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Abstract: Acute kidney injury (AKI) is common in the intensive care unit (ICU) and is associated with significant
morbidity and mortality. This requires clinicians to be familiar with recent advances in definitions, diagnosis,
prevention, and management of AKI in the ICU. The Acute Dialysis Quality Initiative (ADQI) represents the efforts
of a workgroup seeking to develop consensus and evidence-based statements in the field of AKI. The ADQI group
proposed a consensus graded definition, called the RIFLE criteria (Risk, Injury, Failure, Loss, and End stage).
Objective: To estimate the prevalence of AKI in ICU and assess the ability of the RIFLE criteria to predict the
outcome of AKI in ICU. Methods: We performed a retrospective cohort study in the internal medicine ICU, Zagazig
University Hospital, in the period from January 2010 to December 2010. We excluded patients younger than 15
years, patients receiving chronic hemodialysis admitted to ICU, kidney transplant patients, length of hospital stays
were <24 hours, or readmitted to the ICU during the study period. RIFLE criteria classified AKI patients into three
stages of increasing severity Risk(R), Injury (I), and Failure (F). The outcomes of AKI patients in ICU were
recovery, kidney loss, end stage renal disease (ESRD) or death. Results: The total number of ICU admissions during
the study period was 8304 patients. After application of exclusion criteria, the number of the study became 5440
patients. According to RIFLE criteria 1885 (34.65%) had AKI. RIFLE criteria classified them into Risk 13.32%,
Injury 11.91% and Failure 9.41%. The crude outcome of AKI patients as follow 77.24% recovered, 9% lost kidney
functions and required renal replacement therapy (RRT), and 2.28% reached ESRD. The crude mortality of AKI
patients was 20.47% versus 7.76% mortality in patients without AKI. The hospital recovery stratified by RIFLE
criteria decreased with worsening RIFLE classes (R, I, F) 84.27%, 79.62% and 64.25% respectively. Patients' lost
kidney functions and required RRT stratified by RIFLE criteria increased with worsening RIFLE classes 5.79%,
7.4% and15.62% respectively. Patients reached ESRD stratified by RIFLE criteria increased with worsening RIFLE
classes 1.2%, 2% and 4.1% respectively. The hospital mortality AKI patients stratified by RIFLE criteria increased
with worsening RIFLE classes 14.48%, 18.36% and 31.64% respectively. The urinary output (UOP) criteria
associated with lower mortality and higher recovery rate than creatinine criteria. Conclusion: The prevalence of AKI
in the internal medicine ICU, Zagazig University Hospital according to RIFLE criteria is 34.65%. RIFLE criteria are
useful in predicting the outcome of AKI patients.
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1. Introduction: of three stages of increasing severity, which

Acute renal failure (ARF) has traditionally been
defined as abrupt loss of kidney function that results
in the retention of urea and other nitrogenous waste
products and dysregulation of extracellular volume
and electrolytes. The loss of kidney function is most
easily detected by measurement of the serum
creatinine (SCr) which is used to estimate the
glomerular filtration rate (GFR) [1] ARF now
increasingly referred to as AKI [2].The Acute
Dialysis Quality Initiative convened in 2002 and
proposed the RIFLE classification specifically for
AKI in critically ill patients [3]. The most severe
classification met by either criterion should be used.
Of note, patients with primary kidney diseases such
as glomerulonephritis were excluded from this
definition [4]. The RIFLE classification is comprised
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correspond to risk (stage 1), injury (stage 2), and
failure (stage 3). Loss and ESRD are removed from
the staging system and defined as outcomes [5].

The cause of AKI in the ICU is commonly
multi-factorial and frequently develops from a
combination of hypovolemia, sepsis, medications,
and hemodynamic perturbations. It is frequently not
possible to isolate a single cause, thereby further
complicating search for effective interventions in this
complex disease process [6]. Sepsis is most common
cause of AKI in a general ICU, accounting for up to
50% of cases [7], medications are also common cause
of AKI [8]. Nearly all cases of ICU-associated AKI
result from more than a single insult [9].

