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A Prospective International Multicenter Study of AKI in
the Intensive Care Unit
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Abstract
Background and objectivesAKI is frequent and is associatedwith poor outcomes. There is limited information on
the epidemiology of AKI worldwide. This study compared patients with AKI in emerging and developed
countries to determine the association of clinical factors and processes of care with outcomes.

Design, setting, participants, & measurements This prospective observational study was conducted among
intensive care unit patients from nine centers in developed countries and five centers in emerging countries. AKI
was defined as an increase in creatinine of $0.3 mg/dl within 48 hours.

Results Between 2008 and 2012, 6647 patients were screened, ofwhom 1275 (19.2%) developedAKI. A total of 745
(58% of those with AKI) agreed to participate and had complete data. Patients in developed countries had more
sepsis (52.1% versus 38.0%) and higher Acute Physiology and Chronic Health Evaluation (APACHE) scores
(mean6SD, 61.1627.5 versus 51.1625.2); those from emerging countries had more CKD (54.3% versus 38.3%),
GN (6.3% versus 0.9%), and interstitial nephritis (7.0% versus 0.6%) (all P,0.05). Patients from developed
countries were less often treated with dialysis (15.5% versus 30.2%; P,0.001) and started dialysis later after AKI
diagnosis (2.0 [interquartile range, 0.75–5.0] days versus 0 [interquartile range, 0–5.0] days; P=0.02). Hospital
mortality was 22.0%, and 13.3% of survivors were dialysis dependent at discharge. Independent risk factors
associated with hospital mortality included older age, residence in an emerging country, use of vasopressors
(emerging countries only), dialysis and mechanical ventilation, and higher APACHE score and cumulative fluid
balance (developed countries only). A lower probability of renal recovery was associated with residence in an
emerging country, higher APACHE score (emerging countries only) and dialysis, while mechanical ventilation
was associated with renal recovery (developed countries only).

Conclusions This study contrasts the clinical features andmanagement of AKI anddemonstratesworse outcomes
in emerging than in developed countries. Differences in variations in care may explain these findings and should
be considered in future trials.
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Introduction
AKI occurs in up to 25% of critically ill patients (1–3)
and is associated with higher mortality, especially in
patients receiving RRT (2–5). AKI also prolongs
lengths of stay, increases costs (4,6,7) and affects
long-term kidney function (3,8). In patients who
survive a hospitalization with RRT, 5%–20% will con-
tinue receiving RRT at discharge (9). Following AKI,
the risk for CKD and ESRD increases by 8-fold and 3-
fold, respectively (8,10,11).

Even the most sensitive definition of AKI by the
AKI Network (AKIN) (12) has been associated with
higher morbidity, mortality, and CKD (4,8,13). How-
ever, there is limited information on the epidemiol-
ogy of the entire spectrum of AKI severity in patients
worldwide (14). Most prior studies have been per-
formed on a single continent (15) or in one country,
such as Program to Improve Outcomes in Acute Re-
nal Disease (PICARD) (16–18). Most studies have

focused on severe AKI (15–17). However, a recent
multicenter Italian prospective observational study
of 576 critically ill patients demonstrated that 54.1%
had RIFLE stage R at AKI diagnosis (18). Only one
large study (Beginning and Ending Supportive Ther-
apy for the Kidney [BEST]) included patients from
various continents; however, most required RRT (2).
PICARD and BEST were performed a decade ago and
may not reflect current practice patterns.
Better representation of mild to severe AKI world-

wide is needed to understand the differences between
populations and facilitate resource allocations and
research. Studies from developing countries have
shown that AKI incidence varies (14,19–23) and that
AKI is often community acquired and preventable
(i.e., due to gastroenteritis and infections) (23–27).
However, a formal comparison between developed
and emerging countries is lacking (14,28). We tested
the hypothesis that the cause, risk factors, and course
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of AKI are different in patients from emerging versus de-
veloped countries and that those variables influence re-
source utilization, renal recovery, and survival.

Materials and Methods
Study Design
In 2008, we initiated a multicenter prospective observa-

tional study on AKI in critically ill patients from emerging
and developed countries, as defined by the World Bank
(data.worldbank.org). We screened patients for AKI within
7 days from intensive care unit (ICU) admission and
defined AKI with a modified AKIN creatinine criterion
($0.3 mg/dl within 48 hours) (12). Patients were eligible if
they were age 18 years or older; they were excluded if they
were receiving RRT, had a kidney transplant, or had no
creatinine measurement within 2 days after ICU admis-
sion. The study database has an automatic system to
screen for missing or out-of-range values. We recorded
baseline data on all screened patients and reported results
for patients screened and enrolled between August 2008
and April 2012.

