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they developed CIAKI (adjusted OR 8, 95% CI 1.9–34.5,
P = 0.005), and non-CKD patients had greater long-term mortality if they developed CIAKI (adjusted HR 2.2, 95% CI 1.2–
4.1, P = 0.016).
Conclusions. CIAKI following coronary angiography was
associated with adverse in-hospital and long-term outcomes
in both CKD and non-CKD patients.

A B S T R AC T
Background. Contrast-induced acute kidney injury (CIAKI)
has been linked to unfavorable consequences. In routine clinical practice, small increases in serum creatinine (SCr) following coronary angiography tend to be underestimated,
especially in patients without chronic kidney disease (CKD).
Methods. We conducted a retrospective observational cohort
study to analyze in-hospital and long-term outcomes of
CIAKI following coronary angiography in patients with or
without CKD (eGFR ≥ 60 mL/min/1.73 m2) from January
2008 through December 2009. CIAKI was deﬁned as SCr
either ≥ 25% or ≥ 0.5 mg/dL from baseline within 72 h after
contrast exposure. Multivariable logistic regression for in-hospital mortality and Cox proportional hazards calculations for
long-term mortality and requirement for dialysis were performed.
Results. A total of 1160 patients were included in the study.
CIAKI occurred in 19% of CKD patients and in 18% of nonCKD patients. In CKD and non-CKD patients, CIAKI was
more frequent in patients requiring mechanical ventilation or
inotropes or in those given furosemide, and it was associated
with adverse in-hospital ( prolonged hospitalization, acute
dialysis and mortality) and long-term (increased creatinine,
initiation of dialysis and mortality) outcomes. In multivariable
analysis, CKD patients had greater in-hospital mortality if
© The Author 2013. Published by Oxford University Press on
behalf of ERA-EDTA. All rights reserved.

INTRODUCTION
Contrast-induced acute kidney injury (CIAKI) is a frequent
cause of hospital-acquired acute kidney injury (AKI) in the
USA [1] with an incidence that varies from 2% in low-risk
populations [2] to 50% in high-risk patients [3]. CIAKI may
be caused by sustained contrast-induced renal arteriolar vasoconstriction, outer medullary and tubular hypoxia or direct
cytotoxicity due to ischemia-mediated oxidative stress [4]. Endothelin-1, adenosine, prostaglandins, vasopressin and nitric
oxide have been described as potential mediators [4]. Risk
factors for CIAKI are well deﬁned and include hypotension,
congestive heart failure, chronic kidney disease (CKD), diabetes, age > 75 years, anemia, large contrast volume and use of
intra-aortic balloon pump (IABP) [2, 5]. However, preventive
therapies [6–8], avoidance of nephrotoxic medications and the
standardized use of low-osmolar or iso-osmolar contrast
1463
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Study variables
The most recent SCr within the 6-month period before
contrast exposure was deﬁned as the baseline SCr and used to
calculate the baseline estimated glomerular ﬁltration rate
(eGFR) based on the 4-variable Modiﬁcation of Diet in Renal
Disease (MDRD) study equation [26]. CKD patients were
those with baseline eGFR <60 mL/min/1.73 m2. The highest
SCr within 72 h after the procedure was used to determine the
occurrence of CIAKI.
CIAKI was deﬁned as SCr either ≥ 25% or ≥ 0.5 mg/dL
from baseline within 72 h after contrast exposure. This deﬁnition has been previously proposed and widely reported in
the CIAKI literature [27–29].
Data pertaining to contrast volume, contrast ratio [contrast
volume divided by maximum contrast dose (5 × body weight
divided by SCr)] and the preventive strategy utilized by the interventional cardiologist were collected from the electronic
records of the Cardiac Catheterization Laboratory. Comorbidity was identiﬁed using ICD-9-CM codes [30]. Data pertaining
to periprocedural medications and intravenous ﬂuids, intensive care unit (ICU) admission, ICU length of stay, hospital
length of stay and use of IABP were based on hospital billing
codes and review of electronic medical records.
Study outcomes
The impact of the occurrence of CIAKI on in-hospital outcomes, including all-cause mortality, acute dialysis and hospital length of stay, as well as long-term outcomes, including allcause mortality, SCr increase ≥ 0.5 mg/dL (mean of the last
two values within the follow-up period) and initiation of dialysis, were analyzed. Additionally, the inﬂuence of chronic
therapy with ACEI or ARB on the development of CIAKI was
estimated.

