for the 
Prevention of CIN: Update 2012 (publié 2014)

• DFGe en dedans de 6 mois si stable; 1 sem si instable
• Hydratation si DFGe < 45 ml/min (< 60 ml si artérielle)

– Hydratation IV et non orale
• Pour la metformine

– Arrêt lors examen si DFGe < 45 ml/min et reprendre 48 
après avec mesure DFGe stable.

– Pas de metformine si DFGe < 30 ml/min ou IRA

• Suivi : mesure DFGe après 48-72 h si artérielle ou si 
DFGe < 45 ml/min si contraste IV.

38

Can Assoc Radiol J. 2014 May;65(2):96-105. doi: 10.1016/j.carj.2012.11.002. 

38

US contrast media 2017 version 10.3

At the current time, there is very little evidence that IV

iodinated contrast material is an independent risk factor

for AKI in patients with eGFR ≥30 mL / min/1.73m2.

Therefore, if a threshold for CIN risk is used at all, 30 mL /

min/1.73m2 seems to be the one with the greatest level of

evidence [3]. Any threshold put into practice must be

weighed on an individual patient level with the benefits of

administering contrast material.(3)

39(3) Davenport Radiology. 2013;268(3):719-728. 

39
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used SCr methods (11) to the potentially 
more accurate eGFR-based methods 
(13,19,29), it would be useful to know 
how many additional or fewer patients 
would be labeled as at risk. A study by 
Herts et al (30) addressed this question 
and compared the incidence of elevated 
SCr levels (.1.4 mg/dL) to the incidence 
of low eGFR values (,60 mL/min/1.73 
m2) in a cohort of 2689 outpatients. 
They found that 5.3% (142 of 2689) had 
a SCr level of 1.5–1.9 mg/dL, 0.9% (23 
of 2689) had a SCr level of 2.0–2.4 mg/
dL, and 0.04% (1 of 2689) had a SCr 
level greater than 2.4 mg/dL. This was 
different than the eGFR incidence of 
15.1% (406 of 2689) for eGFR of 30–59 
mL/min/1.73 m2 and 0.2% (6 of 2689) 
for eGFR less than 30 mL/min/1.73 m2. 
The authors did not segregate eGFR into 
30–44 and 45–59 mL/min/1.73 m2 rang-
es, which would have provided a useful 
comparison to our results. Additionally, 
they did not specifically exclude patients 
with AKI; in these patients, eGFR esti-
mations are unreliable. In general, they 
noted that a greater fraction of patients 
had an eGFR less than 60 mL/min/1.73 
m2 than had a SCr greater than 1.4 mg/
dL, which suggested that more patients 
might be labeled as at risk if eGFR-based 

Radiology (ESUR) has begun to advo-
cate specific eGFR-based risk thresh-
olds for CIN that are similar to the 
ranges used in our report (13,29). Spe-
cifically, the ESUR guidelines consider 
patients with eGFR less than 45 mL/
min/1.73 m2 to be at risk before IV 
LOCM administration and patients with 
eGFR less than 60 mL/min/1.73 m2 to 
be at risk before intra-arterial LOCM 
administration. The results of our study 
agreed with the ESUR guidelines for IV 
LOCM. Although the effect of IV LOCM 
for patients with stable eGFR of 30–44 
mL/min/1.73 m2 was not statistically 
significant, the results were trending to-
ward significance, and we suspect that 
this effect would have manifested had 
a greater number of patients been in-
corporated. Patients with stable eGFR 
of less than 30 mL/min/1.73 m2 ap-
peared to be at increased risk, while 
patients with stable eGFR of 30–44 
mL/min/1.73 m2 appeared to be at 
borderline increased risk. Unlike the 
ESUR, the American College of Radiol-
ogy Committee on Drugs and Contrast 
Media has yet to make a formal rec-
ommendation regarding eGFR-based 
pre-CT CIN screening because of the 
relative paucity of available data (12).

If CIN risk stratification is clinically 
converted from the more commonly 

and determined that incidence of CIN 
was dependent on the eGFR range an-
alyzed: 0.6% for eGFR of 41–59 mL/
min/1.73 m2; 4.6% for eGFR less than 
40 mL/min/1.73 m2; and 7.8% for eGFR 
less than 30 mL/min/1.73 m2. However, 
in all three studies (26–28), the authors 
did not include a control group of pa-
tients who were not exposed to contrast 
material, and all post-CT AKI events 
were assumed to be CIN. Therefore, 
it was difficult to interpret these data. 
Without a control group of patients who 
were not exposed to contrast material, 
it was unclear to what degree contrast 
material was the causative factor in 
post-CT AKI incidence. This was partic-
ularly true when ranges of renal insuffi-
ciency were analyzed. It has been shown 
that SCr variability increases as renal 
function declines (17). In our study, as 
eGFR decreased, both populations (non-
enhanced and contrast-enhanced CT) 
showed increased rates of overall post-
CT AKI, regardless of contrast material 
administration.

