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Abstract Purpose: Characteris-
tics of acute kidney injury (AKI)
occurring after out-of-hospital cardiac
arrest (OHCA) are incompletely de-
scribed. We aimed to evaluate the
prevalence of AKI, identifying risk
factors and assessing the impact of
AKI on outcome after OHCA. Meth-
ods: Single-center study between
2007 and 2012 in a cardiac arrest
center in Paris, France. All con-
secutive OHCA patients with at least
one weight measurement and one
serum creatinine level available and
treated by therapeutic hypothermia
were included, except those with
chronic kidney disease and those dead
on arrival. AKI was defined as stage 3
of the Acute Kidney Injury Network
(AKIN) classification. Main outcome
was day-30 mortality. Factors asso-
ciated with AKI occurrence and day-
30 mortality were evaluated by

logistic regression. Results: 580
patients (71.3 % male, median age
59.3 years, initial shockable rhythm
in 56.9 % of cases) were included in
the analysis. AKI stage 3 occurred in
280 (48.3 %) patients. Age, male
gender, resuscitation duration, post-
resuscitation shock, public setting,
and initial rhythm were associated
with AKI stage 3. AKI stage 3 was
associated with a significantly higher
day-30 mortality rate [OR 1.60; 95 %
CI (1.05, 2.43); p = 0.03]. No inde-
pendent association between AKI and
neurologic outcome was observed. At
day 30, 67 patients had a normal
kidney function (eGFR >75 mL/min/
1.73 m?), and five remained dialysis-
dependent. Patients with eGFR higher
than 75 mL/min/1.73 m? at day 30
were younger and more frequently
male. Conclusion: AKI stage 3 was
frequent after OHCA and was asso-
ciated with poorer outcome.
Improvement strategies in post-re-
suscitation care should consider AKI
as a potential target of treatment.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a frequent cause
of death among adults in European countries with an
estimated incidence of 38 per 100,000 person years [1].
Outcome remains poor with a survival rate at hospital
discharge of around 8 % [2]. In patients who achieve
sustainable return of spontaneous circulation (ROSC)
after OHCA, morbidity and mortality are mostly due to
the development of a “post cardiac arrest syndrome” that
is related to multi-organ ischemic reperfusion injury [3,
4]. Although cardiovascular failure usually dominates the
clinical picture, multi-organ failure may be observed [5].
Among organ damage occurring in this setting, previous
studies reported a high prevalence of acute kidney injury
(AKI) after OHCA [6-9]. It is unknown if targeted tem-
perature management and early coronary angiography,
which are recommended by international guidelines [10],
could impact on AKI occurrence in these patients [11,
12].

In the general population of critically ill patients, AKI
is a well-known prognostic factor associated with poorer
outcome during ICU stay. While AKI is an independent
risk factor for mortality in critically ill patients [13-16],
data remains scarce and discordant in OHCA patients in
whom cerebral damage is considered to be the dominating
variable. In addition factors contributing to AKI are in-
sufficiently explored in this setting. When performed,
early coronary angiogram may increase this risk, par-
ticularly in OHCA patients with post-cardiac arrest shock
as debated in other settings [17-19]. To date, the contri-
bution of coronary angiogram to the risk of AKI
occurrence has been poorly studied in OHCA patients
[20].

In this study, we aimed to evaluate the incidence of
AKI within the first 48 h after hospital admission in a
large cohort of resuscitated OHCA patients, to identify
risk factors for developing AKI and to evaluate the impact
of AKI on mortality after OHCA.

The present study was previously presented in
September 2014 at the European Society of Intensive
Care Medicine in Barcelona [21].

Materials and methods
Study setting

We performed a single-center study between January
2007 and December 2012 in the 24-bed cardiac arrest
center in Paris. Data were prospectively collected ac-
cording to Utstein style [22], as previously described [23].
The following information was recorded prospectively for
each patient: demographic data, clinical parameters, car-
diac arrest location, time from collapse to basic life

support (BLS) and time from BLS to ROSC, initial
rhythm, hypothermia management, and ICU mortality.
Previous use of angiotensin converting enzyme inhibitors
and angiotensin 2 receptor antagonists was recorded.
Post-resuscitation shock was defined as the need for va-
sopressors (epinephrine or norepinephrine) lasting more
than 6 h despite adequate fluid loading or the need for
ventricular assistance (intra-aortic balloon pump).

