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ABSTRACT

Introduction: The incidence of postoperative CABG AKI in Indonesia, one of which is in the city of Surabaya, is
known to reach 69.8%. For this reason, this study was prepared with the aim of analyzing the risk factors of
Acute Kidney Injury Incidence following coronary artery bypass graft with cardiopulmonary bypass.

Method: The study conducted a prospective analytic study on CABG patients with the CPB technique without
a history of previous kidney disease at a hospital in Indonesia in the period 2020.

Results: Through the results of the study, it was found that 14 people were diagnosed as AKI after surgery, of
which 11 were men. On the other hand, it is also known that AKI patients also experience a longer duration of

CPB and also lower plasma osmolarity

Conclusion: Of all the factors it is known that eGFR is an independent risk factor for AKI.
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INTRODUCTION

The incidence of Acute Kidney Injury (AKI) after heart
surgery, whether using Cardiopulmonary Bypass (CPB) or
not, is now known to reach 49.9% (Prabhu et al., 2010).
The medical records in one of the hospital in Indonesia
showed that the incidence of AKI after CPB in 2019
reached 69.8%.

Coronary Artery Bypass Graft (CABG) is a procedure to
replace coronary arteries that have atherosclerotic plaque
occlusion with arteries or veins from other parts of the
body, so that blood flow to the heart muscle returns to
normal (Alexander & Smith, 2016). his procedure is the
most common thoracic and cardiovascular surgical
procedure performed by medical professionals (Squiers &
Mack, 2018). In one hospital in Indonesia, namely in
Surabaya, it is known that CABG procedures in 2018 and
2019 were recorded at 82 and 64 times, respectively.

There are several conditions associated with the incidence
of AKI, namely old age and female gender, preoperative
cardiac dysfunction, emergency surgery, peripheral
arterial disease, reinvention, diabetes requiring insulin,
intraoperative aprotinin use, patients with obstructive
pulmonary disease. chronic obstructive pulmonary
disease (COPD), and preoperative renal dysfunction (Shin
et al, 2016), (Vives et al., 2019), (Yi et al., 2016). A study
showed that optimal blood pressure during perioperative
will influence the occurrence of AKI. On the one hand, the
duration of CPB is also a very important factor in this
problem.

Investigating further, it is also known that plasma
osmolarity is the most important factor that determines
the direction of fluid movement in the body. The
relationship between plasma osmolarity and the incidence
of postoperative AKI is still very rarely studied.

Glomerular filtration rate (GFR) is an important component
that determines the occurrence of AKI in post
cardiovascular patients. Research has shown that GFR <30
before surgery is a risk factor for postoperative AKI (Silva et
al,, 2018). his is consistent with other studies which state
that preoperative GFR can be used to predict the risk of
postoperative AKI (Wu et al, 2019). Therefore, this study
was structured to analyze the risk factors of Acute Kidney
Injury Incidence following coronary artery bypass graft with
cardiopulmonary bypass in Indonesia.

METHOD

This research is an analytic observational study which aims
to determine the causal relationship between variables. This
research was conducted in the Central Surgical Installation,
nursing ward, and ICU RSUD Dr. Soetomo, Surabaya City,
Indonesia at the end of 2020. The target of this study was all
patients who underwent CABG surgery with the CPB
technique at RSUD Dr. Soetomo Surabaya.

RESULT

Research Characteristics

This research was conducted in RSUD Dr. Soetomo Surabaya
Indonesia. It is known that the inclusion criteria of this study
selected by the researcher were all patients who underwent
CPB with complete examination data. The sample in this
study was dominated by men with a total of 17 (81.0%)
study samples with uncontrolled comorbidities with a total
of 18 (85.7%) study samples. The majority of patients
undergoing CPB had AKI with a total of 13 (61.9%) study
samples.

Hemodynamic Analysis (MAP) on the incidence of AKI
Post Cardiopulmonary Bypass

The results of this study showed that patients who did not
have AKI had a lower MAP than those who did not experience
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both on pre-induction (99.5 + 13.0 vs 97.8 + 12.3) and
durante (82.2 + 15.1vs 79.9 + 12.6).

The difference between MAP duration of surgery (p-value
0.681) and preinduction MAP (p-value 0.771) was not
significantly related based on statistical calculations.

TABLE 1: Differences in MAP based on the incidence of AKI.