M AT E R I A L S A N D M E T H O D S
Study design and participants
This study was a retrospective, observational cohort study
of hospitalized patients with or without CKD. We utilized a
population-based linked administrative database of patients
admitted to Henry Ford Hospital, a tertiary care hospital,
who underwent cardiac catheterization from January 2008
through December 2009. The original study population comprised 1725 hospitalized patients with various indications for
cardiac catheterization. Patients with CKD stage 5, end-stage
kidney disease and those exposed to other contrast medium
or undergoing acute dialysis within 7 days prior to cardiac
catheterization were excluded. Patients with incomplete or
unknown ACEI or ARB exposure history or those exposed to
both ACEI and ARB were also excluded. Patients were considered chronically exposed if they had been prescribed ACEI
or ARB within 1 month of cardiac catheterization. We included cases of coronary angiography in which at least
one value for serum creatinine (SCr) before and one value
within 72 h after the procedure were available. A nonionic,
iso-osmolar contrast medium (ioversol) was the sole contrast
agent used. A sample of 1160 patients constituted our study
cohort for the ﬁnal analysis. Participants were followed for
up to 34 months from the date of coronary angiography
(mean 14 ± 8.6 months) until the study end date (28 February
2011) or death. The protocol was approved by the Institutional Review Board.

Statistical analysis
Microsoft Excel 2010 (Microsoft, Redmond, WA, USA) and
SAS 9.2 (SAS Institute, Cary, NC, USA) were used for all data
acquisition and analysis. Continuous variables were compared
between groups using the two-sided t-tests. Between-group
comparisons were made using Fisher’s exact test or Chi-square
analysis if none of the expected frequencies was <5. Kaplan–
Meier graphs were constructed to estimate freedom from longterm mortality. The log-rank P-value given for each plot
depicts the univariable association of CIAKI with mortality
within that particular setting. Between-group comparisons
were conducted with log-rank tests for censored data. Multivariable analysis was performed to adjust for known confounders that could inﬂuence the occurrence of CIAKI as well as
other adverse outcomes [2, 5]. These variables consisted of
demographic data (age, sex and gender), comorbidity (diabetes, hypertension, anemia and heart failure), baseline eGFR,
indicators of critical illness (ICU admission, inotrope use,
IABP and mechanical ventilation) and contrast medium
volume and ratio for in-hospital and long-term outcomes.
Data regarding the CIAKI prevention protocol utilized and
periprocedural drug exposure were added in a logistic
regression model to the already identiﬁed risk markers of
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media [9, 10] have not consistently decreased the incidence of
CIAKI. Likewise, different pharmacological approaches such
as the use of fenoldopam, dopamine or captopril have not
been invariably beneﬁcial [3, 11, 12]. Only intravenous volume
expansion has proven efﬁcacy in attenuating the risk of
CIAKI [13–15]. Unanswered questions include the utility of
early urine or serum biomarkers [16], the effectiveness of
periprocedural diuresis with matched hydration [17, 18],
and the preferred choice of intravenous solution for volume
expansion.
CIAKI has been linked to adverse in-hospital and longterm outcomes, including all-cause mortality and requirement
for dialysis [2, 19–22]. Furthermore, some studies have shown
signiﬁcant associations between CIAKI and progression of
CKD [21–23]. In contrast, other studies have not shown a
relationship between CIAKI and progression of CKD or mortality following coronary angiography [24, 25], although in
these studies, patients were relatively stable and underwent
nonemergent angiography.
The primary aim of this study was to analyze in-hospital
and long-term adverse outcomes following the occurrence of
CIAKI in a cohort of hospitalized patients with or without
CKD who underwent coronary angiography. A secondary aim
was to determine whether chronic exposure to angiotensinconverting enzyme inhibitors (ACEI) or angiotensin receptor
blockers (ARB) constitute an independent predictor of CIAKI
after coronary angiography.