Although the data that support 
eGFR-based screening for CIN are not 
as numerous as those for SCr-based 
assessments of CIN risk, in recognition 
of the superior ability of eGFR to pre-
dict renal function relative to SCr (19), 
the European Society of Urogenital 

Whisker plot of nephrotoxic effect of IV LOCM, 
stratified by eGFR thresholds. Odds ratio (OR) and 
95% confidence intervals refer to the development of 
post-CT AKI in patients with stable renal function by 
comparing contrast-enhanced CT to nonenhanced CT 
in the 1:1 propensity-matched multivariate analysis.

Table 5

Effect of IV Iodinated Contrast Material on the Development of Post-CT AKI in Patients 
with Stable Renal Function after Controlling for All Tested Covariates

Pre-CT eGFR No.
No Post-CT  
AKI

Post-CT  
AKI

Post-CT AKI  
Rate (%) Odds Ratio

95% Confidence  
Interval

eGFR ! 60
 With contrast 6971 6592 379 5.4 1.00 0.86, 1.12
 Without contrast 6996 6612 384 5.5 … …
eGFR 45–59
 With contrast 1273 1139 134 10.5 1.06 0.82,1.38
 Without contrast 1207 1077 130 10.8 … …
eGFR 30–44
 With contrast 538 448 90 16.7 1.40 0.997, 1.97
 Without contrast 551 473 78 14.2 … …
eGFR , 30
 With contrast 44 28 16 36.4 2.96* 1.22, 7.17
 Without contrast 72 58 14 19.4 … …

* Statistically significant.

Risque de NIC avec contraste hypo-osmolaire IV
ACR (USA) se base sur cette étude = pas de risque si > 30 ml/min

40
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Contrast Material–induced 
Nephrotoxicity and Intravenous 
Low-Osmolality Iodinated 
Contrast Material: Risk 
Stratification by Using Estimated  
Glomerular Filtration Rate1

Matthew S. Davenport, MD
Shokoufeh Khalatbari, MS
Richard H. Cohan, MD
Jonathan R. Dillman, MD
James D. Myles, PhD
James H. Ellis, MD

Purpose: To determine the effect of intravenous (IV) low-osmolality 
iodinated contrast material (LOCM) on the development 
of post–computed tomography (CT) acute kidney injury 
(AKI), stratified by pre-CT estimated glomerular filtration 
rate (eGFR), in patients with stable renal function.

Materials and 
Methods:

Institutional review board approval was obtained and 
patient consent waived for this HIPAA-compliant, retro-
spective study. CT examinations performed over a 10-year 
period on unique adult inpatients with sufficient serum 
creatinine (SCr) data and stable renal function (difference 
between baseline and pre-CT SCr within 0.3 mg/dL and 
50% of baseline) were identified. A 1:1 propensity score 
matched cohort analysis with multivariate analysis of ef-
fects was performed with post-CT AKI as the primary out-
come measure (8826 nonenhanced and 8826 IV contrast 
agent–enhanced CT studies in 17 652 patients). Propen-
sity matching was performed with respect to likelihood 
of receiving IV contrast material (19 tested covariates). 
Post-CT AKI with Acute Kidney Injury Network SCr cri-
teria was the primary endpoint. A stepwise multivariate 
conditional logistic regression model was performed to 
identify the effect of IV LOCM on post-CT AKI.

Results: After 1:1 propensity matching, IV LOCM had a significant 
effect on the development of post-CT AKI (P = .04). This 
risk increased with decreases in pre-CT eGFR (!60 mL/
min/1.73 m2: odds ratio, 1.00; 95% confidence interval: 
0.86, 1.16; 45–59 mL/min/1.73 m2: odds ratio, 1.06; 95% 
confidence interval: 0.82, 1.38; 30–44 mL/min/1.73 m2: 
odds ratio, 1.40; 95% confidence interval: 1.00, 1.97; 
,30 mL/min/1.73 m2: odds ratio, 2.96; 95% confidence 
interval: 1.22, 7.17).

