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Abstract: Purpose: This study sought to explore the effect of intraoperative mean blood glucose levels and variability on postoperative acute kidney injury (AKI) in children undergoing congenital cardiac surgery. Methods: We conducted a prospective nested case-control study in children (age < 18 years) undergoing congenital heart surgery with cardiopulmonary bypass (CPB) at the Fuwai Hospital between April 01, 2022 and July 30, 2022. Cases were individuals who developed AKI within the first postoperative 7 days (AKI group) and controls were those without AKI (Non-AKI group) according to KDIGO criteria. AKI and Non-AKI groups unmatched and 1:1 matched by age, sex, and baseline serum creatinine were separately analyzed. Multivariate logistic and conditional logistic regressions were used to assess the associations between blood glucose variables and AKI. Results: 688 consecutively approached patients were included in the final analysis. On multivariate analysis, intra-CPB (adjusted odds ratio [OR] 0.802; 95% confidence interval [CI], 0.706 to 0.912; p = 0.001) and post-CPB (adjusted OR 0.830; 95% CI, 0.744 to 0.925; p = 0.001) blood glucose levels were associated with postoperative AKI. There were no significant differences in pre-CPB blood glucose (adjusted OR 0.926; 95% CI, 0.759 to 1.129; p = 0.446) or intraoperative glycemic fluctuations (adjusted OR 0.905; 95% CI, 0.723 to 1.132; p = 0.382) between AKI and Non-AKI groups. Results based on matched cases and controls were consistent with those from the unmatched analyses. Conclusion: Higher intraoperative blood glucose levels during and after CPB were protective factors against postoperative AKI in pediatric patients after congenital heart surgery.
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Abbreviations



	AKI
	acute kidney injury



	CPB
	cardiopulmonary bypass



	CICU
	cardiac intensive care units



	IntraGF
	intraoperative glycemic fluctuation



	KDIGO
	Kidney Disease Improving Global Outcomes



	SCr
	serum creatinine



	LVEF
	left ventricular ejection fraction



	CI
	confidence interval



	OR
	odds ratio



	IQR
	interquartile range





1  Introduction

Acute kidney injury (AKI) is a common postoperative complication for children undergoing congenital heart surgery with cardiopulmonary bypass (CPB), accounting for 30% to 50% of them [1,2]. AKI is independently associated with elevated mortality and morbidity in pediatric patients following cardiac surgery, including prolonged duration of mechanical ventilation and longer ICU stay [3,4]. Unfortunately, the specific mechanism of AKI currently remains unclear, and its occurrence may be a result of a combination of multiple risk factors.

Fluctuation of blood glucose levels occurs frequently in cardiac surgery, especially with CPB [5]. Some studies demonstrated that AKI occurrence was associated with intra-, postoperative hyperglycemia and dramatic blood glucose variability in adults undergoing cardiac surgery [6,7]. Additionally, strict perioperative blood glucose control could significantly reduce the incidence of postoperative renal impairment and failure in adult cardiac surgery patients [8]. Concerning pediatric patients having cardiac surgery, especially with CPB, they are prone to varieties of blood glucose levels intraoperatively. Unexpectedly, studies as to the harm from intraoperative blood glucose levels or glucose variability are inconclusive [9–12]. Meanwhile, tight blood glucose control might not be beneficial to a decreased incidence of AKI [13]. So we conducted this study to further explore the effect of intraoperative mean blood glucose levels and variability on AKI in children following their congenital cardiac surgery.

2  Methods

2.1 Study Design

This prospective nested case-control study was performed in accordance with the Declaration of Helsinki  and was approved by the Ethics Committee of Fuwai Hospital, chaired by Professor Shoujun Li and Professor Wei Li, on 03 March 2022 (Ethical approval number: 2021–1607), and written informed consent was obtained from all participants and/or their legal guardians before enrollment. This trial was registered at https://clinicaltrials.gov/ (Registered 11 March 2022, NCT05489263) and adhered to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline for observational studies.

