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Abstract
Background
Early postoperative glycemic variability is associated with worse outcome after cardiac surgery, but the underlying mechanisms remain unknown. This study aimed to describe the relationship between postoperative glycemic variability and endothelial function, as assessed by serum endocan level in cardiac surgery patients.

Methods
We performed a post hoc analysis of patients included in the single-center observational ENDOLUNG study. Adult patients who underwent planned isolated coronary artery bypass graft surgery were eligible. Postoperative glycemic variability was assessed by calculating the coefficient of variability (CV) of blood glucose measured within 24 (CV24) and 48 (CV48) hours after surgery. Serum endocan level was measured at 24 (Endocan24) and 48 (Endocan48) hours after surgery. Pearson’s correlation coefficient with 95% confidence interval (95% CI) was calculated between CV24 and Endocan24, and between CV48 and Endocan48.

Results
Data from 177 patients were analyzed. Median CV24 and CV48 were 18% (range 7 to 39%) and 20% (range 7 to 35%) respectively. Neither CV48 nor CV24 were significantly correlated to Endocan48 and Endocan24 respectively (r (95% CI) = 0.150 (0.001 to 0.290; and r (95% CI) = 0.080 (-0.070 to 0.220), respectively).

Conclusions
Early postoperative glycemic variability within 48 h after planned cardiac surgery does not appear to be correlated with postoperative serum endocan level.

Clinical trial registration number
NCT02542423.
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Background
Early postoperative glycemic variability, defined as the fluctuation of blood glucose values within or outside of a target range, has been shown to be associated with impaired outcomes after cardiac surgery and transcatheter aortic valve implantation (TAVI), as well as in patients hospitalized for acute heart failure, regardless of the quality of blood glucose control obtained during the same period [1–3]. Glycemic variability was reported to independently increase the rate of postoperative complications, the length of stay and the mortality in the intensive care unit (ICU) and mortality in patients undergoing coronary artery bypass grafting (CABG) [3, 4]. The underlying mechanisms that could explain the deleterious effect of glycemic variability during the perioperative period have never been specifically investigated. Previous studies suggested that glycemic variability could increase oxidative stress and endothelial dysfunction in non-acutely ill patients [5–7], but no study has addressed this issue after cardiac surgery. Yet, postoperative glycemic variability is reportedly mainly associated with major adverse cardiovascular events after TAVI or CABG, suggesting that early postoperative glycemic variability could impair the endothelial function in this population [2, 3].
Endocan (or Endothelial-cell Specific Molecule-1 (ESM-1) is a proteoglycan that is produced and secreted by endothelial cells [8]. Since it mainly arises from lungs, serum endocan levels were initially shown to identify early acute lung injury in critically ill patients [9]. Results from the ENDOLUNG study suggested that serum endocan level could be an early marker of postoperative pneumonia after cardiac surgery [10]. More recently, serum endocan level was associated with endothelial dysfunction in atherosclerosis and in diabetic patients, and with major adverse cardiovascular events after acute coronary syndrome [8, 11–16]. The kinetic of serum endocan level after cardiac surgery appeared to be related to the vasoplegic syndrome that could be considered as the clinical expression of postoperative endothelial dysfunction [17]. Moreover, brachial artery flow-mediated dilatation, which is a reference method to non-invasively measure endothelial dysfunction, was described to be correlated to serum endocan level, suggesting that serum endocan level could be a reliable biomarker for endothelial dysfunction [18]. We therefore hypothesized that: [1] early postoperative glycemic variability could alter endothelial function after cardiac surgery, and [2] serum endocan level could be a good proxy measure for endothelial dysfunction after cardiac surgery.
This purpose of this study was thus to investigate whether early post-operative glycemic variability was positively associated with serum endocan levels after cardiac surgery.