Early management

As previously described [24], our local practices include a
strategy of early imaging diagnosis performed within the
first 24 h after an immediate assessment of the feasibility
of further investigations by the emergency medical ser-
vices and ICU physicians. According to this strategy, we
consider immediate coronary angiography in all patients
without obvious extracardiac cause of cardiac arrest, re-
gardless of the initial rhythm and ECG changes. If
indicated, patients are admitted directly to the cardiac
catheterization laboratory. When coronary angiography is
performed, a percutaneous coronary intervention (PCI) is
attempted if a culprit coronary lesion is considered to be
the cause of OHCA, as previously described [23, 25]. In
case of suspected extracardiac cause and in the absence of
an obvious etiology, a CT scan can also be performed at
admission (brain CT scan and chest CT pulmonary an-
giography). After this early imaging procedure, patients
are then admitted to ICU. At ICU admission, renal re-
placement therapy (RRT) is initiated in case of severe
metabolic acidosis (defined by a pH lower than 7.20 and
an admission bicarbonate level lower than 20 mmol/L)
and/or in case of life-threatening hyperkalemia (defined
by blood potassium level higher than 6 mmol/L. with
electrocardiographic  findings suggestive of hyper-
kalemia). Therapeutic hypothermia was performed using
the forced cold air method.

Study population

After approval by our local ethics committee (IRB num-
ber CE-SRLF 12-384), we included all consecutive
OHCA patients admitted to our ICU during the study
period with at least one weight determination and one
serum creatinine level available at ICU admission. In
order to obtain an homogeneous population, we restricted
the analysis to patients who received therapeutic hy-
pothermia, which is widely used in our center. We
excluded patients with chronic kidney disease and pa-
tients who died within the first 48 h after ICU admission
due to refractory multi-organ failure. Chronic kidney
disease was retrieved from medical history. We deter-
mined the occurrence of AKI within the first 48 h and
used stage 3 of the Acute Kidney Injury Network (AKIN)
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criteria [26] to define it. According to this definition,
patients were classified AKI stage 3 if serum creatinine
showed a three-fold rise compared with baseline or
reaches an absolute level of 4 mg/dL (i.e., 354 pmol/L)
with an increase of at least 0.5 mg/dL (i.e., 44 umol/L).
Since premorbid creatinine is often not available in this
situation, we used admission creatinine level as baseline.
To ensure that this did not constitute a large deviation
from reality, we performed a sensitivity analysis in which
baseline creatinine was back-calculated through the
MDRD equation assuming a 75 mL/min/1.73 m?
glomerular filtration rate. The AKIN urine output criteria
for stage 3 (less than 0.3 mL/kg/h for 24 h or anuria for at
least 12 h) were used only during the first 24 h. Finally,
patients who received RRT within the first 48 h were
considered to have met the criteria for AKIN stage 3 ir-
respective of other criteria.

Day-30 glomerular filtration rate was estimated with
the MDRD equation [27]. Patients with glomerular fil-
tration rate higher than 75 mL/min/1.73 m?  were
considered to not have significant renal failure.

Statistical analysis

Descriptive statistics were reported as medians (with in-
terquartile range) and as frequency (percentage) for
continuous and categorical variables respectively unless
otherwise specified. Characteristics between OHCA pa-
tients with and without AKI stage 3 were compared using
Mann—Whitney—Wilcoxon’s rank sum test, and Pearson
Chi-square test or the Fisher’s exact test, as appropriate,
for continuous and categorical variables, respectively.

Factors associated with AKI occurrence and day-30
mortality were assessed by a multiple logistic regression
initially including all the Utstein variables [22] and then we
applied a stepwise backward selection of the variables which
remained significant (p < 0.05). Interactions were searched
by introducing an interaction factor in the multivariate
model. Linearity of continuous variables was verified.