2.2 Study Population

We consecutively selected pediatric patients aged less than 18 years who were scheduled to undergo congenital heart surgery under CPB between April 01, 2022, and July 30, 2022, at Fuwai Hospital, Chinese Academy of Medical Sciences, Beijing, China. The exclusion criteria were any of the following: 1) patients refusing to participate; 2) patients with preoperative kidney dysfunction; 3) patients with a history of a diabetic disease; 4) patients undergoing off-pump surgeries; 5) patients suffering surgical procedures during the first 7 postoperative days.

Cases were patients who developed AKI within the first 7 postoperative days as defined in the original cohort. Controls were sampled among patients without AKI diagnosis on day 7. Propensity-score matching was used to select the control for each case. Cases and controls were 1:1 matched by age, sex, and baseline serum creatinine (SCr) to generate a paired sample set. The description of the source population and case-control selection was presented in Fig. 1.
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Figure 1: Flow chart of the study
Note: AKI = acute kidney injury; SCr = serum creatinine.

2.3 Data Collection

Blood glucose values were prospectively collected from the arterial blood gas analysis. Considering the use of CPB was significantly associated with perioperative hyperglycemia [14]. We divided intraoperative blood glucose into three parts according to the process of CPB: 1) pre-CPB: the mean blood glucose levels after 5 min following heparinization; 2) intra-CPB: average of all glucose levels during the CPB (testing at an interval of 30 min); 3) post-CPB: mean blood glucose values from protamine infusion to the end of surgery (testing at an interval of 30 min). The magnitude of intraoperative glycemic fluctuation (intra-GF) was defined as the standard difference (SD) of each patient’s intraoperative blood glucose values, reflecting the variability of intraoperative glucose levels [9].

The general characteristics of eligible patients included age, sex, weight, gestation weeks, baseline SCr, preoperative left ventricular ejection fraction (LVEF), and cardiac surgery history [15]. Surgical complexity was assessed using the Risk Adjustment in Congenital Heart Surgery (RACHS)-1 score [16]. The history of diabetes and chronic kidney disease were validated from clinician-entered data in the preoperative evaluation form. We also recorded intraoperative medical data, such as CPB time, aortic cross-clamping time, the lowest core temperature during CPB, modified ultrafiltration, blood products transfusion, intraoperative steroids administration, and blood glucose values. Postoperative SCr was tested daily during the first 7 postoperative days. Besides, we also recorded the length of cardiac intensive care unit (CICU) and hospital stay.

2.4 Outcomes

During the first 7 days after surgery, we assessed AKI based on SCr with the kidney disease: Improving Global Outcome (KDIGO) Group definition: 1) Stage 1: an increase ≥ 26.5 μmol/L within 48 h or a 1.5–1.99-fold increase, 2) Stage 2: a 2.0–2.99-fold increase, and 3) Stage 3: a ≥ 3.0-fold increase or SCr level > 354 μmol/L or the initiation of dialysis, or estimated glomerular filtration rate < 35 ml/min/1.73 m2 [17].

2.5 Statistical Analysis

Continuous data were presented as medians with interquartile range (IQR) and categorical variables as numbers with proportions. Before matching, patient characteristics between cases and controls were compared using Wilcoxon rank-sum tests for continuous variables and Chi-Squared tests (or Fisher exact tests) for categorical variables. All clinically sensible variables with values of p < 0.2 in univariate analysis were entered into a multivariate logistic regression model to analyze the independent relationships between intraoperative glycemic metrics and postoperative AKI. The effect size was quantified by the adjusted odds ratio (adjusted OR) and 95% confidence interval (CI).

In the matched analysis, patients were 1:1 propensity-score matched by age, sex, and baseline SCr using the nearest neighbor methodology with a maximum caliper of 0.02 of the propensity scores. Variables were compared by paired Wilcoxon rank-sum tests and McNemar’s test in this matched sample set. Conditional logistic regression was used to assess associations between intraoperative blood glucose metrics and AKI by adjusting for potential confounders. In our study, we required a minimum of 10 events per predictor to avoid overfit models and included only one factor if two factors were correlated (i.e., Pearson’s correlation coefficient r > 0.5) to avoid collinearity. A two-sided p-value < 0.05 was considered a significant difference. Statistical analyses were performed using SPSS V.25 (IBM Co., Armonk, NY, USA), and Graph Pad Prism version 7.0 for Windows was used (Graph Pad, La Jolla, CA, USA) for drawing figures.