Data Collection
In enrolled patients, data on demographic characteristics

and medical history were collected once. We determined a
baseline creatinine value (.3–12 months before hospital
admission) to establish CKD status and a reference creat-
inine (lowest creatinine level within 2 days before ICU
admission or, if unavailable, first creatinine after ICU ad-
mission) to determine the AKI starting point. CKD status
was defined as a GFR,60 ml/min per 1.73 m2 and was
computed with the Modification of Diet in Renal Disease
equation (29) using the most recent baseline creatinine.
When a baseline creatinine level was unavailable, the
most recent level before hospitalization was considered
the baseline; if that was unavailable, we used the reference
creatinine. We stratified patients as having de novo AKI or
AKI-on-CKD. Data on laboratory test results and drugs
were collected twice daily for a week. AKI risk factors,
sepsis status (30), Acute Physiology and Chronic Health
Evaluation (APACHE) III scores (31), and Sequential Or-
gan Failure Assessment scores (32) were assessed daily
for a week. Cumulative fluid balance (CFB) was the sum
of daily fluid balances. We reported nonexclusive catego-
ries for AKI causes, as documented in patients’ charts.
Outcomes included RRT requirement at any time, renal
recovery, length of stay and survival in the ICU, and hos-
pital discharge. Renal recovery occurred when the differ-
ence between creatinine at hospital discharge and
reference creatinine was ,0.3 mg/dl in patients indepen-
dent from RRT.
Each center’s institutional review board approved the

study. In eight centers, written informed consent was re-
quired from participants or their surrogates. Patients with
surrogate consents were reconsented if they regained
decision-making capacity.

Statistical Analyses
Continuous variables are presented as the mean6SD or

median and interquartile range (IQR) and were compared
using a t test or Mann–Whitney U test, where appropriate.

Categorical variables are presented as proportions and
were compared using a chi-squared test. We determined
independent predictors of mortality and absence of renal
recovery at hospital discharge using logistic regression,
considering the following variables: age, race, sex, devel-
oped versus emerging country status, coronary artery dis-
ease, congestive heart failure, CKD, GFR, surgical
diagnosis at ICU admission, Sequential Organ Failure As-
sessment and APACHE III scores, sepsis, vasopressors,
mechanical ventilation, starches, RRT, diuretics, CFB,
and maximal AKIN stage. Collinearity between variables
was tested before modeling. Variables with a P value
,0.10 by univariate analysis were included in the multi-
variate model. Discrimination of the model was assessed
by the c-statistic. Calibration was assessed by the Hosmer–
Lemeshow goodness-of-fit test. Because mechanical venti-
lation was found to be associated with better renal recovery,
we performed sensitivity analyses with duration of mechanical
ventilation, an alternate definition of absence of renal recovery
and adjusted for ICU and hospital length of stay. We also
tested interactions of emerging/developed country with the
significant variables in the multivariate model one interaction
at a time. We then repeated the analysis with all initial
variables included in the multivariate model and significant
interaction terms (P,0.1). Statistical tests were two sided and
P,0.05 was considered to represent a statistically significant
difference. Appropriate adjustments for the Bonferroni cor-
rection were mentioned in tables and figures with multiple
P value comparisons. Statistical analyses were performed with
SPSS software, version 19.0 (IBM, Armonk, NY).

Results
Demographic Characteristics of Screened and Enrolled
Patients
We screened 6647 patients from 14 centers (Figure 1).

Among these, nine were in developed (United States [six
centers; 3057 patients], Canada [one center; 355 patients],
Ireland [one center; nine patients], and Greece [one center;
three patients]) and five were in emerging countries (Brazil
[one center; 1702 patients], India [one center; 345 patients],
and China [three centers; 1176 patients]). All but two were
university-affiliated hospitals, with number of beds rang-
ing from 365 to 4800. Most units were closed, had inten-
sivists as treating physicians, and had a large variety of

Figure 1. | Enrollment of study patients. ICU, intensive care unit.
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specialized units. RRT management was usually shared
between intensivists and nephrologists. Enrolled patients
with AKI were similar to nonenrolled patients with AKI
except for race, diabetes, and diagnosis at ICU admission
(Supplemental Table 1).
Among enrolled patients with AKI (Table 1), those from

developed countries were heavier, had higher severity-of-
illness scores, required mechanical ventilation and vaso-
pressors more often, and had sepsis more often than those
from emerging countries. CKD was more prevalent in
emerging countries. The use of starches (10.0% in devel-
oped countries versus 7.4% in emerging countries; P=0.28)
and diuretics (59.2% in developed countries versus 64.1%
in emerging countries; P=0.17) during the 7-day period
was similar between groups. CFB over 7 days was 1.44
(IQR, 20.91 to 5.10) L and was similar between developed
and emerging countries (1.65 [IQR, 20.83 to 6.28] L versus
1.25 [IQR, 20.93 to 4.18] L; P=0.08).

