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 The incidence of postoperative AKI CABG with CPB at RSUD Dr. 

Soetomo Surabaya reached 69.8%. This study aims to analyze several 

risk factors that are still controversial, including: perioperative MAP, 

duration of CPB, plasma osmolarity, and GFR. This study is a 

prospective analytic observational cohort design conducted on CABG 

patients with the CPB technique without a history of previous kidney 

disease at RSUD Dr. Soetomo Surabaya in September-December 2020. 

Examination of risk factors was carried out before, during, and after 

surgery, until the patient was discharged from the hospital. There were 

21 patients who entered the study. A total of 14 people (61.9%) were 

diagnosed as AKI after surgery, 11 people (78.6%) of whom were male. 

Patients with AKI had lower MAP at the time of surgery (79.9 ± 12.6) 

and after surgery (99.5 ± 13.0). Patients with AKI also experienced a 

longer duration of CPB (139.1±64.0), and also had a lower plasma 

osmolarity (315.2±60.7). These three factors were not statistically 

significant. A significant difference was only found in the lower eGFR 

(51.1±15.8) with a p-value of 0.005 and an AUC of 0.837. The cut-off 

value of eGFR was 63.3 with an OR of 22.0. Of all risk factors assessed, 

only eGFR was found to be an independent risk factor for AKI after 

cardiac surgery, especially CABG with CPB technique. 

 

 
 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. 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%. In fact, it is estimated that about 5-20% of operations using a 

CPB machine will have postoperative AKI complications and can increase the risk of mortality by more 

than 60% [24]. One of the medical records in a preliminary study at Dr Soetomo Hospital Surabaya 

Indonesia showed that the incidence of AKI after CPB in 2019 reached 69.8%. The CPB technique that uses 

the reference Mean Arterial Pressure (MAP) is known to be lower than the normal average, which is around 
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40-50 mmHg. 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 [2]. This procedure is the most common thoracic and cardiovascular surgical 

procedure performed by medical professionals worldwide today [33]. In the United States, the number of 

CABG operations is estimated at 200 thousand actions per year [25]. Meanwhile, in Indonesia, it is known 

that there is no national data that conveys the epidemiology. However, at Dr. Soetomo, the CABG 

procedure in 2018 and 2019 reached 82 and 64 times. It is known that there are several conditions 

associated with the incidence of post- CPB AKI, namely: old age and female sex, preoperative cardiac 

dysfunction, emergency surgery, peripheral arterial disease, re-intervention, diabetes requiring insulin, 

intraoperative use of aprotinin, patients with obstructive pulmonary disease. chronic obstructive pulmonary 

disease (COPD), and preoperative renal dysfunction [29], [34], [37]. In addition to these risk factors, there 

are several other factors that can influence the incidence of AKI even though the results of the analysis are 

not statistically significant, namely: perioperative hemodynamic conditions in this case perioperative MAP, 

duration of CPB, plasma posmolarity, and glomerular filtration rate (GFR). 

 

A study conducted showed that optimal blood pressure during perioperative will affect the occurrence of 

AKI. Individualized blood pressure management based on monitoring of cerebral autoregulation during the 

perioperative period can help improve AKI- related outcomes [13]. The duration of CPB is also a very 

important factor. Previous studies have shown that the risk of AKI after coronary artery bypass graft 

(CABG) surgery increases with the longer duration of CPB. This result is also supported by research 

conducted by [36]. The study also found that duration of CPB was an independent risk factor for AKI after 

aortic surgery [36]. Plasma osmolarity is the most important factor that determines the direction of fluid 

movement in the body which is determined by the relative concentrations of ions and proteins in the blood. 

The relationship between plasma osmolarity and the incidence of postoperative AKI is still very rarely 

studied. Increased plasma osmolarity gap may appear earlier in Contras Induced – Acute Kidney Injury 

(CIAKI) conditions in patients undergoing percutaneous coronary intervention (PCI). Glomerular filtration 

rate (GFR) is an important component that determines the occurrence of AKI in post-cardiovascular 

patients. A study conducted by [32] showed that GFR <30 preoperatively was a risk factor for postoperative 

AKI [32]. Similar results were also shown by a study conducted by [35]. The study concluded that 

preoperative GFR can be used to predict the risk of postoperative AKI [35]. Therefore, through this, this 

study was structured to analyze various risk factors that cause AKI after CPB, especially in RSUD Dr. 

