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Abstract

size and including a control group.

control group.

interventions (MeSH: D062645)

Purpose: Critically ill patients, among whom acute kidney injury is common, are often considered particularly vul-
nerable to iodinated contrast medium nephrotoxicity. However, the attributable [Acidence remains URCErtain given

the Palicity of observational studies [REIUAING a EGAtIOI group. This study assessed acute kidney injury incidence
attributable to iodinated contrast media in critically ill patients based on new data accounting for sample and effect

Methods: Systematic review of studies measuring incidence of acute kidney injury in critically ill patients following
contrast medium exposure compared to matched unexposed patients. Patient-level meta-analysis implementing a
Bayesian nested mixed effects multiple logistic regression model.

Results: Ten studies were identified; only four took into account the baseline acute kidney injury risk, three by patient
matching (560 patients). Objective meta-analysis of these three studies (vague and impartial a priori hypothesis

concerning attributable acute kidney injury risk) did et find that iodinated contrastimedia increased the incidence of
*(Odds ratio 0.95, 95% highest posterior density interval 0.45-1.62). Bayesian analysis demonstrated

that, to conclude in favor of a statistically significant incidence of acute kidney injury attributable to contrast media
despite this observed lack of association, one’s a priori belief would have to be very strongly biased, assigning to previ-
ous uncontrolled reports 3—12 times the weight of evidence strength provided by the matched studies including a

Conclusions: Meta—analisis of matched cohort studies of iodinated contrast medium exEosure doesF

Keywords: Contrast media (MeSH: D003287), Intensive care units (MeSH D007362), Drug-related side effects and
adverse reactions (MeSH D064420), Tomography scanners, X-ray computed (MeSH: D015898), Percutaneous coronary
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Take-home message: This Bayesian meta-analysis of matched cohort
studies of iodinated contrast medium exposure does not support a
significant association with acute kidney injury incidence in critically ill
patients. The continued belief that critically ill patients are particularly
vulnerable to iodinated contrast medium nephrotoxicity rests on heavily
weighting evidence from studies without a control group.

@ Springer

Introduction

Cases of acute kidney injury (AKI) following exposure
to iodinated contrast media (contrast) have long been
noted. This potential toxicity stresses the need to weight
the risks and benefits of exposing patients to contrast [1,
2].
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of the for
ity has been derived from
[3-5]. This setting does
against which to quantitatively assess the risk of contrast
itself; this would require control patients to be exposed to
all of the aspects of coronary angiography and/or inter-
vention, except contrast. Indeed, the of -
which are known to have a causative role in AKI
are wide-ranging and include H, low car-
diac output, shock, and other nephrotoxic medications.
Despite the lack of controlled studies in the coronary
angiography setting, there is a

that a q q exists between contrast in!usion
and AKI (often terme

rather than an association
Furthermore, by extrapolation,
that administration of for other purposes (e.g.,
intravenous infusion for

O <o
exposes patients to the . This concept has been

recently F in ward and outpatients, with obser-
studies comparing patients undergoing com-

procedures

it is commonly

vational
puted tomographic imaging with and without contrast
infusion, itself is
[6-8].
Populations increased of AKI after contrast
administration include patients with already

F mellitus,
ypovolemia,

[3-5]. Critically i

, and advanced
ave also been consid-

patients
ered to be particularly prone to renal injury from con-

trast exposure [2, 9-11]. Indeed, in patients,
the multi-organ insult is in many ways to the

-[-. F of renal toxicity of con-
trast [12—16]. On the other han

d, AKI from critical illness
itself renders rigorous analysis with controls even more

Table 1 - formulation of the clinical question

important to delineate any attributable risk from contrast
[2, 16]. This is not simply an academic issue: potentially
exaggerated about contrast-induced nephropa-

q studies necessary to
accurately diagnose patients with acute life-threatening

conditions [17].

We performed a systematic review and meta-analysis of
studies which matched patients exposed to contrast with
unexposed control patients to quantify the incidence of
AKI attributable to iodinated contrast media in criti-
cally ill patients. We further examined how these stud-
ies, given their effective sample size and results, should
influence rational evidence based physicians conducting
analyses under different a priori assumptions, potentially
reflecting prior beliefs of the clinical community.