AKI Characteristics
In the screened population, 1275 patients had AKI (19.2%

[95% confidence interval (95% CI), 18.3% to 20.2%]) and the
incidence was similar between developed and emerging

countries (19.1% [95% CI, 17.8% to 20.5%] versus 19.9%
[95% CI, 18.6% to 21.3%]; P=0.38).
In enrolled patients, AKI was diagnosed 1.0 (IQR, 0–2.0)

day after ICU admission (Table 2). Fifty-three percent of
patients had de novo AKI (61.7% in developed countries
versus 45.7% in emerging countries; P,0.001) (Table 1).
Causes of AKI differed, with more GN and acute intersti-
tial nephritis (AIN) in emerging countries and more pre-
renal AKI, sepsis, and acute tubular necrosis (ATN) in
developed countries (Figure 2). No kidney biopsy was
done in developed countries, while 5.2% (n=22) of patients
from emerging countries had biopsy (for GN [n=8], AIN
[n=6], ATN [n=5], vasculitis [n=2], and amyloidosis [n=1]).
At AKI diagnosis, most patients met AKIN stage 1

criteria (developed countries versus emerging countries:
initial AKIN stage 1, 98.1% versus 95.4%; stage 2, 1.3%
versus 1.8%; and stage 3, 0.6% versus 2.8%, respectively;
P=0.09). The maximal AKI severity is illustrated in Table 2.
Compared with patients from emerging countries, patients
from developed countries had less severe AKI (P,0.001).
After exclusion of patients with CKD, patients from devel-
oped and emerging countries had similar AKI severity
(P=0.12).

Table 1. Baseline characteristics of enrolled patients with AKI in developed and emerging countries at intensive care unit admission

Characteristic Total (n=745) Developed
Countries (n=316)

Emerging
Countries (n=429) P Valuea

Age (yr) 60.5618.4 62.2616.9 59.2619.4 0.004
Men (%) 62.2 61.7 62.7 0.92
White (%) 43.0 61.0 28.7 ,0.001a

Body weight (kg) 75.7621.6 84.1626.9 69.6613.6 ,0.001a

CKD (%) 47.5 38.3 54.3 ,0.001a

eGFR (ml/min per 1.73 m2) 64.8641.0 73.6638.1 58.2641.9 0.001a

Hypertension (%) 60.2 61.3 59.3 0.77
Diabetes (%) 35.3 33.5 36.6 0.67
Coronary artery disease (%) 32.4 35.1 30.3 0.28
Heart failure (%) 25.6 23.3 27.5 0.20
Chronic obstructive pulmonary disease (%) 14.3 17.6 11.7 0.04
Peripheral artery disease (%) 12.3 11.8 12.7 0.82
Cirrhosis (%) 8.8 11.8 6.4 0.01
Underwent surgery (%) 0.001a

Urgent surgery 12.6 17.9 8.4
Elective surgery 17.0 17.3 16.8
Cardiac surgery 6.2 8.2 4.7 0.05

Creatinine at ICU admission (mg/dl) 1.761.7 1.661.3 1.761.8 0.001a

Main diagnosis (%) ,0.001a

Septic shock 8.9 8.9 8.9
Cardiologic 20.4 18.7 21.7
Respiratory 10.6 16.2 6.5
Nephrologic 13.0 2.5 20.7

On mechanical ventilation (%) 37.2 47.5 29.6 ,0.001a

On vasopressors (%) 23.5 33.2 16.3 ,0.001a

On diuretics (%) 38.7 29.4 45.5 ,0.001a

Oliguria (%) 28.5 31.7 26.1 0.11
Sepsis (%) 44.3 52.1 38.0 ,0.001a

APACHE III score 55.5626.7 61.1627.5 51.1625.2 ,0.01
SOFA score 6.264.0 6.864.1 5.763.9 ,0.001a

eGFRwas based onModification of Diet in RenalDisease estimating equation. Values expressedwith a plus/minus sign are themean6
SD. ICU, intensive care unit; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assess-
ment.
aP#0.002 represented significant difference, with the Bonferroni correction.
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AKI Outcomes
RRT. Overall, 23.7% of patients required RRT, 1.0 (IQR,

