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Acute kidney injury (AKI) is bad news in critically ill
patients: it is associated with adverse short-term and long-
term outcome and with important use of health care
resources. Data on the incidence and outcome of AKI are
essential to inform clinicians, scientists, and politicians.
For decades epidemiological studies have been hampered
by the absence of a consensus definition. During the last
decade, three definitions of AKI have been developed: the
RIFLE definition (Acute Dialysis Quality Initiative), the
AKIN definition (Acute Kidney Injury Network), and
finally the KDIGO definition (Kidney Disease Improving
Global Outcomes) that reconciled the first two. These
‘‘modern’’ definitions and the associated staging criteria
are based on increases of serum creatinine, decreases of
urine output (UO), and need for renal replacement therapy
(RRT) [1].

Several large observational studies, often based on
retrospective analysis of existing databases, have
addressed the epidemiology of AKI in critically ill
patients using one of these ‘‘modern’’ definitions. The
largest studies show highly variable results with an inci-
dence ranging from 22 to 67 % and mortality between 14
and 36 % (Fig. 1). An independent association between
AKI and mortality is nearly constantly demonstrated [2,
3].

Discrepancies between these epidemiological studies
warranted a prospective worldwide evaluation of AKI in
ICU patients using the most recent consensus definition.
Hoste et al. undertook this difficult task and recently
reported their results in Intensive Care Medicine [4].
Investigators were recruited at international ICU meet-
ings. Between April 2009 and December 2010, 1802
patients from 97 centers in 33 countries were followed
during their first ICU week. Three-quarters of the par-
ticipating centers (treating 72 % of the patients) were
academic. AKI was diagnosed with the KDIGO defini-
tion/staging using both the creatinine and UO criteria and
occurred in 57.3 % of the patients. Baseline creatinine
was known in 71 % of the AKI patients; for those with
unknown baseline the lowest of either the admission
creatinine (17 %) or an MDRD (Modification of Diet in
Renal Disease) back-calculated baseline (11.7 %) was
used. Although rough incidence and mortality differed
between continents and world zones, both adjusted inci-
dence and mortality of AKI were similar across
continents, world zones, country income, or proportion of
the gross domestic product (GDP) spent on health care.

This study definitely provides interesting findings but
also raises numerous questions. The most striking finding
is the tremendously high incidence of AKI when UO
criteria are taken into account and when the rate of
missing baseline creatinine is reasonably low. Indeed, the
incidence of AKI across studies may seem erratic. Beside
usual factors affecting AKI incidence (case-mix,
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exclusion criteria, comorbidity, and illness severity),
several factors directly related to the use of the modern
definition may be influential. First, use of UO criteria has
been shown to increase the sensitivity of the definition [5,
6] (Fig. 1). The optimal cut-off of these criteria remains
debated, however, and their specificity is poor [7, 8].
Additionally, differences regarding the applied definition
of baseline creatinine or the rate of unknown baseline
creatinine greatly influence both AKI incidence and
severity assessment (Fig. 1) [9]. The potential surrogates
chosen to replace baseline creatinine have several limits.
Use of admission serum creatinine, thus ignoring pread-
mission AKI, underestimates the true incidence of AKI
[9]. Use of nadir serum creatinine overestimates the rate
of AKI by overlooking muscle wasting during ICU stay
[9, 10]. Last, use of MDRD-estimated baseline may result
in both over- and underestimation of the incidence [9, 11,
12] because this strategy assumes a low normal baseline
glomerular filtration rate (thus ignoring pre-existing
CKD) but also assumes that patients have comparable
muscle mass as the age-, gender-, and weight-matched
patients in the population used to derive the estimated
glomerular filtration rate (eGFR) equation, which may not
be the case in patients requiring ICU care. Thus, despite
willingness to use consensual definitions, several limits
should be kept in mind that may explain disparities across
studies assessing AKI incidence.

