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Abstract: Background: Open heart surgery-related acute renal insult (OHS-RARI) is a typical inconvenience
following cardiovascular surgery. Erythropoietin (EPO) has been appeared from many examinations to have a reno-
defensive impact. Objectives: The present study was directed to explore the part of EPO in forestallingcoronary
artery bypass graft surgery-related acute renal insult (CABG-RARI). Patients and Methods: Arandomized, double-
blind, placebo-controlled trial was conducted prospectively on 70 male patients admitted to the Cardiothoracic
Surgery Department, Qena University Hospital, candidate for elective on-pump CABG. They were divided into two
groups; group I received 200 U/kg of rtHUEPO (n = 35) intravenously (IV) three days preoperative and anotherdose
of 100 U/kg IV at operation time. Group II received IV isotonic saline (NaCl 0.9%) (n = 35) intravenously three
days preoperative and anotherdose at operation time. The serum creatinine (SCr), estimated glomerular filtration rate
(eGFR) and urine neutrophil gelatinase-associated lipocalin (NGAL) were estimated to assess OHS-RARI. Results:
The overall results of the present study revealed non-significant changes in the studied biomarkers concerning with
assessment of the incidence of CABG-RARI and ARI between the two groups (p>0.05). Conclusions: Intravenous
administration of 300 IU/kg of EPO did not protectagainst renaldamage in patients experiencing CABG.
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1. Introduction

Acute renal insult (ARI) was reported in about
5% of all hospital admissions. If it occurs in the pre-
or postoperative period, it's associated with major
complications,  unsatisfactorily —high  mortality,
morbidity and increase hospital stay with associated
economic burden (1-4). It is well established that ARI
that needs dialysis is very risky and can lead to high
mortality (3-5), also, serum creatinine (SCr)
impairment of level have been associated with a
marked death rate (1, 2, 6-10). This risk of death is

independent of other postoperative complications and
co-morbidities (6-8).

Serum creatinine isn't a true marker of kidney
injury, but it represents a functional change and it's
affected by many factors, for example, age, ethnicity,
sex, muscle mass, total body volume and drugs
(11,12). The impairment in the glomerular filtration
rate (GFR) more than 50% can occur earlier before it's
detected in SCr (12-14). The capacity to identify ARI
before it appears in SCr would represent a great
progress in the treatment of ARI.



Journal of American Science 2018;14(2)

http://www.jofamericanscience.org

American Society of Nephrology adjusted a
recognizable proof and characters of biomarkers for
ARI as a key research zone. Several researches were
done to identify the risk factors that lead to the
occurrence of ARI. They found many factors and may
be patient or technique related (3, 15, 16). Moreover,
they noticed that post operative mortality frequently
was seen with patient-related factors than technique
associated factors. These risk factors lead to ARI via
two mechanisms either insufficient renal perfusion or
reduction of the renal reserve. However, not all of
them are correctable prior to surgery. Age,
hypertension, diabetes mellitus, heart failure,
peripheral vascular disease, and chronic renal disease
(CRD) were identified as patient-related factors
(15,17,18). However, prior CRD is the most critical
factor. As they found that

one-third of ARI cases needed dialysis was seen
in patients with pre-existing CRD undergoing heart
operations (7,17-19). OHS-RARI may occur due to
prolonged cardiopulmonary bypass (CPB) time,
combined valve and coronary artery bypass graft
(CABQ), and increased aortic cross-clamp (ACC) time
during vascular surgery (19,20).

Accumulation of biomarkers in serum and urine
occur during the incidence of ARI through different
mechanisms during the process of kidney injury and
repair. Also, the activated immune cells in the tubular
lumen may produce biomarkers (NGAL, IL-18).
Finally, the immune system and extra-renal tissues
may secret biomarkers and the reduction in GFR will
further augment this increase (21). Accordingly, it
deserves to study the management options and
laboratory investigations to anticipate or prevent OHS-
RARIL

Erythropoietin (EPO) is a glycoprotein hormone
member of the type 1 cytokine super family that is
produced by the kidney type 1 fibroblasts (22),in
response to insufficient tissue oxygenation (23). Via
many mechanisms EPO can prevent ARI and help in
kidney repair; prevention of apoptosis, augments new
blood vessel formation, anti-inflammatory effect, and
improves tissue regeneration.