Methods
Data source and study design
The prospective Endocan Predictive Value in Postcardiac Surgery Acute Respiratory Failure (ENDOLUNG) study was a single-center observational cohort study, which prospectively enrolled adult patients undergoing elective cardiac surgery between January 1 and May 23, 2016. Patients who met any of the following criteria were excluded: pregnant and breastfeeding women, patients who were unable to give informed consent, who had emergency surgery, or who had on-going pulmonary infection, inflammation, or an active malignancy. The rationale and methods have previously been described elsewhere [10]. Briefly, the primary aim of the ENDOLUNG study was to evaluate whether endocan could be a useful and accurate marker to predict acute respiratory failure after cardiac surgery. Patients were included at the time of hospital admission and were then followed up during surgery and throughout their postoperative stay (range 6–83 days). All-cause mortality after hospital discharge was determined through deterministic record linkage with the National Registry of Deceased Persons.

Study population
This sub-analysis included all patients enrolled in the ENDOLUNG study who had complete data regarding glycemia (fasting blood glucose) at baseline and during the first 48 h after surgery.

Measurement of postoperative blood glucose levels and glycemic variability
After their admission into the cardiac surgical intensive care unit, patients received intravenous glucose infusion administered at a constant rate of 4.0 to 4.5 g per hour until oral feeding was resumed. Blood glucose control was performed using a validated, nurse-led intravenous insulin therapy protocol, whereby the infusion rate was adjusted dynamically to achieve a blood glucose target of 100–139 mg.dl− 1 (5.5–7.7 mmol.l− 1). All blood glucose values were obtained from glucose meter reading (Optium Xceed™, Abbott Diabetes Care Ltd., Witney, UK) measured from arterial blood samples drawn from the indwelling arterial catheter. Blood glucose levels were checked every hour until 12 consecutive blood glucose values fell within the target range, then every 3 h. Hourly blood glucose measurement was resumed if there was a change in the insulin infusion rate, in the patient’s clinical condition, or if vasopressors or renal replacement therapy were either initiated or discontinued. Intravenous insulin infusion was replaced by subcutaneous insulin as soon as oral feeding was reinstated, and the medical team was consulted in case of severe hypoglycemia or uncontrolled hyperglycemia.
In the present study, our main exposure was postoperative glycemic variability during the 24 and 48 h after cardiac surgery. Although several methods have been proposed to describe glycemic variability, the coefficient of variation (CV) of blood glucose levels is now widely considered as the metric of choice to describe intraday fluctuation in glycemic variability. The CV was calculated by dividing the standard deviation of all blood glucose level measurements during the first 24 and 48 h post-operatively by the mean blood glucose level during the same time window, expressed as percentage. Glycemic variability is hereafter expressed as a percentage. Because the ENDOLUNG study protocol only required blood glucose levels at 6, 24, 48 and 72 h after surgery, we enriched the initial dataset by retrospectively reviewing original patient charts and extracting each hourly blood glucose measurement for the first 48 h of follow up. This allowed us to refine the time resolution of our estimates for intra-day glycemic variability.

Outcomes assessment
Endocan blood levels at 24 and 48 h after cardiac surgery were considered as our co-primary outcomes. Blood samples for serum endocan level measurements were collected in 5 ml-EDTdA tubes and centrifuged at 3000 rpm for 10 min at room temperature (18–25 °C). They were aliquoted in 0.5mL tubes (Eppendorf, Le Pecq, France) and frozen at -20 °C until assayed. Serum endocan level was measured using the Lunginnov ELISA kit (EndoMark® H1) based on immunoenzymatic assay (Lunginnov SAS, Lille, France) using a quality control sample targeted at 3.5 ng/mL, between-assay imprecision was estimated to be ~ 12%.

Measurement of individual patient characteristics
Sex, age, body mass index (BMI), comorbidities (e.g.·medical history of diabetes, hypertension, dyslipidemia, peripheral arterial disease, carotid stenosis, chronic respiratory disease or cardiac arrythmia), smoking status, left ventricular ejection fraction (LVEF), EuroScore, estimated glomerular filtration rate (eGFR), preoperative fasting blood glucose and glycosylated hemoglobin (HbA1c) at baseline were collected prospectively from the patients’ medical records. Perioperative data related to the surgical procedure (e.g. duration of extracorporeal circulation, duration of aortic clamping, blood loss and blood transfusion) were extracted from the computerized anesthesia monitoring software. Treatments administered in the intensive care unit and postoperative in-hospital complications (blood transfusion, atrial fibrillation, stroke, acute kidney injury, dialysis, pneumonia, or death) were also documented.