R E S U LT S
The original study population comprised 1725 hospitalized
patients with various indications for cardiac catheterization.
After excluding patients who did not receive intra-arterial contrast or meet all of the inclusion criteria, 1160 patients remained. A total of 299 patients were excluded from the CKD
group and 215 were excluded from the non-CKD group (baseline eGFR ≥60 mL/min/1.73m2). Fifty-one patients were excluded because of incomplete data. Of the remaining 1160
patients, 457 (39%) had CKD and 703 (61%) had preserved
kidney function at baseline. The mean time between the date
of baseline SCr and the procedure date was 1.5 days for both
CKD and non-CKD patients.
Characteristics of CKD and non-CKD patients are reported
in Table 1. CIAKI occurred in 19% of CKD patients and in
18% of non-CKD patients. When only the absolute change in
SCr (≥ 0.5 mg/dL from baseline) was used to deﬁne CIAKI,
only 3% of non-CKD patients met criteria. CKD patients with
CIAKI had lower baseline eGFR, more frequent anemia and
greater exposure to contrast compared with those without
CIAKI. In both CKD and non-CKD patients, CIAKI was
associated with critical illness and exposure to inotropic agents
or furosemide.

DISCUSSION

Independent predictors of CIAKI
In the logistic regression model, adjusting for possible confounders, several independent predictors of CIAKI were identiﬁed (Table 2). In CKD patients, independent predictors of
CIAKI included periprocedural furosemide (given 24 h before
or after the procedure), ICU admission, chronic exposure to
ACEI or ARB, and baseline eGFR. In non-CKD patients, independent predictors of CIAKI included periprocedural sodium
bicarbonate and furosemide, mechanical ventilation, ICU admission and female gender.

Our results demonstrate a strong association between CIAKI
and adverse in-hospital and long-term outcomes in both CKD
and non-CKD patients. Our study sample included hospitalized patients with diverse risk proﬁles for the development of
CIAKI, although most patients received nonprotocolized intravenous volume expansion with isotonic saline, a measure
that has been shown to reduce the risk of CIAKI [14]. Unique
to our study is the separate analysis of CKD and non-CKD
patients for independent predictors and outcomes. Furthermore, this study included a rarely examined cohort of nonCKD hospitalized patients undergoing coronary angiography,
a group of patients in whom we tend to be less aggressive with
preventive strategies and in whom we frequently underestimate small changes in SCr following contrast exposure.
Previously, CIAKI was thought to represent only a transient
and clinically insigniﬁcant increase in SCr [31]. Although a
causal relationship between CIAKI and deleterious outcomes
cannot be conﬁrmed by observational data, CIAKI should be
considered a marker for adverse in-hospital and long-term
outcomes following coronary angiography [32–34].