This study has also several shortcomings. First,
although the analysis provides an interesting snapshot of
AKI in ‘‘worldwide’’ ICUs, the external validity of the
results remains questionable. Africa and Asia are under-
represented and account for only 1.9 and 12.8 % of

included patients. None of the centers was in a low-in-
come country, only 8.9 % of the patients came from
lower-middle-income countries, and only 5.9 % were
treated in countries where less than 5 % of the GDP is
spent on health care. These results are in line with a recent
systematic review evaluating the world incidence of AKI
[2]. In this systematic review, among the 3.6 million
patients evaluated in 154 studies, the vast majority of the
studies (130; 84.4 %) accounting for 3.3 million patients
came from high-income countries and only two studies
(2227 patients) originated from low- or low-middle-in-
come countries [2]. Unlike Hoste et al., this study found
mortality to be inversely correlated with proportion of
GDP spent at health care and with the country gross
national income per capita [2]. This discrepancy may
have several explanations. First, the study by Hoste et al.
may suffer from a selection bias since participating cen-
ters, recruited during international meetings, may not be
representative for their country or continent [4]. Addi-
tionally, since most of the participating centers were
academic, reported findings may illustrate differences in
terms of AKI between large urban and rural areas [13].
The underrepresentation of low-middle-income countries
may have contributed to lack of statistical power [4].
Finally, the adjusted analysis in Hoste et al. suggests that
risk factors were most prevalent in countries with the
highest incidence and mortality, which could reflect ICU
admission policies in countries/centers with lower health
care resources.

The study by Hoste et al. is informative, timely but also
puzzling. The absent differences in adjusted incidence
and mortality may be related to a lack of statistical power,

+

+

+++/-++/---+++++/-+/--UO criteria

--+-+++-++++++Baseline <50%

+

+

+++/-++/---+++++/-+/--UO criteria

--+-+++-++++++Baseline <50%

AKI incidence
Mortality

RIFLE AKIN KDIGO

0%

10%

20%

30%

40%

50%

60%

70%

80%

Clec'h
 11

Bagsh
aw 08

Joannidis 0
9

Hoste
 06

Carbin-Ceba 09

Picc
inni 1

1

Lu
o 14

Thakar 0
9

Oste
rm

ann 08

Joannidis 0
9

Lu
o 14

Sri
sawat 1

5

Lib
orio

 14

Lu
o 14

Nisu
la 13

Fig. 1 Respective AKI incidence and mortality in large epidemiological studies according to definition, use of urine output criteria (UO),
and rate of baseline creatinine effectively known (when opposed to estimated baseline creatinine;\ or[50 % of studied patients)

1858



might suggest that the process of care was similar over the
world independent of resources, or that resources were
similar in the participating centers. An alternative expla-
nation is that the level of health care does not affect the
incidence of AKI and that once AKI has occurred little
can be done to change its prognosis. But this study also
underlines that despite a decade of research using con-
sensus definitions we are still struggling in assessing the
incidence of AKI. This is partly due to the desire for
definitions that are both useful for research and relevant
for the clinical setting even though the lack of sensitivity
and specificity of both creatinine and UO as markers of
AKI preclude any adequate estimation of kidney injury
[7, 14]. In clinical practice other factors such as trends in
kidney function, cause of AKI, comorbidity, and evolu-
tion of the underlying disease are mostly taken into
account when managing AKI patients. In the research

setting, it may perhaps be time to advance the field by
accepting an imperfect but pragmatic definition, taking
into account the frequent unavailability of baseline crea-
tinine and the difficulties in estimating UO. In line with
this, a European Renal Best Practice (ERBP) statement
has already recommended the systematic use of a surro-
gate (first documented serum creatinine) as baseline
creatinine and ‘‘shift based urine output’’ to homogenize
patients’ classification assuming that the KDIGO classi-
fication is a severity assessment rather than a nosological
definition [15]. It would be dishonest to affirm that this
recommendation is the only or optimal solution. But the
idea is there: we need to move on.
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