In the critically ill patient, the first kidney insult
is often not predictable, therefore prevention of AKI
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in the ICU often means prevention of a secondary
insult in an at-risk patient [10]. Previous intervention
and treatment trials have not had any significant
impact on overall outcomes of patients with AKI [5],
while in parallel; there is growing recognition of the
strong association between the severity of AKI and
subsequent morbidity and mortality, as well as costs
during hospitalization [11] and in the longer term
following hospital discharge [12].

AKI is a common clinical problem in ICU
patients and typically portends an increase in
morbidity and mortality [13].AKI occurs in
approximately 7% of all hospitalized patients [14]
and in up to 36% to 67% of critically ill patients
depending on the definition used [9]. Based on
75,000 critically ill adults, more severe AKI occurs in
4% to 25% of all ICU admissions [15]. On average,
5% to 6% of ICU patients with AKI require renal
replacement therapy RRT [16]. The true incidence of
ESRD after AKI is unknown because epidemiologic
studies do not routinely or consistently report rates of
renal recovery [17].

Morbidity, a less appreciated consequence of
AKI in the ICU, is associated with increased cost
[11], increased length of stay [18] and increased risk
of ESRD [19].

Reported mortality in ICU patients with AKI
varies considerably between studies depending on
AKI definition and the patient population studied. In
the majority of studies, mortality increases
proportionately with increasing severity of AKI
[20].In patients with severe AKI requiring RRT,
mortality is approximately 50% to 70% [21]. In a
UK-based study, overall survival in 1,095 patients with
severe AKI (serum creatinine >6.7 mg/dl) was 59%. Of
these 16% remained on long-term dialysis [22]. In the
French study, the mortality was 58%, and among the
survivors, means serum creatinine was 2.6 mg/dl at the
time of discharge from ICU [23].

While AKI requiring RRT in the ICU is a well-
recognized independent risk factor for in-hospital
mortality [11], even small changes in SCr are
associated with increased mortality [24]. There is no
current consensus on the indications for RRT in AKI.
The only absolute indications for RRT in critically ill
patients are metabolic acidosis, hypervolemia, and
hyperkalemia that do not respond to other forms of
therapy, although the early initiation of RRT might be
beneficial in theory, data guiding the optimal timing of
dialysis in patients with ARF is scarce [25]. We sought
to estimate the prevalence of AKI in ICU and assess
the ability of the RIFLE criteria to predict outcome in
those patients.

2. Patients and Methods:

We constructed a retrospective cohort study on
all adult hospitalizations during a 12 month in the
period from January 2010 to 31 December 2010, at
the internal medicine ICU of Zagazig University
Hospital. All admitted patients were screened using
the computerized hospital admissions and discharges
database.

Exclusion criteria: Patients receiving chronic
hemodialysis admitted to ICU or who had a kidney
transplant, patients younger than 15 years, or if their
length of hospital stays were <24 hours, and we only
considered the first admission for patients who were
readmitted to the ICU during the study period.

Demographic information: Collected from the
database (age, gender, dates and source of admission,
type of admission, intensive care unit admission, and
hospital mortality.

Recording data: Primary diagnosis, presence of
co morbidities, and need for mechanical ventilation.
Physiologic data included Glasgow Coma Scale
(GCS), vital signs, PaO2/FiO2 ratio, pH and serum
electrolytes. Urine output was recorded at least once
every one hour, and serum creatinine was measured
at least once daily.

The RIFLE criteria diagnosed and classified
our patients into [3]

RIFLE SCr Criteria UOP Criteria

Risk 1.5-fold increase in the SCr or <0.5 mL/kg per hour for 6 hours.
*GFR decrease by 25%

Injury Twofold increase in the SCr or <0.5 mL/kg per hour for 12 hours.
GFR decrease by 50 %

Failure Threefold increase in the SCr or <0.5 mL/kg per hour for 24 hours,

GFR decrease by 75 % or anuria for 12 hours.