0–5.0) day after AKI diagnosis. Patients from developed coun-
tries required RRT less often (15.5% versus 30.2%; P,0.001)
and later after AKI diagnosis (2.0 [IQR, 0.75–5.0] days versus
0 [IQR, 0–5.0] days; P=0.02). Both groups had a similar dura-
tion of RRT (5.5 [IQR, 1.0–12.75] days versus 6.0 [IQR, 2.0–
14.0] days; P=0.76). Multiple modalities were used more often
in emerging countries (24.4% in developed countries versus
40.0% in emerging countries; P=0.06). Continuous RRT, inter-
mittent hemodialysis, sustained low-efficiency dialysis
(SLED), and peritoneal dialysis were used in 72.7%, 30.4%,
33.5%, and 1.9% of patients, respectively. SLED was most
often used in emerging countries (45.2% versus 4.3%;
P,0.001). Other modalities were used similarly (developed
versus emerging countries: continuous RRT, 78.3% versus
70.4% [P=0.31]; intermittent hemodialysis, 39.1% versus
27.9% [P=0.13]; peritoneal dialysis, 0% versus 2.6%
[P=0.27]). Reasons for initiating RRT were similar among
countries; the most common were oliguria and fluid overload
(Table 2).
Mortality, Length of Stay, and Renal Functional

Recovery. Crude hospital mortality was 22.0% and was
higher in developed countries (27.6% versus 17.6%;
P=0.002). Crude hospital mortality was 32.3% in patients
requiring RRT. The lengths of stay in the ICU (5.0 [IQR,
2.0–9.0] days in developed countries versus 6.0 [IQR, 2.5–
10.0] days in emerging countries; P=0.27) and hospital
(11.0 [IQR, 6.0–22.0] days versus 10.0 [IQR, 4.5–23.0]
days, respectively; P=0.42) were similar between groups.
Survivors from emerging countries were less likely to re-
cover kidney function (52.2% in emerging countries versus
71.7% in developed countries; P,0.001) and more fre-
quently dialysis-dependent at hospital discharge (18.5%
versus 5.7%; P,0.001).
Risk Factors for Mortality and Absence of Renal

Recovery. In the entire cohort, independent risk factors for

mortality were older age, residence in an emerging coun-
try, use of mechanical ventilation, higher APACHE score,
and AKI stage 3 with RRT (Table 3). Vasopressors and CFB
presented significant interactions with the developed/
emerging status. Vasopressors were associated with mor-
tality in emerging countries only and with higher cumula-
tive fluid balance in developed countries only.
We did not include AKI duration in the models on

mortality and absence of renal recovery due to collinearity
with AKI severity and renal recovery. In the entire cohort,
unadjusted mortality associated with an AKI duration #2
days was 13.3%; 3–4 days, 12.0%; 5–7 days, 25.0%; and .7
days, 29.5% (P,0.001). Unadjusted mortality was similar
for AKI duration ,7 days between developed and emerg-
ing countries (15.2% versus 12.3%; P=0.46) and higher in
patients from developed countries not recovering within 7
days (45.1% versus 21.1%; P,0.001).
The median time for follow-up of kidney function

between ICU admission and hospital discharge was 11.0
(IQR, 5.0–24.0) days. Risk factors for the absence of renal
recovery in survivors at hospital discharge included living
in an emerging country and higher severity of AKI with
the use of RRT (Table 4). Mechanical ventilation and
APACHE score had significant interactions with devel-
oped/emerging status (Table 4). A higher APACHE score
was associated with a decreased probability of renal re-
covery in emerging countries only. The use of mechanical
ventilation was associated with a higher probability of re-
nal recovery in developed countries only. We also in-
cluded results with a less stringent definition of renal
recovery (Supplemental Table 2).