Up to date, there are limited resources about the
outcome of management options for ARI; however,
therapeutic use of EPO seems promising for those “at
risk” for ARI.

2. Patients and Methods
2.1 Study design

This prospective randomized double-blind,
placebo-controlled trial was done at Cardiothoracic
Surgery Department- Qena and Assiut University
Hospitals-Egypt from July2014 to July 2016, after
obtaining approval from the institutional ethics
committee and written informed consent from all

patients. The study included seventy patients aged 45-
65years, scheduled for elective on-pump CABG. They
were divided into group I (n=35): received IV 200
U/kg of recombinant human erythropoietin (rHuEPO)
(5000 U, Recormon, Roche)3 days preoperatively, and
100 U/kg rHuEPO intraoperative; and group II (n=35):
received 0.9% saline corresponding to the same time
as in EPO group.

2.2. Exclusion criteria

a. ARI cases before the study.

b. CRD stage 5 or changes in SCr > 50%,
within 2 weeks prior to the study.

c. Drugs: nephrotoxic drugs and/or contrast
media administration within two weeks preoperative.

d. Patients with a known allergy to rHuUEPO.

e. Patients with valvular heart diseases,
congenital heart diseases, congestive heart failure,
cardiogenic shock or emergency operations were
excluded.

The essential endpoint of this research might
have been the frequency of CABG-RARI for the
group I compared with group II. That definition from
claiming CABG-RARI will be characterized as a >0. 3
mg/dl or alternately > half increment in SCr levels
from baseline inside the principal 48 hrs postoperative.
Changes in SCr, eGFR and urine NGAL throughout
the three postoperative days, postoperative
complications, length of ICU and hospital stay, a
requirement for RRT and all causes of hospital
mortality were compared between both groups.

2.3. Perioperative management

The standard anesthetic care was done for all
cases. Normocarbia was obtained by adjustment of the
ventilator (tidal volume = 8 mL/kg, respiratory rate =
8 tol4 breaths/min). Priming of CPB was established
with a 1.6 L solution. All patients underwent the
traditional on-pump CABG via standard median
sternotomy. The institution of CPB via aortic cannula
and single two-stage venous cannula in the right
atrium. All cases were given warm antegrade blood
cardioplegia via the aortic root cannula.
Intraoperatively, the mean arterial pressure (MAP)
was maintained at 50 to 80 mmHg and CPB flow at a
rate of 2.0 to 2.4 L/min/m2. During the perioperative
period, the fluid balance was maintained using
Voluven® (Fresenius Kabi, Graz, Austria) and fresh
frozen Plasma to maintain normovolemic status.
Packed RBCs transfusion was done if the hematocrit
<20% during CPB or <25% after CPB.
Norepinephrine was used to establish a MAP between
65 to 90 mmHg postoperatively. Similarly, milrinone
was used as an inotrope in right ventricular
dysfunction and/or severe pulmonary hypertension
cases. Diuretics were utilized the point when urine
output under 0. 5 ml/kg/hr.
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2.4. Laboratory workup

Complete blood count (CBC) with reticulocytic
count was done three days as a baseline and 6 hrs
preoperatively, and postoperative daily CBC for five
days. SCr was estimated 12 hrs preoperative (baseline)
and daily for five days post operatively in all cases.
Real-time eGFR was calculated using the Cockroft-
Gault formula.

Urine samples were takenl2 hrs. preoperative
(baseline) and 3,6,12, 18 and 24 hrspostoperatively.
Samples were centrifuged at 2,000 g for 5 min and the
supernatants stored at —70°C until assayed. Urinary
NGAL concentration was measured using a
commercial double-antibody sandwich ELISA kit
(Glory Science, USA). Pre-ELISA, together optimal
density concentration; that meets the respective NGAL
protein concentration in the linear range of the
standard curve; all urine samples were diluted. The
inter-assay and intra-assay coefficients of variation for
NGAL were < 5%. These assays were done duplicated
and blinded.