Study outcomes analysis
CIAKI was associated with adverse in-hospital outcomes in
CKD and non-CKD patients. A total of 21 CKD patients
(4.6%) and 9 non-CKD patients (1.3%) died during hospitalization. Those who developed CIAKI had a much higher risk of
in-hospital mortality (Figure 1). Only four CKD patients
(0.9%) and three non-CKD patients (0.4%) required acute
dialysis, all of whom met criteria for CIAKI. CKD patients
who developed CIAKI were hospitalized longer than those
1465
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without CIAKI (9 ± 8.5 versus 6.1 ± 12.6 days, P < 0.001,
respectively). Similarly, non-CKD patients with CIAKI were
hospitalized longer than those without CIAKI (8.3 ± 13.5
versus 4.1 ± 5.6 days, P < 0.001, respectively).
CIAKI was also linked to adverse long-term outcomes in
both groups. Of those who survived hospitalization, 385 of the
436 CKD patients and 542 of the 694 non-CKD patients were
available for follow-up assessment (mean 15 and 13 months,
respectively). The follow-up period was also similar for those
who developed CIAKI and those who did not (mean 11
months for both groups). CKD and non-CKD patients who
developed CIAKI following coronary angiography had greater
risk of death, dialysis and worsening SCr compared with those
who did not have CIAKI (Figure 2). Kaplan–Meier curves
illustrate the time-dependent increases in mortality among
CKD and non-CKD patients with or without CIAKI (logrank P = 0.004 and <0.001, respectively) (Figure 3).
After adjustment for potential confounders, multivariable
analysis identiﬁed CIAKI to be associated with adverse in-hospital and long-term outcomes. In CKD patients, CIAKI [adjusted odds ratio (OR) 8, 95% CI 1.9–34.5, P = 0.005], use of
inotropic agents (P < 0.001) and mechanical ventilation (P <
0.001) were associated with in-hospital mortality (Figure 4).
CIAKI predicted increases in SCr ≥ 0.5 mg/dL from baseline
[adjusted hazard ratio (HR) 5.7, 95% CI 3.2–10.4, P < 0.001]
and need for long-term dialysis (adjusted HR 9.1, 95% CI 2.5–
32.8, P < 0.001). There was a nonsigniﬁcant trend toward an
association of CIAKI with long-term mortality. In non-CKD
patients, CIAKI was associated with long-term mortality (adjusted HR 2.2, 95% CI 1.2–4.1, P = 0.016) and predicted increases in SCr ≥0.5 mg/dL from baseline (adjusted HR 3.2,
95% CI 1.6–6.5, P = 0.001).
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CIAKI [5] to determine the impact of ACEI or ARB on the occurrence of CIAKI following coronary angiography.
Multivariable analysis consisted of logistic regression for
predictors of CIAKI, in-hospital mortality and SCr increase
≥0.5 mg/dL; linear regression for hospital length of stay; and
Cox proportional hazards calculations for long-term dialysis
initiation and mortality. Forest plots were constructed to
compare mortality outcomes. The 95% conﬁdence intervals
reported for the logistic regression odds ratios and Cox
regression hazard ratios were based on the Wald estimation.
Statistical signiﬁcance was set at an alpha level of 0.05.

Table 1. Baseline characteristics
CKD

P

Non-CKD

P

CIAKI

Non-CIAKI

CIAKI

(n = 371)

(n = 86)

(n = 573)

(n = 130)

Age, years

68.4 ± 11.9

69.7 ± 10.5

0.35

59.0 ± 12.5

60.4 ± 12.4

0.25

Women

185 (50%)

48 (56%)

0.32

213 (37%)

66 (51%)

0.004

White

186 (50%)

46 (54%)

0.85

274 (48%)

57 (44%)

0.62

Black

140 (38%)

30 (35%)

225 (39%)

57 (44%)

Other

45 (12%)

10 (12%)

74 (13%)

16 (12%)

Baseline SCr, mg/dL

1.57 ± 0.44

1.68 ± 0.61

0.25

0.97 ± 0.17

0.84 ± 0.20

<0.001

Baseline eGFR

46 ± 10

43 ± 12

0.02

85 ± 18

101 ± 38

<0.001

Diabetes

150 (40%)

36 (42%)

0.81

156 (27%)

35 (27%)

0.94

Anemia

220 (59%)

60 (70%)

0.07

202 (35%)

55 (42%)

0.13

Heart failure

34 (9%)

13 (15%)

0.1

37 (6%)

11 (8%)

0.41

Hypertension

153 (41%)

25 (29%)

0.04

396 (69%)

90 (69%)

0.98

IV normal saline

263 (71%)

58 (67%)

0.53

449 (78%)

99 (76%)

0.56

IV sodium bicarbonate

18 (5%)

11 (13%)

0.007

2 (0.3%)

4 (3%)

0.01

N-acetylcysteine

239 (64%)

53 (62%)

0.63

52 (9%)

14 (11%)

0.55

Statin

269 (72%)

69 (80%)

0.14

460 (80%)

105 (81%)

0.9

Furosemide

164 (44%)