Loss Complete loss of kidney function
(e.g., need for RRT) for > 4 weeks.

ESRD Complete loss of kidney function

(e.g., need for RRT) for > 3 months.

*GFR was measured by Cockroft-Gault formula: creatinine clearance (mL/min) = [(140 — age) x weight (kg)] / [72 X serum creatinine

(mg/dL)] (x0.85 for women).
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Prognosis of AKI:
1. Renal Recovery, either.

Complete renal recovery: Return of renal function
to baseline

Partial renal recovery: Persistent change in RIFLE
classification but not persistent need for RRT
2. Kidney loss:
3. ESRD:
4. Mortality: patients who died during the study.
The total numbers of ICU admissions during the
study period were 8304 patients.
After application of exclusion criteria, the total
number of the study became 5440 patients.
RIFLE criteria identified 1885 from studied patients
suffered from AKI in different grades.
Their mean age was 56.02+13.7 (18-88) years.
Their gender 1035 "55 %" males and 850 "45 %
"females
Time of AKI diagnosis: 55% of AKI patients were
diagnosed on the day of admission and 45%
developed AKI later during the periods of staying in
ICU.
Co morbid disease: 575 (30.5%) from all AKI
patients associated with other co morbid disease
Each of the severity classes (R, I, F) was reevaluated
according to UOP criteria or SCr criteria and we
choose the most severe classification met by either
criterion

RIFLE criteria, classified AKI patients into

Risk 725 patients (485 defined by SCr criteria and
240 defined by UOP criteria), Injury 648 patients
(388 defined by SCr criteria and 260 defined by UOP
criteria) and Failure 512 patients (308 defined by SCr
criteria and 204 defined by UOP criteria)
Recorded hospital mortality in non AKI patients was
276 =7.76%.

Statistical Analysis

Data were collected, entered and checked to an
SPSS version 15. Data were expressed as mean =+
standard deviation and Chi square (¢°) test was used
for qualititative data to test the association between a
factor exposure and outcome and Z test (test of
proportion) was used for comparison of two
proportions [26].
*P value of <0.05 was considered significant

3. Results:

The actual studied number was 5440
patients RIFLE criteria identified 1885 patients from
a studied number suffered from AKI in different
grades, so the prevalence of AKI in the ICU was
34.65%.

RIFLE criteria classified ICU patients into
Risk 725 (13.32%), Injury 648 (11.91%) and Failure
512 (9.41%).
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The crude outcome of AKI patients in our ICU:
(Table 1)

The crude total recovery of all AKI patients 77.24%
The crude total lost kidney functions and required
RRT of all AKI patients 9%

The crude ESRD of all AKI patients 2.28%

The crude mortality of all AKI patients 20.47%

Table ( 1): The crude outcome of AKI patients

No %
AKI patients 1885 = 34.65%
Recovery 1456 = 77.24%
Kidney loss ""RRT"" 170 = 9%
ESRD 43 = 228%
Mortality 386 = 20.47%

Natural history and Clinical outcomes stratified
by RIFLE category: Figure (1)

Risk category: From725 patients165 patients
initially recovered and the total end recovery 611
(84.27%) patients. 455 (62.75%) patients' progressed
to the next stages, most of them recovered later, 42
(5.79%) patients lost kidney functions and required
RRT and 9 (1.2%) patients reached ESRD. The
remaining 105 (14.48%) patients died.

Injury category: From 648 patients 246 patients
initially recovered and the total end recovery 516
(79.62%) patients. 285 (43.98%) patients' progressed
to the next stages, most of them recovered later, 48
(7.4%) patients lost kidney functions and required
RRT and 13 (2%) patients reached ESRD. The
remaining119 (18.36%) patients died.