2.5. Statistical analysis

The sample size was calculated with the use of a
two-sided X2 test with a significance level of 0.05 and
a power of 80%. Data were expressed as a mean = SD
for continuous variables and as percentages for

discrete variables. Continuous data were analyzed by
the Student’s t-test for the equal variance or Mann—
Whitney test for unequal variance and categorical
valuables were investigated by the Pearson y2 or
Fisher’s exact test. A two-sided p-value < 0.05 was
considered significant. Two-way analysis of variance
was utilized to compare continuous variables between
both groups with Bonferroni post-hoc test for each
time point. SPSS was used for statistical analysis
(Version 15.0. for Windows; SPSS, Inc.) and
significance was assigned when p values < 0.05.

3. Results

This study included 70 patients; they were
randomly assigned into group I (tHuUEPO group) and
group II (placebo group). The patients' characteristics,
preoperative and intraoperative data were postulated in
Tables [1, 2]. Preoperatively, both groups were
comparable as regard patients' characteristics, existing
risk factors and medications. Moreover, there was no
statistically significant difference between both groups
as regard preoperative hemoglobin, hematocrit,
reticulocyte count, SCr and eGFR. The operation time,
ACC time, intraoperative fluid intake and urine output
were equivalents between both groups.

Table 1. Patient characteristics and preoperative clinical data.

Variables Group I N=35 Group II N=35 P value
Age (years):
Mean +SD 50.7£5.2 53.6+5.2 0.146 (NS)*
Weight (kg):
Mean +SD 69.1+8.0 71.2+13.0 a
Range 60-85 53-91 0.2118 (NS)
EYI(’(;S‘“'“S“’“ 23 (65.7%) 21 (60%) 0.621(NS)°

P f 15}
I]?}fa(lz/i;es Mellitus 11 (31.4%) 15 (42.9%) 0.322 (NS)
Preoperative medications: N. (%)
ACEIs 15 (42.9%) 14 (40%) 0.808 (NS)°
ARBs 7 (20%) 6 (17.1%) 0.759(NS)"°
BBs 19 (54.3%) 21 (60%) 0.629 (NS)°
CCBs 10 (28.6%) 11 (31.4%) 0.794 (NS)°
Diuretics 12 (34.3%) 14 (40%) 0.621(NS)"°
Statin 8 (22.9%) 12 (34.3%) 0.290(NS)"
Hemoglobin (Mean +SD, gm/dL) 12.134+0.54 12.13+0.67 0.482 (NS)*
SCr (Mean +SD a
, mg/dL) 0.84+0.13 0.88+0.11 0.101 (NS)
e¢GFR (Mean +£SD, mL/min/1.73 m2) 98.37+20.51 91.60+13.27 0.053(NS)"
Hematocrit (Mean +SD, %) 36.17+2.63 36.32+2.16 0.3710 (NS)*
Reticulocyte count (Mean £SD, %) 1.23+0.25 1.19+0.35 0.3066 (NS)"

a: Independent sample t-test, NS: non-significant (P >0.05); b: Pearson Chi-square test, ACEIs: angiotensin-
converting enzyme inhibitors; ARBs: angiotensin II receptor blockers; BBs: beta blockers; CCBs: calcium channel
blockers.; SCr: serum creatinine; eGFR: estimated glomerular filtration rate.




Journal of American Science 2018;14(2)

http://www.jofamericanscience.org

Table 2. Intraoperative data of the included patients.