Soetomo Surabaya, Indonesia. 

 

2. METHOD 

This study is an observational analytic study with a cohort design. Analytical means this research aims to 

determine the causal relationship between variables. Observational means that the researcher does not 

provide any intervention during the study, but only observes. Cohort means that all data in this study were 

measured and analyzed at the end of the study period. This research was conducted in the Central Surgical 

Installation, nursing ward, and ICU RSUD Dr. Soetomo Surabaya Indonesia in October-December 2020. 

The target population of this study were all patients who underwent CABG surgery with the CPB technique 

at RSUD Dr. Soetomo Surabaya. This study also uses a total sampling technique which means that all 

members of the population will be used as research samples. This technique was chosen because the 

number of patients is not too many, so it is still possible for researchers to analyze the entire population of 

data. Thus, no special calculations are needed to calculate the number of samples. 

 

3. RESULT 
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3.1 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. The following table 1 shows the 

characteristics of patients with the results of measuring the numerical scale. 

 

Table 1. Patient's basic characteristics (n=21) 

Characteristics Mean  Standard 

Deviation (SD) 

Age (year) 58,7 ± 8,5 

BMI (Kg/m2) 24,5 ± 3,0 

Length of ICU 

Hospitalization (Days) 

2,6 ± 1,0 

Action Time (Minutes) 413,8 ± 72,2 

 

Table 1 shows the basic characteristics of the study using a numerical scale where the mean ± SD of the 

patient's age was 58.7 ± 8.5 years, the patient's BMI was 24.5 ± 3.0, the length of ICU stay was 2.6 ± 1.0 

days, and the length of stay in the ICU was 2.6 ± 1.0 days. action 413.8 ± 72.2 minutes. Then, table 2 below 

also shows a comparison of the basic characteristics of patients based on the incidence of AKI. 

 

Table 2. The incidence of AKI by sex (n=21) 

 

Sex 

AKI incident  

p-value Yes No 

n % n % 

Men 11 78,6 3 85,7 
1,000 

Women 3 21,4 1 14,3 
 

Table 2 above shows that the incidence of AKI is more common in men (11 people) with a percentage of 

78.6% of all patients with AKI than women (3 people), but the comparison between the two variables above 

is not statistically significant (p-value 1,000). 

 

Table 3. The incidence of AKI by comorbid (n=21) 

 

Comorbid 

AKI incident  

p-value Yes No 

n % n % 

Controlled 13 92,9 5 71,4  

0,247 Not 

Controlled 

1 7,1 2 28,6 

 

Table 3 shows that the incidence of AKI was more found in patients with comorbid controlled (13 people) 

with a percentage of 92.9% of all patients with AKI than uncontrolled (1 person), but the comparison 

between the two variables was not statistically significant. (p- value 0.247). 

 

Table 4. Relationship between age, BMI, length of ICU stay and duration of surgery with the incidence of 

AKI. 
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 AKI incident(Mean ± SD) 

Yes No p-value 

Age (year) 60,5 ± 8,6 55,0 ± 7,8 0,166+ 

BMI (Kg/m2) 23,9 ± 2,6 25,8 ± 3,4 0,182+ 

Length of ICU 

Hospitalization 
(Days) 

2,6 ± 1,2 2,5 ± 0,5 0,644* 

Operation Time 

(minutes) 

431,4 ± 80,5 378,5 ± 34,3 0,116+ 

 

Table 4 shows that the mean age of patients with AKI was older than those without AKI (60.5 ± 8.6 vs 55.0 

± 7.8 years, p-value 0.166), but not statistically significant. The mean BMI of patients who had AKI was 

lower than that of those who did not (23.9 ± 2.6 vs. 25.8 ± 3.4, p-value 0.182). Length of ICU stay (2.6 ± 

1.2 vs 2.5 ± 0.5 days, p-value 0.644) and surgery (431.4 ± 80.5 vs 378.5 ± 34.3 minutes, p-value 0.116) 

longer than those with AKI than those without, although both comparisons were not statistically significant. 

 

Table 5. The results of the normal distribution of MAP, CPB time, Osmolarity and eGFR data on the 

incidence of AKI. 

