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ABSTRACTS
Cardiac surgery-associated acute kidney injury (CSA-AKI)is a serious, well known medical problem with significant
morbidity and marked predisposition to mortality in 9-45% of patients undergoing cardiac surgeries. Clinical
studies have identified several risk factors for AKI that can be used to determine effectively the risk for AKI in
patients who undergo coronary bypass grafts. These high risk patients then can be targeted for more kidneys
protective enterprises before cardiac surgeries. This prospective case-control study enrolled 203 adult (> 18 years
of age) patients whom underwent on-pump cardiac surgeries at seyyed-ol-shohada heart center of Urmia From
September 1, 2013 to March 1, 2014. CSA-AKI defined as 50% increase in the plasma creatinine concentration
during 7 postoperative days compared to the baseline value and by 25% decrease in glomerular filtration rate or a
urine output less than 0.5 mL kg -1 per hour for more than 6 h (according to the criteria of the Risk Injury Failure
Loss End-Stage Renal Disease(RIFLE).Patients divided into two groups, based on outcome, patients who developed
CSA-AKI as cases group and patients who didn’t developed CSA-AKI as controls group. Statistical analysis
performed using SPSS program (version 18, Chicago, IL, USA). Kaplan Meier, T-test and log linear tests used to
compare variables between cases and controls. The incidence of CSA-AKI was 23.2%.Among 47 patients with CSAAKI, 42 patients detected with CSA-AKI Stage 1, 4 patients with stage 2 and 1 person with stage 3.The mean age of
patients was 59.85 ± 10.65 years (minimum age 18, maximum age 81 years). The mean age of the patients with
CSA-AKI is equal to 61.45 ± 9.27 years and the mean age of patients who had not CSA-AKI is equal to 59.37 ±
11.01 years. Preoperative and intraoperative variables that were associated with the development of CSA-AKI
included:preoperative LVEF<35%(p=0.017),needs to infusion of inotropic drugs(P=0.001),type of
surgery(p=0.044),reoperation(p = 0.071)The following factors weren't associated with the development of CSI-AKI:
Diabetes Mellitus (p = 0.809),hypertension(p = 0.210),smoking (p = 0.573),intake of diuretic drugs(p =
0.876),mean of Hematocrit during surgery(p = 0.632),gender difference(p = 0.332) ,reeintubation((p = 0.548).
There is significant difference between postoperative mortality and incidence of CSA-AKI at 95% (p = 0.010).Our
conclusion is the development of CSA-AKI is associated with a high mortality. We have identified perioperative risk
factors, which may be useful in reducing of risk for the development of CSA-AKI.
_____________________________________________________________________________________________
INTRODUCTION
Acute kidney injury [AKI] is a serious, well known medical problem with significant morbidity and marked
predisposition to mortality in patients with critical illnesses, [1-3], remaining as a major issue through years, it still
results in loss of life even with mild renal injury [4].Cardiac surgery-associated acute kidney injury [CSA-AKI] is a
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common complication of cardiac surgeries observed in 9-45% of patients undergoing cardiac surgeries [5-9],
associated with higher short and long term mortality [10, 11].
Several variables has been associated with CSA-AKI including: Gender, Age, Weight, Diabetes[Type 1 or 2],
Hypertension, Chronic Obstructive Pulmonary Disease, Low ejection fraction[<40%], Preoperative intra-aortic
balloon pump, preoperative hemoglobin, Redo surgery, Cardiopulmonary Bypass[CPB] duration, Clamp-time,
lowest Hematocrit during CPB, Renal insufficiency[12-16], these factors led to development of several predictive
models for prognostic classification and risk-adjustment [17, 18]. Looking forward to finding further contributory
variables is indispensable regarding high incidence of CSA-AKI, aforementioned investigations has a similar
convergence point over preoperative and non-modifiable factors , implying demand for clarify and eliminating
modifiable factors as a practical approach to dominate mortality, morbidity and economic burden imposed by CSAAKI.
This study was performed to assess perioperative variables contribute to developing CSA-AKI in order to determine
potential risk factors.
MATERIALS AND METHODS
This prospective case-control study enrolled 203 adult (> 18 years of age) patients whom underwent on-pump
cardiac surgeries at seyed-o-shohada heart center of Urmia From September 1, 2013 to March 1, 2014.Excluded
patients with known renal dysfunction requiring renal replacement therapy (n=0) and baseline serum creatinine >
1.5 mg/dl(n=7) . No patient was excluded with incomplete patient data. After research board acceptance, study was
approved by Ethics Committee of Urmia University of Medical Sciences. Written informed consent was obtained
from all subjects.
CSA-AKI was the primary independent variable. CSA-AKI defined as 50% increase in the plasma creatinine
concentration during 7 postoperative days compared to the baseline value and by 25% decrease in glomerular
filtration rate or a urine output less than 0.5 mL kg -1 per hour for more than 6 h (according to the criteria of the
Risk Injury Failure Loss End-Stage Renal Disease, RIFLE)(19).An alternative criteria presented by Acute kidney
injury network defines CSA-AKI based on an absolute increase in plasma creatinine concentration by at least 0.3 mg
dL-1 during 2 postoperative days (20, 21). The most updated guideline by Kidney Disease: Improving Global
Outcomes(KDIGO) providing combination of these two criteria and suggests a uniform standard for diagnosing
AKI(22). According to KDIGO staging classification, in case patients require renal replacement therapy,
irrespective of the stage they are considered as stage 3.
Stage 1