Methods

The study was registered (PROSPERO-
CRD42015025067) and reporting follows the PRISMA
statement [18]. The clinical question was expressed
according to the Patient, Intervention, Comparison, Out-
come (PICO) system [19] (Table 1).

We searched Ovid MEDLINE and Embase, PubMed,
Cochrane Library, Scopus, and Web of Science databases
until 31 December 2015. Methodology is detailed in the
electronic supplementary material (ESM). Briefly, stud-
ies, of any design type, evaluating intravascular adminis-
tration of contrast were independently screened by two
researchers. Studies comprising a control group and eval-
uating intensive care unit (ICU) patients were included
in the qualitative synthesis and matched studies were
included in the meta-analysis.

AKI was defined as a serum creatinine increase
>0.3 mg/dL or >50% within 48 h of contrast adminis-
tration in all datasets [1]. Meta-analysis was performed

Patient Critically ill patients Ward patients
ICU patients Patients undergoing coronary angiography but not admitted to
an ICU
Patients admitted to coronary care units
Isolated myocardial infarction patients
[Rtefvention  Intravascular iodinated contrast administration (intra-gftefial or  Non-iodinated contrast, e.g., gadolinium
intravenous) Extravascular contrast, e.g,, oral, rectal
Comparison ~ Matched contemporary patients not receiving intravascular Historical controls
jodinated contrast Unmatched studies
Outcome AKI defined by
Acute (within few days) increase of a renal function biomarker
AND/OR acute need for renal replacement therapy
The ) formulation enables one to translate the primary objective of the study which consisted in “Assessing the

attributable risk of acute kidney injury (AKI) related to intravascular iodinated contrast media (contrast) administration in critically ill patients admitted to an intensive
care unit (ICU) based on studies matching patients exposed to contrast to unexposed patients” into operational criteria
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on patient-level data using a 'hierarchical Bayesian
nested mixed effects multiple logm
accounting for inter-study and within-study, inter-pair
heterogeneity [20, 21]: see ESM.

According to Bayesian principles, the AKI risk attribut-
able to contrast is measured by the a posterio? distribu-
tion of the 0dds Fatio (OR). It represents the synthesis of
data gathered in clinical studies and of a priori assump-
tions regarding the belief that contrast causes AKI (a
priori distributions of the OR). Bayesian methodology
enables evaluation of how evidence-based observers
would assess the AKI risk attributable to contrast accord-
ing to both their a priori belief and the presentation of
the studies identified in the systematic review. According
to Spiegelhalter et al., two types of meta-analyses were
undertaken to model such a priori hypotheses [22].

Objective meta-analysis

To model a neutral state of a priori belief, i.e., having no
hypothesis concerning an increased or decreased AKI
incidence attributable to contrast, we used an a priori OR
of 1 with an uninformative distribution. Given this neu-
tral hypothesis, the resultant a posteriori OR distribution
is predominantly representative of the data observed in
the clinical studies. This a posteriori distribution would
support the conclusion of a significant AKI incidence
attributable to contrast, in case of an a posteriori OR
above 1 with a 95% highest posterior density interval
(HPD) not including 1.0. The amount of information the
included studies convey was measured by their relative
effective sample size (RESS) compared to the neutral a
priori hypothesis (RESS = 1) [23].

Subjective meta-analysis

To model the commonly held belief that contrast
increases the incidence of AKI, we used an |a priori OR
of 1.37 based on studies not comprising a control group,
representative of the clinical community putative consen-
sus [10, 11, 24, 25]. Whereas the a priori OR represents
the magnitude of the AKI risk increase that the commu-
nity attributes to contrast, its distribution and resulting
RESS model the strength of belief in such an increased
risk. Thus, the a priori RESS represents how confident
physicians are in their prior belief.

As the a priori RESS is increased in the Bayesian model,
the relative impact of newly added objective data on the
a posteriori OR decreases. One may ultimately conclude
in favor of a significant AKI incidence attributable to
contrast owing to a predominant weight of this a priori
hypothesis in regard to the data observed in the clini-
cal studies. We determined the minimum a priori RESS
value needed to attain such a significant a posteriori con-
clusion (a posteriori OR 95% HPD not including 1.0) in

favor of a significant AKI incidence attributable to con-
trast [21].

Sensitivity to the above OR value of 1.37 was evaluated
with analyses that assumed a 1.20 and 1.50 a priori OR
value [22].

