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Abstract

There are limited data on the optimal time of renal replacement therapy (RRT) after cardiac
surgery, and published results are controversial. In our study, an answer was sought to the
question of the correct timing of RRT in diabetic patients with post-cardiac surgery acute
kidney injury (AKI). Forty-four adult patients with DM who required postoperative RRT
were included in our single-center prospective study. According to the time of onset of RRT,
the patients were divided into two groups: those whose RRT was initiated with the early
protocol (RRT started before conventional urgent indications developed) or the standard
protocol (RRT started after at least one conventional urgent indication developed). The
primary endpoint was in-hospital mortality; secondary endpoints were RRT duration, renal
recovery, and ICU and hospital length of stay. A total of 54.5% of the 44 participants were
female, while the mean age was 65 ± 9. Early RRT protocol was performed on 21(47.7%)
and the standard protocol was performed on 23 (52.3%) patients. Twenty-three patients
(52.3%) died during follow-up. Patient survival was found to be significantly higher in
the group of patients who received the early RRT protocol, based on univariate analysis,
binary regression analysis, Cox regression analysis, and log-rank analysis, compared to the
standard protocol group (respectively, p < 0.001, p < 0.03, p < 0.01, and p < 0.001). It was
found that RRT initiation with an early protocol was advantageous in terms of survival in
the post-cardiac surgery AKI group of diabetic patients. We believe that the study results
provide guidance on the follow-up of this group of patients.
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1. Introduction
The most common cause of acute kidney injury in intensive care units (ICUs) after

sepsis is post-cardiac surgery acute kidney injury (AKI) [1,2]. The incidence of post-cardiac
surgery AKI ranges between 7% and 40% [3]. In a study, it was found that the rate of AKI
requiring renal replacement therapy (RRT) was 2.3% [4]. Post-cardiac surgery AKI is one of
the major complications that affects mortality and morbidity [5]. Studies have shown that
post-cardiac surgery AKI increases perioperative mortality by 3–8 times, and the mortality
rate in patients with AKI ranges from 21.8% to 64.3% [6].

Renal replacement therapy should be started rapidly in cases of acute kidney injury-
related and treatment-resistant hypervolemia, metabolic disorders, or electrolyte disorders.
Cardiopulmonary bypass (CPB) contributes to renal injury through nonpulsatile flow,
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renal hypoperfusion, hemodilution, hemolysis, systemic inflammation, oxidative stress,
microembolization, and ischemia–reperfusion injury. There is no clear data on the optimal
time to initiate RRT in patients who develop AKI following cardiac surgery. In a multicenter,
randomized controlled study, The Artificial Kidney Initiation in Kidney Injury (AKIKI)
study, which monitored 620 AKI patients who developed stage 3 AKI in the ICU in 2016,
no significant difference in mortality that developed within 90 days was found between
the patient group that received early RRT and the patient group that received late RRT [7].
In a single-center study on early versus late initiation of renal replacement therapy in
critically ill patients with acute kidney injury (ELAIN), the positive effect of early-onset
RRT on life expectancy could be observed [8]. In these studies, the etiology of AKI was
different. In the ELAIN study, about 50% of the patients included in the study were patients
who underwent cardiac surgery. Therefore, the results of the ELAIN study suggest that
early RRT may have a positive effect on patients who underwent cardiac surgery. In
a retrospective observational study, which consisted of 203 patients, it was found that
the patients who began receiving RRT after the 3rd day after cardiac surgery had higher
hospital mortality and a longer hospital stay [9].

Diabetes mellitus (DM) affects 8.4% of the world’s population [10]. Diabetes-related
vascular complications are the cause of the majority of disease-induced morbidity and mor-
tality. While the prevalence of DM in patients undergoing cardiac surgery in the Western
population is around 20%, it rises to 46.7% in the Asian population as a result of the higher
number of patients with DM diagnosis [11]. Diabetes is a major risk factor for coronary
artery disease and has a negative impact on cardiac surgery prognosis [11–13]. DM has
been identified as an independent risk factor for the development of post-cardiac surgery
AKI, the need for new RRT, and poor renal survival in previous studies [14]. Potential mech-
anisms include diabetic microvascular disease, endothelial dysfunction, impaired renal
autoregulation, chronic inflammation and oxidative stress, and hyperglycemia-amplified
ischemia–reperfusion injury. These abnormalities may reduce renal reserve during CPB
and postoperative hemodynamic instability.

Our study aimed to investigate the effect of RRT initiation time on mortality in patients
with DM, who constitute the majority of cardiac surgery patients, and in patients with post-
cardiac surgery AKI. In addition, the mortality rate of patients with DM who underwent
cardiac surgery and began receiving RRT was revealed. Our study provides guidance for
the initiation of RRT in this patient group after AKI development.