Stage 2

Stage 3

Serum Creatinine
↑sCr x 1.5
or
↑≥0.3 mg/dl in
sCr
↑sCr x 2

↑sCr x 3
or
↑≥0.5 mg/dl if
baseline
sCr>4.0 mg/dl

Urine output
<0.5 ml/kg
per h x 6h

<0.5 ml/kg
per h x 12h
<0.3 ml/kg
per h x 24h
or
anuria
x 12h

Baseline and preoperative variables included age, gender, BMI, Low Ejection fraction (<35), diabetes mellitus,
Hypertension (SBP>140, DBP>90)), Smoking (5 pack*year and more), Use of diuretics, addiction, alcohol usage,
preoperative serum creatinine.
Intraoperative variables were ventilation time, pumping time, clamp time, Use of Intra-aortic balloon pump, Intravenous inotropic drug therapy requirement, minimum hematocrit during pumping, urine output during pumping and
type of surgery. Inotropic drug used after wining for pump in case of unstable hemodynamics (SBP<90).
Post-operative criteria measured were tamponade, brain complication, gastrointestinal complication, intubation,
dialysis, death.
Patients divided into two groups, based on outcome, patients who developed CSA-AKI as cases group and patients
who didn’t developed CSA-AKI as controls group. Statistical analysis performed using SPSS program (version 18,
Chicago, IL, USA). Kaplan Meier, T-test and log linear tests used to compare variables between cases and controls.
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RESULTS

In this case-control study 203 patients for cardiac surgery were referred with On-Pump method to Cardiology
Subspecialty Center of Seyedolshohada Hospital, Urmia during second six months of 2013 were studied. 126
(62.1%) of the patients were male and 77 (37.9%) were women among the 203 patients studied, 47 patients (23.2%)
had CSA-AKI.
Among 47 patients with CSA-AKI, 42 patients detected with CSA-AKI Stage 1, 4 patients with stage 2 and 1 person
with stage 3.
The mean age of patients was 59.85 ± 10.65 years (minimum age 18, maximum age 81 years). The mean age of the
patients with CSA-AKI is equal to 61.45 ± 9.27 years and the mean age of patients who had not CSA-AKI is equal
to 59.37 ± 11.01 years. Given the amount of p = 0.242 which is greater than p = 0.05. There was no significant
difference between the mean ages of two groups.
Mean BMI of patients were 25.89 ± 4.01 kg/m2. (Lowest BMI was 15.82 and highest BMI was 38.37 kg/m2). The
mean BMI of the patients with CSA-AKI are equal to 26.74 ± 3.87kg/m2 and the mean BMI of patients who had not
CSA-AKI is equal to 26.54 ± 4.06 kg/m2. Given the amount of p = 0.765 which is greater than p = 0.05. There is no
significant difference between the mean BMI of two groups.
Mean of Minimum Hematocrit during surgery was 23.18 ± 4.28% (Lowest Min.HCT was 38% and highest
Min.HCT was 15% between patients). Mean Min.HCT of the patients with CSA-AKI is equal to 23.44 ± 4.26% and
mean Min.HCT of patients who had not CSA-AKI is equal to 23.09 ± 4.30%. Given the amount of p = 0.632 which
is greater than p = 0.05. There is no significant difference between the mean Min.HCT of two groups.
Table 1- Distribution Profiles of SEX, CABG, Hemo.instable, Tamponade, LowEF, Diabetes Mellitus, HTM, Smoking, Inotropic.Drug,
Diuretic.PRN, and Ethanol vs. case and control groups
Variable