To maximize the sensitivity of the AKIN definition
and to take into account that early RRT at day 1 is
sometimes used to optimize metabolic control in severe
acidotic patients (thus not a criteria for AKIN), we per-
formed a sensitivity analysis in the group of patients still
requiring RRT at day 3. Moreover, the impact of io-
dinated contrast injection was evaluated as a binary
variable but also as an ordinal variable (0, no iodinated
contrast injection; 1, one of two complementary investi-
gations requiring iodinated contrast injection, i.e.,
coronary angiography or CT scan; and 2, requiring both
investigations).

All statistical tests were two-sided using a type I error
of 0.05 unless otherwise mentioned. Analyses were per-
formed using Stata 11.2 software (Stata, College Station,
TX, USA).

Results

Patients

During the study period, 899 patients were admitted to the
ICU after resuscitated OHCA. Among these, 22 patients
with chronic kidney disease and 247 patients who died
within the first 48 h after ICU arrival were excluded from
the analysis. Moreover 48/630 patients were not treated
by therapeutic hypothermia. Thus, 580/582 patients with
documented weight remained in the final analysis
(Fig. D).

Baseline characteristics are described in Table 1.
Studied patients were mostly male [n = 413 (71.2 %)] of
median age 59.3 (48.9, 70.5) years. Cardiac arrest oc-
curred in a public place in 213 (36.8 %) cases, and was
witnessed in 503 (89.5 %) cases. The initial rhythm was
shockable in 329 (56.7 %) cases. Post-resuscitation shock
occurred in 294 (50.7 %) patients. Immediate coronary
angiogram and CT scan were performed in 72.2 and
48.3 % of cases, respectively. No included patient re-
ceived ECMO.

Prevalence and risk factors of AKI stage 3

AKI stage 3 was observed in 280 (48.3 %) patients. A
total of 273 (47.1 %) patients had not evidenced any AKI,
and 21 and six met stage 1 and 2 AKI criteria, respec-
tively. A total of 110 patients met the AKI stage 3
definition due to oliguria alone, 77 met the creatinine
criterion and another criterion (being RRT in 76), and 93
met all the three criteria (Supplementary Table 1). No
patient had RRT as the only criterion and 169 required
RRT during the first 48 h. Among patients who received
RRT, 11 had evidence of an admission potassium level

OHCA patients
=899

| Death < 48h (n=247)
[ CKD (n=22)

OHCA patients
=630
I No TH (n=48)
Patients treated
by TH
N=582
No stage 3 Stage 3
AKI AKI
N=300 N=280
Alive Dead Alive Dead
at D-30 at D-30 at D-30 at D-30
N=162 N=138 N=84 N=196

Fig. 1 Flow chart of the study. OHCA out-of-hospital cardiac
arrest, AKI acute kidney injury, CKD chronic kidney disease, TH
therapeutic hypothermia
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Table 1 Baseline characteristics of the 580 patients included in the study