Conclusion: IV LOCM is a nephrotoxic risk factor in patients with a 
stable eGFR less than 30 mL/min/1.73 m2, with a trend 
toward significance at 30–44 mL/min/1.73 m2. IV LOCM 
does not appear to be a nephrotoxic risk factor in patients 
with a pre-CT eGFR of 45 mL/min/1.73 m2 or greater.

q RSNA, 2013

1 From the Department of Radiology, University of Michigan 
Health System, 1500 E Medical Center Dr, B2-A209P, Ann 
Arbor, MI 48103 (M.S.D., R.H.C., J.R.D., J.H.E.); and Michi-
gan Institute of Clinical and Health Research, University of 
Michigan, Ann Arbor, Mich (S.K., J.D.M.). Received October 
18, 2012; revision requested November 16; revision 
received December 13; accepted January 20, 2013; final 
version accepted February 5. Address correspondence to 
M.S.D. (e-mail: matdaven@umich.edu).

q RSNA, 2013

Note: This copy is for your personal non-commercial use only. To order presentation-ready  
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Seulement 6,2 % 
avait DFGe en bas 

de 44 ml/min

Tendance à plus de 
NIC 30-44 ml 

Significatif si DFGe
< 30 ml/min

(16000 pts) 14,2  vs 
16,7 % 

40

US contrast media 2017 version 10.3 (suite)

• Mesure du DFGe < 30 jours ou moins si nouveau 
facteur ou patient à risque IRC.

Metformine.
• Contraste IV

– Continuer metformin si pas IRA et DFGe > 30 ml/min
– Pas obligatoire de contrôler DFGe 48 h après ….

• Contraste artériel* ou IRA ou DFGe < 30 ml/min (?)
– Arrêt de la metformine à la procédure et reprendre 

après 48 h si DFGe non abaissé.

41

* undergoing arterial catheter studies that might result in emboli (atheromatous
or other) to the renal arteries .. Sans référence au DFGe

41

Société australienne; diabète et metformine
Mesure DFGe < 1 mois avant examen 

Contraste IV
– DFGe > 30 ml/min : continuer metformine
– DFGe < 30 ml/min * ou malade avec risque IRA ; arrêt 

48 h et DFGe mesuré (* en 2018, on ne devrait pas donner metformine)

Contraste intra-artériel

– DFGe > 45 ml/min : continuer metformine
– DFGe < 45 ml/min ou grand volume : arrêt 48 H et 

reprise si DFGe OK. 

42

IODINATED CONTRAST MEDIA GUIDELINE 2016

42
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Société d'Europe . Mesure DFGe < 3 mois avant examen 

Europe guide généraux 

• Hydratation si DFGe < 45 ml pour IV*
• Hydratation si DFGe < 60 ml pour artérielle *

* Mesure DFGe 48-72 h si patient à risque.

Metformine

• Europe : continuer metformine si > 45 ml/min et IV
• Si intra-artérielle ou 30-44 ml/min IV ; cesser 48 

avant et reprendre 48 h après si DFGe OK.

43

European Radiology December 2011,
Volume 21, Issue 12, pp 2527–2541

43

Prévention: beaucoup d'appelés, peu d'élus.
dimension         relié "n" études et           comparatif.

44

summarized results of random-effects consistency
network meta-analysis in Fig 3. Effects of individual
treatment strategies compared with hydration on
preventing contrast-induced AKI are presented in
Figure 4. Compared to hydration alone, high-dose

statin plus NAC, high-dose statin, prostaglandin,
theophylline, bicarbonate sodium plus NAC, vitamins
and analogues, and NAC alone (all in combination
with hydration) statistically significantly reduced the
risk for contrast-induced AKI (Figs 3 and 4). In

Vitamin and its analogues

Natriuretic peptide

NAC

Prostaglandin

High dose statin

Low dose statin
Theophylline

Bicarbonate sodium

Hydration

Fenoldopam

Bicarbonate sodium+NAC

High dose statin+NAC

Figure 2. Network of treatment comparisons for Bayesian network meta-analysis. The size of the nodes is proportional to the num-
ber of patients randomly assigned to receive the treatment. Directly comparable treatments are linked with a line, the width of which is
proportional to the number of trials comparing the connected treatments. Abbreviation: NAC, N-acetylcysteine.

HST+NAC HST PRO THE BIC+NAC VIT NAC NAP FEN BIC LST HYD

HST+NAC 1 0.45
(0.20,1.23)

0.39
(0.21,1.06)

HST 0.73
(0.33,2.04) 1 0.69

(0.08,0.78)
0.38

(0.18,0.71)

PRO 0.72
(0.29,2.27)

0.91
(0.40,2.50) 1 0.35

(0.17,0.65)

THE 0.57
(0.26,1.64)

0.85
(0.35,1.78)

0.86
(0.29,2.00) 1 0.95

(0.004,333)
0.19

(0.04,0.85)
0.55

(0.18,1.21)

BIC+NAC 0.51
(0.24,0.99)

0.63
(0.28,1.24)

0.63
(0.26,1.34)

0.80
(0.37,1.54) 1 0.15

(0.03,0.68)
0.84

(0.47,1.64)
0.83

(0.49,1.43)
1.21

(0.70,2.04)

VIT 0.43
(0.20,1.03)

0.54
(0.28,1.18)

0.51
(0.24,1.28)

0.68
(0.34,1.49)

0.93
(0.56,1.67) 1 0.80

(0.17,2.29)
0.49

(0.33,0.70)