Group case

Group control

Total

Female
Male

15 (%13.6)
32 (%19.5)

62 (%86.4)
94 (%80.5)

CABGs
Valve Replacement
Congenital
Aortic dissection
Multiple Operations

38 (%21.7)
4 (%36.5)
0 (%0)
3 (%75)
2 (%33.3)

137 (%78.3)
7 (%63.6)
7 (%100)
1 (%25)
4 (%66.7)

Tamponade*

Not have
have

43 (%22.1)
4 (%50)

152 (%77.9)
4 (%50)

LowEF**

Not have
have

26 (%18.2)
19 (%33.9)

117 (%81.8)
37 (%66.1)

Diabetes Mellitus

Not have
have

34 (%23.6)
13 (%22)

110 (%76.4)
46 (%23.6)

HTM

Not have
have

21 (%28)
26 (%20.3)

54 (%72)
102 (%79.7)

Smoking

Not smoking
smoking

28 (%21.9)
19 (%25.3)

100 (%78.1)
56 (%74.7)

Inotropic.Drug**

Not have
have

34 (%19.3)
13 (%48.1)

142 (%80.7)
14 (%51.9)

Diuretic.PRN

Not have
have

3 (%25)
44 (%23)

9 (%75)
147 (%77)

Ethanol*

Not have
have

45 (%22.5)
2 (%66.6)

155 (%77.5)
1 (%33.3)

77 (%37.9)
126 (%62.1)
P.value = 0.332
175 (%86.2 )
11 (%5.4)
7 (%3.4)
4 (%2)
6 (%3 )
P.value = 0.044
195 (%96.1)
8 (%3.9)
P.value = 0.066
143 (%70.4 )
56 (%27.6)
P.value = 0.017
144 (%70.9 )
59 (%29.1 )
P.value = 0.809
75 (%36.9)
128 (%63.1)
P.value = 0.210
143 (%70.4 )
56 (%27.6)
P.value = 0.573
176 (%86.7 )
27 (%13.3 )
P.value = 0.001
12 (%5.9)
191 (%94.1)
P.value = 0.876
200 (%98.5 )
3 (%1.5)
P.value = 0.072