2. Materials and Methods
2.1. Study Design and Patient Selection

Forty-four adult patients in our clinic with type 2 diabetes who underwent open-heart
surgery and required RRT in the postoperative period were included in our single-center
prospective study. The study included patients over the age of 18, with type 2 DM, who
developed AKI in the postoperative period after cardiac surgery and started to receive RRT.
The study exclusion criteria are as follows: patients who received RRT in the preoperative
period; died within 48 h of the postoperative period; received follow up with a stage
5 chronic renal failure diagnosis; developed AKI before surgery; were pregnant; had
chronic liver disease; or had type 1 DM. Because the cohort was restricted to patients
who received RRT, the study did not include a comparator group of patients with similar
postoperative AKI who recovered without RRT. This study was conducted in accordance
with the Declaration of Helsinki and informed written consent was obtained from each
patient. The Istanbul Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Training
and Research Hospital Institutional Review Board approved this study. Institutional Review
Board Number 2020-11; date of approval 18 February 2020.
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2.2. Data Collection and Outcome

The patients in our study were classified according to the clinical indication present at
the time RRT was initiated. The standard indication group included patients in whom at
least one conventional urgent indication for RRT had developed: treatment-resistant fluid
overload despite appropriate medical and diuretic therapy; severe hyperkalemia (serum
potassium > 6.0 mEq/L) refractory to medical treatment; a uremic complication, such as
pericarditis or encephalopathy; or refractory metabolic acidosis (arterial pH ≤ 7.10 despite
appropriate resuscitation and medical treatment).

The early RRT decision was made in accordance with the nephrologist’s decision.
Patients in this group were those whose renal functions were not expected to improve in
the near term and who were expected to progress in the near term, although conventional
urgent indications had not yet been developed. The assessment was based on the overall
postoperative clinical course, including serial renal function measurements, urine output
trends, volume status, acid–base and electrolyte trends, and hemodynamic condition.
Intermittent hemodialysis (IHD) and continuous renal replacement therapy (CRRT) options
were also preferred for RRT in line with the nephrologist’s decision. Using the Seldinger
technique for vascular access, a double-lumen hemodialysis catheter was inserted into
the internal jugular vein or femoral vein. As anticoagulants, heparin and low molecular
weight heparin were used, or dialysis without anticoagulant was performed in line with
the clinician’s decision.

In the preoperative period, patients’ age at admission and clinical, demographic,
and laboratory parameters were recorded. Estimated glomerular filtration rate (eGFR)
was calculated using the CKD-EPI [Chronic Kidney Disease Epidemiology Collaboration]
formula [15]. There are several models available to determine the AKI risk in patients
who will undergo cardiac surgery. The Thakar Score (Cleveland Clinic Score) and the
Mehta Score are the two most sensitive scoring systems for predicting the severe AKI risk
requiring dialysis [16,17]. The Thakar Score is one step ahead of the Mehta Score [18]. The
Thakar Score was used in our study. Score parameters and scoring are as stated: female
sex, 1 point; congestive heart failure, 1 point; left ventricular ejection fraction (EF) < 35%,
1 point; preoperative use of intra-aortic balloon pump (IABP), 2 points; chronic obstructive
pulmonary disease, 1 point; DM requiring insulin, 1 point; previous heart surgery, 1 point;
emergency surgery, 2 points; type of surgery being coronary artery bypass graft (CABG),
0 points; valve surgery, 1 point; valve surgery with CABG, 2 points; other heart surgeries,
2 points; and preoperative creatinine: if between 1.2 and 2.1 mg/dL, 2 points, if
≥2.1 mg/dL, 5 points. Estimated dialysis risk percentages based on risk scores are as
follows: 0–2 points 0.4%; 3–5 points 1.8%; 6–8 points 7.8–9.5%; and 9–13 points 21.5%.

The presence of any of the following criteria were accepted for the diagnosis of dia-
betes mellitus; fasting blood glucose > 126 mg/dL; HbA1c ≥ 6.5%; blood glucose above
200 mg/dL at any time of the day with hyperglycemia symptoms; and blood
glucose ≥ 200 mg/dL after the 2nd hour of the 75 g oral glucose tolerance test [19]. An-
tihyperlipidemic therapy or LDL cholesterol > 70 mg/dL was the accepted criteria for
hyperlipidemia diagnosis. No longer requiring RRT was considered the criterion for kidney
recovery time.

The difference in hospital mortality between patients with early and late RRT was
the primary endpoint of our study. RRT duration, ICU and hospital stay, and im-
provement in renal function in patients who began to receive early and late RRT were
secondary endpoints.
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2.3. Statistical Analysis

The effect size for mortality of the study and control groups was found to be 0.38
(alpha error probability = 0.05) in the power analysis of our study performed with the
G*power 3.1 program. In the sample size analysis performed by taking the power value
of 0.80, the total number of samples to be taken was found to be 40 (20 patients for each
group). In this study, statistical analyses were performed with the NCSS (Number Cruncher
Statistical System) 2007 Statistical Software (UT, USA) package program.