58 (67%)

<0.001

116 (20%)

49 (38%)

<0.001

NSAID

5 (1%)

0 (0%)

0.59

18 (3%)

3 (2%)

0.78

ACEI or ARB

248 (67%)

57 (66%)

0.92

440 (77%)

103 (79%)

0.55

ICU admission

117 (32%)

52 (60%)

<0.001

189 (33%)

71 (55%)

<0.001

Inotrope

35 (9%)

21 (24%)

<0.001

35 (6%)

17 (13%)

0.006

IABP

17 (5%)

11 (13%)

0.004

19 (3%)

9 (7%)

0.06

Mechanical ventilation

41 (11%)

27 (31%)

<0.001

43 (8%)

28 (22%)

<0.001

Contrast volume, mL

110 ± 83

136 ± 103

0.03

150 ± 108

136 ± 103

0.16

Contrast ratio

0.40 ± 0.32

0.51 ± 0.41

0.02

0.34 ± 0.25

0.30 ± 0.36

0.002

Race
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Chronic conditions

CIAKI prevention

Periprocedural drugs

Critical indicators

Contrast medium

Categorical data are reported as frequencies (percent of group). Numerical data are reported as mean ± standard deviation. Abbreviations
and deﬁnitions: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; contrast ratio, contrast volume
administered divided by maximum contrast dose; eGFR, estimated glomerular ﬁltration rate (4-variable Modiﬁcation of Diet in Renal
Disease equation, mL/min/1.73 m2); IABP, intra-aortic balloon pump; ICU, intensive care unit; IV, intravenous; NSAID, nonsteroidal antiinﬂammatory drug; periprocedural, within 24 h before or after the procedure; SCr, serum creatinine.

Similar to our study, in which non-CKD patients had
greater long-term mortality if they developed CIAKI, a population-based cohort study that included two-thirds of non-

CKD subjects demonstrated a graded increase in long-term
mortality following coronary angiography based on the severity of AKI by Acute Kidney Injury Network (AKIN) criteria
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Non-CIAKI

(2-fold increase in mortality rates for AKI stage 1 and >3-fold
in those with AKI stage 2 or 3) [21]. In another observational
study, CIAKI following coronary angiography occurred in
12.7% of non-CKD patients and was an independent predictor
of 1-year mortality in this population [35]. Both of these
studies highlighted the relevance of CIAKI in non-CKD

Table 2. Independent predictors of CIAKI
95% CI

ICU admission

2.75

1.64–4.59

Periprocedural
furosemide

2.39

1.41–4.05

Chronic use of ACEI or
ARB

2.38

1.35–4.20

Contrast ratio

2.28

1.15–4.51

Baseline eGFR

0.98

0.95–0.99

14.09

1.85–
107.17

2.69

1.68–4.31

Mechanical ventilation

2.19

1.14–4.23

Women

2.11

1.36–3.27

ICU admission

2.03

1.26–3.27

Age

1.02

1.004–
1.040

CIAKI in CKD patients

CIAKI in non-CKD patients
IV sodium bicarbonate
Periprocedural
furosemide

Stepwise logistic regression, including all of the parameters listed
in Table 1. Abbreviations and deﬁnitions as listed in Table 1;
chronic use of ACEI or ARB, use within 1 month prior to
coronary angiography.