 P Value 
 AKI 

(n = 14) 

Non-AKI 

(n = 7) 

MAP   

Pre Operation 0,920 0,298 

Low CPB Durante 0,772 0,363 

High CPB Durante 0,356 0,995 

Low Early ICU 0,572 0,204 

High Early ICU 0,892 0,563 

CPB time 0,031 0,680 

Osmolarity   

Pre Operation 0,671 0,336 

CPB Durante 0,010 0,162 

Early ICU 0,001 0,154 

eGFR   

Pre Operation 0,578 0,205 

Durante CPB 0,030 0,951 

Early ICU 0,496 0,396 
 

Based on table 5, it is known that the results of the Shapiro Wilk test showed that the MAP data for all 

observations were normally distributed (p > 0.05), both in the AKI group and those without AKI. 

Differences in MAP between the AKI and no AKI groups were analyzed using a 2-sample t-test. The results 

of the Shapiro Wilk test showed that the CPB time data for the AKI group was not normally distributed (p 

<0.05), so the difference in CPB time between the AKI and non-AKI groups was analyzed using the Mann 

Whitney test. 

 

3.2 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 both on pre-induction (99.5 ± 13.0 vs 97.8 ± 12.3) and durante (82.2 ± 15 .1 vs 79.9 ± 12.6). 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 04, August, 2021 

  

1009 
 

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 6. Differences in MAP based on the incidence of AKI. 

MAP n AverageStandard 

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). 

 

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

Table 7 below shows the analysis of the differences between cardiopulmonary bypass time and the 

incidence of AKI in patients after cardiopulmonary bypass. 

 

Table 7. The difference between CBP time and the incidence of AKI. 

 AKI Incidence (Mean ± SD) 

Yes No p-value 

CPB Time 139,1 ± 64,0 102,8 ± 18,0 0,179* 
 

Table 7 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). 

 

3.4 Osmolarity Analysis with AKI Post Cardiopulmonary Bypass Kejadian 

Table 8 below shows the difference between the calculation of osmolarity and the incidence of AKI in 

patients who have undergone CPB. 

 

Table 8. The difference between osmolarity and the incidence of AKI. 

 AKI Incidence (Mean ± SD) 

Yes No p-value 

Osmolarity 315,2 ± 60,7 339,8 ± 27,4 0,296* 

 

Table 8 shows that patients without AKI had a higher osmolarity than those with AKI (339.8 ± 27.4 vs 



Adisurya, et.al, 2021                                                                                                      Teikyo Medical Journal 

 

1010 
 

315.2 ± 60.7). This comparison is not significant based on statistical calculations (p-value 0.296). 

 

Table 9. Differences in osmolarity based on the incidence of AKI. 

Osmolarity n AverageStandard 

Deviation 

Median (min – max) 

P Value 

Pre CPB    

AKI 14 284,96  8,08 
0,915 

Without AKI 7 284,56  7,91 

Durante CPB   

AKI 14 314,5 (281,4 – 396,9) 
0,205 

WithoutAKI 7 328,1 (308,1 – 394,3) 

Early ICU   

AKI 14 329,7 (125,3 – 386,9) 
0,296 

WithoutAKI 7 338,8 (307,3 – 394,3) 

 

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). 

 

3.5 Estimated-GFR Analysis of AKI Post Cardiopulmonary Bypass 

Table 10 below shows an analysis of the differences between the estimated GFR based on the incidence of 

AKI in patients who have undergone CPB. 

 

Table 10. Differencesbetweene-GFRbased on AKI incidence. 

 AKI Incedence (Mean ± SD) 

Yes No p-value 

e-GFR 51,1 ± 15,8 76,3 ± 20,1 0,005+ 
 

Table 10 above 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). 

  

Table11. The difference of eGFR based on AKI incidence. 

eGFR n AverageStandard 

Deviation 

Median (min – max) 

P Value 

Pre CPB    

AKI 14 57,79  19,18 
0,151 

Without AKI 7 71,50  21,11 

Durante CPB   

AKI 14 56,75 (37,8 – 109,8) 
0,156 

WithoutAKI 7 79 (48,6 – 113,3) 

Early ICU   

AKI 14 51,10  15,83 
0,005 

WithoutAKI 7 76,37  20,10 

 

The results of the free sample T test and the Mann Whitney test showed that there was no significant 
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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). 

 

3.6 Analysis of Other Risk Factors for Post-CPB AKI Incidence 

Table 12 below shows the difference between serum albumin levels and the incidence of AKI in patients 

who have undergone CPB. 