Results

Systematic review

The primary literature search yielded 5696 references, of
which 1522 remained after removal of out-of-topic ref-
erences (Fig. 1). Of these, 817 records were removed as
they were exclusively coronary angiography studies. Of
the remainder, 90 studies potentially comprised a control
group, and of these, 10 assessed ICU patients for con-
trast-associated AKI and included an unexposed control
group. These 10 studies provided the basis for the quali-
tative analysis (Table 2). The conclusions from these ten
studies were variable: some reported increased rates of
AKI in patients receiving contrast, while others reported
higher rates of AKI in their unexposed controls [26—35].
Only four of these ten studies performed statistical risk
adjustments for baseline prognostic risk factors of AKI
(thus, the remaining six were considered at high risk of
bias). Of these four studies, one used logistic regression
to perform statistical risk adjustment [35] and three used
patient matching [30, 31, 33]. None of these four stud-
ies, taken individually, identified a statistically significant
incidence of AKI attributable to contrast.

The three studies with matched exposed and unex-
posed patients provided the basis for our quantitative
Bayesian meta-analysis. The three studies, undertaken
in France [33], Texas [30], and Florida [31], comprised
a total of 1153 ICU patients; of these, 280 patients
who received contrast were matched with 280 control
patients. Detailed patient-level data are provided in the
ESM. Overall, 47 patients (8%) developed AKI and 18
(3%) required renal replacement therapy. The overall hos-
pital mortality rate was 23%.

Meta-analysis
Objective analysis
The a posteriori RESS, reflecting the amount of infor-
mation contained in the individual patient-level data-
sets of the studies performed in France [33], Texas [30],
and Florida [31] was, respectively, 5.84, 3.37, and 5.05
(Table 3). Synthesis of the three datasets in the objective
meta-analysis yielded an a posteriori RESS of 14.6. All of
the resulting HPD intervals of a posteriori distributions
of OR included the null value of 1.0 (Fig. 2; Table 3).
Therefore, each individual study as well as the objec-
tive meta-analysis lacked evidence to support the con-
clusion that administration of contrast increased the
incidence of AKI. Of note, beyond matching those
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S 12485 records identified 0 additional record identified
'g through database searching through other sources
o
=
5
c
(]
e
5696 records screened 4174 records: obviously not
on the topic of human
studies about contrast-
associated AKI, addititonal
R duplicates, editorials,
K conference abstracts
oo 1522 records evaluated:
c . . .
= -817 coronary angiography/interventions only
Q -157 CT scan only
Q -
5 -377 various procedures
4l -171 unclear
‘r1432 records: studies lacking a
L control group
90 records: potentially
controlled studies
r 74 records: not dealing with
L ICU patients
>
= .
= 16 full text articles assessed
Qo s
" for eligibility ~ ~
= |  6studies lacking a control
group
| /
10 studies included in the
qualitative synthesis - ~
8 7 studies: no patient matching
© to account for baseline AKI risk
= \ _J/
O . . .
c 3 studies matching patients exposed and
patients unexposed to contrast, included
in the quantitative analysis
Fig. 1 PRISMA diagram. Beyond the 16 references reviewed in full text for eligibility, the full text of a further 80 references was reviewed during the
screening process to enable robust classification. Contrast iodinated contrast media, AKl acute kidney injury

results were adjusted on age, volume of contrast (mL)
for exposed patients, and creatinine at inclusion
(umol/L) which yielded 95% HPD intervals for the odds
ratio of 0.976-1.02, 0.985-1.007, and 0.997-1.017,
respectively.

Subjective analysis

Using an a priori OR of 1.37 (representing the putative
consensus of the clinical community in favor of an AKI
risk attributable to contrast) and modeling strength of
belief within this hypothesis using an a priori RESS in
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Table 3 Quantitative meta-analyses

Individual studies

Ehrmann et al.,, France [33] Objective 1.0 (0.00, 4.33) 1.0 1.13 (0.36,2.32) 58

Ng et al, Texas [30] Objective 1.0 (0.00, 4.33) 1.0 113 (0.24, 2.76) 34

Cely et al,, Florida [31] Objective 10 (0.00, 4.33) 1.0 0.64 (0.11,1.65) 5.1
Objective meta-analysis Objective 1.0 (0.00, 4.33) 1.0 0.95 (045, 1.62) 14.6%
Subjective meta-analysis Subjective 137 (1.06,1.72) 70.0° 1.31 (1.00,1.61) 79.1