MAP n AveragetStandard Deviation P Value
Pre CPB
AKI 14 99,11 +£ 16,06
0,257
Without AKI 7 91,57+ 7,55
Low CPB Durante
AKI 14 44,79 £+ 11,53
0,415
Without AKI 7 40,57 +£9,48
High CPB Durante
AKI 14 75,33+10,88
- 0,368
Without AKI 7 70,00 + 15,39
Low Early ICU
AKI 14 69,93 £15,50
0,735
Without AKI 7 72,29 £ 13,34
High Early ICU
AKI 14 90,00 £ 14,26
0,760
Without AKI 7 92,29 +£19,09

The test results showed that there was no significant
difference in MAP Pre CPB, low/high Durante CPB and
low/high early ICU between the AKI and no AKI groups (p >
0.05).

Analysis of Cardiopulmonary Bypass Time on the
Incidence of AKI Post Cardiopulmonary Bypass

Table 2 below shows the analysis of the differences between
cardiopulmonary bypass time and the incidence of AKI in
patients after cardiopulmonary bypass.

TABLE 2: The difference between CBP time and the incidence of AKI.

AKI Incidence (Mean * SD)

CPB Time Yes

No p-value

139,1 £ 64,0

102,8 £18,0 0,179

Table 2 shows that patients with AKI had a higher CBP time
than those without AKI (139.1 + 64.0 vs 102.8 + 18.0), but
the difference was not statistically significant (p-value
0.179).

Osmolarity Analysis with AKI Post Cardiopulmonary
Bypass Incidence

Table 2 below shows the difference between the
calculation of osmolarity and the incidence of AKI in
patients who have undergone CPB.

TABLE 3: The difference between osmolarity and the incidence of AKI.

AKI Incidence (Mean + SD)

Osmolarity Yes

No p-value

315,2 £ 60,7

339,8+27,4 0,296"

Table 3 shows that patients without AKI had a higher
osmolarity than those with AKI (339.8 + 27.4 vs 315.2
60.7). This comparison is not significant based on statistical
calculations (p-value 0.296).

The results of the free sample T test and the Mann Whitney
test showed that there was no significant difference in the
Osmolarity of Pre CPB, Durante CPB and early ICU between
the AKI and without AKI groups (p > 0.05).

Estimated-GFR Analysis of AKI Post Cardiopulmonary
Bypass

The data shows that patients with AKI had a lower e-GFR
than those without AKI (51.1 + 15.8 vs 76.3 + 20.1).

The difference was significant based on statistical
calculations (p-value 0.005).

The results of the free sample T test and the Mann Whitney
test showed that there was no significant difference in the
eGFR of Pre CPB and Durante CPB between the AKI and no
AKI groups (p > 0.05), and there was a significant
difference in the early ICU eGFR between the AKI and
without AKI groups (p < 0.05).

Analysis of Other Risk Factors for Post-CPB AKl Incidence
Table 3 below shows the difference between serum
albumin levels and the incidence of AKI in patients who
have undergone CPB.
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TABLE 4: The difference between serum alumina levels and the incidence of AKI.

AKI Incidence (Mean * SD)
Yes No p-value
Preinduction Albumin 3,65+0,14 3,64 +0,21 0,894+
Durante Albumin 2,47 + 0,33 2,50 +0,32 0,855+
Albumin Early ICU 3,27 £0,22 3,25+0,19 0,823+

Table 4 shows that patients with AKI had higher albumin
levels than those without AKI during preinduction (3.65 *
0.14 vs. 3.64 * 0.21, p-value 0.894) and early ICU (3 .27
0.22 vs. 3.25 % 0.19, p-value 0.823, while on Durante the
opposite result was obtained (2.47 + 0.33 vs. 2.50 * 0.32,
p-value 0.855). This comparison is not significant based on
statistical calculations.

Analysis of Serum Delta Albumin on the Incidence of
Post-CPB an AKI

This study shows that patients with AKI had higher
albumin delta than those without AKI during durante-
preinduction (-1.18 = 0.35 vs. -1.14 £ 0.27, p-value 0.597),
whereas the opposite result was obtained in early ICU-
preinduction (-0.37 = 0.21 vs -0.38 * 0.13, p-value 0.907)
and early ICU-durante (-0.37 = 0.21 vs. -0). 38 = 0.13, p-
value 0.907). This comparison is not significant based on
statistical calculations.