Failure category: From512 patients 270 patients
initially recovered and the total end recovery 329
(64.25%) patients. 80 (15.62%) patients lost kidney
functions and required RRT and 21 (4.1%) patients
reached ESRD. The remaining 162 (31.64%) patients
died.

Outcome comparison between RIFLE classes
Table (2)

Recovery:

The recovery stratified by RIFLE criteria showed
statistically significantly decrease with worsening
RIFLE classes .P<0.001

Lost kidney function and RRT

Patients lost kidney functions and required RRT
stratified by RIFLE criteria showed statistically
significantly increase with worsening RIFLE classes.
P<0.001

Patients end by ESRD

Patients reached ESRD stratified by RIFLE criteria
showed statistically significantly increase with
worsening RIFLE classes. P=0.003

Mortality:
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The hospital mortality of AKI patients stratified by

RIFLE criteria showed statistically significantly

increase with worsening RIFLE classes .P<0.001

Figure (1) Natural history and Clinical outcomes stratified by RIFLE category

Table ( 2): Outcome comparison between different RIFLE classes

http://www.americanscience.org

Failure

Risk Injury Failure
725=13.32% 648=11.91% 512=9.41%
v v v v v v
Initial Mortality Initial Mortality Initial Mortality
Recoveryl 105 = Recovery 119 = Recovery 162=
65 14.48% 246 18.36% 270 31.64%

: Progression : .
: 455 : :
\ 4 : :
240 4—'51 . ¢ :
: Failure : Failure
% 215 v 285

" 237 <—l :
173 | 4 . : v
: Lost : Lost : Lost
: 42=5.79% : 48=7.4% : 80=15.62%
v v 4

<
3 |t 1 33 <—l .59 1
: ESRD : ESRD : ESRD
. 9=1.2% : 13=2% . 21=4.1%
v v v
Total End Total End Total End
Recovery Recovery Recovery
611= 516= 329=
84.27% 79.62% 64.25%

Recovery

84.27%

79.62%

No

%
64.25%

Loss (RRT)

5.79%

7.4%

15.62%

ESRD

1.2%

2%

4.1%

Mortality

14.48%

18.36%

1008

31.64%
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Table (3) : Mortality analysis among patients defined by serum creatinine versus urinary output criteria

SCr UOP
Number 1181 704
Mortality 276 110
% 23.53% 15.62%
Z test. 2.35
P value <0.05

Patients defined by creatinine criteria were associated with a statistically significantly higher mortality than those

defined by UOP criteria. P<0.05

Table (4) : Mortality analysis stratified by RIFLE category between patients defined by serum creatinine
Versus urinary output criteria

RISK INJURY FAILURE
SCr UOP SCr UoP SCr UQOP
Number (No) 485 240 388 260 308 204
Mortality No. 79 26 84 35 113 49
% 16.28% 10.83% 21.64% | 13.46% 36.68% 24.01%
Z test. 2.08 2.82 3.08
P value P<0.05 P<0.05 P<0.05

In all RIFLE classes' patients defined by creatinine criteria were associated with a statistically significantly higher

mortality than those defined by UOP criteria. P<0.05

Mortality analysis among patients with AKI
versus those without AKI

Mortality was statistically significantly higher
among patients with AKI 20.47% versus patients
without AKI 7.76% [Z test=7.9, P <0.05]

Mortality analysis among patients with AKI alone
versus those with other co morbid diseases

The total number of AKI patients with other co
morbid diseases 575 (30.5%) patients from all AKI

patients, classified as Risk 210 (36.52%), Injury 200
(34.78%) and Failure 165 (28.69%) patients.
The crude mortality of AKI patients with other co
morbid diseases (40.69%)

Mortality was statistically significantly higher
in patients with other co morbid diseases 40.69%
versus those with AKI alone 11.6% [Z test13.04,
P<0.05].

Table (5): Mortality analysis stratified by RIFLE classes among patients with AKI alone versus those with

other co morbid diseases.