A priori and a posteriori odds ratio (OR) and their distributions [evaluated by the 95% highest posterior density interval (HPD) of acute kidney injury (AKI) attributable
to iodinated contrast media (contrast)]. Results of individual studies using the objective a priori hypothesis (no a priori opinion about AKl risk attributable to contrast,
a priori OR = 1) are presented in the upper panel. Resulting a posteriori OR distributions did not reach statistical significance (1 included in the HPD interval). The a
posteriori relative effective sample size (RESS) reflects the amount of information contained in the studies

Meta-analysis results are presented in the lower panel. Combining the objective a priori hypothesis (no a priori opinion about AKI risk attributable to contrast, a priori
OR = 1) with the patient-level data observed in the three included studies in the objective meta-analysis, the a posteriori OR distribution did not reach statistical
significance

2 Significant information gain compared to the a priori objective hypothesis and the studies taken individually

® In the subjective meta-analysis, taking as an a priori hypothesis an OR value of 1.37 to reflect the commonly held belief of a significantly increase AKI risk
attributable to contrast, a minimum a priori RESS value of 70 needed to be introduced in the model to observe an a posteriori OR distribution statistically supporting
such an attributable risk (HPD interval not comprising 1); this RESS value was 4.8-fold higher than the one resulting of the objective meta-analysis

the range of the amount of information provided by the = major limitation as exposure to contrast is potentially
objective meta-analysis (RESS = 14.6 see above), the a
posteriori distribution of the OR for AKI did not reach
statistical significance (Fig. 2). In fact, the minimum
a priori RESS value needed in the Bayesian model to
observe an a posteriori OR distribution supporting the
conclusion of a significant AKI incidence attributable to
contrast was 70, i.e., an effective sample size 4.8 times
higher than that of the objective meta-analysis (i.e., 14.6)
and 70 times higher than the objective neutral reference a

priori hypothesis (Table 3). Forest plots describing a pos-
teriori OR estimations for increasing strengths of belief
are depicted in Fig. 2.

Despite the presentation of the data gathered in the
three included studies, observers still convinced that
contrast causes AKI would need to start with an a priori
strength of belief at least 4.8-fold greater than the infor-
mation provided by those case-matched studies. Results
were similar when performing the sensitivity analyses
with a priori OR of 1.20 and 1.50. The minimum a priori
RESS values needed to support the conclusion of a sig-
nificant AKI incidence attributable to contrast were 3- to
12-fold the RESS of the objective meta-analysis (ESM).

hen evaluating the impact of i(E
nated contrast media on AKI occurrence. Actually,
identified across

settings Fig. 1). Six among
ten studies performed in the ICU and comprising a con-

trol group did . - for baseline - . This is a

Discussion
Our very sensitive systematic review showed that

which explicitly accounts for sample size, results,
and a priori beliefs, revealed that a rational evaluation
of these matched studies could only coexist with a main-
tained confidence that contrast media causes AKI if one
assigned a very high weight of evidence to the a priori
belief supported by data lacking a control group.

consistent toxicity [12, 14, 15] and multiple patient
aggressions during critical illness may constitute similar
predisposing factors [16]. Conversely, contrast toxicity
may be clinically negligible given the numerous already
ongoing kidney aggression processes in the ICU. These
laboratory results, along with widely held but less well
founded preconceptions regarding risk in the clinical set-
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Objective OR = 1.00

@ / .
7] 1x =
o .
S © .
o S 2x .=D=:
(o), .
> =) :
L [S) +' | —
‘= Subjective OR = 1.37 - 28 & . L]
S D g
a § 4x E+
< 2 :
b & Ehrmann et al., France (33) N=292 .
g Ng et al., Texas (30) N=162 %
Cely et al., Florida (31) N=106 =
c Objective Meta-analysis N=560 G S
(objective a priori hypothesis .
) combined with observed data) 0
§ g,g 1x |=:D=
S Ty 0 L S
E g : . ' Not significant
= Subjective Meta-analyses Y .
) Gl o O Oy .
+2 (subjective a priori hypotheses - EL£ o 3x =D=
& combined with observed data) Sg2 .
< =23 : .
7 T .