3  Results

As shown in Fig. 1, from April 01, 2022, and July 30, 2022, we screened 688 eligible patients from 791 patients, including 196 cases and 492 controls. After propensity score matching by age, sex, and baseline SCr, 140 cases and 140 controls were paired.

Table 1 demonstrated the univariate analyses of demographic data and potential risk factors by unmatched and 1:1 matched method. In the entire study population, the median age was 25.7 months and 49.6% were male patients. We selected the patients undergoing all kinds of congenital heart surgeries, and 48.3% (332/688) of the patients experienced high-risk surgery (RACHS-1 ≥ 3) [18]. The overall incidence of AKI was 28.5% (196/688), and patients who were categorized into AKI stages 1, 2, and 3 were 19.9% (137/688), 6.1% (42/688), and 2.5% (17/688) separately (data are given in Appendix A).
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Before matching, there were no significant differences between patients with and without AKI in sex, gestation weeks, or preoperative LVEF (all p > 0.05), but those who developed AKI were more likely to be younger and have cyanotic heart disease, undergo more complex surgeries (RACHS-1 ≥ 4), experience lower core temperature during CPB, more frequent use of modified ultrafiltration and intraoperative platelet transfusions (all p < 0.05). Fig. 2A showed the distributions of intraoperative glycemic metrics between AKI and Non-AKI groups. The median [IQR] pre-CPB blood glucose levels of AKI and Non-AKI patients were 4.8 (4.3 to 5.6) and 5.1 (4.5 to 5.6) mmol/L respectively, the intra-CPB blood glucose levels were 6.3 (5.2 to 7.4) and 6.6 (5.6 to 7.7) mmol/L, and the post-CPB blood glucose levels were 7.7 (6.2 to 9.2) and 7.9 (6.7 to 9.4) mmol/L. Intra-GFs between the two groups were similar at 1.6 (0.9 to 2.3) and 1.6 (1.0 to 2.2) mmol/L. By univariate analysis, higher intra-CPB (OR 0.896; 95% CI, 0.812 to 0.989; p = 0.029) and post-CPB blood glucose levels (OR 0.903; 95% CI, 0.831 to 0.982; p = 0.017) during the perioperative time were significantly associated with postoperative AKI, while pre-CPB and intra-GF were not. After accounting for known and potential confounding factors (p < 0.2), the multivariate regression analysis showed a consistent result, that higher intra-CPB (adjusted OR 0.802; 95% CI, 0.706 to 0.912; p = 0.001) and post-CPB blood glucose levels (adjusted OR 0.830; 95% CI, 0.744 to 0.925; p = 0.001) both significantly associated with lower risk of postoperative AKI. However, the pre-CPB and intra-GF were not associated with AKI in this study. Results are shown in Table 2.
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Figure 2: The distributions of intraoperative mean blood glucose levels and glycemic fluctuations between AKI and Non-AKI groups. Panel A shows the data before 1:1 matched by sex, age, and baseline SCr. Panel B shows the corresponding data after matching
Note: AKI = acute kidney injury; CPB = cardiopulmonary bypass; GF = glycemic fluctuation.

[image: images]