Statistical methods
We first describe intra-day glycemic variability during the first 24 h post-surgery by plotting the minimum, maximum and mean blood glucose values measured in each individual patient. Since cut-off values sometimes suggested to define high variability (typically, CV ≥ 36%) were deemed unsuitable in the setting of postoperative intensive care, where glycemia is tightly monitored and controlled, we categorized patients into tertiles of the CV.
Second, to elucidate the hypothesized relationship between glycemic variability and endocan blood levels 24 and 48 h after surgery, we represented individual values for diabetic and non-diabetic patients on a scatterplot and fitted a two-way fractional-polynomial prediction curve. We also computed Pearson’s correlation coefficient with 95% confidence interval (CI) using Fisher’s z transformation. Finally, we conducted a non-prespecified subgroup analysis to explore a potential source of heterogeneity in the relationship between glycemic variability and endocan blood level. To this end, the correlation coefficient was stratified according to diabetes status, levels of HbA1c, BMI, eGFR, the existence of postoperative complications, the duration of extracorporeal circulation, and the EuroScore at baseline.

Ethical approval
The ENDOLUNG study was approved by the Institutional Review Board (Comité de Protection des Personnes (CPP) Est II, under the number 10/544) and was registered on ClinicalTrials.gov (NCT02542423). All patients provided written informed consent.


Results
Of the 186 patients enrolled in the ENDOLUNG study, 177 were included in the present study (9 patients had incomplete data regarding glycemia). Baseline characteristics and in-hospital postoperative outcomes are presented in Table 1. Age at enrollment was 69 (SD 9) years. Seventy (39%) patients had peripheral artery disease, 59 (33%) were diabetic, 134 (76%) were treated for hypertension and 148 (84%) underwent on-pump surgery. On average, patients had 37.2 (SD 4.5) blood glucose measurements during the first 48 h after surgery, with a mean blood glucose value of 135 (SD 12) mg.dl− 1 (7.4 (0.7) mmol.l− 1).
Table 1Baseline characteristics of the study population


	 	n = 177 patients

	Age, years (mean (SD))
	69 (9)

	N (%)
	 
	< 55 years
	11 (6)

	55–64 years
	40 (23)

	65–74 years
	74 (42)

	75–84 years
	44 (25)

	≥ 85 years
	8 (4)

	Sex, N (%)
	 
	Male
	134 (76)

	Female
	43 (24)

	EuroSCORE II, mean (SD)
	5 (2)

	Body mass index, N (%)
	 
	< 25 kg.m− 2
	57 (32)

	25–30 kg.m− 2
	71 (40)

	> 30 kg.m− 2
	49 (28)

	Chronic comorbidities, N (%)
	 
	Hypertension
	134 (76)

	Dyslipidemia
	99 (56)

	Diabetes mellitus
	59 (33)

	Atrial fibrillation
	30 (17)

	Peripheral artery disease
	70 (39)

	Current smokers, N (%)
	100 (57)

	Fasting blood glucose in mg/dl, mean (SD)
	119 (40)

	Glycated hemoglobin (HbA1c), % (mean (SD))
	6.4 (1.2)

	Estimated creatinine clearance, N (%)

	< 60 mL/min/1.73 m2
	35 (20)

	60–89 mL/min/1.73 m2
	89 (50)

	≥ 90 mL/min/1.73 m2
	53 (30)

	Left ventricular ejection fraction, N (%)
	 
	≤ 30%
	6 (4)

	31–50%
	42 (25)

	> 50%
	119 (71)

	On-pump surgery, N (%)
	148 (84)

	Duration of extracorporeal circulation, No (%)
	 
	< 60 min
	30 (20)

	60–89 min
	63 (43)

	≥ 90 min
	55 (37)

	Duration of aortic cross-clamping, in minutes (mean (SD))
	72 (32)

	Postoperative complications, N (%)
	 
	Any complication
	85 (48)

	Blood transfusion
	81 (46)

	Atrial fibrillation
	73 (41)

	Stroke
	1 (1)

	Acute kidney injury
	24 (14)

	Dialysis
	4 (2)

	Pneumonia
	16 (9)