| I I 1

0 0.5 1.0 1.5 2.0 25 3.0

OR of AKI attributable to contrast

Fig. 2 Forest plot of the meta-analyses. a Depicts a priori hypotheses regarding both the magnitude of acute kidney injury (AKI) risk potentially
attributable to iodinated contrast media (contrast), i.e., a priori odds ratio (OR) value and the strength of belief in this potential association, i.e., a
priori relative effective sample size (RESS). For the objective analysis, those a priori hypotheses consisted in an OR = 1 with a reference RESS = 1
(thick black bar), thus making no hypothesis concerning an increased or decreased AKl incidence attributable to contrast. For the subjective meta-
analysis, an OR = 1.37 was used to model the commonly held belief of a significant AKI risk attributable to contrast and five increasing RESS values
were tested (gray scale bars). b Depicts actual data observed in the three studies included in the meta-analysis. € Depicts the a posteriori distribu-
tions of OR, resulting from the combination of the a priori hypotheses (a) with the observed data (b). For the objective meta-analysis, the a priori
distribution (OR = 1, a thick black bar), when combined with the patient-level study data (b), did not yield statistically significant evidence for an
AKl incidence attributable to contrast infusion as the a posteriori 95% highest posterior density (HPD) interval overlapped the null value of 1 (¢ thick
black bar). Similarly, the subjective meta-analyses modeling an a priori belief in favor of a significant AKI risk attributable to contrast, when combined
with the patient-level study data (b), did not yield statistically significant evidence for an AKl incidence attributable to contrast as a posteriori HPD
intervals overlapped 1 (c gray scale bars), except when introducing a very high a priori RESS value* (i.e., 4.8 times the RESS of the objective meta-
analysis). Thus, despite the presentation of the included studies, an evidence-based observer would need to hold an a priori strength of belief in an
OR = 1.37 that is >4.8-fold the amount of information provided by the data of the matched clinical studies to remain convinced of a significant AKI
incidence attributable to contrast. Boxes of a size proportional to the distribution’s RESS were used to depict estimates of median OR, corresponding
HPD intervals were represented by horizontal bars

studies comprising a control group, the ‘a priori subjec-
tive belief plays an important role in the m
. gemnge
that the value clinicians convinced of contrast toxicity
place in studies not comprising a control group is exag-

gerated in terms of quantitative evidence. Spotlighting
this imbalance of evidence prior and posterior to the

studies comprising a control group requires Bayesian
methodology. Taking into account the potential a priori
belief of practitioners may thus possibly facilitate knowl-
edge transfer and application of study findings to patient
care.

However, Bayesian methodology may be less familiar
than other meta-analysis methods to researchers and
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clinicians. In summary, we first performed anH
modelling a naive or neutral state

information was introduced in the
Bayesian model regarding the incidence of AKI attribut-
able to contrast. This impartial meta-analysis, overcom-
ing the potential low power limits of individual studies,

meta-analysis (referred
to as a biased analysis in Bayesian terminology), model-
ling practitioners who have the commonly held belief
that contrast increases the incidence of AKI. This belief
was introduced in the analysis using an a priori OR for
AKI attributable to contrast exposure of 1.37, a reasona-
ble estimate from reports not comprising a control group
[10, 11, 24, 25].

meta-analysis revealed that

in such a risk (a priori RESS of 70), a weight of evidence
some 4.8 times higher than that of all matched studies.

This, in essence, m
to the extent that the observed data fail to inform one’s

opinion. In other words

ability when attempting to characterize the a priori belief
of physicians, we undertook a sensitivity analysis of the
subjective meta-analysis, expanding the range of a priori
OR to 1.20 and 1.50. This additional sensitivity analysis
demonstrated similar results, illustrating the robustness
of our findings (ESM).
Our results are H with
the ! setting which have already
oW

as t ether contrast, as

performed a single-center retrospective propensity
score-matched study of patients undergoing computed
tomography and observed a similar incidence of AKI,

4.8 and 5.1%, in patients H and .
, respectively [7]. Those results were

receiving
in another subset of patients
! [8]. Strat-

on baseline estimated
ified multiple regression analysis of a sample of about
hospitalized patients showed results,

e Bayesian methodology used in the present meta-
analysis enables one to evaluate the potential impact of
those large-scale studies performed outside the ICU.