After matching, the differences between age, sex, and baseline SCr were well-balanced (p < 0.05). The median [IQR] age of the cases and controls were 11.2 (3.9 to 30.4) and 10.6 (6.0 to 31.8) months, respectively. Male patients made up about 50% of both two groups. The distributions of intraoperative glycemic metrics were presented in Fig. 2B. Multivariate conditional logistic regression showed that intra-CPB (adjusted OR 0.784; 95% CI, 0.649 to 0.948; p = 0.012) and post-CPB glucose levels (adjusted OR 0.803; 95% CI, 0.691 to 0.933; p = 0.004) were significantly associated with AKI after adjusting for confounders (p < 0.2), including preoperative LVEF, CPB time, the lowest core temperature during CPB and intraoperative platelet transfusion, RACHS-1 score ≥4, cyanosis, neonate. Results were consistent in the study population before and after matching. The univariate and multivariate analyses of the associations between intraoperative glycemic metrics and postoperative AKI after matching are presented in Table 3, and the results of multivariate analyses are shown in Fig. 3.
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Figure 3: The relationships of intraoperative glucose metrics and postoperative AKI
Note: AKI = acute kidney injury; CPB = cardiopulmonary bypass; GF = glycemic fluctuation

4  Discussion

This prospective nested-case control study showed that higher intraoperative blood glucose levels during and after CPB were independent protective factors against AKI in pediatric patients following cardiac surgery. However, there was no significant difference in blood glucose levels before CPB and variability of intraoperative blood glucose levels between AKI and control groups.

Our study assessed the potential effects of intraoperative blood glucose and glycemic fluctuations on postoperative AKI in pediatric patients undergoing congenital heart surgery. Based on previous studies, hyperglycemia, hypoglycemia, and glucose variability were significantly associated with poor clinical outcomes [19]. Some experiments reported that hyperglycemia-induced reactive oxygen species could inhibit Na+/glucose cotransporter activity in renal proximal tubule cells and result in renal oxidative stress and kidney injury [20,21]. Certainly, hypoglycemia could decrease glucose intake and compromise cellular biosynthetic abilities, and also result in acute organ impairment [19,22]. Patients with a minimum glucose level less than 75 mg/dL both intraoperatively and postoperatively had a 3-fold greater adjusted odds ratio of developing the composite morbidity-mortality endpoints including renal failure requiring dialysis [18]. Besides, acute glycemic fluctuations were independently associated with postoperative AKI induced by endothelial apoptosis, greater endothelial dysfunction, and activation of oxidative stress in non-cardiac surgery patients and children who underwent congenital heart surgery [11,23–25]. Overall, these findings above display a potential biological association between intraoperative blood glucose metrics and postoperative AKI in children undergoing congenital heart surgery though the underlying mechanism is unclear.

In this study, we selected peri-CPB as the points of investigation mainly because CPB was strikingly associated with intraoperative elevated blood glucose levels and variability. The process of CPB induces stress response and systemic inflammatory reaction which are associated with hyperinsulinemia and insulin resistance, posing a dominating contribution to perioperative hyperglycemia [14,26]. During stress, increased secretion of hormones like glucagon, catecholamines, growth hormone and cortisol promotes gluconeogenesis in the liver and impairs insulin action in peripheral tissues, resulting in elevated serum glucose [27,28]. At the same time, prophylactic glucocorticoids have been routinely administered to infants undergoing heart surgery with CPB in the perioperative period to attenuate the systemic inflammatory response. Recent studies have demonstrated a significant association between glucocorticoids administration and hyperglycemia in pediatric patients undergoing cardiac surgery [29,30].

Several studies have examined the effect of hyperglycemia and adverse outcomes in the pediatric cardiac population [31,32]. Average postoperative glucose >143 mg/dL and peak glucose level ≥250 mg/dL were associated with greater adjusted odds of reaching a composite morbidity-mortality end point after complex congenital heart surgery [18]. In O’Brien’s study, intraoperative hyperglycemia which was defined more than 175 mg/dL had a significant association with postoperative bacteremia in a pediatric cardiac population aged less than 18 years old [33]. In contrast to previous studies involving postoperative hyperglycemia in the intensive care unit, our study showed no harmful effects of higher mean blood glucose on postoperative AKI during surgery. The underlying factors affecting intraoperative glucose levels, including surgical insults and the process of CPB, differ from the causes of postoperative hyperglycemia. Duncan and colleagues suggested that intraoperative mild hyperglycemia (141 to 170 mg/dL/7.8 to 9.4 mmol/L) was well tolerated in cardiac surgical patients and may be associated with benefits on postoperative outcomes [12]. In Lou’s study, perioperative hyperglycemia (>150 mg/dL) was not detrimental to infants undergoing cardiac surgery with CPB [9]. What’s more, a blood glucose level of no more than 8.1 mmol/L (146 mg/dL) during CPB is associated with a greatly lower risk probability of severe systemic inflammatory response syndrome in pediatric patients [34].