NAC 0.41
(0.22,0.86)

0.51
(0.29,0.98)

0.49
(0.25,1.11)

0.66
(0.38,1.25)

0.89
(0.61,1.32)

0.96
(0.61,1.50) 1 0.32

(0.006,147.8)
0.77

(0.47,1.22)
0.74

(0.62,0.88)

NAP 0.39
(0.16,1.22)

0.49
(0.21,1.45)

0.47
(0.20,1.54)

0.63
(0.27,1.85)

0.85
(0.38,2.13)

1.06
(0.40,2.23)

0.95
(0.46,2.27) 1 0.60

(0.07,4.78)

FEN 0.50
(0.17,1.12)

0.61
(0.20,1.32)

0.61
(0.18,1.51)

0.78
(0.27,1.87)

0.85
(0.42,2.44)

1.03
(0.41,2.09)

1.08
(0.50,2.01)

1.13
(0.35,2.78) 1 0.76

(0.009,516.7)

BIC 0.35
(0.18,0.79)

0.49
(0.23,0.86)

0.49
(0.22,0.98)

0.62
(0.33,1.09)

0.76
(0.51,1.16)

0.83
(0.50,1.30)

0.87
(0.64,1.15)

0.90
(0.36,1.86)

0.79
(0.40.1.82) 1 0.68

(0.46,0.95

LST 0.28
(0.12,0.99)

0.42
(0.19,0.79)

0.45
(0.13,1.14)

0.45
(0.18,1.33)

0.61
(0.27,1.59)

0.77
(0.28,1.66)

0.81
(0.32,1.65)

0.84
(0.25,2.17)

0.63
(0.26,2.13)

0.78
(0.35,2.00) 1 0.58

(0.38,0.89)

HYD 0.31
(0.14,0.60)

0.37
(0.19,0.64)

0.37
(0.17,0.72)

0.48
(0.26,0.82)

0.62
(0.40,0.88)

0.64
(0.41,0.95)

0.67
(0.54,0.81)

0.69
(0.31,1.37)

0.70
(0.32,1.36)

0.78
(0.59,1.01)

0.98
(0.41,2.07) 1

Figure 3. Summary of results from NMA (on the lower triangle) and traditional pairwise meta-analysis (on the upper triangle). On
the lower triangle, the column-defining treatment is compared to the row-defining treatment, and odds ratios (ORs), 1 favor the
column-defining treatment. On the upper triangle, the row-defining treatment is compared to the column-defining treatment, and
ORs, 1 favor the row-defining treatment. To obtain ORs for comparisons in the opposite direction, reciprocals should be taken. Sig-
nificant results are in bold. Direct comparisons within 2 inconsistent loops are underlined. Abbreviations: BIC, bicarbonate sodium;
BIC1NAC, bicarbonate sodium plus N-acetylcysteine; FEN, fenoldopam; HST, high-dose statin; HST1NAC, high-dose statin plus
N-acetylcysteine; HYD, hydration; LST, low-dose statin; NAC, N-acetylcysteine; NAP, natriuretic peptide; NMA, network meta-anal-
ysis; PRO, prostaglandin; THE, theophylline; VIT, vitamins and analogues.

72 Am J Kidney Dis. 2017;69(1):69-77

Su et al

Am J Kidney Dis. 2017;69(1):69-77 

NAC NAC et 
Bicarbonate
(PRESERVE)

Bicarbonate

Statines

N-acétylcystéine

Seule prouvée 
efficace

Hydratation *
IV meilleure ?

NaCl 0,9 % à 4ml/kg 4h pré et post (hypervolémie)  
ou 1ml/kg x 12 h. 4 % si facteurs risques 30-44 ml 

et en bas de 30 ml/min.

44

Méthodes de prévention de la NIC
Éviter l'examen si possible!

• N acétylcystéine : pas d'effet et pourrait augmenter la 
sécrétion de créatinine urinaire (effet cosmétique).

• Statines hautes doses, autres ?? Petites études et 
randomisées montrent souvent contraire ! Hausse DFGe *

• Hydratation IV plutôt qu'orale … pour ceux à risques!
– Éviter déshydratation. 
– 0,9 % saline, pas d'avantage avec le bicarbonate IV.

• Étude POSEIDON: fluide selon LVDP; 6,7 % IV + vs 16,3 %
• Autre étude cardio : 11 % IV + vs 21 % 

45

Comparative Effectiveness of 12 Treatment Strategies for Preventing Contrast-Induced AKI.  Am J Kid Dis. 69(1):69-77 
AKI by Radiographic Contrast Media: Pathogenesis and Prevention . BioMed Research Int Vol 2014,  21 pages.

Am J Cardiol. 2015;115(9):1174. Lancet. 2014 May;383(9931):1814-23. 

*Rosuvastatine augmenterait Dfge !