Analysis of Vasoactive Inotropic Score (VIS) on the
Incidence of Post-CPB

The data shows that patients with AKI had a higher vasoactive
inotropic score (VIS) than those without AKI during the
duration of the period (89.6 + 277 vs. 0, p-value 0.198) and
early ICU (195 = 62 vs. 46 = 5, p-value 0.755). This
comparison is not significant based on statistical calculations.

Analysis of Delta Vasoactive Inotropic Score (VIS) on
the Incidence of AKI Post-CPB

The study shows that patients with AKI had a higher delta
vasoactive inotropic score (VIS) than those without AKI
during durante-preinduction (89.6 + 277 vs 0, p-value
0.198) and early ICU-preinduction (19.,5 + 62 vs. 4.6 + 5,
p-value 0.755, whereas in early ICU-durante the opposite
result was obtained (-70.0 £ 216 vs. 4.6 + 5, p-value 0.286).
This comparison is not significant based on statistical
calculations.

Hemoglobin Analysis of Post-CPB AKI Incidence

The data shows that patients with AKI had preoperative
hemoglobin levels (12.90 + 1.50 vs. 14.04 + 1.49, p-value
0.115), hemoglobin durante CPB (8.55 + 1.36 vs 9.17 + 1.33,
p-value 0.332) and early ICU hemoglobin ( 10.26 + 1.75 vs.
10.86 + 1.13, p-value 0.428) was lower than in patients
without AKI, but not significant. Meanwhile, pre-CPB
hemoglobin levels were lower in patients without AKI than
those with AKI, ie 12.01 +3.34vs 12.71 + 1.34, p-value 0.614,
but not significant. Then, this study shows that patients with
AKI received aortic crossclamp treatment for a longer time
than those without AKI, but this value was not statistically
significant (84.93 + 34.50 minutes vs. 64.71 + 16.50 minutes,
p-value 0.145).

DISCUSSION
Acute kidney injury (AKI) is a disease that covers a wide
spectrum of kidney damage and often causes acute kidney
failure (ARF). Itis known that AKI usually causes an increase
in serum creatinine (SCr) of more than 50% (Kasper; Denis
L; etal, 2018).

Acute kidney injury can be associated with a person's
metabolic condition depending on the severity and

duration of the disease (Antonucci E et al, 2014; Kidney
Disease: Improving Global Outcomes (KDIGO) CKD Work
Group, 2013). A systematic review found that AKI occurs
in one in five adults and one in three children hospitalized
with acute illness. There are even studies which state that
the incidence of AKI is most common in elderly, male and
black patients (Rewa O & Bagshaw SM, 2014).

The results of this study showed that the mean age * SD of
the patients in this study was 58.7 8.5 years. A variety of
patient-specific factors and contexts can alter the risk of
AKI. Old and very young patients are particularly
susceptible to this disorder. Although older age has
consistently been shown to increase the risk of AKI.
However, it is known that elderly patients with AKI are
much less likely to receive renal replacement therapy than
younger patients (Rewa O & Bagshaw SM, 2014).

Tracing deeper, it is known that chronic kidney disease is
one of the factors in the risk of death. This can be evidenced
by its integration into various clinical practice guidelines
and risk prediction scores for the development of post-
procedural AKI and the need for renal replacement
therapy (Aru W; Idrus A; Marcelus S; etal, 2013; Rewa 0 &
Bagshaw SM, 2014). On the other hand, other diseases that
can increase the risk of AKI are non-renal comorbidities
such as diabetes, hypertension, vascular disease, and
chronic obstructive pulmonary disease which apparently
can be an important risk in the process of developing AKI
(AruW; Idrus A; Marcelus S; et al, 2013; Rewa O & Bagshaw
SM, 2014).

The Relationship between Hemodynamics and AKI
Incidence in Post CPB Patients

This study showed that patients who did not have AKI had
alower MAP than those who had AKI both at pre-induction
(97.8 £ 12.3 vs. 99.5 + 13.0) and durante (79.9 *+ 12.6). vs
82.2 + 15.1). The difference between MAP duration of
surgery (p-value 0.681) and preinduction MAP (p-value
0.771) was not significantly related based on statistical
calculations.