RISK INJURY FAILURE
AKI Co- AKI Co- AKI Co-
alone Morbid alone Morbid alone Morbid
Total No. 515 210 448 200 347 165
Mortality. No. 41 64 48 71 63 99
% 7.96% 30.47% 10.71% 35.5% 18.15% 60%
Z test. 6.64 6.29 9.46
P value P<0.05 P<0.05 P<0.05
In all RIFLE classes mortality statistically significantly higher in AKI patients with other co morbid diseases versus
those with AKI alone <0.05
4. Discussion common, increasing in incidence [27] and is

AKI previously termed ARF refers to a sudden
decline in kidney function causing disturbances in
fluid, electrolyte, and acid— base balance. More than
35 definitions of AKI currently exist [4].The Acute
Dialysis Quality Initiative convened in 2002 and
proposed the RIFLE classification, specifically for
AKI in critically ill patients [3].AKI in the ICU is
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associated with a substantial increase in morbidity
and mortality [28].There is limited information on
whether the epidemiology of AKI in critically ill
patients in different regions of the world has changed
over time and there is controversy on whether its
outcome has improved [29]. So we sought to estimate
the prevalence of AKI in ICU and assess the ability
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of the RIFLE criteria to predict the outcome in ICU
patients.

The prevalence of AKI in the internal medicine
ICU, Zagazig University Hospital was 34.65%,
classified by RIFLE criteria into Risk, Injury and
Failure.13.32%, 11.91%, and 9.41% respectively.
Nearly similar results obtained by Bagshaw et al.,
[30] who reported that AKI occurred in 36.1% of
ICU patients and classified by RIFLE criteria R, I and
F 16.2%, 13.6% and 6.3% respectively. Their study
was done in 57 ICUs across Australia during a 5 year
period and this may explain the slight difference in
comparison to the current study. Also Ostermann et
al.,, [9] study reported the prevalence of AKI in
41.972 ICU patients was 35.8% and classified by
RIFLE criteria R, I and F. 17.2%, 11 % and 7.6 %,
respectively.

In contrary to our results Thakar et al., [31]
study found that the overall prevalence of AKI
among patients admitted to Veterans Affairs ICUs
including 71,486 patients the prevalence of AKI was
22%, however this difference can be explained by the
fact that they studied patients who complicated by
AKI during their stay in the intensive care unit. The
lowest prevalence of the AKI in ICU reported by
Brevet et al., [23] was 7%, their study focused on the
AKI occurring in the ICU in a 20 center, prospective
6 months performed in France in 1991, but this old
study was carried for a short period and did not
depend on RIFLE criteria for diagnosis of AKI. This
low prevalence may explore the higher sensitivity of
the RIFLE criteria for diagnosis of AKI and
suggesting that the incidence of detectable AKI is
annually increasing and much higher than previously
appreciated.

The highest prevalence was reported by Hoste
et al., [28] was 67% ,with RIFLE classes R, I and F
28%, 27% and 12% respectively, they constructed a
retrospective cohort study in seven ICUs serving
medical, surgical, neurological, trauma and solid
organ transplant patients during a 12 month period,
this can be explained by the fact that their study was
carried on different ICUs including surgical,
neurological, trauma and solid organ transplant
patients, expected to include high risk patients after
surgery, trauma, hence they are more prone to AKI.

Regarding the progression of AKI to the next
stages, the present study found that 62.75% of
patients with RIFLE class R progressed to class I or
class F, and more than 43.98% of the patients with
RIFLE class 1 progressed to class F, this was
compatible with the result obtained by Eric et al.,
[32] study which found that more than 50% of
patients with class R progressed to class I or class F,
and more than one-third of the patients with class I
progressed to class F.
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The percentage of patients who lost kidney
function and required RRT in this study were 9%,
those patients when stratified by RIFLE criteria their
percentages increase with worsening RIFLE classes
5.79%, 7.4% and15.62, respectively. Nearly similar
results obtained by Eric et al., [32] who found in their
study patients requiring RRT classified by RIFLE
criteria Risk, and Failure was 4.15% and 14.2%
respectively. Also Shigehiko et al., [33] who found
among patients who survived to hospital discharge
that 13.8% required RRT at the time of discharge.
The small difference in results may relate to the
argumentation in timing of initiation of RRT.