To compare clinical and laboratory characteristics, the Student’s t-test was used if
the data were normally distributed, and the Mann–Whitney U test was used if otherwise.
The differences between categorical variables were evaluated using the Chi-square test
and Fisher’s exact test. Binary logistic regression analysis was performed to determine
the effective factors on mortality. The log-rank test was used to compare the survival
curves between the groups in which RRT was started early or with standard criteria. Cox
regression analysis was performed to determine the factors affecting patient survival time.
The results’ statistical significance level was determined based on a p-value of <0.05.

3. Results
Our study included 44 patients with type 2 DM who needed RRT in the postoperative

period. A total of 54.5% of the participants were female, while the mean age of the patients
was 65 ± 9. The mean EF was 46 ± 11% and the chronic kidney disease (stage 3 and
stage 4) incidence was 50%. Early RRT protocol was performed on 21 (47.7%) and the
standard protocol was performed on 23 (52.3%) of the patients in the RRT initiation. A total
of 23 (52.3%) of the patients died. The survival rate was 47%. At the time of discharge,
only one of the 21 surviving patients required dialysis. More than half of the patients
had undergone heart valve surgery. Approximately 25% of the patients included in the
study were oligoanuric in the pre-RRT period. The median value of urine output in the
last 1 h was 20 cc. The CRRT regimen was adopted for approximately 70% of patients.
Table 1 shows the patients’ demographic information, preoperative laboratory parameters,
operation-related factors, postoperative period data, and survival analysis results.

Table 1. Demographic data, preoperative laboratory parameters, operation-related factors, postopera-
tive period data, and survival analysis results of the patients.

Demographic Data and Preoperative Laboratory Parameters of the Patients

Mean ± SD

Female, n (%) 24 (54.5)

Age (years) 65 ± 9

Body mass index (kg/m2) 29.2 ± 5.4

Insulin therapy, n (%) 20 (44.5)

Hypertension, n (%) 25 (56.8)

COPD, n (%) 8 (18.2)

Hyperlipidemia, n (%) 29 (65.9)

Prior cardiac surgery, n (%) 3 (6.8)

Prior myocardial infarction, n (%) 15 (34.1)

Preoperative ejection fraction (%) 46 ± 11

CKD at admission, n (%) 22 (50)
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Table 1. Cont.

Demographic Data and Preoperative Laboratory Parameters of the Patients

Preoperative:

BUN (mg/dL) 28 ± 13

Creatinine (mg/dL) 1.2 ± 0.6

eGFR (mL/min/1.73 m2) 63.5 ± 26.3

Sodium (mEq/L) 137 ± 3

Potassium (mEq/L) 4.4 ± 0.5

Hemoglobin (gr/dL) 10.8 ± 1.5

HbA1c (%) 7.8 ± 1.4

CRP (mg/L), median (IQR) 5.3 (IQR 2.4–9.5)

Total cholesterol (mg/dL) 179 ± 49

LDL cholesterol(mg/dL) 106 ± 41

HDL cholesterol (mg/dL) 39 ± 13

Triglyceride (mg/dL) 161 ± 69

Proteinuria, n (%) 23 (53.7)

Thakar score (%), median (IQR) 1.8 (IQR 1.8–9.5)

Preoperative IABP, n (%) 0

Operation-related factors:

n (%)

Cardiopulmonary bypass time (minute), mean ± SD 135 ± 55

Cross-clamp time (minutes), mean ± SD 77 ± 40

Intraoperative IABP 1 (2.3)

Urgency of the operation 6 (13.6)

The operation performed:

CABG 17 (38.6)

CABG + heart valve surgery 15 (34.1)

Heart valve surgery 9 (20.5)

Other 3 (6.8)

Postoperative period data:

Mean ± SD

Postoperative ECMO, n (%) 2 (4.5)

Postoperative IABP, n (%) 4 (9.1)

Postoperative inotropic support, n (%) 29 (65.9)

Re-operation, n (%) 19 (43.2)

Time between AKI and onset of RRT (days), median (IQR) 1 (0–2)

Time between operation and RRT (days), median (IQR) 3 (1–5)

Before RRT:

Last 1 h of urine output (cc), median (IQR) 20 (0–30)

Last 6 h of total urine output (cc), median (IQR) 100 (27–267)
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Table 1. Cont.

Demographic Data and Preoperative Laboratory Parameters of the Patients

Total urine output in the last 12 h (cc) 447 ± 396

Total urine output in the last 24 h (cc) 1166 ± 775

Oliguria 8 (19)

Anuria 2 (4.8)

At the start of the RRT:

BUN (mg/dL) 56 ± 25

Creatinine (mg/dL) 2.8 ± 1.2

pH 7.28 ± 0.12

Bicarbonate (mEq/L) 17.2 ± 3.8

Potassium (mEq/L) 4.6 ± 0.8

pCO2 (mmHg) 34.6 ± 6.6

Lactate, median (IQR) 2.1 (1.3–6.0)

RRT type, n (%):

CRRT 31 (70.5)

IHD 7 (15.9)