A study analyzing a subgroup of 127 patients found that
patients with AKI had a lower mean MAP time than those
without AKI. Thus, the investigators concluded that a MAP
of 72-82 mmHg may be necessary to prevent AKI in
patients with septic shock (Badin | et al,, 2011). Blood
pressure is associated with the need for renal replacement
therapy, maximal creatinine concentration, and urine
output. MAP <75 mmHg predicts the need for renal
replacement therapy (Dunser MW et al, 2009).
Hemodynamic factors are important in determining renal
oxygenation because renal oxygen delivery is proportional
to renal blood flow (Evans RG et al., 2013).

This mechanism is adaptive because it facilitates the
balance of intake with oxygen demand. However, the renal
circulation appears to be relatively insensitive to the local
effects of hypoxia and hyperoxia. This is because blood
flow is generally decreased during arterial hypoxemia
caused by nerve activation of the chemoreceptors. Thus,
renal blood flow is also decreased in humans during
hypoxemia (Evans RG et al., 2013).
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An increase in renal blood flow has been observed in
conscious rats sedated during the hypoxaemic process.
Through this process, it is known that kidney function is
not hindered by these changes. Instead, it was found that
there was no strong response from the renal blood vessels
(Evans RG etal., 2013).

An increase in renal blood flow has been observed in
conscious rats sedated during the hypoxaemic process.
Through this process, it is known that kidney function is
not hindered by these changes. Instead, it was found that
there was no strong response from the renal blood vessels
(Evans RG etal., 2013).

The Relationship between CBP Time and AKI
Incidence in CPB Patients

This study also showed that patients with AKI had higher
CBP times than those without AKI (139.1 + 64.0 vs 102.8 +
18.0). There are few studies on the risk of postoperative
AKI in patients undergoing cardiac surgery. Under these
conditions they did not include the CPB time in the
multivariate logistic regression equation. As well as a
study conducted, which reported that CPB timing did not
affect the development of postoperative AKI. In fact, these
results became controversial enough to be associated with
patient cohort confounders (Kowalik MM et al., 2011).

These results are consistent with a study in 851 elective
thoracic aortic surgery patients, in which they found a
longer CPB time (per 10 min) to be a significant risk factor
for postoperative AKI (OR = 1.09, 95% CI: 1, 05-1.12; P =
0.001) (Kumar ABMF etal., 2014). On the other hand, there
was a study showing 586 patients who underwent elective
hemiarchal aortic reconstruction with CPB time (min) (OR
= 1.01, 95% CI: 1.00-1.01; P = 0.03). In addition, several
other studies have found that CPB time is an independent
predictor of postoperative AKI in patients undergoing
cardiac and vascular surgery (Arnaoutakis GJ et al., 2016).

The potential mechanism linking the timing of CPB and AKI
is unclear. A study examined the association between
hemolysis and postoperative AKI in approximately 42
children undergoing cardiac surgery with CPB. Through
this study they found that significant hemolysis occurred
which could be associated with the postoperative
development of AKI (Mamikonian LS et al., 2014).

Reducing CPB-induced hemolysis or reducing the effects of
CPB-induced hemolysis by augmenting existing
endogenous mechanisms for lowering free hemoglobin
levels could be ways to more quickly treat excess plasma
free hemoglobin, reduce oxidant injury, and minimize
acute toxic effects. hemolysis and reduce the incidence of
AKI (Mamikonian LS et al., 2014).

Relationship between Osmolarity and AKI Incidence in
CPB Patients

Osmolality can be defined as the number of osmoles of
solute per liter (solvent * solute), so it is expressed in
milliosmoles per liter. Osmolarity is the concentration of
solute per kilogram of solvent, and has units of milliosmoles
per kilogram. It is the preferred unit in clinical practice
because it is strong against plasma fat and protein content,
whereas osmolarity is not. Extracellular osmolarity in
humans is generally 290 + 10 mOsm/kg(Butterworth JF; et
al, 2018; Guyton AC; Hall JE, 2016).

Through this study, it was found that patients who did not
have AKI had a higher osmolarity than those who had AKI
(315.2 + 60.7 vs 315.2 + 60.7), although this comparison
was not significant based on statistical calculations (p-
value 0.296). The incidence of AKI was highest in those
with the highest osmolarity and the lowest in the
intermediate osmolarity.

High osmolarity independently predicted the development
of AKI (OR 2.00,95% CI 1.26-3.19, p = 0.003). Patients with
the highest osmolarity had a higher 1-year risk of death than
patients with the lowest osmolarity (HR 2.11, 95% CI 1.10-
4.15; p = 0.031). Osmolarity is a valid and easily obtained
predictor of AKI after PCI (Farhan S et al., 2019).