	ICU length of stay in days (mean (SD))
	5 (4)

	In-hospital length of stay in days (mean (SD))
	12 (8)

	In-hospital death, N (%)
	3 (2)


SD: standard deviation; N: number of patients; ICU: intensive care unit



Figure 1 shows the minimum, maximum and mean blood glucose value measured in each individual patient, plotted in ascending order of the CV of blood glucose. The median coefficient of glycemic variability during the first 24 and 48 h after surgery was respectively 18% (range 7 to 39%) and 20% (range 7 to 35%).
[image: ]
Fig. 1Glycemia and coefficient of variability of blood glucose within 48 h after surgery. CV is the coefficient of variability of blood glucose, defined as the ratio of the standard deviation of blood glucose to the average of blood glucose expressed in percent. Each bar represents the minimum, maximum and mean blood glucose values measured within 48 h after surgery in each patient included in the study


The scatter plots showing the CV of blood glucose and serum endocan levels within 24 and 48 h after surgery are presented in Fig. 2A and B respectively. Neither the CV within 24 h nor the CV within 48 h after surgery was significantly correlated with serum endocan level at 24 and 48 h after surgery respectively (r = 0.08, 95% CI -0.07 to 0.22, and r = 0.15, 95% CI 0.001 to 0.290, respectively) (Fig. 2A and B). No clinically meaningful difference was observed between diabetic and non-diabetic patients, or any other subgroup analyzed, including on-pump versus off-pump surgery (Fig. 3).
[image: ]
Fig. 2Scatter plots describing coefficient of variability of blood glucose and serum endocan level within (A) 24 and (B) 48 h after surgery. Each point represents an individual patient. Blue points figure non-diabetic patients and red points patients with a known medical history of diabetes mellitus. Gray histograms represent the distribution of glycemic variability within the entire cohort


[image: ]
Fig. 3Forest-plot showing the correlation between the coefficient of variability of blood glucose and serum endocan level at 48 h after surgery in the non-prespecified subgroups