Clin J Am Soc Nephrol 3: 273–280, 200

45
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Hydratation IV utile ou futile ?

Étude hydratation IV vs aucune IV : Étude AMACING
• Pas de différence NIC-IRA (2,6 %) non infériorité.
• Cependant 65 % avait 45-59 ml/min (S3A);

– pas vraiment haut risque.

Taux IRA faible, en concordance avec études  récentes.

Permet probablement d'éviter hydratation IV chez les plus 
de 45 ml/min. Entre 30 et 44 ml/min, on devrait évaluer 

facteurs de risques ie diabète, protéinurie etc.

46NaCl 0,9 % à 4ml/kg 4h pré et post  ou 1ml/kg x 12 h. 4 % hypervolémie.

46

Méta-analyses de protection pour NIC.
Hémodialyse ne préviens rien (HD ou CVVHD)

47

addition, high-dose statins were significantly more
effective than low-dose statins, NAC, and bicarbonate
sodium: ORs (95% credible intervals) were 0.42
(0.19-0.79), 0.51 (0.29-0.98), and 0.49 (0.23-0.86),
respectively. Prostaglandin was significantly more
effective than bicarbonate sodium: 0.49 (0.22-0.98).
High-dose statin combined with NAC was statisti-
cally more effective than NAC, low-dose statins, bi-
carbonate sodium plus NAC, and bicarbonate sodium
alone: ORs (95% credible intervals) were 0.41 (0.22-
0.86), 0.28 (0.12-0.99), 0.51 (0.24-0.99), and 0.35
(0.18-0.79), respectively.
High-dose statin plus NAC and high-dose statin

were most likely to be ranked the best or second best
(SUCRAs of 0.90 and 0.83, respectively; Fig S3).
They were followed by prostaglandins and theoph-
yllines (SUCRAs of 0.82 and 0.70, respectively).
SUCRAs (range, 0.41-0.49) and rankings were
similar for bicarbonate sodium plus NAC, vitamins
and analogues, natriuretic peptides, fenoldopam, and
NAC. Hydration alone was ranked as the least
effective treatment.
The deviance information criterion value was

lowest in the random consistency model than in the
other 3 models, which indicated that the former was
the preferred model with a better trade-off bet-
ween model fit and complexity (Table S3). However,

significant discrepancy between the direct and indirect
comparisons was identified in 2 of the 13 loops (Fig
S4). The 2 inconsistent loops consisted of: (1) vita-
mins and analogues versus bicarbonate sodium plus
NAC versus hydration, and (2) vitamins and ana-
logues versus bicarbonate sodium plus NAC versus
NAC. Further investigation was performed, but we
were unable to identify possible sources of inconsis-
tency. Because the number of relevant studies in the
inconsistent loops was small, the extent of inconsis-
tency was not substantial enough to affect the overall
results.
Treatments with high-dose statin plus NAC or

high-dose statin were consistently associated with the
lowest or second lowest incidence of contrast-induced
AKI in sensitivity analyses, metaregression, and
subgroup analyses (Tables S4 and S5). A notable
exception is that the effects of vitamins and analogues
became statistically nonsignificant compared to hy-
dration in some sensitivity and subgroup analyses.
When the analysis included only participants with
diabetes mellitus (38 trials, 7,984 patients, and 826
events), credible intervals were wide and all ORs
were no longer statistically significant due to the
reduced sample size, although high-dose statin plus
NAC and high-dose statin remained the first and
second rankings of all treatment strategies. None of

Treatment agents

Fenoldopam

Vitamins and analogues

Low-dose statin

Theophylline

Bicarbonate sodium+NAC

High-dose statin 

Natriuretic peptide

Prostaglandin

NAC

High-dose statin+NAC

Bicarbonate sodium 0.78 (0.59, 1.01)

0.67 (0.54, 0.81)

0.70 (0.32, 1.36)

0.48 (0.26, 0.82)

0.62 (0.40, 0.88)

0.37 (0.16, 0.64)

0.69 (0.31, 1.37)

0.37 (0.17, 0.72)

0.64 (0.41, 0.95)

0.31 (0.14, 0.60)

0.98 (0.41, 2.07)

0.41

0.44

0.25

0.49

0·83

SUCRA

0.42

0.47

0.90

0.21

OR (95% CrI)

0.70

0.82

0 0·5 1·0 1·5 2·0 2·5

More risk of CI-AKI with hydration More risk of CI-AKI with active drugs

Rank

9

7

10

5

2

8

6

1

11

4

3

12 Hydration (reference) 0.06

Figure 4. Forest plot for efficacy of 11 active drugs compared to hydration. Treatments are ranked according to their odds ratio
(OR) values (vs hydration). Abbreviations: CI-AKI, contrast-induced acute kidney injury; CrI, credible interval; NAC, N-acetylcysteine;
SUCRA, surface under the cumulative ranking curve (measure).
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Strategies for Preventing Contrast-Induced AKI

5 petites études

Étude randomisée 
PRESERVE démontre 

pas effet !