Sex

CABG**

*, ** Respectively indicate the significance level of 5% and 10%

According to the results in Table 1 of the 203 patients, 47 patients (23.2%) had CSA-AKI. Among males, 32
patients (25.4%) and among females 15 patients (19.5%) had CSA-AKI. According to Chi-Square test, no
significant difference was found between gender and the incidence of CSA-AKI (p = 0.332).
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Of the 175 patients who underwent Coronary Artery Bypass Graft Surgery (CABG) 38 patients (21.7%), of the 11
patients who underwent Valve Replacement surgery 4 patients (36.4%), of the 4 patients who underwent Aortic
dissection repair 3 patients (75%) and of the 6 patients who underwent combination of the surgeries that were
mentioned 2 patients (33.3%) had CSA-AKI. Of the 7 patients undergoing surgical correction of congenital heart
defects either was found with CSA-AKI. As a result, there is significant difference between the type of surgery
performed and the incidence of CSA-AKI at 95% (p = 0.044). And of 56 (27.6%) patients that had ejection fraction
less than 35%, 19 patients (33.9%) had CSA-AKI. There is significant difference in ejection fraction less than 35%
and the incidence of CSA-AKI at 95% (p = 0.017). Also, of 8 (3.9%) patients with cardiac tamponade 4 patients
(50%) had CSA-AKI. There is a significant difference between the incidence of tamponade and the incidence of
CSA-AKI at 90% (p = 0.066).
Of 59 patients (29.1%) who had Diabetes Mellitus 13 patients (22%) had CSA-AKI. According to the Chi-Square
test there is no significant difference between Diabetes Mellitus and the incidence of CSA-AKI (p = 0.809). Also, of
128 (63.1%) patients who had hypertension, 26 patients (20.3%) patients had CSA-AKI. As a result, there is no
significant difference between blood pressure and the incidence of CSA-AKI (p = 0.210). Of 75 (36.9%) patients
who smoke, 19 (25.3%) patients had CSA-AKI. Finally, there is no significant difference between smoking and the
incidence of CSA-AKI (p = 0.573). And of 27 (13.3%) patients who had received inotropic drugs before, during and
after surgery, 13 (48.1%) patients had CSA-AKI. There is a significant difference between receiving inotrope drugs
and the incidence of CSA-AKI at 95% (p = 0.001).
Also, of 191 (94.1%) patients who were receiving diuretic therapy, 44 patients (23%) had CSA-AKI. As a result,
there is no significant difference between diuretic drugs and the incidence of CSA-AKI (p = 0.876). Finally, of 3
(1.5%) patients who had regular alcohol intake, 2 patients (66.7%) had CSA-AKI. According to Chi-Square test
there is a significant difference between regular alcohol consumption and the incidence of CSA-AKI at 90% (p =
0.072).
Table 2- Distribution Profiles of Addiction, Death, Dialysis, Redo.Operation, Reintubation vs. case and control groups
Variable

Total
191 (%94.1)
Addiction
12 (%5.9)
P.value = 0.117
Not have 43 (%21.8)
154 (%78.2)
197 (%97 )
Death**
have
4 (%66.7)
2 (%33.3)
6 (%3)
P.value = 0.010
Not have 46 (%22.8)
156 (%77.2)
202 (%99.5 )
Dialysis*
have
1 (%100)
0 (%0)
1 (%0.5 )
P.value = 0.068
Not have 42 (%21.9)
150 (%78.1)
192 (%94.6)
Redo.Operation**
have
5 (%45.5)
6 (%54.5)
11 (%5.4)
P.value = 0.071
Not have 45 (%22.8)
152 (%77.2)
143 (%70.4 )
Reintubation
have
2 (%33.3)
4 (%66.7)
56 (%27.6)
P.value = 0.548
*, ** Respectively indicate the significance level of 5% and 10%
Not have
have

Group case
42 (%22)
5 (%41.7)

Group control
149 (%78)
7 (%58.3)

According to the results shown in Table 2, among the 203 patients, 12 patients (5.9%) had a drug addiction. Among
these, 5 patients (41.7%) had CSA-AKI. According to the Chi-Square test there is no significant difference between
the ejection fraction less than 35% and the incidence of CSA-AKI (p = 0.117).
Of 6 (3%) patients who had expired after surgery, 4 patients (66.7%) had CSA-AKI. There is significant difference
between postoperative mortality and incidence of CSA-AKI at 95% (p = 0.010).
And only 1 patient (0.5%) under dialysis had CSA-AKI. There is a significant difference between patients who
require dialysis and the incidence of CSA-AKI at 90% (p = 0.068).
Also, of 11 (5.4%) patients who had undergone reoperation, 5 patients (45.5%) had CSA-AKI. As a result,
according to the Chi-Square test there is a significant difference between reoperation and the incidence of CSA-AKI
at 90% (p = 0.071).
Finally, of the 6 patients (3%) who had undergone re-intubation, 2 patients (33.3%) had CSA-AKI. There is no
significant difference between re-intubation and the incidence of CSA-AKI (p = 0.548).
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In the survey of Ventilation time variable that is equal to the time of intubation and connection to ventilator, variable
is considered as an event that has marked beginning and end, and in the case of death during this event or entire
event or failure to complete this event, the findings has been removed from the review.
According to the results of Kaplan-Meier test and Figure 1, the mean survival time in the group which had not
CSA-AKI was equal to 5.620±0.196 hours and the mean survival time in the group which had CSA-AKI was equal
to 8.207±0.984 hours and given that p = 0.001, which is less than p = 0.05 there is a significant difference between
the mean survival times of ventilation time of the two groups.