Our data showed that the median intra-CPB blood glucose levels were 6.3 and 6.6 mmol/L, and the post-CPB blood glucose were 7.7 and 7.9 mmol/L respectively in AKI and Non-AKI groups before matching, which suggested that most of our pediatric patients were at a relatively normal and safe glycemic threshold. Higher intraoperative glucose levels may ensure increased glucose uptake and confer protection from hypoxic-ischemic injury by promoting anti-apoptotic pathways and favoring angiogenesis [35], yielding the roles of organ protection in infants undergoing deep hypothermic circulatory arrest [36,37]. In our study, the average serum blood glucose in the Non-AKI group was higher than that in the AKI group and the difference was statistically significant. Besides, there was no significant difference in intraoperative steroids administration between AKI and Non-AKI groups, which meant that the difference of serum glucose between AKI and Non-AKI groups may be not associated with steroids administration in this study. So we reported that higher blood glucose levels during and after CPB may be nephroprotective. Since no optimal perioperative serum glucose range has been made in pediatric patients with a large age range undergoing cardiac surgery, we did not define a cutoff value of hyperglycemia which would be associated with increased incidence of adverse outcomes. But we believe that there is a certain upper limit which the intraoperative serum glucose exceeds would cause a harmful effect.

This study did not show an association between pre-CPB blood glucose and postoperative AKI. Our findings are somehow consistent with another observational study in pediatric patients undergoing congenital heart surgery, which found that blood glucose before CPB was not a predictor of mortality, infection, or increased duration of ventilation time [38]. Unlike adults who are commonly associated with obesity, dyslipidemia, insulin resistance, and hypertension, the children in our study have no diabetic complications or other metabolic syndromes. In addition, the pre-CPB blood glucose defined in our study did not represent a long-term but acute glycometabolic status. Pre-CPB blood glucose may be not an independent predictor of postoperative AKI in pediatric patients following cardiac surgery, and the subsequently elevated CPB blood glucose levels may pose a more important role in AKI.

Previous observational studies in adults and children have demonstrated that intraoperative glycemic fluctuation is an independent predictor of postoperative AKI [11,39]. However, this association was not observed in this study. Similarly high levels of intraoperative glycemic fluctuations were seen in AKI and Non-AKI patients in our study. This could be partly explained by the different study design that we included all kinds of congenital heart surgeries in the final analysis and almost half of them (51.7%, 356/688) are not complex congenital heart surgeries (RACHS-1 < 3) [18]. The whole blood glucose variability during surgery is not so great. In addition, we included patients aged less than 18 years which represents a wide pediatric age range. Though uniform normoglycemia thresholds and definitions of diabetes have been adopted in children, there are still age-related differences in response to dysglycemia [40,41]. For example, cortisoland growth hormone responses to spontaneous hypoglycemia are highly age-dependent, and impaired fasting glucose risk is positively correlated with increasing age [42,43]. Previous studies also showed a age influence on glucose levels or insulin requirement to achieve target glycemic control [44,45]. Considering the age-related effects on glucose metabolism, we did not provide specific cutoff limits in this study. Furthermore, it remains unknown whether age-related differences affect the biological sequelae of intraoperative hyperglycemia in children undergoing cardiac surgery.

5  Limitations

Our study has some limitations that merit the next explorations. Firstly, we collected glucose levels intermittently intraoperatively and might miss the peak values of blood glucose. However, we acquired the blood glucose data at the same time points for all enrolled patients, thereby generating relatively good comparability between the two groups. Secondly, although we obtained that higher blood glucose levels may be a protective factor against AKI, we did not provide the specific cutoff value of optimal blood glucose level. We will enlarge our sample size to further explore the optimal blood glucose thresholds for postoperative renal function according to different age gaps. Thirdly, though the incidence of AKI in our study is consistent with that in a previous study diagnosing AKI solely according to serum creatinine [46], it is probable that some additional AKI would have been identified when combined with the urine output KDIGO criteria. Lastly, this was a single-center observational study, some confounding factors were unavoidable, which might affect the final results. However, we prospectively collect the data, thereby guaranteeing the integrity and reliability of the data as far as possible. Besides, we performed strictly univariate and multivariate analyses under both unmatched and matched methods and obtained consistent results.