IHD + CRRT 6 (13.6)

RRT protocol, n (%):

Early 21 (47.7)

Standard 23 (52.3)

RRT treatment, length of hospital stay and survival analysis results of the patients:

Mean ± SD

RRT duration (gün), median (IQR) 3 (IQR 2–4.5)

RRT duration of surviving patients (days), median (IQR) 2 (IQR 2–3)

RRT duration of deceased patients (days), median (IQR) 3 (IQR 1.5–6.5)

Discharge:

BUN (mg/dL) 33 ± 17

Creatinine (mg/dL) 1.45 ± 0.96

eGFR (mL/min/1.73 m2) 53 ± 23

Sodium (mEq/L) 134.9 ± 3.6

Potassium (mEq/L) 4.7 ± 0.5

Length of hospital stay (day) 30 ± 26.2

ICU length of stay (day) 18.3 ± 16.4

Need for dialysis at discharge, n (%) 1 (4.8)

Patient survival (death), n (%) 23 (52.3)
COPD: chronic obstructive pulmonary disease, EF: ejection fraction; CKD: chronic kidney dis-
ease; eGFR: estimated glomerular filtration rate; BUN: blood urea nitrogen; CRP: C-reactive pro-
tein; LDL: low density lipoprotein; HDL: high density lipoprotein; IABP: intra-aortic balloon
pump; CABG: coronary artery bypass graft; AKI: acute kidney injury; ECMO: extracorporeal mem-
brane oxygenation; RRT: renal replacement therapy; CRRT: continuous renal replacement therapy;
IHD: intermittent hemodialysis; ICU: intensive care unit; IQR: interquartile range; and
mean ± SD: mean ± standard deviation.
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There were no significant differences between the early and standard protocol groups
in terms of gender, age, comorbid diseases analyzed (chronic kidney disease, chronic ob-
structive pulmonary disease, hypertension, and hyperlipidemia), laboratory parameters,
type of operation, duration of cardiopulmonary bypass, and cross-clamp time. The analysis
results of the relationship between preoperative laboratory data, demographic character-
istics, patients’ intraoperative and postoperative period data, and the patient groups in
which RRT was initiated using the early protocol versus the patient groups in which RRT
was initiated using the standard protocol are given in Table 2.

Table 2. The relationship between preoperative laboratory data, demographic data, and intraoperative
and postoperative period data of the patients and the patient groups in whom RRT was initiated with
early and standard protocols.

The relationship between the preoperative laboratory data and demographic
characteristics of the patients and the RRT initiation protocol (early–standard) (the
data are given as mean ± standard deviation).

Early Protocol
(n = 21)

Standard
Protocol (n = 23) p

Female, n (%) 12 (57.1) 12 (52.2) 0.74

Age (years) 65.2 ± 8.7 64.7 ± 9.5 0.84

Body mass index (kg/m2) 28.5 ± 5.4 29.8 ± 5.2 0.43

Insulin therapy, n (%) 10 (47.6) 10 (43.5) 0.78

Hypertension, n (%) 11 (52.4) 14 (60.9) 0.57

COPD, n (%) 3 (14.3) 5 (21.7) 0.52

Hyperlipidemia, n (%) 13 (60.9) 16 (69.6) 0.59

Prior open-heart surgery, n (%) 0 3 (13) 0.23

Prior myocardial infarction, n (%) 5 (23.8) 10 (43.5) 0.23

Preoperative ejection fraction (%) 43.5 ± 11.9 49.4 ± 11.5 0.1

CKD at admission, n (%) 11 (52.4) 11 (47.8) 0.76

Preoperative:

BUN (mg/dL) 29 ± 12.1 27.7 ± 14 0.76

Creatinine (mg/dL) 1.2 ± 0.7 1.1 ± 0.6 0.7

eGFR (mL/min/1.73 m2) 61.3 ± 28.1 65.5 ± 25 0.6

Sodium (mEq/L) 136.7 ± 3.3 138 ± 3.3 0.054

Potassium (mEq/L) 4.4 ± 0.4 4.4 ± 0.5 0.81

Hemoglobin (gr/dL) 10.8 ± 1.3 11 ± 1.6 0.63

HbA1c (%) 8.1 ± 1.6 7.3 ± 1 0.055

CRP (mg/L), median (IQR) 4.7 (2.4–13.7) 5.8 (2.4–8.8) 0.9

Total cholesterol (mg/dL) 165 ± 46 193 ± 50 0.08

LDL cholesterol (mg/dL) 98 ± 41 114 ± 41 0.23

HDL cholesterol (mg/dL) 37 ± 12 42 ± 13 0.25

Triglyceride (mg/dL) 145 ± 65 176 ± 70 0.19

Proteinuria, n (%) 10 (58.8) 13 (54) 0.76

Thakar score (%), median (IQR) 1.8 (1.8–9.5) 1.8(1.8–1.8) 0.39

Preoperative IABP, n (%) 0 0
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Table 2. Cont.