Figure 1- Survival Curve of Ventilation time vs. AK1.A

In the survey of Pumping time variable that is equal to the time of connecting to pump, variable is considered as an
event that has marked beginning and end, and in the case of death during this event or entire event or failure to
complete this event, the findings has been removed from the review.
According to the results of Kaplan-Meier test and Figure 2, the mean survival time in the group which had not CSAAKI was equal to 119.129±0.005minutes and the mean survival time in the group which had CSA-AKI was equal to
153.277±7.115minutes and given that p = 0.000, which is less than p = 0.05 there is a significant difference between
the means of survival times of pumping time of the two groups.

Figure 2- Survival Curve of Pumping time vs. AK1.A

In the survey of Clamp time variable that is equal to the time of connecting clamp, variable is considered as an event
that has marked beginning and end, and in the case of death during this event or entire event or failure to complete
this event, the findings has been removed from the review.
According to the results of Kaplan-Meier test and Figure 2, the mean survival time in the group which had not CSAAKI was equal to 75.917±2.364 minutes and the mean survival time in the group which had CSA-AKI was equal to
101.064±5.896minutes and given that p = 0.000, which is less than p = 0.05 there is a significant difference between
the means of survival times of clamp time of the two groups.
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Figure 2- Survival Curve of Clamp time vs. AK1.A

Mean Creatinine of patients before surgery was 1.01 ± 0.18 mg / dl (minimum Creatinine was 0.5 and maximum
Creatinine was 1.5 kg/m2). Primary mean Creatinine of patients with CSA-AKI patients was equal to 1.07 ± 0.21
mg / dl and primary mean Creatinine of patients who had not CSA-AKI was equal to 0.992 ± 0.17 mg / dl. Given the
amount of p = 0.020 which is less than p = 0.05. There is a significant difference between the primary mean
Creatinine of two groups at 95%.
Mean Urine output rate of patient during connecting to pump was 3.67 ± 0.18 ml / kg / h (lowest Urine output was
0.19 ml / kg / h and maximum Urine output was 10.75 ml / kg / h). Mean Urine output of patients with CSA-AKI is
equal to 3.13 ± 2.00 ml / kg / h and mean Urine output of patients who had not CSA-AKI is equal to 3.86 ± 2.17 ml /
kg / h is. Given the amount of p = 0.049 which is less than p = 0.05. There is a significant difference between mean
Urine outputs of the two groups at 95%.
DISCUSSION
Impaired renal function observed up to 45% in surgeries involved extracorporeal circulation(23). AKI has a major
impact in survival rates of critically ill patients as it caused development of several predictive models for prognostic
classification and risk-adjustment (17, 18). All these efforts aimed to decrease CSA-AKI unwelcome effects,
evolving approach to this issue from early recognition to decrease modifiable risk factors.
Definitions of CSA-AKI improved as well as coping with it, broadening the CSA-AKI definition with the intention
of covering more vulnerable patients resulting in higher reported percentage of CSA-AKI eventually causing early
detection and informing of clinicians about an important phenomenon jeopardizing their medical practice outcomes.
As in this study using most updated criteria up to this date, reported CSA-AKI percentage about half of similar
studies(23) implying awareness over this issue with presenting descending attitude.
Our study indicated tamponade, Low EF, Use of Inotropic drug, Alcohol consumption, and redo-operation along
with higher base creatinine, lower urine output, longer ventilation time, longer pumping time and longer clamp time
as a significant risk factor for developing CSA-AKI.
Similar studies confirmed Redo-operation, low ef and longer clamp time as risk factors, but also presented other risk
factors that were not significant in this study(12-16). Though we excluded high creatinine values as renal
insufficiency but we still see significant difference in Base creatinine even within normal ranges
Though the known morbidity and mortality of CSA-AKI, through this study only one patient (2.1%) developed
CSA-AKI severe enough to renal replacement therapy presenting lower severe outcomes with CSA-AKI as well as
similar studies in large series (1-1.7%)(24, 25).
Present study had limitations of cases and controls quantity and including patients from a single center hence
demanding multi center studies to test analogous models.
Revealed intra-operative risk factors through this study make it necessary to do more studies to focus on intraoperative risk factors.