6  Conclusions

This nested-case control study demonstrated that higher intraoperative glucose levels during and after CPB may be protective factors against AKI in the pediatric population having congenital heart surgery. The intraoperative glucose levels before CPB and the glycemic fluctuations during the whole surgery were not significantly associated with postoperative AKI. These results suggested that intraoperative blood glucose levels after CPB initiation could produce a great influence on AKI occurrence in pediatric cardiac surgery patients. Unluckily, we did not identify the specific cutoff value of optimal blood glucose level due to the large age range of enrolled patients. Another prospective study is in progress in our center to investigate the optimal cutoff values of intraoperative blood glucose associated with reduced AKI incidence in children following cardiac surgery based on different age gaps.
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OEBPS/Images/table-1.png
Table 1: Demographic, perioperative characteristics between patients with and without AKI before and after

matching

Variable Before matching After matching
AKI Non-AKI pi AKI Non-AKI PS
(n=196) (n=492) (n=140) (n=140)

Male, n (%) 104 (53.1) 237 (48.2) 0.247 70 (50.0) 67 (47.9) 0.804

Age at surgery (months) 8.7 (3.4, 36.5(11.4, <0.001 11.2 (3.9, 10.6 (6.0, 0.456
24.7) 68.1) 30.4) 31.8)

Weight (kg) 8.0 (5.5, 13.5 (8.6, <0.001 9.0 (5.7, 8.5 (7.0, 0.682
12.0) 20.0) 13.0) 12.5)

Gestational week (w) 39 (37,40) 39 (38,40) 0.111 39 (38,40) 39 (38,40) 0.798

Neonate, n (%) 20 (10.2) 4 (0.8) <0.001 15(10.7) 1(0.7) 0.001

RACHS-1 score > 4, n (%) 27 (13.8) 27 (5.5) <0.001 17 (12.1) 4 (2.9 0.004

Previous cardiac surgery, n (%) 11 (5.6) 52 (10.6) 0.042 9 (6.4) 9 (6.4) 1.000

Cyanosis, n (%) 38 (19.4) 64 (13.0) 0.034 30 (21.4) 17 (12.1) 0.055

Preoperative LVEF (%) 69 (65, 72) 69 (65,73) 0.698 69 (65, 71) 70 (65,74) 0.051

Baseline SCr (umol/L) 27.9 (21.5, 38.2(31.8, <0.001 30.1 (26.6, 30.3 27.4, 0.344
32.9) 45.7) 34.9) 36.4)

CPB time (min) 86 (53, 74 (51, 113) 0.138 89 (52, 70 (52,99) 0.018
124) 126)

Aortic cross-clamp time (min) 50 (31, 79) 47 (29,79) 0.527 52 (29, 78) 46 (29, 72) 0.237
The lowest core temperature 31.0 (29.5, 314 (304, 0.001 31.1 (29.1, 31.430.3, 0.015

during CPB (°C) 32.3) 32.7) 32.3) 32.6)

Intraoperative RBC transfusion, 7 (3.6) 15 (3.0) 0.725 6 (4.3) 3 (2.1) 0.508
n (%)

Intraoperative platelet 27 (13.8) 42 (8.5) 0.039 20 (14.3) 6 (4.3) 0.011

transfusion, n (%)

(Continued)
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Table 3: Multivariate conditional logistic regression analysis of intraoperative glycemic variables with AKI
in the matched sample

Variable Univariate analysis Multivariate analysis™*

OR 95% CI p-value  Adjusted OR  95% CI p-value
Pre-CPB glucose 0.939  0.741-1.190  0.603 0.881 0.680-1.143 0.341
Intra-CPB glucose  0.872  0.751-1.014  0.074 0.784 0.649-0.948 0.012
Post-CPB glucose 0.910  0.807-1.026  0.123 0.803 0.691-0.933 0.004
Intra-GF 1.010  0.801-1.274  0.932 0.806 0.602-1.080  0.148

Notes: ** Adjusted for p <0.2, including Neonate, RACHS-1 >4, Preoperative LVEF, Cyanosis, the lowest core temperatures during, CPB time, and
Intraoperative platelet transfusion.