 

Table 12. 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+ 

DuranteAlbumin 2,47 ± 0,33 2,50 ± 0,32 0,855+ 

Albumin Early ICU 3,27 ± 0,22 3,25 ± 0,19 0,823+ 
 

Table 12 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. 

 

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

Table 13 shows the difference between serum delta albumin and the incidence of AKI in patients who have 

undergone CPB. 

 

Table 13. Difference between serum delta alumin and the incidence of AKI. 

 AKI Incidence (Mean ± SD) 

Yes No p-value 

Preinduction Albumin -1,18 ± 0,35 -1,14 ± 0,27 0,597* 

Preinduction-Albumin Early 

ICU 

-0,37 ± 0,21 -0,38 ± 0,13 0,907+ 

Durante-Albumin Early ICU -0,37 ± 0,21 -0,38 ± 0,13 0,907+ 

 

Table 13 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. 

 

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

Table 14 shows the difference between the vasoactive inotropic score (VIS) and the incidence of AKI in 

patients who had undergone CPB. 

 

Table 14. The difference between the vasoactive inotropic score and the incidence of AKI. 

 AKI Incidence (Mean ± SD) 

Yes No p-value 

Preinduction VIS 0 0 1,000 * 

Durante VIS 89,6 ± 277 0 0,198* 

Early ICUVIS 19,5 ± 62 4,6 ± 5 0,755* 
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Table 14 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 (19.5 ± 62 vs. 4.6 ± 

5, p-value 0.755). This comparison is not significant based on statistical calculations. 

 

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

Table 15 shows the difference between the delta vasoactive inotropic score (VIS) and the incidence of AKI 

in patients who have undergone CPB. 

 

Table 15. The difference between delta VIS and the incidence of AKI. 

 AKI Incidence (Mean ± SD) 

Yes No p-value 

VIS Durante-Preinduction 89,6 ± 277 0 0,198* 

VIS Early ICU- 

Preinduction 

19,5 ± 62 4,6 ± 5 0,755* 

VIS Early ICU-Durante -70,0 ± 216 4,6 ± 5 0,286* 

 

Table 15 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. 

 

3.10 Hemoglobin Analysis of Post-CPB AKI Incidence 

The following table 16 shows the difference between hemoglobin levels and the incidence of AKI in 

patients who have undergone CPB. 

 

Table 16. Thedifference between hemoglobin levels and the incidence of AKI. 

 AKI Incidence (Mean ± SD) 
 Yes No p-value 

Preoperative hemoglobin 12.90 ± 1.50 14.04 ± 1.49 0.115+ 

Pre-CPB Hemoglobin 12.71 ± 1.34 12.01 ± 3.34 0.614+ 

Durante Hemoglobin CPB 8.55 ± 1.36 9.17 ± 1.33 0.332+ 

Early ICU Hemoglobin 10.26 ± 1.75 10.86 ± 1.13 0.428+ 

 

The table 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 ± 3.34 vs 12.71 ± 1.34, p-value 0.614, but not significant. 

 

3.11 Aorta Crossclamp Analysis of Post-CPB AKI Incidence 

Table 17 shows the differences between the Aortic Crossclamp on the incidence of AKI in patients who 

have undergone CPB. 

 

Table 17. The differences between the Aortic Crossclamp on the incidence of AKI. 

 AKI Incidence (Mean ± SD) 
 Yes No p-value 

Aortic Crossclamp (minutes) 84.93 ± 34.50 64.71 ± 16.50 0.145* 

https://www.teikyomedicaljournal.com/
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Table 17 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). 

 

4. DISCUSSION 

Acute kidney injury (AKI) is a disease that covers a broad spectrum of kidney damage and often causes 

acute kidney failure (ARF), which includes a rapid and sustained decline in kidney function. According to 

the Acute Kidney Injury Network (AKIN) criteria, AKI usually causes an increase in serum creatinine 