Discussion
The results of the present study suggest that early postoperative glycemic variability was not associated with postoperative serum endocan level, neither after on-pump nor after off-pump cardiac surgery, either in non-diabetic or in diabetic patients.
Previous studies suggested that glycemic variability could promote endothelial dysfunction, as measured using brachial artery flow-mediated dilation assessed with doppler ultrasonography in non-acutely ill diabetic and non-diabetic patients [7, 19, 20]. Increased serum endocan level was reported to be related to endothelial dysfunction in diabetic patients [8, 13–16]. Serum endocan level appeared to be significantly correlated to brachial artery flow-mediated dilation [18], which is a validated and widely-used non-invasive method of measuring endothelial function [12, 21, 22]. Our study is the first to investigate the relationship between early postoperative glycemic variability and postoperative endothelial dysfunction assessed by serum endocan level in patients undergoing cardiac surgery. Several reasons can be put forward to explain the lack of significant correlation between early postoperative glycemic variability and serum endocan level observed in the present study.
First, the glycemic variability observed in the present cohort was quite low compared to the level reported in studies describing the association between glycemic variability and impaired prognosis in cardiac surgery patients, and between glycemic variability and endothelial dysfunction in non-acutely ill patients [3, 5]. This low postoperative glycemic variability could result from the high quality of blood glucose control provided by the insulin therapy protocol used in the cardiac surgery intensive care unit [23, 24]. Intravenous insulin therapy is recommended to avoid blood glucose level above 150 mg.dl− 1 (8.2 mmol.l− 1) and below 100 mg.dl− 1 (5.5 mmol.l− 1) after cardiac surgery since intra and postoperative hyperglycemia was reported to increase postoperative morbidity and mortality [25, 26]. Lowering blood glucose levels during the postoperative period could have contributed to decreased serum endocan levels [27].
Another explanation could be that the postoperative glycemic variability observed in the present study did not reach a sufficient threshold to promote postoperative endothelial dysfunction. However, no correlation between the CV of blood glucose and serum endocan level was observed even in patients presenting the highest postoperative glycemic variability.
Third, serum endocan might not be the most appropriate biomarker to describe the endothelial dysfunction related to glycemic variability. Serum endocan was initially described to be related to pulmonary endothelial dysfunction and no previous study reported that glycemic variability could specifically alter the pulmonary circulation. A previous study suggested that serum endocan level could be useful for early diagnosis of subclinical atherosclerosis in type 2 diabetes mellitus [28]. Moreover, serum endocan level was reported to be overexpressed in patients with stress hyperglycemia having acute ST-segment elevation myocardial infarction (STEMI) [29] and to be higher in diabetic patients with acute STEMI compared to newly diagnosed, untreated and uncomplicated type 2 diabetes mellitus patients [30]. However, endothelial dysfunction related to glycemic variability in patients with diabetes is a complex disorder involving several underlying mechanisms that could be imperfectly mirrored by serum endocan levels [31]. Different results might be observed if other biomarkers were used to investigate postoperative endothelial dysfunction or oxidative stress.
Fourth, the synthesis and secretion of endocan is upregulated by pro-inflammatory cytokines such as interleukin-6 (IL-6), IL-1β or tumor necrosis factor-α (TNF-α) and downregulated by anti-inflammatory factors, such as IL-10 or interferon-γ [8]. On-pump and off-pump cardiac surgery is responsible for an intense systemic inflammatory reaction, including the release of high levels of pro-inflammatory cytokines, such as IL-6, IL-1β and TNF-α. This in turn could stimulate the secretion of endocan without any further trigger [32]. Furthermore, the postoperative spontaneous fluctuations of blood glucose levels were actively modified using insulin therapy protocol to avoid potentially deleterious hyperglycemia. Thus, the relationship between serum endocan level and early postoperative glycemic variability observed in the present study could be biased by postoperative systemic inflammation and blood glucose control.
Finally, we cannot rule out the possibility that the underlying mechanisms explaining the deleterious impact of early postoperative glycemic variability in cardiac surgery patients could differ from the mechanisms described in non-acutely ill diabetic patients.
The present study has some limitations. First, postoperative glycemic variability was not measured using a continuous monitoring system and may have been underestimated [33]. However, blood glucose was closely monitored in the 48 h after surgery using an insulin therapy protocol used in the cardiac surgery intensive care unit, and nearly one blood glucose value per hour was obtained for each patient during the study period. Second, the timing of measurement of serum endocan level may have been inappropriate to accurately measure the impact of postoperative glycemic variability on endothelial function, since the ENDOLUNG study was not designed to investigate this hypothesis. However, no difference was observed in the different subgroup analyses, and we can assume that no correlation exists between early postoperative glycemic variability and serum endocan level after planned cardiac surgery. Third, the infusion of catecholamines was associated with both increased serum endocan level and increased blood glucose level [17]. Thus, the infusion of catecholamines could have impaired the potential relationship between serum endocan level and glycemic variability. Unfortunately, neither the dose nor the duration of catecholamines infusion were collected in the present study.

Conclusions
Early postoperative glycemic variability does not appear to be correlated with postoperative serum endocan level at 48 h after planned cardiac surgery. Several conditions that are commonly observed after cardiac surgery could have affected the kinetic of serum endocan level and could explain that the primary hypothesis of the study was not confirmed. Furthermore, endocan might not be the most appropriate biomarker to investigate endothelial dysfunction during the postoperative period in patients undergoing elective cardiac surgery. Further studies are warranted to identify the underlying mechanisms that contribute to the deleterious impact of postoperative glycemic variability, which could represent a potential new therapeutic target to improve the prognosis of cardiac surgery patients.

Acknowledgements
The authors want to acknowledge Dr Fiona Ecarnot, from the Service de Cardiologie, CHU Besançon, and EA 3920, Université de Franche-Comté, Besancon, France, for her editorial assistance in manuscript preparation. She gave written permission to be acknowledged in the manuscript for her assistance in manuscript preparation.

Authors’ contributions
EC, LM, and GB had substantial contributions to the conception and the design of the study, to the acquisition, analysis, and interpretation of data, and had drafted the article manuscript. PL, SC, and AP had substantial contribution to the conception of the study, to the acquisition of data, and substantively revised the article manuscript. SPF, LSDM, DF and ES had substantial contribution to the interpretation of data, and substantively revised the article manuscript. All authors approved the manuscript to be published and attest to the integrity of the original data and the analysis reported in this manuscript. All authors read and approved the final manuscript.