Discussion
Although 85% of the world’s population resides in

emerging countries, systematic prospective studies in this
population have been limited (33). While formal comparisons

Table 2. Timing of AKI diagnosis, stages of AKI, and use of RRT

Variable Total
(n=745)

Developed
Countries (n=316)

Emerging
Countries (n=429) P Valuea

Timing of AKI diagnosis after ICU admission (%) 0.24
0–2 d 82.7 86.1 80.2
3–4 d 10.9 9.6 12.0
5–7 d 6.3 4.2 7.8

Maximal AKI stage (%) ,0.001a

1 71.7 78.8 66.4
2 3.5 3.8 3.3
3 24.8 17.4 30.3

RRT (%) 23.7 15.5 30.2 ,0.001a

Criteria for commencing RRT (%)
Hyperkalemia 9.3 13.0 7.8 0.30
Acidemia 16.1 28.3 11.3 ,0.01
Uremic manifestations 12.4 4.3 15.7 0.06
Oliguria 39.8 34.8 41.7 0.42
Fluid overload 32.9 28.3 34.8 0.43

ICU, intensive care unit.
aP values for comparison of developed versus emerging countries; P#0.006 represents a significant difference, with the Bonferroni
correction.
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between emerging and developed countries are sparse, there
are differences in the cause, natural history, and management
of AKI (14,23). We describe the findings of an ongoing mul-
tinational study of AKI in ICU patients in 14 large urban
centers. Our findings provide a novel assessment of common-
alities and differences in the natural history and management
of mild to severe AKI.
In our study, patients with AKI from emerging countries

had more CKD, less sepsis, and lower severity-of-illness
scores. Causes of AKI differed, with more GN and AIN in
emerging countries and more prerenal AKI, septic AKI,
and ATN in developed countries. However, it is unclear
whether these differences are real because kidney biopsies
were performed exclusively in emerging countries. Most
patients were diagnosed with stage 1 AKI, but more
patients in emerging countries developed stage 3 AKI
and required RRT. This result can be partly related to the
lower baseline kidney function in patients from emerging
countries. Resource utilization also differed, with a lower
use of vasopressors and mechanical ventilation in emerg-
ing countries. Patients from emerging countries also used
multiple RRT modalities more frequently and were treated
with SLED more often.
The reasons underlying these differences cannot be fully

understood with the data available. Patients from developed

countries are usually considered to have easier access to
specialized medical equipment, while the sickest patients
from emerging countries may not have had access to optimal
treatment because of perceived limited prognosis, restricted
resources, or late transfer to large medical centers (23). In our
cohort, some patients from India and China had to pay for
their dialysis therapy.
During the last few years, several studies have focused on

the relationships between the severity and duration of AKI
and outcomes (8,34). More severe AKI has been associated
with long-term CKD (8). Brown et al. (35) reported that long-
term mortality was proportional to AKI duration indepen-
dent of the severity (35). Renal recovery was recently associated
with lower mortality or CKD after discharge (34). Our data
further confirm the association between AKI severity, as re-
flected by the use of RRT, and outcomes.
While there are no standard definitions of renal recovery,

most publications have focused on dialysis independence.
We have used a conservative definition of renal recovery.
In our cohort, patients from emerging countries were less
likely to achieve renal recovery. Among survivors, 19% of
patients from emerging countries were dialysis dependent
at hospital discharge. This result is of particular concern as
access to outpatient RRT is limited and long-term RRT is
frequently unaffordable (23,36).

Figure 2. | Causes of AKI. The causes of AKI are nonexclusive. Intravascular fluid losses included hemorrhage, burns, and hypovolemia due to
other causes. Increased vascular capacity included sepsis and other causes. Extracorporeal fluid losses included vomiting, diarrhea, and di-
abetes insipidus, while vascular causes included artery/vein thrombosis, emboli, or trauma. P values for the difference between developed and
emerging countries for each cause of AKI are, respectively, as follows: prerenal, P,0.001; intravascular fluid losses, P=0.004; sepsis, P,0.001;
cardiac failure, P,0.001; liver diseases, P=0.06; extracorporeal fluid losses, P=0.02; acute tubular necrosis, P,0.001;multisystemic, P,0.01;
contrast-induced, P=0.03; interstitial nephritis, P,0.001; GN, P,0.001; obstruction, P=0.003; vascular, P=0.31. With the Bonferroni cor-
rection, P#0.004 represents a significant difference. Other causes were unknown or undetermined.
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Following interaction tests, risk factors for the absence of
renal recovery at discharge were slightly different in
developed and emerging countries. Some studies have
identified similar predictors, such as the severity of illness
and AKI (37–40). Mechanical ventilation was associated

with better renal recovery with our definition. This result
was still present after adjustment for ICU or hospital stays,
which might reflect the decrease in creatinine with loss of
muscle mass following prolonged hospitalization (data not
shown) (41). These results were not reproduced in patients
from emerging countries, with a less strict definition of
renal recovery (creatinine at discharge within 50% of ref-
erence creatinine) or with the duration of mechanical ven-
tilation (data not shown). Living in an emerging country
was a risk factor for nonrenal recovery. The underlying
reasons cannot be easily determined because we adjusted
for baseline kidney function. Observational studies have
shown that continuous RRT may facilitate renal recovery
(42,43). In our cohort, the proportion of patients treated
with continuous RRT and intermittent hemodialysis was
similar between emerging and developed countries; we
did not include dialysis modality in our model because
of collinearity. The limited results regarding the risk fac-
tors for the absence of renal recovery in developed and
emerging countries highlights the need for future research
on this subject.
In BEST (2) and PICARD (16),.60% of patients required