Variables Group I N=35 Group II N=35 p value
Operation time (Mean+=SD, min.) 293.2+62.1 302.2+63.2 0.276(NS)”
CPB time (Mean+SD, min.) 104.3+14.4 101.3£16.5 0.215(NS)"
Intraoperative fluid balance

Crystalloids (Mean+SD, ml) 1547.1£309.6 1530.9+306.2 0.413(NS)"
Colloids (Mean£SD, ml) 664.3+83.6 637.1£151.1 0.284(NS)"
Urine output (Mean+SD, ml) 1025.1£350.9 1001.7+281.4 0.380(NS)”
Patients transfused with packed RBCs N. | 24 (68.6%) 28 (80.0%) 0.274(NS)°
(%)

Packed RBCs transfused (Mean+SD, ml) | 310.0+69.5 332.9+86.6 0.142(NS)”

Independent sample t-test, NS: non-significant (P >0.05); b: Pearson Chi-square test

A comparison of the SCr and eGFR between
both groups; preoperative (baseline) and on the 1st,
2nd, 3rd, 4th and 5th day postoperatively; showed no
statistically significant differences [Table 3]. Also, as
regarding the all-time point’s measurements of SCr
and eGFR, there was a non-significant contrast (p
>0.05) between both groups.

As regard NGAL concentrations in urine, both
groups had a similar baseline concentration. However,
within the first 24 hours; it was found higher than the
baseline at all time points in both groups. But, without
a noteworthy distinction in the mean urine NGAL
concentrations between both groups [Table 4]. The
reticulocyte count was comparable between both
groups in the baseline. We reported a significant
increase in the reticulocyte count percentage after
administration of the first dose of rHuUEPO in group I
(1.23+0.25t01.50+0.28, p< 0.01). on the contrary, no
significant changes reported group II (1.194+0.35 to
1.20+0.36) at the operation day. Furthermore, both
groups were comparable as regards the baseline and

postoperative hematocrit [Table 5]. The summary of
the previously described results are shown in Figure-1.

In the present study, regarding CABG-RAR]I, it
was noticed in 35.7% of cases. It occurred in 40% of
cases in group II compared with 31.4% of cases in
group I, however without a statistically significant
difference between both groups (p >0.05). RRT was
needed for one patient (2.9%) in each group. Both
groups were comparable as regards mean ICU and
hospital stay (group I were 2.9+1.01 & 15.1£3.43
days, while group II was3.2+0.9 & 14.8+2.65 days
respectively) [Table 6].

Acknowledging other postoperative variables
assessment in the present study such as Mechanical
ventilation > 48hrs, Reintubation, Reoperation, there
might have been no measurable contrast (p > 0.05)
between both groups. In the hospital, one patient
(2.9%) died in group I, while two patients (5.7%) in
group II due to sepsis and acute respiratory distress
syndrome. None of the patients formed unfriendly
difficulties identified with EPO organization including
thromboembolic occasions all around the study.

Table 3. Mean £SD of serum creatinine (SCr) and estimated glomerular filtration rate (eGFR) in both groups
preoperatively (baseline), on the 1st, 2nd, 3rd, 4th and 5th day post-operative.

Variables | Group I N=35 | Group 11 N=35 |p value
SCr (Mean+SD, mg/dl):

Baseline 84+0.13 0.88+0.11 0.101(NS)
1st day 0.93+0.19 1.01+0.24 0.064(NS)
2nd day 1.11+0.40 1.17+0.39 0.246(NS)
3rd day 1.11+0.79 1.19+0.57 0.315 (NS)
4th day 1.0840.80 1.17+0.60 0.295 (NS)
Sth day 1.08+0.82 1.13+0.60 0.389 (NS)
eGFR (Mean+SD, mL/min/1.73m2)

Baseline 98.37+20.51 91.60+13.27 0.053 (NS)
1st day 91.43+25.14 83.43+18.86 0.077 (NS)
2nd day 81.11437.60 76.20+22.71 0.255 (NS)
3rd day 91.40+37.55 78.29+29 .46 0.054 (NS)
4th day 90.0+£32.41 79.89+27.78 0.095 (NS)
Sth day 92.86+35.22 83.14+30.01 0.109 (NS)

Independent sample t-test NS: non-significant (P- value >0.05)
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Table 4. Mean £SD of urine neutrophil gelatinase-associated lipocalin (NGAL) concentrations (ng/ml).