F I G U R E 1 : In-hospital outcomes of CIAKI following coronary angiography. (A) CKD patients and CIAKI. (B) Non-CKD patients and
CIAKI. White bar, non-CIAKI; black bar, CIAKI. All comparisons P < 0.01.
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patients in addition to the observed association of long-term
mortality with small increases in SCr levels after acute myocardial infarction, independent of the baseline eGFR [36]. Furthermore, a recent systematic review and meta-analysis
showed that even small increases in SCr levels (10 to 24% from
baseline) in hospitalized patients are associated with twice the
risk of short-term mortality [37]. It has been also observed
that patients who survive AKI are at increased risk of longterm mortality and other adverse events compared with controls [38]. These ﬁndings are important, because therapeutic
interventions such as optimization of volume status, avoidance
of nephrotoxic drugs and early outpatient follow-up may be
implemented in an attempt to improve survival, slow the progression of CKD and prevent hospital readmissions after an
episode of AKI.
In patients who develop CIAKI, the observed excess in-hospital and short-term mortality has been attributed to cardiovascular complications or hemodynamic instability that
requires IABP or vasoactive drugs [2, 35, 39]. Similarly, AKI
has been described as an independent risk factor for 1-year
mortality in patients with acute decompensated heart failure
(e.g. cardiorenal syndrome type 1) [40] in relation to hemodynamic changes, venous renal congestion, neurohormonal activation of renin–angiotensin and sympathetic nervous systems
and oxidative stress-mediated cellular injury [41]. CIAKI may
thus identify patients with systemic and renal hemodynamic
vulnerability, as was demonstrated in animal studies in which
decreased vascular tone and increased vascular permeability
were associated with organ dysfunction following ischemia–reperfusion injury [42, 43]. Conversely, CIAKI may directly contribute to the subsequent development of cardiovascular
morbidity and mortality [2, 39, 44]. It should also be noted
that our study comprised patients who underwent nonelective
coronary angiography, had a mean hospital stay of 5 days and
required ICU admission in at least one-third of cases. These
characteristics make our cohort highly comparable to those
of severely ill patients in which the occurrence of CIAKI
adversely affected length of hospital stay and mortality
[22, 45, 46].

ORIGINAL ARTICLE

CIAKI. White bar, non-CIAKI; black bar, CIAKI; SCr, serum creatinine (mg/dL). All comparisons P < 0.015.

F I G U R E 3 : Kaplan–Meier cumulative mortality for occurrence of CIAKI. (A) CKD patients and CIAKI, log-rank P = 0.004. (B) Non-CKD
patients and CIAKI, log-rank P < 0.001.

F I G U R E 4 : Multivariable analysis using CIAKI as a predictor of mortality. (A) Multiple logistic regression odds ratio estimates for in-hospital

mortality. (B) Multiple Cox regression hazard ratio estimates for long-term mortality.
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F I G U R E 2 : Long-term outcomes of CIAKI following coronary angiography. (A) CKD patients and CIAKI. (B) Non-CKD patients and

The authors express their gratitude to Mr Gerard Zasuwa for
expert graphical assistance and Ms Nandita S. Mani and Ms
JoAnn Krzeminski for assistance with preparation of the
manuscript.
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Periprocedural exposure to furosemide was signiﬁcantly
associated with CIAKI in our study cohort. Intravascular
volume depletion is a risk factor for CIAKI, and exaggerated
shifts in blood pressure can increase renal oxidative stress and
also predispose to CIAKI [4, 5]. Thus, our data suggest that
diuretics should be avoided in high-risk patients who are susceptible to volume depletion before contrast exposure.
However, in cases of hypervolemia, such as acute decompensated heart failure, use of diuretics before contrast administration may help to optimize cardiac output and subsequent
kidney perfusion, potentially decreasing the risk of CIAKI [4].
In our cohort of patients, the decision to continue or withhold
furosemide before coronary angiography was based on the
clinical judgment of the interventional cardiologist.
Non-CKD patients who had preventive sodium bicarbonate
therapy were found to be at higher risk of CIAKI. This ﬁnding
may be due to selection bias, as bicarbonate is commonly reserved for high-risk patients, although the potential effect of
intracellular acidosis and tissue hypoxia induced by bicarbonate
administration [61] may play a role in the pathogenesis of
CIAKI. It should be noted that this result is difﬁcult to interpret
given the small number of patients who received this solution.
The strengths of our study include the utilization of a
sample of susceptible hospitalized patients in which a sole contrast agent was used. Unique to our study is the analysis of outcomes and their predictors separately in CKD and non-CKD
patients. We also tested the most commonly used deﬁnition of
CIAKI, including absolute and relative changes in SCr from
baseline. However, we do agree that there is a need for a unifying deﬁnition such as the AKIN criteria for all forms of AKI
[53]. One potential limitation of our study includes the classiﬁcation of all AKI events following coronary angiography as
CIAKI. Although our data were insufﬁcient to exclude other
causes of AKI, such as ischemia or atheroembolism, the distinction among these alternate diagnoses is equally difﬁcult in
clinical practice and is unlikely to signiﬁcantly affect patient
management. In addition, because of the retrospective nature
of our study, a causal association between risk factors and
CIAKI was not established, the demonstration of which would
require randomized, controlled trials.
In conclusion, our study identiﬁed numerous adverse inhospital and long-term outcomes in patients who developed
CIAKI following coronary angiography. In those with or
without CKD, the occurrence of CIAKI conferred an increased
risk of unfavorable events. It is especially important to avoid
underestimating the signiﬁcance of even a minimal increase in
SCr (≥ 25% from baseline) in patients with preserved kidney
function, since these patients experience adverse outcomes
and may beneﬁt from risk stratiﬁcation prior to coronary angiography.