RRT compared with 24% in our study, and their overall
mortality was much higher. In BEST (2) and PICARD (44),
13.8% and 20.2% of survivors were dialysis dependent at
hospital discharge compared with 13.3% in this study. The
incidence of RRT dependence in our cohort was even
lower in developed countries (6%). These findings reflect
the differences in AKI severity: The PICARD and BEST
cohorts largely included patients with stage 2 and 3 dis-
ease, while our population included more than 60% with
stage 1 disease (23,36).
The overall mortality rate (22%) was lower than previously

reported in developed and emerging countries (2,16,24), and
the mortality rate in patients receiving RRT (32.3%) was
much lower than in BEST (60.3%) and PICARD (45.3%)
(2,44). These results are probably related to higher mean
APACHE scores in PICARD (86 versus 56 in our study)
(16). Indeed, our crude mortality rate was higher in devel-
oped countries (56.5% versus 22.6%), which was partly re-
lated to a higher APACHE score (2,45).
As in our study, a higher severity of illness and severity

of AKI with the use of RRT have been reported as
independent risk factors for mortality in a few large AKI
studies (15,16). Both use of vasopressors and mechanical
ventilation were independent risk factors for mortality in
BEST (2). The association between CFB and mortality has
been shown in several AKI studies in developed countries
(46–49), including PICARD (50). However, we did not ob-
serve this result in patients from emerging countries. In
addition, the association between country status and mor-
tality has not been reported in BEST and needs to be eval-
uated further. Some patients from India and China may
not have been able to afford dialysis, which could have
affected their mortality rates.
Our study has several limitations. First, this is a conve-

nience sample of patients from large urban centers, ex-
cluding European centers, which could introduce sample
bias. Second, some centers required informed consent.
However, the characteristics of enrolled and nonenrolled
patients with AKI were similar except for race, diabetes,
and main diagnosis. Third, there may be some selection

Table 4. Risk factors for the absence of renal recovery in
survivors from developed and emerging countries at hospital
discharge (n=581)

Renal recovery criteria OR (95% CI)

Emerging country 2.91 (1.76 to 4.80)
APACHE III scorea 1.01 (1.00 to 1.02)
In developed countries 1.01 (0.99 to 1.03)
In emerging countries 1.02 (1.00 to 1.04)b

AKI stage 3 with RRT 2.69 (1.53 to 4.72)
Mechanical ventilationa 0.56 (0.33 to 0.97)
In developed countries 0.42 (0.18 to 0.98)
In emerging countries 0.64 (0.31 to 1.35)

Variables included in the multivariate model were developing
or emerging country, coronary artery disease, surgery status,
Acute Physiology and Chronic Health Evaluation (APACHE)
III score, use of vasopressors, mechanical ventilation, starches,
RRT, and significant interaction terms (between country type
and mechanical ventilation, between country type and
APACHE III). Area under the receiver-operating characteristic
curve (c statistic): 0.75 (95% confidence interval, 0.71 to 0.80).
Hosmer–Lemeshow: 0.98. OR, odds ratio; 95% CI, 95% confi-
dence interval.
aAPACHE III score and mechanical ventilation presented sig-
nificant interactions with the developed/emerging status.
bP=0.01.

Table 3. Risk factors for hospital mortality in patients with AKI
from developed and emerging countries (n=745)

Risk Factor OR (95% CI)

Age 1.03 (1.01 to 1.05)
Emerging country 2.32 (1.14 to 4.74)
On vasopressorsa 1.84 (1.05 to 3.25)
In developed countries 1.07 (0.42 to 2.71)
In emerging countries 3.51 (1.54 to 7.99)

On mechanical ventilation 2.41 (1.23 to 4.73)
APACHE III score 1.03 (1.02 to 1.04)
Cumulative fluid balancea 1.07 (1.03 to 1.12)
In developed countries 1.12 (1.05 to 1.20)
In emerging countries 0.98 (0.92 to 1.05)