Relationship between Estimated GFR and AKI
Incidence in CPB Patients

In this study, patients with AKI had a lower e-GFR than those
without AKI (51.1 + 15.8 vs 76.3 + 20.1). The difference was
significant based on statistical calculations (p-value 0.005).
Another study showed that preoperative renal dysfunction
(eGFR <60 mL/min, creatinine >2.1 mg/dL) was associated
with AKI after cardiac surgery(Vives M et al, 2019).
Preoperative renal dysfunction risk factors are the most
predictive factors in predicting the incidence of AKI after
cardiac surgery.

Analysis of the Relationship between Other Risk
Factors on the Incidence of AKI in Post CPB Patients
Patients with AKI had higher albumin levels than those
without AKI during preinduction (3.65 * 0.14 vs. 3.64 +
0.21, p-value 0.894) and early ICU (3.27 + 0, 22 vs 3.25 *
0.19, p-value 0.823, while in Durante it was not (2.47 *
0.33 vs. 2.50 £ 0.32, p-value 0.855). This comparison is not
significant based on statistical calculations. Patients with
AKI had higher albumin delta than those without AKI
during the duration of preinduction (-1.18 + 0.35 vs. -1.14
+ 0.27, p-value 0.597), whereas in the early ICU-
preinduction (-0.37 + 0.21 vs -0.38 £ 0.13, p-value 0.907)
and early ICU-durante (-0.37 * 0.21 vs -0.38 = 0.13, p -
value 0.907). This comparison is not significant based on
statistical calculations.

This study showed that serum albumin levels before surgery
were higher after surgery. This is similar to another study
which showed that albumin levels after cardiac surgery
were significantly lower than before surgery and the
proportion of patients with hypoalbuminemia increased
from 9.6% to 27.6%. The incidence of AKI in the
hypoalbuminemia group was significantly higher than in the
non-hypoalbuminemic group and the severity of AKI in the
hypoalbuminemic group was increased compared to the
non-hypoalbuminemic group. This condition can lead to
prolonged hospitalization (Shufang L et al., 2020).

On the other hand, the vasoactive-inotropic score (VIS) is
calculated as the sum of the requirements of all inotropics
and vasoconstrictors administered, thus reflecting the
need for pharmacological support of the cardiovascular
system. Vasoactive-inotropic score is one indicator that
can show increased morbidity and mortality, after surgery
and heart attacks (Butterworth JF; et al, 2018; Koponen T
etal, 2018).

Meanwhile, in this study, it was also found that patients
with AKI had preoperative hemoglobin levels (12.90 + 1.50
vs 14.04 * 1.49, p-value 0.115), hemoglobin durante CPB
(8.55 +1.36 vs 9.17 £ 1.33, p-value 0.332). and early ICU
hemoglobin (10.26 + 1.75 vs 10.86 + 1.13, p-value 0.428)
was lower than in patients without AKI, but not significant.
While pre-CPB hemoglobin levels were lower in patients
without AKI than those with AKI, namely 12.01 * 3.34 vs
12.71 + 1.34, p-value 0.614, but not significant.

There was an association between the combination of 3
risk factors (preoperative anemia, intraoperative anemia,
and red blood transfusion) on the day of CPB and AKI
(relative risk [RR] 2.6, 95%CI 2.0-3.3) compared with
those not in the study. cohort at 16 hospitals(Karkouti et
al., 2015). This result is different from our research, that
there is no significant relationship between CPB and AKI
(p-value>0.05)
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On the one hand, the time of aortic crossclamp was
significantly associated with the incidence of AKI (p-value
0.006), increasing the incidence of AKI by 1.007 times
(95% CI 1.002-1.011)(Parolari et al,, 2012). Karim et al,,
found that aortic cross clamp time >60 minutes increased
the risk of CSA-AKI by 2.84 times (p-value <0.05)(Karim et
al,, 2017). Meanwhile, Sickeler et al., found that patients
with a long duration of aortic crossclamp (93.4 minutes)
had greater AKI compared to 85.3 minutes without AKI(p-
value <0.0001) (Sickeler et al., 2014).

CONCLUSION
From this study it can be concluded that eGFR is an
independent risk factor for AKI.
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