Variable All No AKI p AKI stage 3 AKI p
patients AKI stage 3 value w/o RRT stage 3 value
(n = 580) (n = 300) (n = 280) (n=111) w/RRT
(n = 169)
Age, years 59.3 (48.9, 70.5) 56.3 (47.0, 68.6) 62.2 (50.6, 71.7) <0.01 64.0 (49.9, 74.7)  60.1 (51.3, 70.0) 0.28
Male gender 413 (71.2) 223 (74.3) 190 (67.9) 0.09 72 (64.9) 118 (69.8) 0.38
Public setting 213 (36.8) 108 (36.1) 105 (37.5) 0.73 42 (37.8) 63 (37.3) 0.92
Witnessed CA 503 (89.5) 268 (92.7) 235 (86.1) 0.01 94 (87.0) 141 (85.5) 0.71
Bystander CPR 315 (56.0) 173 (59.7) 142 (52.2) 0.08 59 (55.1) 83 (50.3) 0.44
VF/VT 329 (56.7) 191 (63.7) 138 (49.3) <0.01 50 (45.0) 88 (52.1) 0.25
Time from collapse 4.0 (0.0, 7.0) 3.0 (0.0, 6.0) 5.0 (0.0, 10.0) 0.01 5.0 (0.0, 10.0) 5.0 (0.0, 10.0) 0.88
to CPR, min
Time from CPR to 15.0 (10.0, 25.0) 15.0 (8.0, 20.0) 20.0 (11.0, 28.0) <0.01 18.0(10.0, 27.0)  20.0 (12.0, 30.0) 0.31
ROSC, min
Post-resus. shock 294 (50.7) 122 (40.7) 172 (61.4) <0.01 52 (46.8) 120 (71.0) <0.01
Coronary 419 (72.2) 218 (72.7) 201 (71.8) 0.81 78 (70.3) 123 (72.8) 0.65
angiogram
Iodinated contrast 433 (81.1) 225 (81.5) 208 (80.6) 0.79 84 (81.6) 124 (80.0) 0.76
Admission pH 7.26 (7.17,7.33) 7.29 (7.22,7.34) 7.21(7.11,7.30) <0.01 7.24 (7.13,7.33)  7.19 (7.09, 7.29) 0.02
Admission 18.7 (15.8, 21.1) 19.4 (16.8, 21.5)  17.8 (14.0, 20.8) <0.01 18.6 (14.5,21.5) 17.0 (13.6, 20.3) 0.01
bicarbonate
level, mM
Admission PCO,, 41.9 (36.0, 49.8) 40.8 (34.7,47.9) 43.0 (374,519) <0.01 43.0(37.1,51.3) 42.8(37.8,53.0) 0.63
mmHg
Admission 3.8 (3.3,4.3) 3.8 (3.3,4.2) 3.8 (3.2,4.5) 0.71 3.7 (3.2, 4.6) 3.83.2,44) 0.79
potassium level,
mM
Admission lactate 39 2.0,7.5) 2.7 (1.6, 4.9) 5.8 (3.0, 9.7) <0.01 4.6 (2.5,9.0) 6.2 (3.4,9.9) 0.16
level, mM
Admission urea 7.1 (5.6, 9.3) 6.6 (5.1, 8.4) 7.7 (5.9,10.6) <0.01 8.2 (6.1, 11.0) 7.4 (5.7, 10.3) 0.20
level, mM
Admission 99.0 (77.0, 128.0) 87.0 (72.0, 110.0) 111.0 (91.5, 147.0) <0.01 110.0 (92.0, 154.0) 113.0 (91.0, 143.0) 0.76
creatinine level,
pmol/L
Admission 1.42 (0.99, 2.11) 1.17 (0.91, 1.72) 1.73 (1.10, 2.52) <0.01 1.70 (1.08, 2.36)  1.76 (1.11, 2.74) 0.32
phosphorus
level, mM
Diuresis within the 0.8 (0.4, 1.3) 1.1 (0.8, 1.6) 0.4 (0.2, 0.7) <0.01 0.3 (0.1, 0.4) 0.5 (0.2, 0.9) <0.01
first 24 h, mL/
kg/h
Day-30 mortality 334 (57.6) 138 (46.0) 196 (70.0) <0.01 79 (71.2) 117 (69.2) 0.73

Characteristics are shown according to AKI stage 3 status and
among the 280 patients with AKI stage 3 according to RRT ini-
tiation at admission. Categorical and continuous variables are
presented as n (%) and as median (interquartile range), respectively.
%~ test and Mann—Whitney test were used to compare categorical
and continuous variables, respectively

higher than 6 mmol/L and 81 a metabolic acidosis. AKI
stage 3 was observed in 39.5 % of patients still requiring
RRT at day 3. In multivariate analysis (Table 2), age,
male gender, resuscitation duration, and post-resuscitation
shock were associated with AKI stage 3, whereas OHCA
in a public setting and an initial shockable rhythm were
negatively associated with AKI stage 3. lodinated con-
trast injection was not associated with AKI stage 3
occurrence in univariate analysis (80.7 vs. 8IL.5,
p = 0.82). The number of investigations with iodinated
contrast injection did not impact on AKI stage 3 occur-
rence [OR; s ¢ 0.86 (0.55,1.34), p = 0.50 and OR; 5. ¢

AKI acute kidney injury, CA cardiac arrest, CPR cardiopulmonary
resuscitation, VF ventricular fibrillation, VT ventricular tachycar-
dia, ROSC restoration of sustained circulation, w/o without, w/ with

1.71 (0.91, 3.21), p = 0.09]. Previous use of angiotensin
converting enzyme inhibitors and angiotensin 2 receptor
antagonists was not associated with AKI stage 3 occur-
rence [OR 1.04 (0.61, 1.77), p = 0.88 and OR 1.63 (0.84,
3.17), p = 0.15, respectively).