Recently, the emergent concept of subclinical AKI based on
biomarkers of renal tubular injury (e.g. neutrophil gelatinaseassociated lipocalin), even in the absence of signiﬁcant decline
in kidney function, has been associated with adverse outcomes, including mortality and dialysis following cardiac
surgery [47]. The inclusion of these structural criteria of AKI
(detection of biomarker without change in SCr) identiﬁed
approximately 40% more cases in comparison with AKI by
RIFLE criteria [47] and has been proposed as an update to the
currently used deﬁnition of CIAKI [48]. As a decline in kidney
function is typically evident only when more than 50% of
nephron mass is compromised, minimal changes in SCr may
not truly exclude underlying tubular damage, which may be
linked to observed adverse outcomes.
In our study, CKD patients who were chronically exposed to
ACEI or ARB were at higher risk for developing CIAKI.
Although some investigators have implicated these agents as increasing the susceptibility to CIAKI [49–51], others have touted
these same agents as protective [12]. Chronically damaged
kidneys may be more vulnerable to ACEI- or ARB-mediated angiotensin II inhibition and consequent renal hemodynamic
changes at the time of contrast exposure; hence, CKD patients
may be more susceptible to CIAKI [49, 52]. Alternatively,
chronic exposure to ACEI or ARB may identify a high-risk pool
of patients with diabetes, kidney disease or heart disease who
are at greater risk to develop CIAKI. In our study sample,
patients who were chronically prescribed ACEI or ARB were
older and more likely to have diabetes. It is not known whether
withholding ACEI or ARB before coronary angiography prevents CIAKI. The current Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines for AKI state that there is insufﬁcient evidence to recommend discontinuation of these medications prior to contrast administration [53], although no
speciﬁc consensus opinion is given for high-risk patients.
Women without CKD were also at higher risk for developing
CIAKI. Compared with men, women have increased cardiovascular mortality, especially after menopause [54]. Speciﬁcally, inhospital mortality after coronary angiography is higher in women
[55, 56], although in these cohorts, women were older and had a
greater burden of comorbidity than men [57, 58]. CIAKI may be
a factor in the relatively detrimental hospital course observed in
women, although the reason for the higher incidence of CIAKI
in women is unknown. Gender-speciﬁc responses to renal stimuli
by contrast medium and the inﬂuence of ovarian hormones are
possible explanations [55]. Furthermore, older women may have
lower intrarenal medullary oxygenation [59], which may be
linked to lower intrarenal medullary prostaglandin production
[60], a potential risk factor for increased susceptibility to CIAKI.
The increased risk of CIAKI in women may be also related to the
contrast medium dose, namely a higher ratio of contrast volume
to body surface area. In our study, women were older, more likely
anemic and hypertensive, and exposed to furosemide more frequently than men. However, the increased risk of CIAKI in
women persisted after multivariable adjustment for these factors.
Our ﬁndings highlight the need to make evidence-based
decisions regarding the risks and beneﬁts of coronary angiography, notably by risk-stratiﬁcation of women with respect to the
development of CIAKI.
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