Furosémide, mannitol : délétères

arythmies

47

Étude PRESERVE : 5177 pts PCI bic vs salin vs NAC
Individus à risques, contraste non urgent 

48
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Table 3. Primary and Secondary End Points.

Outcome

Sodium 
Bicarbonate 
(N = 2511)

Sodium Chloride 
(N = 2482)

Odds Ratio 
(95% CI) P Value

Acetylcysteine 
(N = 2495)

Placebo 
(N = 2498)

Odds Ratio 
(95% CI) P Value

no. of patients (%) no. of patients (%)

Primary end point* 110 (4.4) 116 (4.7) 0.93 
(0.72–1.22)

0.62 114 (4.6) 112 (4.5) 1.02 
(0.78–1.33)

0.88

Secondary end points

Contrast-associated acute kidney injury† 239 (9.5) 206 (8.3) 1.16 
(0.96–1.41)

0.13 228 (9.1) 217 (8.7) 1.06 
(0.87–1.28)

0.58

Death by 90 days 60 (2.4) 68 (2.7) 0.87 
(0.61–1.24)

0.43 67 (2.7) 61 (2.4) 1.10 
(0.78–1.57)

0.59

Need for dialysis by 90 days 32 (1.3) 29 (1.2) 1.09 
(0.65–1.81)

0.73 30 (1.2) 31 (1.2) 0.97 
(0.58–1.60)

0.90

Persistent kidney impairment by 90 days 28 (1.1) 25 (1.0) 1.10 
(0.64–1.91)

0.71 26 (1.0) 27 (1.1) 0.96 
(0.56–1.66)

0.89

Hospitalization with acute coronary syn-
drome, heart failure, or stroke by 90 
days

272 (10.8) 251 (10.1) 1.08 
(0.90–1.29)

0.40 244 (9.8) 279 (11.2) 0.86 
(0.71–1.04)

0.11

All-cause hospitalization by 90 days 1071 (42.7) 1052 (42.4) 1.01 
(0.90–1.13)

0.85 1069 (42.8) 1054 (42.2) 1.03 
(0.91–1.15)

0.64

*  The primary end point was a composite of death, the need for dialysis, or a persistent increase of at least 50% from baseline in the serum creatinine level at 90 days. Data regarding 90-
day creatinine levels were missing in 119 patients (4.7%) in the sodium bicarbonate group, 103 (4.1%) in the sodium chloride group, 105 (4.2%) in the acetylcysteine group, and 117 
(4.7%) in the placebo group.

†  Contrast-associated acute kidney injury was defined as an increase in serum creatinine of at least 25% or at least 0.5 mg per deciliter (44 µmol per liter) from baseline at 3 to 5 days af-
ter angiography. Data regarding serum creatinine levels on days 3 to 5 were missing in 212 patients (8.4%) in the sodium bicarbonate group, 229 (9.2%) in the sodium chloride group, 
210 (8.4%) in the acetylcysteine group, and 231 (9.2%) in the placebo group.
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Dialyse à 90 jours reste rare

Bicarbonate        NaClPrimaire: décès, dialyse , hausse 
> 50 % créat permanente 4,4 %                 4,7 %

DFGe moyen:    50 ml/min (41-59 ml)

Néphropathie contraste                            9,5      et        8.3 %

Ne réponds pas à incidence NC si pas hydratation avant ou 
avec hydratation. Aussi 9 % NIC ! 

48
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En résumé pour NPC

NPC est beaucoup moins fréquente qu'historiquement avec 
les nouveaux produits de contraste.

• Administration IV : risque moindre d'IRA qu'artérielle
– Procédures cardiologiques sont les pires
– Autres procédures artérielles aussi associées (angio

cérébrale p.e) mais moins de données.

• Même si l'IRC est un facteur important, le risque est faible 
si le DFGe est plus de 45 ml/min (2,6 %).

• Le risque entre 30-44 ml/min varie selon conditions 
associées. L’IRA peut survenir sans contraste !

49

49

Quoi faire si on doit donner du contraste ?

Nier un examen par peur de l’IRA peut être dommageable.
En externe
à Mesure du DFGe < 4 à 6 sem; moins si instable.

– À faire si > 60 ans ; histoire maladie rénale pt ou famille
– HTA ou "ASO" (MCAS, AVC, claudication). Diabète
– Médicament néphrotoxiques. Myélome.

• Pas ou peu de risque si DFGe > 45 ml/min et IV. Pas de 
suivi et pas hydratation IV requis. Éviter déshydratation.

• Si artériel et DFGe < 60 m/min ou en tout temps : 
hydratation et mesure de la créatinine 48 h après.