OR = odds ratio; CI =confidence interval, CPB = cardiopulmonary bypass; GF = glycemic fluctuation.
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Appendix A: Demographic, perioperative characteristics of the study population

Variable

N =688

Male sex, n (%)

Age at surgery (months)

Weight (kg)

Gestational week (w)

Neonate, n (%)

RACHS-1 score, n (%)

1

2

3

4

5-6

Previous cardiac surgery, n (%)
Cyanosis, n (%)

Preoperative LVEF (%)

Baseline SCr (umol/L)

CPB time (min)

Aortic cross-clamp time (min)

The lowest core temperature during CPB (°C)
Intraoperative RBC transfusion, n (%)
Intraoperative platelet transfusion, n (%)
Intraoperative steroids administration, n (%)
Modified ultrafiltration, n (%)
Pre-CPB glucose (mmol/L)
Intra-CPB glucose (mmol/L)
Post-CPB glucose (mmol/L)

Intra-GF (mmol/L)

Length of CICU stay (d)

Length of hospital stay (d)

AKI stages, n (%)

0

1

2

3

341 (49.6)

25.7 (7.5, 57.2)
12.0 (7.5, 18.0)
39.0 (38.0, 40.0)
24 (3.4)

93 (13.5)

263 (38.2)

278 (40.4)

49 (7.1)

5(0.7)

63 (9.1)

102 (14.8)

69 (65, 73)

35.5 (28.9, 43.8)
78.0 (52.0, 117.8)
47.5 (29.0, 78.75)
31.4 (30.1, 32.6)
22 (3.1)

69 (10.0)

525 (76.3)

537 (78.0)

5.0 (4.5, 5.6)
6.5 (5.5, 7.6)
7.8 (6.6, 9.3)
1.6 (1.0, 2.2)
2.0 (1.0, 4.0)
7.0 (5.0, 11.0)

492 (71.5)
137 (19.9)
42 (6.1)
17 (2.5)

Note: Summary statistics are presented as median (interquartile range) or frequency (percentage).

AKI = acute kidney injury; RACHS-1 =Risk Adjustment in Congenital Heart Surgery-1; LVEF = left ventricular ejection fraction; SCr=serum

creatinine: CPB = cardionulmonarv bvnass: RBC =red blood cell: GF = ¢lvcemic fluctuation: CICU = cardiovascular intensive care unit.
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Table 2: Multivariate logistic regression analysis of intraoperative glycemic variables with AKI in the

unmatched sample

Variable Univariate analysis Multivariate analysis||

OR 95% CI p-value  Adjusted OR  95% CI p-value
Pre-CPB glucose 0.894  0.749-1.067  0.216 0.926 0.759-1.129  0.446
Intra-CPB glucose  0.896  0.812-0.989  0.029 0.802 0.706-0.912  0.001
Post-CPB glucose 0.903 0.831-0.982  0.017 0.830 0.744-0.925 0.001
Intra-GF 1.028 0.870-1.215  0.744 0.905 0.723-1.132  0.382

Note: || Adjusted for p <0.2, including Age at surgery, Neonate, Gestation week, RACHS-1 >4, Previous cardiac surgery, Cyanosis, Baseline SCr,
CPB time, The lowest core temperatures during CPB, Intraoperative platelet transfusion, Intraoperative steroids administration, Modified
ultrafiltration. OR = odds ratio: CI = confidence interval: CPB = cardionulmonarv bvnass: GF = glvcemic fluctuation.
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