Studied groups

Urine NGAL (Mean + SD, ng/ml)

Baseline 3 hrs 6 hrs 12 hrs 18 hrs 24 hrs
Group I N=35 |64.06+24.39 |160.66+24.79 |218.63+82.64 |165.80+58.42 |136.03+60.13 |120.34+51.58
Group II N=35 |69.23+21.21 |163.71£17.72 |222.80+85.60 |178.43443.19 |147.74+62.79 |123.54+65.42
p-value 0.1736 (NS) |0.2773 (NS) 0.4177 (NS) 0.1537 (NS) 0.2141 (NS) 0.4105 (NS)

Independent sample t-test NS: Not significant (P > 0.05)

Table 5. changes of the reticulocytic count (%) and hematocrit (%) during the perioperative period.

Variables | Group I N=35 | Group II N=35 |p value
Reticulocytic count (%)
. Baseline 1.23+0.25 1.19+0.35 0.307 (NS)
. Operative day (3 days after 1st dose) 1.50+0.28 1.20+0.36 0.0001#**
Hematocrit (%)
. Baseline 36.17+2.63 36.32+2.16 0.371 (NS)
. Day 0 preoperative 36.23+1.68 35.81+£2.66 0.215 (NYS)
. Day 0 postoperative 29.77+2.10 29.0£2.06 0.083 (NS)
. Day 1 postoperative 30.23+£2.26 29.7142.55 0.188 (NS)
° Day 2 postoperative 30.17£2.98 30.57£2.52 0.273 (NS)
. Day 3 postoperative 30.60+3.15 31.04+2.81 0.268 (NS)
Independent sample t-test NS: non-significant (P- value >0.05) **%* p-value < 0.001

Table 6 Postoperative variables and outcomes of the included patients.
Variables Group I N=35 1(\1;:;;[) 1 p value
Duration of ICU stay (Mean+SD, days) 2.9+1.01 3.2+0.9 0.162 (NS)*
Duration of hospital stay (Mean+SD, days) 15.1+£3.43 14.8+2.65 0.351(NS)*
Acute kidney injury (AKI) N. (%) 11 (31.4%) 14 (40%) 0.454 (NS)°
Renal replacement therapy (RRT) N. (%) 1 (2.9%) 1 (2.9%) 1.00 (NS)
Mechanical ventilation>48h N. (%) 2 (5.7%) 2 (5.7%) 1.00 (NS)°
Reintubation N. (%) 1 (2.9%) 1 (2.9%) 1.00 (NS)
Reoperation N. (%) 1 (2.9%) 2 (5.7%) 0.555 (NS)°
Mortality N. (%) 1 (2.9%) 2 (5.7%) 0.555 (NS)°

a: Independent sample t-test, NS: non-significant (P >0.05);

b: Pearson Chi-square test.

Patients candidate for CABG

(N=70)

p>0.05
induced ARI

Figure 1. Summary of the overall results of the present study
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4. Discussion

Provided for that vulnerability of the utilization
of rHUEPO to save the kidney and the guaranteeing
utilization of NGAL for identifying ARI, this study
was done to assess the reno-protective impact of
rHuEPO when started three days former of the onset
from claiming cardiovascular surgery, furthermore
during the operation. This early begin is exceptional
likewise a method for protection against ARI over
elective cardiovascular surgery patients. Those
preferences for rHUEPO might have been assessed on
the frequency of OHS-RARI, clinical results and
changes in urine NGAL.