50

50

Si le DFGe est entre 30-44 ml/min/1.73 m2

Données sont moins claires sur le risque de NPC.
• ACR se base sur un petit nombre pour dire pas de risque. 
• Dr Rudnick (1) en désaccord avec position ACR sur "peu 

de risque"  de NPC pour ces taux de DFGe.

• Ce groupe est plus à risque d'IRA même sans contraste
– Le risque  varie selon conditions associées
– Présence de diabète, protéinurie et autre.
Position canadienne recommande hydratation IV … 

et c'est la bonne !
DFGe à mesurer 48 h après.

511-Rudnick et coll Am J Kidney Dis. XX(XX): 1-9. Published online august 2019 doi: 10.1053/ j.ajkd.2019.05.022 
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Si DFGe est < de 30 ml/min et pas en dialyse ?

à Examen vraiment essentiel ? Alternatives ?

à Hydratation IV et créatinine 48 H post.

à Informer que l'IRA peut ne pas être réversible  …. Dialyse.

Ces individus ne devraient pas avoir de metformine.

Dose maximale égale au double du DFGe ?

• Si en dialyse à pas besoin faire jour de dialyse *. Contraste 

iso-osmolaire pour minimiser le volume même si anurique.

* on peut coordonner pour simplifier visites (angio de la fistule et dialyse à la 
suite avec canules en place.

52

n engl j med 380;22 nejm.org May 30, 2019 
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Et metformine et contrastes iodés;

Actuellement on recommande de cesser la metformine 
avant une coronarographie et  48 heures après. Peu d'études 
et d'évidences (mais IRA peut survenir même si > 60 ml/min).

DFGe entre 30 et 45 ml/min et IV: risque faible mais peut 
augmenter si conditions associées. 

• Hydratation IV si facteurs risques associés ou artériel.
• Metformine peut être continuée

– Mesure de la créatinine 48-72 h après.
– Si hausse, cesser alors metformine.
– Remesurer 48 h après et si se poursuit 

à néphro urgente.
53
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Toxicité rénale du gadolinium lors d’une IRM
Le gadolinium est un métal paramagnétique. Excellent agent 

de contraste intraveineux et / ou intra-artériel pour l'imagerie 
de divers tissus.

Initialement considéré plus sécuritaire 
que les contrastes iodés.

54
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Pharmacocinétique du Gd

• Peu de liaison protéique, VD 0,3 L/kg
• Excrétion rénale par filtration > 95 %. Reste par foie
• Demi vie est de 1,5 à 2 h; plus 95 % excrété en 24 h

– 5.6 heures au stade  S3
– 9.2 heures au stade S4
– 30 heures S5 (< 5 ml/min non en dialyse).

• Atteint plus de 34 h en IRCT dialysé.
– 65 % dose éliminée par hémodialyse. 

• Cela prend 22 jours en dialyse péritonéale.

55CJASN February 2009, 4 (2) 461-469;
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Gadolinium en IRM; pas dénué de complications.

Complications (autres qu’allergie, asthme etc.)

• Déposition au cerveau (noyaux gris) , foie, reins, os.
a) Même avec DFGe normal . Présents des années.
b) Plus important avec examens répétés.
c) Impact clinique est incertain.

• Dermopathie néphrogénique fibrosante

– DFGe < 30 ml/min. Fibrose cutanée et systémique.
– 20 à 48 % mortalité à 2 ans. Début possible ad 8 ans. 
– Formes linéaires plus toxiques. Dernier cas Cdn en 2011

56

Curr Opin Nephrol
Hypertens 2019, 

28:154 – 162 
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Gadolinium au Canada (* osmolalité mOsm/L)

57

Dotarem (1350) 
Gadotérate
meglumine

MultiHance (1970) 
Gadobénate dimeglumine 1

Cyclique                   Linéaire (risque de DNF)

Ionique

Non 
ionique

Magnevist (1960*)
Gadopentate dimeglumine

Primovist (688) 
gadoxétate disodique) 

Gadavist (1603)
Gadobutrol 1

Optimark (1110)
gadoversétamide

Omniscan (789)
gadodiamide

Prohance (630)
gadotéridol

1    Viscosité élevée (5 vs 1,2 à 2,9 cP)

Permis 
en IRC
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Prévention de la dermopathie néphrogénique

Autre examen possible ?
• DFGe > 60 ml/min : pas de risques
• DFGe entre 30-60 ml/min : risque rare si pas IRA.

– Utiliser les macrocycliques
– Éviter double ou triple dose.