Funding
Luginnov SAS, Lille, France, provided the endocan assay kits free of charge. The present work was equally supported by the Département d’Anesthésie Réanimation Chirurgicale and Service de Chirurgie Cardiaque, CHU Besançon, F-25000 Besancon, France.

Data availability
Data and documents used and/or analyzed during the current study will be made available on reasonable request after approval by an Institutional Committee of the aim and methodological plan proposed by the researchers. Proposal should be directed to the Direction à la Recherche Clinique et à l'Innovation, CHU Besançon, France (e-mail address: dam@chu-besancon.fr).

Declarations
Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The ENDOLUNG study was approved by the Institutional Review Board (CPP EST II, registered under the number 10/544) and was registered on clinicaltrials.gov (NCT02542423). All patients provided written informed consent.

Consent for publication
Not applicable.


References
	1.
Kh C, Cj JO, Jj L, Se P, Ms L. In-hospital glycemic variability and all-cause mortality among patients hospitalized for acute heart failure. Cardiovasc Diabetol. 2022;21(1):291.Crossref

	2.
Besch G, Pili-Floury S, Morel C, Gilard M, Flicoteaux G, Salomon du Mont L, et al. Impact of post-procedural glycemic variability on cardiovascular morbidity and mortality after transcatheter aortic valve implantation: a post hoc cohort analysis. Cardiovasc Diabetol. 2019;18(1):27.Crossref

	3.
Subramaniam B, Lerner A, Novack V, Khabbaz K, Paryente-Wiesmann M, Hess P, et al. Increased glycemic variability in patients with elevated preoperative HbA1C predicts adverse outcomes following coronary artery bypass grafting surgery. Anesth Analg. 2014;118(2):277–87.Crossref

	4.
Su Y, Fan W, Liu Y, Hong K. Glycemic variability and in-hospital death of critically ill patients and the role of ventricular arrhythmias. Cardiovasc Diabetol. 2023;22(1):134.Crossref

	5.
Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol JP, et al. Activation of oxidative stress by acute glucose fluctuations compared with sustained chronic hyperglycemia in patients with type 2 diabetes. JAMA. 2006;295(14):1681–7.Crossref

	6.
Sun B, Luo Z, Zhou J. Comprehensive elaboration of glycemic variability in diabetic macrovascular and microvascular complications. Cardiovasc Diabetol. 2021;20(1):9.Crossref

	7.
Taya N, Katakami N, Mita T, Okada Y, Wakasugi S, Yoshii H, et al. Associations of continuous glucose monitoring-assessed glucose variability with intima-media thickness and ultrasonic tissue characteristics of the carotid arteries: a cross-sectional analysis in patients with type 2 diabetes. Cardiovasc Diabetol. 2021;20(1):95.Crossref

	8.
Chen J, Jiang L, Yu XH, Hu M, Zhang YK, Liu X, et al. Endocan: a key player of Cardiovascular Disease. Front Cardiovasc Med. 2021;8:798699.Crossref

	9.
De Freitas Caires N, Gaudet A, Portier L, Tsicopoulos A, Mathieu D, Lassalle P. Endocan, sepsis, pneumonia, and acute respiratory distress syndrome. Crit Care Lond Engl. 2018;22(1):280.Crossref

	10.
Perrotti A, Chenevier-Gobeaux C, Ecarnot F, Bardonnet K, Barrucand B, Flicoteaux G, et al. Is Endocan a diagnostic marker for Pneumonia after Cardiac surgery? The ENDOLUNG Study. Ann Thorac Surg. 2018;105(2):535–41.Crossref

	11.
Ziaee M, Mashayekhi S, Ghaffari S, Mahmoudi J, Sarbakhsh P, Garjani A. Predictive value of Endocan based on TIMI Risk score on major adverse Cardiovascular events after Acute Coronary Syndrome. Angiology. 2019;70(10):952–9.Crossref