The baseline reticulocyte count was the same
between the two groups. Interestingly, we noticed a
significant increase in the reticulocyte count
percentage after administration of the first dose of
rHuEPO in group I, on the contrary, no significant
changes reported group II on the operation day.
Moreover, both groups were comparable as regards
the baseline and postoperative hematocrit. As opposed
to our results, two studies recently placed the reno-
protective impacts of rHUEPO during cardiac surgery
(24,25). However, in a study by Song et al (24),
accounted a decrease in the frequency from claiming
ARI from 29 to 8% within 5 days postoperatively; by
administration of 300 U/ kg rHuEPO after induction of
anesthesia. Tasanarong et al (25), evaluated those
impact of a two-dose rTHUEPO regimen, initial 200
Ul/kg 3 days before CABG and 100 U/kg afterwards
anesthesia incitement and reported a statistically
noteworthy contrastin eGFR 24, 48 and 72 hrs
postoperatively in the EPO group and a decline over
ARI from 38 to 14% in the EPO group. Likewise, they
accounted statistically significant low urine NGAL
levels in the EPO assembly postoperatively. So, these
different effects might be expected on the selection of
cases, sample size, time points of measurements, dose
and/or timing of rHuUEPO administration. Anyhow our
outcomes are like Tasanaronget al (25) who found a
change of the reticulocyte count three to four days
following rHuEPO infusion. However, different
investigations ahead cardiovascular surgery patients
bring a neglected on the show this reno-protective
impact (26-28).

In the EARLYAREF trial (26), evaluated those
reno-protective impact for rHuUEPO in a double-blind
controlled study of 162 general ICU patients with
severe illness. They administered two doses of 500
U/kg rHuEPO. There were no differences accounted
for SCr transforms between the two groups within one
week from baseline. On the contrary to our study,
rHuEPO was given throughout alternately after the
ARI and over a heterogeneous critically sick assembly
of patients that might differ starting with
cardiovascular surgical cases.

In an alternate randomized controlled study, de
Seigneux et al [27], evaluated different cardiac
surgical patients. Postoperatively, 40,000 and 20,000
U of rHuEPO was given after ICU admission. They
contrasted the levels of urine NGAL 48 hrs
postoperatively to baseline. The contemplate didn't
hint any reno-protective impact. However, it can be
contended that late organization of rHuEPO might
obstruct the reno-protective impacts of rHUEPO.

In a study by Kim et al (28), they administered
300 Ukg rHuEPO preoperatively in a high-risk
heterogeneous cardiac surgical cohort, but generally
with normal GFR. Erythropoietin was given for a
comparable timing and dosing in a study by Song et al
(24), the renal outcomes were measured by cystatin C
and NGAL. Kim et al (28), might not show whatever
renal protective impact about rHuEPO.

In a study conducted for cases with previous
renal impairment undergoing CABG, by Dwadashi et
al (29), they concluded that preoperative organization
of 400 IU/kg of rHuEPO, had no reno-protective
impacts. The third postoperative day for relative
cystatin C level changes showed a non-statistically
noteworthy distinction between the group compared to
baseline. Moreover, the other kidney biomarkers or
investigations (NGAL, SCr and eGFR) presented non-
statistically significant differences among the groups.
So, they reported no different contrasts in the end
results between the groups.

In this prospective randomized controlled trial,
we did not find any beneficial effect of pre-emptive
rHuEPO administration on the prevention of ARI and
the degree of renal injury in patients undergoing
CABG. Four limitations were reported in this research.
Firstly, the study was performed at a single center.
Secondly, the results require more sample size for an
adequate scope of the study. Thirdly, the author
mentions the anti-oxidant impact of rHuEPO
prophylaxis. So, future researches are needed to study
it. Lastly, urinary NGAL was used as a biomarker for
kidney function assessment, but other markers should
be measured to precisely find any relevant differences.

In  conclusion, the  pre-operative IV
administration of 300 IU/kg of EPO did not protect
against renal damage in patients experiencing CABG.
Also, it is failed to attenuate the increase in the urinary
NGAL and improve the clinical outcomes. Further
investigations are required will affirm that
convenience from this regimen. Moreover, large
studies are necessary on a survey for long-term results.
A total assortment of claiming markers to renal
capacity ought to make measured with faultlessly find
any applicable differences. Also, many kidney
function biomarkers should be investigated precisely
to diagnose and significant differences.