• DFGe < 30 ml/min; Autre examen possible ?
– Utiliser les macrocycliques.
– Si besoin répéter examen : attendre excrétion Gd

• Hémodialyse (DP peu de données, pas indication HD).
– Macrocycliques et faire dialyse après l’examen (2-3 h)

58Gadolinium-Based Contrast Agents in Kidney Disease: A Comprehensive Review and Clinical Practice Guideline by the Canadian Association of Radiologists
N Schieda et coll Canadian J of Kidney Health and Disease . Volume 5: 1–17, 2018 

58

Guides européens et dermopathie fibrosante

• Les inquiétudes au sujet de la DNF ont eu pour
conséquence fâcheuse, en évitant d’utiliser le Gd en
IRM lors d’insuffisance rénale, de manquer des
conditions médicales sérieuses.

• Le risque de DNF lors d’insuffisance rénale légère ou
modérée, résultant d'un examen d’IRM avec les
gadoliniums les plus stables est susceptible d'être
inférieur au risque de néphrotoxicité résultant d'un
examen TDM renforcé avec un agent à base d'iode.

59

https://www.ncbi.nlm.nih.gov/pubmed/? term=22865271
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Insuffisance rénale aigue (IRA)

Le Gd se voulait une alternative non néphrotoxique.
• Facteurs risques similaires aux agents contrastes iodés
• Insuffisance rénale
• Injection intra-artérielle; dose plus élevée.
• Dose plus de 0,2 mmole/kg
• Diabète

Facteurs confondants similaires aux contrastes iodés !
– Études avec petits nombres
– Souvent rétrospectives
– Biais de sélection. Changement de produits,   etc.

60
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Mécanisme toxicité rénale reste imprécis.

• Induction nécrose et apoptose cellules tubulaires.
– Cause de la nécrose tubulaire aigue.
– Aussi présent dans le foie (modèle animal)

• Toxicité directe (quelques mécanismes)
– Blocage enzymes dépendant du Ca
– Induction cytokines inflammatoires et fibrosantes.
– Formation de radicaux O2 libres. Mobilisation du Fer.

• Reliée à l’osmolalité élevée (2 à 7 fois), viscosité ?.

• Varie selon le type de gadolinium : linéaire plus toxique et 
se déposerait 150 x plus dans les tissus.

61Biometals (2016) 29:365–376 
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Insuffisance rénale aigue.

La prévalence varie selon le type de Gd et d’injection… et 
selon les études ! (15 études, petits nombres, rétropect.)

IRA aussi élevée que les produits à contrastes iodés:
IRA post Gd: 5,3 à 50 %  Post contraste 6,5 à 45 %

Créat 270 µM/L et 0,41 mmole/kg.

À une absence ou moins d’IRA.
IRA post Gd: 0 à 5 %  Post contraste 17 à 40 %

Créat 212 µM/L et 0,26 mmole/kg

62

Dose plus élevée. IRC plus sévère, voie artérielle.

Mark A. Perazella CJASN February 2009, 4 (2) 461-469

62

Gadolinium-Based Contrast Agents and Nephrotoxicity
in Patients Undergoing Coronary Artery Procedures.

• 25 (gd) et 32 pts (C iodé) créat 200 µM/L. 

• Gadobutrol chez 17 pts; gadodiamide chez  8 pts

• Intra-artérielle, 40 mM de Gd

• Les 2 groupes ont eu soluté demi-salin.

• Dose élevée de Gd ; 0,5 mM/kg chez 60 % pts.

• Hausse de 45 µM 28 % Gd vs 6,5 % C iodés.

• Pire chez les diabétiques

• 8 % Gd (2 pts) ont du avoir dialyse.

63
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Absence of potential Gd toxicity symptoms following
22,897 gadoteric acid (Dotarem®) exams (2,6 % S4-5) 

64

Young et col. Eur Radiol 2019 Apr;29(4):1922-1930

Pas plus d’IRA avec 
le gadolinium, mais

Moyenne de 10 mmole total et pas artériel
Petits nombres dans S4 et S5

64

Nephrotoxicity of Gd-based contrast in the setting of 
renal artery intervention: retrospective analysis.

• 68 pts qui ont eu angio Gd rénal ; pose de stent
• IRA dans 15 % des cas
• Hydratation saline réduisait le risque IRA
• Plus IRA si

– DFGe 18 ml vs 25 ml 
– Omniscan tendance non significative sur ProHance

Augmente le risque d’aller 
en dialyse. Reflet ASO.

Aussi mortalité.

65
E A. Takahashi net coll Diagn Interv Radiol 2018; 24:378–384 
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En résumé pour IRM gadolinium et IRA

Cette IRA existe.
• Elle est possiblement moins fréquente avec les 

macrocycliques, dose plus faible.

• Injection artérielle reste plus à risque.

• Hydratation pourrait réduire risque (peu de données).

• Dialyse ne change pas le risque IRA mais pourrait 
réduire le risque de dermopathie néphrogénique.

– Prévoir HD en dedans 2-3 h post procédure si dialysé.
– Pas de HD si en DP ou pas accès dialyse.

66
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Merci de votre attention !

67

Questions ?
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