AKI stage 3 with RRT 2.03 (1.07 to 3.83)

Variables included in the multivariate model were age, race,
developing or emerging country, surgery status, Acute Physi-
ology and Chronic Health Evaluation (APACHE) III score,
sepsis status, use of vasopressors, mechanical ventilation,
starches, RRT, cumulative fluid balance, and significant in-
teraction terms (between country type and vasopressors, be-
tween country type and cumulative fluid balance). Area under
the receiver-operating characteristic curve (c statistic): 0.87
(95% confidence interval, 0.83 to 0.90); Hosmer–Lemeshow:
0.60. OR, odds ratio; 95% CI, 95% confidence interval.
aVasopressors and cumulative fluid balance presented signifi-
cant interactions with the developed/emerging status.
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bias from participating centers with an interest in AKI. Our
data reflect AKI diagnosis based on serum creatinine only,
which may affect AKI incidence. We reported pertinent
information for 7 days after AKI diagnosis, which may not
represent all factors affecting outcomes. Residual con-
founding may still be present, given variations in access
to care, timing of presentation, availability of resources
(e.g., frequency of laboratory testing), and local practices,
which were not captured in our study.
In summary, this multinational study provides for the

first time a contemporary overview of clinical factors,
management, and outcomes of mild to severe AKI in the
ICU in emerging and developed countries. Our data
suggest that emerging countries have worse AKI outcomes
that may be influenced by variations in care. These factors
highlight the need to consider regional and country-specific
differences in the prevalence of comorbidities, contributing
factors for AKI, and management strategies for multicenter
studies.
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28. Cerdá J, Lameire N, Eggers P, PannuN, Uchino S,WangH, Bagga
A, Levin A: Epidemiology of acute kidney injury. Clin J Am Soc
Nephrol 3: 881–886, 2008

29. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D;
Modification of Diet in Renal Disease Study Group: A more ac-
curate method to estimate glomerular filtration rate from serum

1330 Clinical Journal of the American Society of Nephrology



creatinine: A new prediction equation. Ann Intern Med 130:
461–470, 1999

30. American College of Chest Physicians/Society of Critical Care
Medicine Consensus Conference: definitions for sepsis and organ
failure and guidelines for the use of innovative therapies in sepsis.
Crit Care Med 20: 864–874, 1992

31. Knaus WA, Wagner DP, Draper EA, Zimmerman JE, Bergner M,
Bastos PG, Sirio CA, Murphy DJ, Lotring T, Damiano A: The
APACHE III prognostic system. Risk prediction of hospital mor-
tality for critically ill hospitalized adults. Chest 100: 1619–1636,
1991

32. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça A,
Bruining H, Reinhart CK, Suter PM, Thijs LG: The SOFA (Sepsis-
related Organ Failure Assessment) score to describe organ
dysfunction/failure. On behalf of the Working Group on Sepsis-
Related Problems of the European Society of Intensive Care
Medicine. Intensive Care Med 22: 707–710, 1996

33. Susantitaphong P, Cruz DN, Cerda J, Abulfaraj M, Alqahtani F,
Koulouridis I, Jaber BL; Acute Kidney Injury Advisory Group of
the American Society of Nephrology: World incidence of AKI: A
meta-analysis. Clin J Am Soc Nephrol 8: 1482–1493, 2013

34. PannuN, JamesM,Hemmelgarn B, Klarenbach S; Alberta Kidney
Disease Network: Association between AKI, recovery of renal
function, and long-term outcomes after hospital discharge. Clin J
Am Soc Nephrol 8: 194–202, 2013

35. Brown JR, Kramer RS, Coca SG, Parikh CR: Duration of acute
kidney injury impacts long-term survival after cardiac surgery.
Ann Thorac Surg 90: 1142–1148, 2010

36. Okunola O, Akinsola A, Ayodele O: Kidney diseases in Africa:
Aetiological considerations, peculiarities and burden. Afr J Med
Med Sci 41: 119–133, 2012

37. Srisawat N, Murugan R, Lee M, Kong L, Carter M, Angus DC,
Kellum JA; Genetic and Inflammatory Markers of Sepsis (GenIMS)
Study Investigators: Plasma neutrophil gelatinase-associated
lipocalin predicts recovery from acute kidney injury following
community-acquired pneumonia. Kidney Int 80: 545–552,
2011

38. Macedo E, Zanetta DM, Abdulkader RC: Long-term follow-up of
patients after acute kidney injury: Patterns of renal functional
recovery. PLoS ONE 7: e36388, 2012