Journal of American Science 2018;14(2)

http://www.jofamericanscience.org

Authors' contribution

Hany A. Ibrahim, Salah M. Saleh, Hatem S.
Mohammed, Mohamed Abdel-Bary and Abdelkader
Ahmed Hashimand Ahmed F. Abdel-latif, all were
responsible for study design and data gathering, data
analysis. Mona M. Abdelmegidand Mohammed H.
Hassan were responsible for laboratory workup and
assessment and also shared in data and result analysis.
All authors share in manuscript writing and approval
of final version.

Financial disclosure
The authors declare that they have no competing
interests.

Funding/ Support
This research was funded by the authors
themselves.

Corresponding author:

Dr. Mohammed H. Hassan

Lecturer of Biochemistry and Molecular Biology,
Qena Faculty of Medicine, South Valley University,
Qena, Egypt.

E-mail: Mohammedhosnyhassaan@yahoo.com;
mohammedhosnyhassaan@med.svu.edu.eg;

References

1. Ishani A, Nelson D, Clothier B, Schult T, Nugent
S, Greer N, Slinin Y, Ensrud KE. The magnitude
of acute serum creatinine increase after cardiac
surgery and the risk of chronic kidney disease,
progression of kidney disease, and death. Arch
Intern Med. 2011;171(3):226-233.

2.  Lassnigg A, Schmidlin D, Mouhieddine M,
Bachmann LM, Druml W, Bauer P, Hiesmayr M.
Minimal changes of serum creatinine predict
prognosis in patients after cardiothoracic surgery:
a  prospective  cohort  study. JASN.
2004;15(6):1597-1605.

3. Thakar CV, Kharat V, Blanck S, Leonard AC.
Acute kidney injury after gastric bypass surgery.
CJASN.2007;2(3):426-430.

4.  Uchino S, Kellum JA, Bellomo R, Doig GS,
Morimatsu H, Morgera S, Schetz M et al. Acute
renal failure in critically ill patients: a
multinational, — multicenter  study. JAMA.
2005;294(7):813-818.

5.  Chertow GM, Levy EM, Hammermeister KE,
Grover F, Daley J. Independent association
between acute renal failure and mortality
following cardiac surgery. The American journal
of medicine. 1998;104(4):343-348.

6. Bihorac A, Yavas S, Subbiah S, Hobson CE,
Schold JD, Gabrielli A, Layon AJ, Segal MS.
Long-term risk of mortality and acute kidney

10.

11.

12.

13.

14.

15.

16.

17.

18.

injury during hospitalization after major surgery.
Ann Surg. 2009;249(5):851-858.

Hobson CE, Yavas S, Segal MS, Schold JID,
Tribble CG, Layon AJ, Bihorac A. Acute kidney
injury is associated with increased long-term
mortality after cardiothoracic surgery.
Circulation. 2009;119(18):2444-2453.

Lafrance JP, Miller DR. Acute kidney injury
associates with increased long-term mortality.
JASN. 2010;21(2):345-352.

Mehta RL, Pascual MT, Soroko S, Savage BR,
Himmelfarb J, Ikizler TA, Paganini EP, et al.
Spectrum of acute renal failure in the intensive
care unit: the PICARD experience. Kidney int.
2004;66(4):1613-1621.

Palevsky PM. Epidemiology of acute renal
failure: the tip of the iceberg. CJASN.
2006;1(1):6-7.

Coca SG, Yalavarthy R, Concato J, Parikh CR.
Biomarkers for the diagnosis and risk
stratification of acute kidney injury: a systematic
review. Kidney int. 2008;73(9):1008-1016.
Mehta RL, Chertow GM. Acute renal failure
definitions and classification: time for change?
JASN. 2003;14(8):2178-2187.

Dent CL, Ma Q, Dastrala S, Bennett M,
Mitsnefes MM, Barasch J, Devarajan P. Plasma
neutrophil gelatinase-associated lipocalin
predicts acute kidney injury, morbidity and
mortality after pediatric cardiac surgery: a
prospective uncontrolled cohort study. Crit Care.
2007;11(6): R127.