Day-30 mortality
Overall day-30 mortality was 57.6 % of included patients.

Day-30 mortality was higher in AKI stage 3" patients
than in AKI stage 3~ patients [196 (69.8 %) vs. 138
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Table 2 Factors associated with stage 3 AKI occurrence in multivariate analysis

Odds ratio 95 % confidence interval p value
Age (per year) 1.02 1.00, 1.03 0.01
Male gender 0.61 0.40, 0.94 0.02
Public setting CA 1.64 1.09, 2.47 0.02
VF/VT 0.54 0.36, 0.80 <0.01
Time from collapse to CPR (per min) 1.06 1.02, 1.10 <0.01
Time from CPR to ROSC (per min) 1.04 1.03, 1.06 <0.01
Post-resuscitation shock 2.15 1.48, 3.12 <0.01

Stepwise backward multivariate logistic regression initially in-
cluding age, gender, witness attendance, bystander CPR, initial
rhythm, resuscitation durations, and post-resuscitation shock oc-
currence

Table 3 Factors associated with day-30 mortality

CA cardiac arrest, VF ventricular fibrillation, V7T ventricular
tachycardia, CPR cardiopulmonary resuscitation, ROSC restoration
of sustained circulation

Odds ratio 95 % confidence interval p value
Age (per year) 1.03 1.02, 1.05 <0.01
Time from CPR to ROSC (per min) 1.05 1.03, 1.07 <0.01
Time from collapse to ROSC (per min) 1.11 1.06, 1.16 <0.01
VF/VT 0.23 0.14, 0.36 <0.01
Stage 3 AKI 1.60 1.05, 2.43 0.03
Coronary angiogram 0.60 0.35, 1.04 0.07

Stepwise backward multivariate logistic regression initially in-
cluding age, gender, witness attendance, bystander CPR, initial
rhythm, resuscitation durations, post resuscitation shock occur-
rence, coronary angiogram and acute kidney injury as previously
defined

(46.2 %) p < 0.01]. In multivariable analysis (Table 3),
AKI stage 3 was associated with a significantly higher
day-30 mortality rate [OR 1.60; 95 % CI (1.05, 2.43);
p = 0.03]. Others factors associated with day-30 mor-
tality were age and resuscitation duration, whereas an
initial shockable rhythm was negatively associated with
ICU mortality. Similar results were obtained when we
considered patients only requiring RRT at day 3 (Sup-
plementary Table 2) and with AKI definition based on
calculated baseline creatinine through MDRD assuming a
75 mL/min/1.73 m? glomerular filtration rate [OR 1.71;
95 % CI (1.11, 2.63)]. No independent association be-
tween AKI and neurologic outcome was observed
(Supplementary Table 3).

Renal outcome

Day-30 creatinine was available in 83 among 84 AKlI stage 3
patients still alive at day 30. Glomerular filtration rate esti-
mated by the MDRD equation was lower than 15 mL/min/
1.73 m?in five cases, between 15 and 29 mL/min/1.73 m?in
two cases, between 30 and 59 mL/min/1.73 m? in seven
cases, between 60 and 75 mL/min/1.73 m?in two cases, and
higher than 75 mL/min/1.73 m? in 67 cases (Fig. 2, Sup-
plementary Fig. 1). Patients with estimated glomerular

CA cardiac arrest, VF ventricular fibrillation, VT ventricular
tachycardia, CPR cardiopulmonary resuscitation, ROSC restoration
of sustained circulation

filtration rate higher than 75 mL/min/1.73 m?® at day 30
were younger and more frequently male [55.1 (47.7,65.2) vs.
71.8 (46.8, 87.1) years, p = 0.01 and 82.1 vs. 46.7 %,
p < 0.01, respectively] (Supplementary Table 4).