39. Lin YF, KoWJ, Chu TS, Chen YS,WuVC, Chen YM,WuMS, Chen
YW, Tsai CW, Shiao CC, Li WY, Hu FC, Tsai PR, Tsai TJ, Wu KD;
NSARF Study Group: The 90-day mortality and the subsequent
renal recovery in critically ill surgical patients requiring acute
renal replacement therapy. Am J Surg 198: 325–332, 2009

40. Bagshaw SM, Mortis G, Godinez-Luna T, Doig CJ, Laupland KB:
Renal recovery after severe acute renal failure. Int J Artif Organs
29: 1023–1030, 2006

41. Schetz M, Gunst J, Van den Berghe G: The impact of using esti-
mated GFR versus creatinine clearance on the evaluation of re-
covery from acute kidney injury in the ICU. Intensive Care Med
40: 1709–1717, 2014

42. Schneider AG, Bellomo R, Bagshaw SM, Glassford NJ, Lo S, Jun
M, Cass A, Gallagher M: Choice of renal replacement therapy
modality and dialysis dependence after acute kidney injury: A
systematic review and meta-analysis. Intensive Care Med 39:
987–997, 2013

43. Wald R, Shariff SZ, Adhikari NK, Bagshaw SM, Burns KE,
Friedrich JO, Garg AX, Harel Z, Kitchlu A, Ray JG: The associa-
tion between renal replacement therapy modality and long-term
outcomes among critically ill adults with acute kidney injury: A
retrospective cohort study. Crit Care Med 42: 868–877, 2014

44. Khosla N, Soroko SB, Chertow GM, Himmelfarb J, Ikizler TA,
Paganini E, Mehta RL; Program to Improve Care in Acute Renal
Disease (PICARD): Preexisting chronic kidney disease: A po-
tential for improved outcomes from acute kidney injury. Clin J
Am Soc Nephrol 4: 1914–1919, 2009

45. Wang IK,Wang ST, ChangHY, Lin CL, KuoHL, Chen TC, Lee CH,
Chuang FR: Prognostic value of acute physiology and chronic
health evaluation II and organ system failure in patients with
acute renal failure requiring dialysis. Ren Fail 27: 663–669, 2005

46. Payen D, de Pont AC, Sakr Y, Spies C, Reinhart K, Vincent JL;
Sepsis Occurrence in Acutely Ill Patients (SOAP) Investigators: A
positive fluid balance is associated with a worse outcome in
patients with acute renal failure. Crit Care 12: R74, 2008

47. Heung M, Wolfgram DF, Kommareddi M, Hu Y, Song PX, Ojo
AO: Fluid overload at initiation of renal replacement therapy is
associated with lack of renal recovery in patients with acute
kidney injury. Nephrol Dial Transplant 27: 956–961, 2012

48. Wiedemann HP, Wheeler AP, Bernard GR, Thompson BT,
Hayden D, deBoisblanc B, Connors AF Jr, Hite RD, Harabin AL;
National Heart, Lung, and Blood Institute Acute Respiratory
Distress Syndrome (ARDS) Clinical Trials Network: Comparison
of two fluid-management strategies in acute lung injury.N Engl J
Med 354: 2564–2575, 2006

49. Bellomo R, Cass A, Cole L, Finfer S, Gallagher M, Lee J, Lo S,
McArthur C, McGuiness S, Norton R, Myburgh J, Scheinkestel C,
Su S; RENAL Replacement Therapy Study Investigators: An ob-
servational study fluid balance and patient outcomes in the
Randomized Evaluation of Normal vs. Augmented Level of Re-
placement Therapy trial. Crit Care Med 40: 1753–1760, 2012

50. Bouchard J, Soroko SB, Chertow GM, Himmelfarb J, Ikizler TA,
Paganini EP, Mehta RL; Program to Improve Care in Acute Renal
Disease (PICARD) Study Group: Fluid accumulation, survival
and recovery of kidney function in critically ill patients with
acute kidney injury. Kidney Int 76: 422–427, 2009

Received: May 2, 2014 Accepted: May 4, 2015

Published online ahead of print. Publication date available at www.
cjasn.org.

This article contains supplemental material online at http://cjasn.
asnjournals.org/lookup/suppl/doi:10.2215/CJN.04360514/-/
DCSupplemental.

Clin J Am Soc Nephrol 10: 1324–1331, August, 2015 AKI in the ICU Internationally, Bouchard et al. 1331

http://www.cjasn.org
http://www.cjasn.org
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.04360514/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.04360514/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.04360514/-/DCSupplemental