44

Mahmoudi Sheikh-Sarmast A et al

Int J Med Res Health Sci. 2016, 5(7S):39-46
______________________________________________________________________________

Acknowledgement
This article was based on thesis for doctorate of general medicine of co-author supported by Urmia University of
Medical Science, School of medicine, Urmia, Iran.
REFERENCES
[1] Mehta RL, Pascual MT, Soroko S, Savage BR, Himmelfarb J, Ikizler TA, et al. Spectrum of acute renal failure in
the intensive care unit: the PICARD experience. Kidney international. 2004 Oct;66(4):1613-21. PubMed PMID:
15458458.
[2] Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera S, et al. Acute renal failure in critically ill
patients: a multinational, multicenter study. JAMA : the journal of the American Medical Association. 2005 Aug
17;294(7):813-8. PubMed PMID: 16106006.
[3] Hou SH, Bushinsky DA, Wish JB, Cohen JJ, Harrington JT. Hospital-acquired renal insufficiency: a prospective
study. The American journal of medicine. 1983 Feb;74(2):243-8. PubMed PMID: 6824004.
[4] Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW. Acute kidney injury, mortality, length of stay,
and costs in hospitalized patients. Journal of the American Society of Nephrology : JASN. 2005 Nov;16(11):336570. PubMed PMID: 16177006.
[5] Brown JR, Kramer RS, Coca SG, Parikh CR. Duration of acute kidney injury impacts long-term survival after
cardiac surgery. The Annals of thoracic surgery. 2010 Oct;90(4):1142-8. PubMed PMID: 20868804. Pubmed
Central PMCID: 3819730.
[6] Swaminathan M, Hudson CC, Phillips-Bute BG, Patel UD, Mathew JP, Newman MF, et al. Impact of early renal
recovery on survival after cardiac surgery-associated acute kidney injury. The Annals of thoracic surgery. 2010
Apr;89(4):1098-104. PubMed PMID: 20338313.
[7] Gu TX, Zhang WF, Xiu ZY, Fang Q, Zhang YH, Wang C. [Incidence and risk factors of acute kidney injury post
off-pump and on-pump coronary artery bypass grafting]. Zhonghua xin xue guan bing za zhi. 2008
Dec;36(12):1092-6. PubMed PMID: 19134277.
[8] Massoudy P, Wagner S, Thielmann M, Herold U, Kottenberg-Assenmacher E, Marggraf G, et al. Coronary
artery bypass surgery and acute kidney injury--impact of the off-pump technique. Nephrology, dialysis,
transplantation : official publication of the European Dialysis and Transplant Association - European Renal
Association. 2008 Sep;23(9):2853-60. PubMed PMID: 18388121.
[9] Benedetto U, Sciarretta S, Roscitano A, Fiorani B, Refice S, Angeloni E, et al. Preoperative Angiotensinconverting enzyme inhibitors and acute kidney injury after coronary artery bypass grafting. The Annals of thoracic
surgery. 2008 Oct;86(4):1160-5. PubMed PMID: 18805152.
[10] Lopez-Delgado JC, Esteve F, Torrado H, Rodriguez-Castro D, Carrio ML, Farrero E, et al. Influence of acute
kidney injury on short- and long-term outcomes in patients undergoing cardiac surgery: risk factors and prognostic
value of a modified RIFLE classification. Critical care. 2013 Dec 13;17(6):R293. PubMed PMID: 24330769.
[11] Hobson CE, Yavas S, Segal MS, Schold JD, Tribble CG, Layon AJ, et al. Acute kidney injury is associated with
increased long-term mortality after cardiothoracic surgery. Circulation. 2009 May 12;119(18):2444-53. PubMed
PMID: 19398670.
[12] Karkouti K, Wijeysundera DN, Yau TM, Callum JL, Cheng DC, Crowther M, et al. Acute kidney injury after
cardiac surgery: focus on modifiable risk factors. Circulation. 2009 Feb 3;119(4):495-502. PubMed PMID:
19153273.
[13] Rosner MH, Okusa MD. Acute kidney injury associated with cardiac surgery. Clinical journal of the American
Society of Nephrology : CJASN. 2006 Jan;1(1):19-32. PubMed PMID: 17699187.
[14] Olivero JJ, Olivero JJ, Nguyen PT, Kagan A. Acute kidney injury after cardiovascular surgery: an overview.
Methodist DeBakey cardiovascular journal. 2012 Jul-Sep;8(3):31-6. PubMed PMID: 23227284. Pubmed Central
PMCID: 3487575.
[15] Thakar CV, Arrigain S, Worley S, Yared JP, Paganini EP. A clinical score to predict acute renal failure after
cardiac surgery. Journal of the American Society of Nephrology : JASN. 2005 Jan;16(1):162-8. PubMed PMID:
15563569.
[16] Mariscalco G, Lorusso R, Dominici C, Renzulli A, Sala A. Acute kidney injury: a relevant complication after
cardiac surgery. The Annals of thoracic surgery. 2011 Oct;92(4):1539-47. PubMed PMID: 21872837.
[17] Barrantes F, Tian J, Vazquez R, Amoateng-Adjepong Y, Manthous CA. Acute kidney injury criteria predict
outcomes of critically ill patients. Critical care medicine. 2008 May;36(5):1397-403. PubMed PMID: 18434915.
[18] Chertow GM, Soroko SH, Paganini EP, Cho KC, Himmelfarb J, Ikizler TA, et al. Mortality after acute renal
failure: models for prognostic stratification and risk adjustment. Kidney international. 2006 Sep;70(6):1120-6.
PubMed PMID: 16850028.
[19] Bellomo R, Kellum JA, Ronco C. Defining and classifying acute renal failure: from advocacy to consensus and
validation of the RIFLE criteria. Intensive care medicine. 2007 Mar;33(3):409-13. PubMed PMID: 17165018.