The relationship between intraoperative parameters, urgency of the operation, and
the operation performed and the patient groups in whom RRT was started with the
early and standard protocols (the data are given as n (%)).

Early protocol
(n = 21)

Standard
protocol (n = 23) p

Cardiopulmonary bypass time (minute),
mean ± SD 124 ± 45 146 ± 62 0.19

Cross-clamp time (minutes), mean ± SD 72 ± 33 81 ± 46 0.43

Intraoperative IABP 0 1 (4.3) 1

Urgency of the operation 3 (14.3) 3 (13.3) 0.62

The operation performed:

CABG 8 (38.1) 9 (39.1)

0.92CABG + heart valve surgery 7 (33.3) 8 (34.8)

Heart valve surgery 4 (19) 5 (21.7)

Other 2 (9.5) 1 (4.3)

The relationship between laboratory parameters, urine output levels, RRT type, and the
parameters related to hemodynamic status before starting RRT in the postoperative
period and RRT initiation protocols (the data are given as mean ± standard deviation).

Early protocol
(n = 21)

Standard
protocol (n = 23) p

Postoperative ECMO, n (%) 0 2 (8.7) 0.48

Postoperative IABP, n (%) 2 (9.5) 2 (8.7) 1

Postoperative inotropic support, n (%) 11 (52.4) 18 (78.3) 0.07

Re-operation, n (%) 5 (23.8) 14 (60.9) 0.03

Time between AKI and onset of RRT
(days), median (IQR) 0 (0–1) 1 (0–2) 0.02

Time between operation and RRT (days),
median (IQR) 2 (1–4) 3 (2–8) 0.21

Before RRT:

Last 1 h of urine output (cc),
median (IQR) 20 (5–30) 15 (0–35) 0.54

Last 6 h of total urine output (cc),
median (IQR) 100 (60–237) 100 (7.5–310) 0.67

Total urine output in the last
12 h (cc) 473 ± 401 424 ± 398 0.69

Total urine output in the last
24 h (cc) 1318 ± 785 1027 ± 757 0.23

Oliguria 4 (20) 4 (18.2) 0.88

Anuria 0 2 (9.1) 0.48

At the start of the RRT:

BUN (mg/dL) 50 ± 16 62 ± 30 0.12

Creatinine (mg/dL) 2.3 ± 0.9 3.2 ± 1.2 0.02

pH 7.32 ± 0.05 7.25 ± 0.15 0.07

Bicarbonate (mEq/L) 18.4 ± 3 16.2 ± 4.2 0.06
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Table 2. Cont.

Potassium (mEq/L) 4.6 ± 0.7 4.7 ± 0.8 0.8

Lactate 2.5 ± 1.8 4.6 ± 4.1 0.04

pCO2 (mmHg) 35 ± 5 33 ± 7 0.37

RRT type, n (%):

CRRT 13 (61.9) 18 (78.3) 0.46

IHD 4 (19) 3 (13)

IHD + CRRT 4 (19) 2 (8.7)

Relationship between RRT protocol and survival, discharge laboratory values, and
length of hospital stay (the data are given as mean ± standard deviation).

Early protocol
(n = 21)

Standard
protocol (n = 23) p

RRT duration of surviving patients
(days), median (IQR) 2 (1.25–3.75) 2.5 (2–3) 0.69

Need for dialysis at discharge, n (%) 0 1 (20) 0.23

Discharge:

BUN (mg/dL) 34 ± 15.1 32 ± 22 0.87

Creatinine (mg/dL) 1.4 ± 0.9 1.5 ± 1.1 0.91

eGFR (mL/min/1.73 m2) 54 ± 25 51 ± 20 0.79

Sodium (mEq/L) 135 ± 3 134 ± 3 0.81

Potassium (mEq/L) 4.6 ± 0.5 4.9 ± 0.4 0.26

Length of hospital stay (day) 37.8 ± 31.3 22.8 ± 18.4 0.06

ICU length of stay (day) 18.2 ± 15.3 18.4 ± 17.7 0.97

Patient survival (death), n (%) 5 (23.8) 18 (78.3) <0.001
COPD: chronic obstructive pulmonary disease; EF: ejection fraction; CKD: chronic kidney disease;
eGFR: estimated glomerular filtration rate; BUN: blood urea nitrogen; CRP: C-reactive protein;
LDL: low density lipoprotein; HDL: high density lipoprotein; IABP: intra-aortic balloon pump;
CABG: coronary artery bypass graft; AKI: acute kidney injury; ECMO: extracorporeal mem-
brane oxygenation; RRT: renal replacement therapy; CRRT: continuous renal replacement therapy;
IHD: intermittent hemodialysis; ICU: intensive care unit; IQR: interquartile range; and mean ± SD:
mean ± standard deviation.