	12.
Zhang J. Biomarkers of endothelial activation and dysfunction in cardiovascular diseases. Rev Cardiovasc Med. 2022;23(2):73.Crossref

	13.
Balamir I, Ates I, Topcuoglu C, Turhan T. Association of Endocan, Ischemia-Modified albumin, and hsCRP levels with endothelial dysfunction in type 2 diabetes Mellitus. Angiology. 2018;69(7):609–16.Crossref

	14.
Akboga MK, Okutucu S, Sabanoglu C, Yayla C, Ertem AG, Efe TH. Are Endocan and Ischemia-Modified Albumin Reliable biomarkers for endothelial dysfunction in type 2. Diabetes Mellitus? Angiology. 2020;71(5):479–80.

	15.
Leite AR, Borges-Canha M, Cardoso R, Neves JS, Castro-Ferreira R, Leite-Moreira A. Novel biomarkers for evaluation of endothelial dysfunction. Angiology. 2020;71(5):397–410.Crossref

	16.
Reina-Couto M, Silva-Pereira C, Pereira-Terra P, Quelhas-Santos J, Bessa J, Serrão P, et al. Endothelitis profile in acute heart failure and cardiogenic shock patients: Endocan as a potential novel biomarker and putative therapeutic target. Front Physiol. 2022;13:965611.Crossref

	17.
Bouglé A, Allain PA, Favard S, Ait Hamou N, Carillion A, Leprince P, et al. Postoperative serum levels of Endocan are associated with the duration of norepinephrine support after coronary artery bypass surgery. Anaesth Crit Care Pain Med. 2018;37(6):565–70.Crossref

	18.
Benincasa G, Coscioni E, Napoli C. Cardiovascular risk factors and molecular routes underlying endothelial dysfunction: novel opportunities for primary prevention. Biochem Pharmacol. 2022;202:115108.Crossref

	19.
Buscemi S, Re A, Batsis JA, Arnone M, Mattina A, Cerasola G, et al. Glycaemic variability using continuous glucose monitoring and endothelial function in the metabolic syndrome and in type 2 diabetes. Diabet Med J Br Diabet Assoc. 2010;27(8):872–8.Crossref

	20.
Ceriello A, Esposito K, Piconi L, Ihnat MA, Thorpe JE, Testa R, et al. Oscillating glucose is more deleterious to endothelial function and oxidative stress Than Mean glucose in normal and type 2 Diabetic patients. Diabetes. 2008;57(5):1349–54.Crossref

	21.
Mućka S, Miodońska M, Jakubiak GK, Starzak M, Cieślar G, Stanek A. Endothelial function Assessment by Flow-Mediated Dilation Method: A Valuable Tool in the evaluation of the Cardiovascular System. Int J Environ Res Public Health. 2022;19(18):11242.Crossref

	22.
Minhas AS, Goerlich E, Corretti MC, Arbab-Zadeh A, Kelle S, Leucker T, et al. Imaging Assessment of endothelial function: an index of Cardiovascular Health. Front Cardiovasc Med. 2022;9:778762.Crossref

	23.
Studer C, Sankou W, Penfornis A, Pili-Floury S, Puyraveau M, Cordier A, et al. Efficacy and safety of an insulin infusion protocol during and after cardiac surgery. Diabetes Metab. 2010;36(1):71–8.Crossref

	24.
Besch G, Perrotti A, Salomon du Mont L, Tucella R, Flicoteaux G, Bondy A, et al. Long-term compliance with a validated intravenous insulin therapy protocol in cardiac surgery patients: a quality improvement project. Int J Qual Health Care. 2018;30(10):817–22.Crossref

	25.
Jacobi J, Bircher N, Krinsley J, Agus M, Braithwaite SS, Deutschman C, et al. Guidelines for the use of an insulin infusion for the management of hyperglycemia in critically ill patients. Crit Care Med. 2012;40(12):3251–76.Crossref

	26.
Duncan AE, Abd-Elsayed A, Maheshwari A, Xu M, Soltesz E, Koch CG. Role of intraoperative and postoperative blood glucose concentrations in predicting outcomes after cardiac surgery. Anesthesiology. 2010;112(4):860–71.Crossref