Herget-Rosenthal S, Marggraf G, Hiising J,
Goring F, Pietruck F, Janssen O, Philipp T,
Kribben A. Early detection of acute renal failure
by serum cystatin C. Kidney int.
2004;66(3):1115-1122.

Chertow GM, Lazarus JM, Christiansen CL,
Cook EF, Hammermeister KE, Grover F, Daley
J. Preoperative renal risk stratification.
Circulation. 1997;95(4):878-884.

Kheterpal S1, Tremper KK, Heung M,
Rosenberg AL, Englesbe M, Shanks AM,
Campbell DA Jr. Development and validation of
an acute kidney injury risk index for patients
undergoing general surgery: results from a

national data set. Anesthesiology.
2009;110(3):505-515.
Fortescue EB, Bates DW, Chertow GM.

Predicting acute renal failure after coronary
bypass surgery: cross-validation of two risk-
stratification algorithms. Kidney int.
2000;57(6):2594-2602.

Thakar CV, Arrigain S, Worley S, Yared JP,
Paganini EP. A clinical score to predict acute



Journal of American Science 2018;14(2)

http://www.jofamericanscience.org

19.

20.

21.

22.

23.

24.

renal failure after cardiac
2005;16(1):162-168.
Carmichael P, Carmichael AR. Acute renal
failure in the surgical setting. ANZ journal of
surgery. 2003;73(3):144-153.

Brienza N, Giglio MT, Marucci M, Fiore T. Does
perioperative hemodynamic optimization protect
renal function in surgical patients? A meta-
analytic  study. Critical care medicine.
2009;37(6):2079-2090.

Grigoryev DN, Liu M, Hassoun HT, Cheadle C,
Barnes KC, Rabb H. The local and systemic
inflammatory transcriptome after acute kidney
injury. JASN.2008;19(3):547-558.

Johnson DW, Forman C, Vesey DA. Novel
renoprotective actions of erythropoietin: new
uses for an old hormone. Nephrology.
2006;11(4):306-312.

Maxwell PH, Ferguson DJ, Nicholls LG, Iredale
JP, Pugh C W, Johnson MH, et al. Sites of
erythropoietin production. Kidney int.
1997;51(2):393-401.

Song YR, Lee T, You SJ, Chin HJ, Chae DW,
Lim C, Park KH, Han S, Kim JH, Na KY.
Prevention of acute kidney injury by
erythropoietin in patients undergoing coronary
artery bypass grafting: a pilot study. Am J
Nephrol. 2009;30(3):253-260.

surgery. JASN.

1/31/2018

25.

26.

27.

28.

29.

Tasanarong A, Duangchana S, Sumransurp S,
Homvises B, Satdhabudha O. Prophylaxis with
erythropoietin versus placebo reduces acute
kidney injury and neutrophil gelatinaseassociated
lipocalin in patients undergoing cardiac surgery:
A randomized, double-blind controlled trial.
BMC Nephrol. 2013;14:136.

Endre ZH, Walker RJ, Pickering JW, Shaw GM,
Frampton CM, Henderson SJ, Hutchison R, et al.
Early intervention with erythropoietin does not
affect the outcome of acute kidney injury (the
EARLYARF trial). Kidney int.
2010;77(11):1020-1030.

DeSecigneux S, Ponte B, Weiss L, Pugin J,
Romand JA, Martin P-Y, et al. Epoetin
administrated after cardiac surgery: Effects on

renal function and inflammation in a
randomizedcontrolled study. BMC Nephrol.
2012;13:132.

Kim J, Shim J, Song J, Song Y, Kim H, Kwak Y.
Effect of erythropoietin on the incidence of acute
kidney injury following complex valvular heart
surgery: A double blind, randomized clinical trial
of efficacy and safety. Crit Care.2013;17: R254.
Dardashti A, Ederoth P, Algotsson L, Brondén B,
Grins E, Larsson M, Nozohoor S, Zinko G,
Bjursten H. Erythropoietin and protection of
renal function in cardiac surgery (the EPRICS
Trial). Anesthesiology.2014;121(3):582-590.