Discussion

The present study aimed to evaluate the prevalence and
prognosis of AKI after OHCA. We found three relevant
messages: AKI stage 3 is frequent after cardiac arrest, is
associated with worse outcome, but permanent need of
RRT is rare in survivors.

AKI is frequent in critically ill patients [28]. In a large
multicenter international survey, Uchino et al. [16] re-
ported AKI in 5.7 % among 29,269 ICU patients, and
72 % of those patients had RRT. In the same manner,
Joannidis et al. [29] reported a prevalence of AKIN
stage 3 AKI up to 16 % in a large multicentric cohort of
16,784 critically ill patients. In the specific subset of post-
cardiac arrest patients, few data are available. In the
present study, we report a high prevalence of AKI in
OHCA patients (48 %). This is higher than the prevalence
reported in previous studies, which ranged from 10 to
30 % [9, 20]. This can be explained by difficulties in
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Fig. 2 Renal status at day 30
according to stage 3 acute
kidney injury within the first
48 h after admission. The first
two columns show the
proportion of patients alive at
day 30 according to stage 3
AKI within the first 48 h after
admission. The third column
shows the glomerular filtration
rate among the 83 patients alive
at day 30. AKT acute kidney
injury, GFR glomerular
filtration rate, RRT renal
replacement therapy

100 H

80

60 -

40

Percentage of patients

20

No stage 3 AKI
within the first 48h

—patients alive—

—patients dead—

[ GFR>75ml/min

[ GFR 60-75 mL/min
[T GFR 30-59 mL/min
[ GFR 15-29 mL/min
[ GFR <15 mL/min or RRT

Stage 3 AKI
within the first 48h

All patients

evaluating renal function in such patients. Results are
difficult to compare because the definition of AKI varies
across these different studies. In the present work, we
chose to define AKI as stage 3 of the AKIN classification.
Even if not perfect, we considered this definition as the
most appropriate in such patients. The major criticism in
using the AKIN classification is that patients in whom
RRT is performed are classified as stage 3 whatever the
reason for RRT. However RRT is sometimes used for
control of metabolic disturbances (i.e., metabolic acido-
sis) even if other renal parameters are normal. This could
result in an overestimation of AKI prevalence considering
patients with only one single RRT at ICU admission as
stage 3. To address this issue, we applied as a sensitivity
analysis the AKIN definition with RRT at day 3 instead of
RRT at day 1. We observed a lower prevalence of AKI
(39.5 vs. 48.4 %) but a stronger association with day-30
mortality, which may more accurately reflect the real
prognostic impact of AKI in cardiac arrest patients. In the
present study, RRT was initiated in a higher proportion of
OHCA patients than previously reported. However, pa-
tients included in previous studies evidenced less severe
hemodynamic failure [9, 20, 30] and more frequently a
cardiac cause of cardiac arrest [30]. This may explain the
observed differences in RRT rates.

In our population, AKI was independently associated
with day-30 mortality. While AKI is usually associated
with long-term outcome in critically ill patients [16], data
remains scarce and discordant among OHCA patients.
Hasper et al. [30] showed an association of creatinine in-
crease within the first 24 h after OHCA with poor
neurologic outcome, whereas a decline in serum creatinine
(higher than 0.2 mg/dL) indicated a favorable neurologic
outcome. Accordingly, in a small cohort of 41 OHCA pa-
tients, Vanston et al. [31] showed that AKI was
independently associated with poor outcome. On the other
hand, Yanta et al. [20] did not evidence any association with
AKI development and outcome in a cohort of 311 patients

Patients alive at D30

among which 115 (37 %) evidenced a renal injury (OR
0.73;95 % CI10.26,2.05). To the best of our knowledge, the
present study is the first to evaluate the association of AKI
with mid-term outcome in OHCA patients. Even if we
evidenced that AKI was a prognostic factor, only five AKI
patients still required RRT at day 30. This result is con-
sistent with those reported by Zeiner et al. [ 12] who studied
the variation of creatinine within the first 4 weeks after
OHCA. In the present study, impaired renal function was
transient and completely reversible within 4 weeks.