The percentage of patients who developed
ESRD in this study was 2.4%; we also found when
those patients stratified by RIFLE criteria their
percentage increase with worsening RIFLE classes.
R,Tand F 1.2% , 2% and 4.1% respectively, although
there is limited information about the percentage of
patients ended by ESRD after AKI in ICU. However
the similar results were obtained by Ostermann et al.,
[9] study which found that 2.3% patients with AKI in
ICU had developed ESRD.

Regarding mortality we found that the crude
mortality of AKI patients in the ICU was 20.47%.
Nearly similar results were obtained by Garzotto et
al., [34], who found that AKI mortality in the ICU
was 21.7%. We also found that the hospital mortality
AKI patients stratified by RIFLE criteria increased
with worsening RIFLE classes 14.48%, 18.36% and
31.64% respectively. Similar results were obtained by
Bagshaw et al., [30] who found progressive increased
in mortality from R, I to F 17.9%, 27.7% and 33.2%
respectively, Eric et al., [32] found progressive
increased in mortality from R, I to F 8.8%, 11.4% and
26.3% respectively also many others studies
confirmed our results as Hoste et al., [15], Garzotto et
al.,[34], Kuitunen et al., [35], Ahlstrom et al., [36],
Uchino et al., [37], Ricci et al., [38], Ostermann et
al., [9] and Abosaif et al., [39].

When we compared mortality among patients
with AKI versus patients without AKI, we found that
mortality in patients with AKI nearly 3 folds higher
than patients without AKI 20.47% versus 7.76%
respectively. Similar results obtained by many
studies, Bagshaw et al., [40] who found 24.2% versus
8.9% respectively and Eric et al [32] found ICU
mortality rate stratified by RIFLE criteria R, I and F
was 8.8%, 11.4% and 26.3%, respectively versus
5.5% for patients without AKI, also de Mendonga et
al., [41] found ICU mortality was 3 times higher in
AKI patients than in other patients. Lastly Ricci et
al., [38] found among the 13 studies in which patient
level data on mortality were available for patients
without AKI; mortality was 6.9% in non-AKI
patients versus 31.2% in AKI patients.
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As an expecting we found that AKI patients
with other co morbid diseases have worst mortality
40.69 % versus 11.6% for patients with AKI alone.
Mortality also progressively increased with
worsening RIFLE criteria R, I and F 30.47%, 33.55%
and 60% respectively. Similar results obtained by de
Mendonga et al., [41] and Sirvent et al., [42].

Interestingly when we compared the outcome
among patients defined by SCr criteria versus those
defined by UOP criteria, we found that UOP criteria
carried a less mortality than SCr criteria, this mean
that the UOP criteria had better predictive values than
SCr criteria. These results matched with the results
obtained by Eric et al., [32] who reported that
patients with class F based on SCr have a higher
hospital mortality compared with patients having
class F on UOP criteria. This result may be explained
by the fact that SCr is not an early sensitive marker
for AKI [1] and an early change in UOP may alarm
for an early renal disease evoking early intervention.
In contrary to our result Bagshaw et al., [40] reported
that mortality rates were higher in AKI patients
defined by UOP criteria than in patients defined by
SCr criteria but the modified UOP criteria used in
that study may be responsible for this difference. As
they defined AKI as an acute SCr level > 133 pumol/l
or a 24-hour UOP < 410 ml and not having received
prior renal replacement therapy, these criteria
different from the RIFLE criteria.

Conclusion

The prevalence of AKI in the Internal
Medicine Zagazig University Hospital ICU is
34.65%. RIFLE criteria represent a simple and easy
to use for the detection and classification of AKI on
ICU admission and useful in predicting the outcome
of AKI patients.
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