(SCr) of more than 50%. Despite improvements in clinical care, AKI remains a serious problem with an 

increasing incidence [17]. The clinical manifestations of AKI vary from a minimal but sustained decrease in 

the glomerular filtration rate (GFR) to auric renal failure. Acute kidney injury can be associated with 

metabolic conditions such as metabolic acidosis, hyperkalemia, and changes in body fluid balance 

depending on the severity and duration of the disease [3], [18]. A systematic review using 312 cohort 

studies covering 49 million patients (mostly from high- income countries), found that AKI occurs in one in 

five adults and one in three children hospitalized with acute illness. The incidence of AKI is most common 

in elderly, male and black patients [28]. This is similar to the results of the study that the investigators 

found, in which the observed incidence of AKI patients who did not require renal replacement therapy in 

this study was much higher than previously thought. Especially those using administrative claims data to 

ascertain the status of AKI [28]. The results of this study indicate that the mean ± SD age 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. Elderly patients with AKI are much less likely to 

receive renal replacement therapy than younger patients. Hospitalized children are also at increased risk of 

up to 50% of acutely ill children developing AKI and most commonly associated with major surgery and/or 

sepsis [28]. 

 

Chronic kidney disease is a clearly recognized risk factor for death, cardiovascular events and 

hospitalization and may be an independent risk factor for the development of AKI, non-recoverable renal 

function and the development of end-stage renal disease (ESRD). Chronic kidney disease is one of the 

strongest predictors of AKI as 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 

[5], [28]. Nonrenal comorbid diseases may also increase the risk of AKI. Diabetes mellitus, hypertension, 

cardiovascular disease (i.e., coronary artery disease and heart failure), peripheral vascular disease, chronic 

liver disease (i.e., cirrhosis and portal hypertension), and chronic obstructive pulmonary disease have been 

implicated as important risk factors for the development of AKI [5], [28]. 

 

4.1 The Relationship between Hemodynamics and AKI Incidence in Post CPB Patients 

This study showed that patients who did not have AKI had a lower 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 subgroup analysis of 127 patients with septic shock 

by [6] found that patients with AKI had a significantly lower mean MAP time than those without AKI. The 

investigators concluded that a MAP of 72-82 mmHg may be necessary to prevent AKI in patients with 

septic shock [6]. 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 

[8]. Hemodynamic factors are important in determining renal oxygenation because renal oxygen delivery is 

proportional to renal blood flow. However, renal oxygen consumption is determined by GFR and usually 
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also varies based on arterial pressure and renal blood flow. Feedback systems act in a variety of tissues, 

including the brain, heart and skeletal muscle, where tissue hypoxia promotes vasodilation and hyperoxia 

promotes vasoconstriction [9]. 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. Renal blood flow is generally decreased during arterial hypoxemia due to 

chemoreceptor-dependent activation of renal sympathetic nerve activity. Renal blood flow may also appear 

to fall in humans during hypoxaemia, even in kidney transplant recipients without functional renal nerves 

[9]. 

 

Increased renal blood flow has been observed in conscious and anesthetized rats during hypoxaemia. The 

main functions of the kidney (ie, plasma filtration, maintenance of extracellular fluid volume and regulation 

of erythrocyte production through erythropoietin release) are not hindered by changes in vascular tone in 

hypoxaemia. The absence of a strong response of the renal vasculature to hypoxia does not mean that the 

kidneys cannot increase the reactive hyperemic response after a period of ischemia, but that this hyperemic 

response is relatively small compared to that seen in organs such as the brain, heart and skeletal muscle and 

is most likely mediated by factors other than hypoxia [9].  

 

Arterial pressure has little direct impact on renal oxygenation. Instead, these effects are mediated through 

changes in renal oxygen delivery (renal blood flow and local perfusion) and consumption (GFR and sodium 

reabsorption). The nature of the autoregulatory response to changes in renal arterial pressure has an 

important impact on renal oxygenation. Autoregulation of renal blood flow is mediated by changes in 

preglomerular vascular tone driven by myogenic responses, tubuloglomerular feedback and possibly several 

additional mechanisms [9]. 

 

4.2 The Relationship between CBP Time and AKI Incidence in CPB Patients 

This study also showed 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). There are few studies 

on the risk of postoperative AKI in patients undergoing cardiac surgery. This may be due to the fact that 

they did not include CPB time in the multivariate logistic regression equation even though the CPB time 

baseline data between the group without AKI and the AKI group were different. Another study conducted 

by [20] reported that CPB timing did not affect the development of postoperative AKI. These controversial 

results may be attributed to confounding factors in this heterogeneous cohort of patients [20]. These results 

are consistent with those of who conducted a study in 851 patients who underwent elective thoracic aortic 

surgery with and without DHCA and postoperative AKI defined by the RIFLE consensus. They found a 

longer CPB time (per 10 min) was a significant risk factor for postoperative AKI (OR = 1.09, 95% CI: 1.05-

1.12; P = 0.001) [21]. Also analyzed 586 patients undergoing elective hemiarch aortic reconstruction, in 

which they also found CPB time (min) (OR = 1.01, 95% CI: 1.00-1.01; P = 0.03) as a risk factor. 

independent for postoperative AKI. In addition, several other studies have found that CPB time is an 

independent predictor of postoperative AKI in patients undergoing cardiac and vascular surgery [4]. 