45

Mahmoudi Sheikh-Sarmast A et al

Int J Med Res Health Sci. 2016, 5(7S):39-46
______________________________________________________________________________

[20] Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al. Acute Kidney Injury Network:
report of an initiative to improve outcomes in acute kidney injury. Critical care. 2007;11(2):R31. PubMed PMID:
17331245. Pubmed Central PMCID: 2206446.
[21] Englberger L, Suri RM, Li Z, Casey ET, Daly RC, Dearani JA, et al. Clinical accuracy of RIFLE and Acute
Kidney Injury Network (AKIN) criteria for acute kidney injury in patients undergoing cardiac surgery. Critical care.
2011;15(1):R16. PubMed PMID: 21232094. Pubmed Central PMCID: 3222049.
[22] Kellum JA, Lameire N, for the KAKIGWG. Diagnosis, evaluation, and management of acute kidney injury: a
KDIGO summary (Part 1). Critical care. 2013 Feb 4;17(1):204. PubMed PMID: 23394211.
[23] Hoste EA, Kellum JA, Katz NM, Rosner MH, Haase M, Ronco C. Epidemiology of acute kidney injury.
Contributions to nephrology. 2010;165:1-8. PubMed PMID: 20427949.
[24] Mangano CM, Diamondstone LS, Ramsay JG, Aggarwal A, Herskowitz A, Mangano DT. Renal dysfunction
after myocardial revascularization: risk factors, adverse outcomes, and hospital resource utilization. The Multicenter
Study of Perioperative Ischemia Research Group. Annals of internal medicine. 1998 Feb 1;128(3):194-203. PubMed
PMID: 9454527.
[25] Eriksen BO, Hoff KR, Solberg S. Prediction of acute renal failure after cardiac surgery: retrospective crossvalidation of a clinical algorithm. Nephrology, dialysis, transplantation : official publication of the European
Dialysis and Transplant Association - European Renal Association. 2003 Jan;18(1):77-81. PubMed PMID:
12480963.

46