This reversible characteristic raised the question of
pathogenesis of AKI after OHCA. Mechanisms explaining
AKI after cardiac arrest are probably multiple. First of all,
the post-cardiac arrest period can be marked by a cardio-
vascular failure leading to ischemic kidney injury, as
observed in all types of shock. Similar conditions between
septic shock and post-resuscitation shock have already
been reported [32] and may lead one to consider that kidney
injury could be related, on the one hand, to abrupt decrease
of renal blood flow by hemodynamic failure and, on the
other hand, to the inflammatory storm provoked by the huge
release of pro-inflammatory cytokines. In the present study,
we evidenced a strong association between post-resusci-
tation shock and AKI occurrence. These findings are
consistent with those published by Chua et al. [9] who
evidenced a higher prevalence of AKI in patients with
compared to those without post-resuscitation shock (51.7
vs. 6.4 %, p < 0.01). This pathological condition may ex-
plain why AKI is reversible in most cases after cardiac
arrest. Resuscitated cardiac arrest is also a global ischemia—
reperfusion phenomenon [3, 5]. Reperfusion provoked by
CPR and ROSC leads to the formation of radical oxygen
species that may cause cell death [5]. Disseminated vas-
cular endothelium damage leads to systemic inflammation
and associated coagulation activation and increased capil-
lary permeability [32]. These microvascular abnormalities
may induce renal lesions [5] and may contribute to AKI
occurrence after cardiac arrest.
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Another striking result of the present study is the absence
of association between AKI and iodinated contrast injection
during the early phase. Indeed, AKI remains a major point of
debate regarding the risk—benefit ratio of an early imaging
strategy in post-cardiac arrest patients [24]. Considering
immediate coronary angiography, several studies reported a
benefit as it allows one to treat the cause of the arrest by
performing a PCI in many patients [23, 25, 33]. However the
direct toxic effect of iodinated agents and the local vaso-
constriction they can provoke may lead to ischemic kidney
injury [34, 35]. In the present study, iodinated contrast in-
jection was not associated with AKI occurrence after OHCA.
Even if we cannot exclude a direct toxicity of iodinated
contrast products in such patients, our results suggest that the
risk—benefit ratio of these early diagnosis interventions is
acceptable looking at renal outcome.

We acknowledge several limitations. First, we only col-
lected urine output within the first 24 h and evaluated urine
output criteria of the AKIN classification on the basis of this
data. Even if there are some consistent data suggesting that
urine output may drop faster than serum creatinine increases,
this is a potential limitation. Second, we did not collect the
exact volume of iodinated contrast product injected in each
patient. We could hypothesize that the higher the volume, the
higher the risk for AKI. However, we performed a sensitivity
analysis taking into consideration the fact that one (PCI or CT
scan) or both radiologic examinations were performed and we
did not evidence any relationship between AKI occurrence
and the number of iodinated exams. Third, we used estimated
glomerular filtration rate by the MDRD equation to assess
day-30 creatinine clearance. Significant changes between

estimated and calculated glomerular filtration rates have been
recently reported at ICU discharge [36] leading to the mise-
valuation of the glomerular filtration rate in patients from our
study. Fourth, we did not report volume kinetics and its impact
on serum creatinine level. Pickering et al. [37] have already
reported that volume load could artificially decrease serum
creatinine level and mislead on real glomerular filtration rate.
Fifth, we used admission creatinine level as a surrogate of
baseline characteristics. Even if unperfected, we performed a
sensitivity analysis in which baseline creatinine was back-
calculated through the MDRD equation assuming a 75 mL/
min/1.73 m* glomerular filtration rate and found similar re-
sults. Last, the present study is a single-center study that limits
the generalization of our results.

To conclude, AKI occurs in half of patients success-
fully resuscitated from OHCA. Older age and post-
resuscitation shock were independently associated with
the occurrence of AKI, whereas an initial shockable
rhythm and male gender were associated with a decreased
risk of AKI. Finally AKI was independently associated
with day-30 mortality, but nearly all survivors with initial
AKI were free of dialysis at day 30.
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