 

The potential mechanism linking the timing of CPB and AKI is unclear. [23] investigated the association 

between hemolysis and postoperative AKI in 42 children undergoing cardiac surgery with CPB. They found 

that significant hemolysis occurred during CPB and was associated with the development of postoperative 

AKI [23]. 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 [23]. 
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4.3 Relationship between Osmolarity and AKI Incidence in CPBPatients 

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 [7], [11]. 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 [10]. The 

urine/plasma osmolality ratio is one of the most important measurement variables to assess kidney function. 

A ratio of 1.1:1 or less is pathognomonic for acute tubular necrosis (ANT). This value will be significant if 

the patient has not received a diuretic 6 -12 hours before. This is because diuretics can affect the ability to 

reabsorb sodium and concentrate urine. If ARF / ATN is suspected, urine and blood preparations for 

examination are taken before diuretic therapy [7], [12]. 

 

Hyperosmolar dehydration is defined as serum osmolality >300 mOsm/kg or osmolarity >300 mOsm/l 

which may be more sensitive as an instrument for early detection of dehydration in older adults than 

clinically reported dehydration (based on clinical signs and symptoms of dehydration). because of the 

challenges in detecting these signs and symptoms in older adults [27]. 

 

4.4 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 [34]. Preoperative renal dysfunction risk factors are the most predictive factors in predicting 

the incidence of AKI after cardiac surgery. Reported differences in risk factors according to preoperative 

renal function level. The degree of renal function before surgery that can be a predictor of AKI is only in 

patients with CKD stage 3-4 (CCr <60 mL/min/1.73 m2) [22]. Found that an e-GFR <20 mL/min 

significantly increased the risk of postoperative dialysis at six months after surgery in patients with a 

preoperative serum creatinine of 200 mmol/L [14]. 

 

4.5 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. Many studies have shown albumin to be 

not only a marker of inflammation but also a predictor of AKI. Hypoalbuminemia is a strong predictor of 

end-stage renal failure. Albumin protects renal function by increasing oncotic pressure in patients with 

coronary artery disease, provides continued renal perfusion and increases glomerular filtration, and protects 

the kidneys from toxic agents [1]. The effect of hypoalbuminemia on postoperative renal failure was 
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demonstrated in many studies. 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 [30]. 

 

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 [7], [19]. 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 (19.5 ± 62 vs. 4.6 ± 5, p-value 0.755). This comparison is not significant based on statistical 

calculations. 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 it was not (-70.0 ± 216 vs. 4.6 ± 5, p-value 0.286). 

This comparison is not significant based on statistical calculations. VISmax showed excellent predictive 

accuracy for predicting treatment outcome [area under curve (AUC) ROC, 0.72; 95% CI, 0.69-0.75]. The 

combined outcome incidence was 9.6% overall and 43% in the highest VISmax group (>45). VISmax 

estimated 30-day mortality (AUC, 0.76; 95% CI, 0.69-0.83) and 1-year mortality (AUC, 0.70; 95% CI, 

0.65- 0.74). Predictive accuracy for an unfavorable outcome was significantly better using VISmax 

compared to the Acute Physiology and Chronic Health Evaluation II (P = 0.01) and Simplified Acute 

Physiological Score II (P = 0.048), but not the Sequential Organ Failure Assessment score. (P = 0.32) [19]. 

 

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 [16]. This result is different from our research, that there 

is no significant relationship between CPB and AKI (p-value > 0.05). 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) [26]. Found that aortic cross clamp time >60 minutes 

increased the risk of CSA-AKI by 2.84 times (p-value <0.05) [15]. Meanwhile, [31] 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) [31]. 

 

5. CONCLUSION 

From this study it can be concluded that eGFR was the only risk factor may predict AKI incidence after 

heart surgery. Further investigation is necessary to confirm these findings because this study examined a 

small number of patients. 
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