Patient survival was found to be higher in the group of patients who began receiving
RRT with the early protocol compared to the group who began receiving RRT with the
standard protocol (p < 0.001). In deceased patients, the myocardial infarction (MI) history
rate was significantly higher than in surviving patients. When RRT was initiated, a negative
correlation was found between pH and low bicarbonate, elevated lactate, and survival.
It was found that the survival rate decreased with the prolongation of cardiopulmonary
bypass time. The relationship between preoperative laboratory data, demographic charac-
teristics, intraoperative parameters, postoperative data, and survival are shown in Table 3.
Binary logistic regression analysis was performed with variables found to be significant in
single variable statistical analysis. With this analysis, early initiation of the RRT protocol
was found to be an effective parameter in patient survival (Table 3). The relationship
between the RRT initiation protocol and patient survival is also shown in the log-rank
analysis in Figure 1 (p < 0.001).
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Table 3. The relationship between preoperative laboratory data, demographic characteristics, intraop-
erative parameters, postoperative period data, and the survival of patients.

The relationship between preoperative laboratory data, demographic characteristics, and survival of the patients
(the data are given as mean ± standard deviation).

Deceased (n = 23) Alive (n = 21) p

Female, n (%) 11 (47.8) 13 (61.9) 0.34

Age (years) 64.7 ± 9.1 65.3 ± 9.2 0.81

Body mass index (kg/m2) 29.1 ± 4.8 29.3 ± 5.9 0.87

Insulin therapy, n (%) 10 (43.5) 10 (47.6) 0.78

Hypertension, n (%) 14 (60.9) 11 (52.4) 0.57

COPD, n (%) 5 (21.7) 3 (14.3) 0.7

Hyperlipidemia, n (%) 16 (69.6) 13 (61.9) 0.59

Prior open-heart surgery, n (%) 3 (13) 0 0.08

Prior myocardial infarction, n (%) 11 (47.8) 4 (19) 0.04

Preoperative ejection fraction (%) 47 ± 12 45 ± 11 0.63

CKD at admission, n (%) 9 (39.1) 13 (61.9) 0.13

Preoperative:

BUN (mg/dL) 28 ± 14 28 ± 11 0.9

Creatinine (mg/dL) 1.1 ± 0.6 1.3 ± 0.7 0.56

eGFR (mL/min/1.73 m2) 67 ± 26 58 ± 26 0.26

Sodium (mEq/L) 138 ± 3 136 ± 2 0.11

Potassium (mEq/L) 4.4 ± 0.5 4.4 ± 0.4 0.94

Hemoglobin (gr/dL) 10.6 ± 1.5 11.2 ± 1.3 0.22

HbA1c (%) 7.5 ± 1.1 8 ± 1.5 0.29

CRP (mg/L), median (IQR) 4.4 (2.3–8.2) 7 (3.6–11.7) 0.13

Total cholesterol (mg/dL) 183 ± 51 174 ± 48 0.55

LDL cholesterol (mg/dL) 108 ± 40 104 ± 43 0.79

HDL cholesterol (mg/dL) 38 ± 9 40 ± 10 0.68

Triglyceride (mg/dL) 174 ± 77 145 ± 56 0.2

Proteinuria n (%) 12 (54.5) 11 (57.8) 0.82

Thakar score (%), median (IQR) 1.8 (1.8–1.8) 1.8 (0.4–9.5) 0.37

Preoperative IABP, n (%) 0 0

The relationship between intraoperative parameters, operative urgency, the operation performed, and survival (the
data are given as n (%)).

Deceased (n = 23) Alive (n = 21) p

Cardiopulmonary bypass time (minute), mean ± SD 153 ± 57 116 ± 46 0.02

Cross-clamp time (minutes), mean ± SD 85 ± 45 67 ± 33 0.13

Intraoperative IABP 1 (4.3) 0 0.33

Urgency of the operation 3 (13) 3 (14.3) 0.9
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Table 3. Cont.

The operation performed:

CABG 6 (26.1) 11 (52.4)

0.34
CABG + heart valve surgery 9 (39.1) 6 (28.6)

Heart valve surgery 6 (26.1) 3 (14.3)

Other 2 (8.7) 1 (4.8)

The relationship between laboratory parameters, urine output levels, RRT type, and hemodynamic status and
parameters associated with survival before initiation of postoperative RRT (the data are given as
mean ± standard deviation).

Deceased (n = 23) Alive (n = 21) p

Postoperative ECMO, n (%) 2 (8.7) 0 0.16

Postoperative IABP, n (%) 2 (8.7) 2 (9.5) 0.92

Postoperative inotropic support, n (%) 15 (65.2) 14 (66.7) 0.91

Re-operation, n (%) 12 (52.2) 7 (33.3) 0.2

RRT protocol, n (%):

Early protocol 5 (21.7) 15 (71.4) <0.001

Standard protocol 18 (78.3) 6 (28.6)

Time between AKI and onset of RRT (days), median (IQR) 1 (0–2) 1 (0–1) 0.94

Time between operation and RRT (days), median (IQR) 3 (1–8) 2 (1.5–4) 0.37

Before RRT:

Last 1 h of urine output (cc), median (IQR) 15 (0–30) 20 (5–40) 0.47

6 h urine output (cc), median (IQR) 90 (0–265) 125 (62–282) 0.28

12 h urine output (cc) 456 ± 437 438 ± 356 0.88

24 h urine output (cc) 1247 ± 879 1076 ± 653 0.47

Oliguria, n (%) 4 (18.2) 4 (20) 0.88

Anuria, n (%) 2 (9.1) 0 0.16

At the start of the RRT:

BUN (mg/dL) 55 ± 25 57 ± 25 0.79

Creatinine (mg/dL) 2.7 ± 1.3 2.9 ± 0.9 0.59

pH 7.23 ± 0.14 7.3 ± 0.06 0.008

Bicarbonate (mEq/L) 15.9 ± 4.3 18.6 ± 2.7 0.01

Potassium (mEq/L) 4.6 ± 0.8 4.6 ± 0.7 0.97

Lactate 5.2 ± 3.9 2.1 ± 1.5 0.003

pCO2 (mmHg) 34 ± 7 34 ± 5 0.86

RRT type, n (%):

CRRT 18 (78.3) 13 (61.9)

0.002IHD 1 (4.3) 6 (28.6)

IHD + CRRT 4 (17.4) 2 (9.5)

The relationship between survival and hospital stay and the discharge laboratory data of surviving patients (the
data are given as mean ± standard deviation).

Deceased (n = 23) Alive (n = 21) p

RRT duration (days) of patients, median (IQR) 4 (2–9) 2 (2–3) 0.04
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Table 3. Cont.

Need for dialysis at discharge, n (%) 1 (4.8)

Discharge:

BUN (mg/dL) 33 ± 17

Creatinine (mg/dL) 1.4 ± 0.9

eGFR (mL/min/1.73 m2) 53 ± 23

Sodium (mEq/L) 134 ± 3

Potassium (mEq/L) 4.7 ± 0.5

Length of hospital stay (day) 22.2 ± 18.6 38.5 ± 30.8 0.04

ICU length of stay (day) 20.5 ± 18 15.9 ± 14.5 0.35

COPD: chronic obstructive pulmonary disease; BUN: blood urea nitrogen; LDL: low density
lipoprotein; HDL: high density lipoprotein; EF: ejection fraction; CKD: chronic kidney disease;
eGFR: estimated glomerular filtration rate; CRP: C-reactive protein; IABP: Intra-aortic balloon
pump; CABG: coronary artery bypass graft; AKI: acute kidney injury; ECMO: extracorporeal mem-
brane oxygenation; RRT: renal replacement therapy; CRRT: continuous renal replacement therapy;
IHD: intermittent hemodialysis; ICU: intensive care unit; IQR: interquartile range; and mean ± SD:
mean ± standard deviation.

Figure 1. RRT relationship between the RRT initiation time protocol and patient survival time,
log-rank analysis (p < 0.001).

Smoking, previous MI, blood pH in the pre-RRT period, blood lactate level in the
pre-RRT period, and RRT initiation protocol were found to be significant in terms of patient
survival (Table 3).

4. Discussion
Although the mortality rate after cardiac surgery without acute kidney injury ranges

between 1% and 8% [20], the rate increases in patients with AKI [21]. In patients who
developed AKI and needed RRT, on the other hand, it has been associated with an increase
in mortality of up to 63% [22]. There are a limited number of randomized controlled
trials (RCTs) on absolute renal replacement therapy (RRT) indications for its initiation
(resistant electrolyte and metabolic disorders, resistant hypervolemia, and presence of
uremic symptoms). Moreover, there are a limited number of RCTs on the effect of starting
RRT before complications of renal failure or the development of renal failure on mortality.
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The answer to whether possible metabolic disorders will affect arrhythmia and myocardial
performance more easily, and whether they can partially fulfill compensatory mechanisms
against the volume load that may occur, is especially important for patients who develop
AKI after cardiac surgery. Diabetic patients, on the other hand, constitute the fragile
patient group, which is known to have multiple vascular systems affected and weakened
autonomic reflex mechanisms and neurohumoral response in the changing metabolic state
of the body. Our study shows the effect of early initiation of RRT on mortality in patients
with DM who develop post-cardiac surgery AKI, which constitutes the vast majority of
patients undergoing cardiac surgery.