	27.
Arman Y, Akpinar TS, Kose M, Emet S, Yuruyen G, Akarsu M, et al. Effect of glycemic regulation on endocan levels in patients with diabetes: a preliminary study. Angiology. 2016;67(3):239–44.Crossref

	28.
Lv Y, Zhang Y, Shi W, Liu J, Li Y, Zhou Z, et al. The Association between Endocan levels and subclinical atherosclerosis in patients with type 2 diabetes Mellitus. Am J Med Sci. 2017;353(5):433–8.Crossref

	29.
Qiu C, Sui J, Zhang Q, Wei P, Wang P, Fu Q. Relationship of endothelial cell-specific molecule 1 level in stress hyperglycemia patients with Acute ST-Segment Elevation myocardial infarction: a pilot study. Angiology. 2016;67(9):829–34.Crossref

	30.
Qiu CR, Fu Q, Sui J, Zhang Q, Wei P, Wu Y, et al. Serum endothelial cell-specific molecule 1 (endocan) levels in patients with Acute myocardial infarction and its clinical significance. Angiology. 2017;68(4):354–9.Crossref

	31.
Huang Y, Yue L, Qiu J, Gao M, Liu S, Wang J. Endothelial dysfunction and platelet hyperactivation in Diabetic Complications Induced by Glycemic Variability. Horm Metab Res. 2022;54(7):419–28.Crossref

	32.
Mitchell JD, Grocott HP, Phillips-Bute B, Mathew JP, Newman MF, Bar-Yosef S. Cytokine secretion after cardiac surgery and its relationship to postoperative fever. Cytokine. 2007;38(1):37–42.Crossref

	33.
Takahashi H, Iwahashi N, Kirigaya J, Kataoka S, Minamimoto Y, Gohbara M, et al. Glycemic variability determined with a continuous glucose monitoring system can predict prognosis after acute coronary syndrome. Cardiovasc Diabetol. 2018;17(1):116.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12933_2023_1959_Fig2_HTML.png
Endocan, ng/mL

E] First 24 hours

60.0

50.0

40.0+

30.0

20.04

10.0

0.0 1

r=0.08 (-0.07 t0 0.22)

°
Non-diabetic —#

/ Diabetic

Glycemic variability (% CV)

Endocan, ng/mL

. First 48 hours

60.0

50.0

40.0+

30.0

20.04

10.0

0.04

r=0.15(0.001 to 0.29)

Glycemic variability (% CV)

45





OEBPS/navigation.xhtml

    
      Contents


      
        		Impact of early postoperative blood glucose variability on serum endocan level in cardiac surgery patients: a sub study of the ENDOLUNG observational study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12933_2023_1959_Fig1_HTML.png
qqqqqqq
0000000
000000

22222





OEBPS/images/12933_2023_1959_Fig3_HTML.png
Subgoups

Diabetes
Yes
No
HbA1c (%)
<6.5
>6.5
Postoperative complications
Yes
No
Duration of CEC
No CEC
<60 minutes
60-89 minutes
=90 minutes
Body Mass Index
<25
25-30
>30
eGFR (mL/min/1.73 m2)
<60
60-89
290
EuroScore
0-4
5-6
27

No.

59
118

84
40

85
92

29
30
63
55

57
71
48

35
89
53

71
48
58

Pearson coefficient of correlation (95% Cl)

0.21 (-0.05 to 0.44)
0.01(-0.1810 0.18)

0.02 (-0.19 to 0.24)
0.07 (-0.25 t0 0.37)

0.09 (-0.1210 0.3)
0.08 (-0.12t0 0.28)

0.00 (-0.36 to 0.37)
0.30 (-0.07 to 0.60)
0.11 (-0.14 t0 0.35)
0.10 (-0.17 t0 0.36)

-0.05 (-0.31 t0 0.22)
0.03 (-0.21 t0 0.26)
0.27 (-0.01 t0 0.52)

0.04 (-0.3 10 0.37)
0.09 (-0.12 t0 0.29)
0.21 (-0.06 to 0.46)

-0.01 (-0.24 10 0.22)
0.06 (-0.23 to 0.33)
0.21 (-0.05 to 0.45)






OEBPS/css/sidebar.gif