Indeed, while perhaps not directly germane to critically
ill patients with a much higher baseline risk of AKI, such
results would probably lower the a priori estimate of risk
by physicians aware of them, correspondingly making it
even more difficult to remain confident that contrast is
nephrotoxic for ICU patients. For example, according to
our sensitivity analysis, if the a priori OR fell to 1.20, after
rational incorporation of the meta-analysis results, phy-
sicians should only be confident that contrast is nephro-
toxic if they weighted their previous knowledge sources
more than 10-fold as heavily as the evidence from the
presently included studies (ESM).

In clinical research, it is difficult to attribute obser-
vation of a lack of statistically significant association
to low power or true absence of association. In this
regard the present meta-analysis adds significant infor-
mation compared to the individual studies taken inde-
pendently, the gain in information being quantified by
the RESS of the objective meta-analysis (Table 3). It is
unlikely that future studies will meaningfully challenge
our results by identifying a high AKI incidence attribut-
able to contrast. Indeed, such studies would have to be
very large (to yield a RESS value at least 3- to 12-fold the
RESS of the present objective meta-analysis) and/or find
an effect of unprecedented magnitude (OR higher than
the 1.50 value tested in the high attributable incidence
hypothesis of our sensitivity analysis: ESM) to negate
the present findings. Indeed, in small studies, lacking
a control group, factors other than contrast exposure
seem more likely to underlie AKI when it is observed
[26, 27]. Similarly, preventive studies aiming at reduc-
ing the incidence of contrast-associated AKI are likely
investigating other causes of renal injury. Despite two
recent meta-analyses showing only low strengths of evi-
dence in favor of such preventive strategies supporting
this hypothesis, some currently ongoing trials may give
a definite answer [37, 38].

Our study has limitations. Meta-analyses combine
studies with some degree of heterogeneity. The three
observational studies contributing to our meta-analyses
used different matching strategies and were performed
in different settings, prospectively and retrospectively,
including patients of varying degrees of severity with
various comorbidities. One study included exclusively
patients with malignancies [30]. Inhomogeneity may,
however, support the generalizability of the results. Our
quantitative analysis excluded one study with a control
group which did not use patient matching methodology
to account for baseline AKI risk [35]. However, as this
observational study similarly concluded towards the
absence of an AKI incidence attributable to contrast in
univariate and multivariate analysis, one may specu-
late with a high probability that overall results would
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remain unaltered. The methodology used here to com-
bine matched epidemiological studies (which consti-
tute three out of four identified studies on the subject)
is less common than techniques used for randomized
clinical trials. However, clinical trials are

enerally considered en primarily !
i . Furthermore, the

for
Bayesian approach used enabled us to put results into
the perspective of prior belief of the clinical commu-
nity. This may potentially facilitate uptake of the results
by clinicians at the bedside. Last, the definition of AKI
used in our meta-analysis may be subject to some
debate. We used a definition in common between the
three matched studies and supported by current guide-
lines [1]. Previous definitions of contrast-associated
AKI, relying on a 44 pmol/L absolute or 25% relative
increase in serum creatinine concentration would yield,
respectively, lower and higher incidences [11]. More
sensitive or precise kidney monitoring based on func-
tional and injury biomarkers may allow detection of an
effect of iodinated contrast media on the kidney in the
future [39, 40]. If such sensitive markers are required to
detect an effect, however, it is likely of minimal clinical
importance.
Our analysis may have important implications for criti-
cal care

at most, very small. This low risk is likely outweighed by
the benefits of more sensitive and specific imaging when
undertaken with contrast [17]. Indeed, refraining from
administering contrast may have serious consequences.
However, the benefits in terms of imaging diagnostic
performance have not been extensively studied in criti-
cally ill patients. The safety of contrast as observed in the
present meta-analysis may enable development of such
investigations in the future.

Despite animal experimental evidence and the com-
mon impression to the contrary, this systematic review
of the literature and meta-analysis, with inherent meth-

weight to the value of reports lacking a control group and
subjective belief than from matched studies comparing
exposed and unexposed patients to maintain confidence
that iodinated contrast media are nephrotoxic in this
patient population.

Electronic supplementary material
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