Although there are no RCTs regarding renal replacement therapy initiation time in the
diabetic patient group developing post-cardiac surgery AKI, there are two large prospective
RCTs involving postoperative patients followed in the general ICU. In the ELAIN study [8],
in which 216 patients participated, it was shown that the 90-day mortality was lower in
the group that started RRT with the early protocol. In the AKIKI study [7], which included
620 patients, no significant difference was found between the two groups in terms of 60-day
mortality. Although both AKIKI and ELAIN are major studies on the subject, they were
conducted in general ICU patients. Therefore, it cannot be expected that the results will be
fully applicable to patients who develop AKI following cardiac surgery. It is clear, however,
that the fact that approximately half of the patients included in the ELAIN study—in
which mortality was reduced with early-initiated RRT—were patients who received follow
up in the ICU after cardiac surgery, provides more supportive information about when
to start RRT after cardiac surgery. Approximately 20% of patients in the AKIKI study
began RRT following cardiac surgery. In the AKIKI study, it was found that 50% of the
patients who met the criteria for early RRT but were randomized to the patient group who
started RRT with the standard protocol did not require RRT. Therefore, it is thought that
it would be more rational to start RRT before life-threatening complications develop in
patients with predicted renal function progression. This can be achieved by including blood
or urine markers in our routine practice; these markers increase earlier than creatinine
when measured in urine and blood, providing information about the progression of renal
damage. RCTs including these markers are needed for the patient group who developed
post-cardiac surgery AKI and began to receive RRT. In a review that included two RCTs
and nine observational studies on patients who had undergone cardiac surgery, which
included 847 patients, it was shown that 28-day mortality was reduced by early RRT [23]
(p < 0.0001).

In many studies, the group that received early RRT after cardiac surgery appeared to be
advantageous in terms of mortality [24,25]. In our study, it is noteworthy that the mortality
rate is reduced by 78.3 to 23.8 percent in the early RRT group. This difference may be more
remarkable in diabetic patients due to acidosis and a reduced ability to adapt to changes in
the metabolic image (electrolyte, pH, etc.) in this patient group. Apart from macrovascular
complications, the prevalence of microvascular disease in this patient group, as well as the
weakening of neurohumoral responses due to autonomic neuropathy, could explain this
remarkable difference. Another mechanism that may be effective in the physiopathology of
early RRT’s beneficial effect on mortality is as follows: Early removal of the volume load
reduces the load on the heart, improving its performance and preserving perfusion of the
kidney and other vital organs. As expected, compensatory mechanisms against volume
load were weakened in the diabetic group, whose cardiac performance was decreased even
in the preoperative period in the majority of patients. If the volume load is not removed
early, the increased oxygen requirement of the myocardium may result in myocardial
ischemia with type 2 myocyte damage in the early period. Furthermore, it may play a role
in mortality by affecting kidney perfusion and vital organs due to decreased myocardial
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performance. Arrhythmogenic conditions due to cardiac depression or electrolyte disorders
due to acidosis can be prevented with early RRT.

When we reviewed the studies in the literature, we discovered that the mortality
rate in the patient group requiring postop RRT after cardiac surgery was in the range of
60–70% [26–31]. In the study by Xiao-mei Yang et al., which included non-DM patients
as well, in-hospital mortality was found to be 46.8% in all patients, 33.9% in the early
RRT group, and 51.9% in the group that received RRT with the standard protocol, respec-
tively [32]. Although there is insufficient data on mortality in diabetic patients who began
receiving RRT in the postoperative period, the results are thought to be similar considering
that in-hospital mortality was found to be increased in DM patients after cardiac surgery in
the study of J. Bucerius et al. [11].

In a retrospective study conducted in 2013, none of the 70 surviving patients out of
107 who began receiving RRT after cardiac surgery required RRT at discharge [33]. In their
study, Thongprayoon C. et al. found that 8 (4%) of 186 patients who developed post-cardiac
surgery AKI and required RRT continued to require RRT at the end of the first year [34]. In
our study, one of the surviving patients (4.7%) required RRT after discharge; this patient
had a preoperative diagnosis of stage 4 CKD and was in the group that received RRT with
the standard protocol.

In our study, univariate analysis revealed that survival in the IHD group was superior
to that in the CRRT group. No randomization was performed for IHD and CRRT for renal
replacement therapy at the beginning of the study. The type of RRT appropriate for the
patient’s hemodynamic and clinical condition was preferred. Therefore, the significance
discovered in univariate analyses in the IHD group was attributed to the initiation of
CRRT in the hemodynamically unstable group, which was at a higher risk for survival. As
expected, blood pH and bicarbonate levels were higher, and creatinine levels were lower in
the early-initiated RRT protocol.

5. Conclusions
In our study, we discovered that initiating RRT before the development of conventional

urgent indications positively affected early survival in diabetic patients with post-cardiac
surgery AKI. Our study is considered a guide for the decision to initiate RRT in diabetic
patients after cardiac surgery.
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Abbreviations
The following abbreviations are used in this manuscript:

AKI Acute kidney injury
CKD Chronic kidney disease
CKD-EPI Chronic Kidney Disease Epidemiology Collaboration
CRRT Continuous renal replacement therapy
CABG Coronary artery bypass graft
DM Diabetes mellitus
eGFR Estimated glomerular filtration rate
EF Ejection fraction
IABP Intra-aortic balloon pump
ICU Intensive care unit
IHD Intermittent hemodialysis
MI Myocardial infarction
RCTs Randomized controlled trials
RRT Renal replacement therapy
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