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Objective

For elective cesarean section patients with gestational diabetes mellitus (GDM), there is a lack of evidence-based research on the use of enhanced recovery after surgery (ERAS). This study aims to compare the ERAS after-surgery protocol and traditional perioperative management.





Research design and methods

In this retrospective cohort study, singleton pregnancies with good glucose control GDM, delivered by elective cesarean sections under intravertebral anesthesia at least 37 weeks from January 1 to December 31, 2022, were collected at the Third Affiliated Hospital of Sun Yat-sen University. We divided all enrolled pregnant women and newborns into an ERAS group and a control group (the traditional perioperative management group) based on their adherence to the ERAS protocol. The primary outcome was the preoperative blood glucose level, with an increase of more than 1 mmol/L indicating clinical significance when compared to the control group. The secondary outcome was centered around an adverse composite outcome that affected both mothers and newborns.





Results

We collected a total of 161 cases, with 82 in the ERAS group and 79 in the control group. Although the mean preoperative blood glucose level in the ERAS group was significantly higher than in the control group (5.01 ± 1.06 mmol/L vs. 4.45 ± 0.90 mmol/L, p<0.001), the primary outcome revealed that the mean glycemic difference between the groups was 0.47 mmol/L (95% CI 0.15-0.80 mmol/L), which was below the clinically significant difference of 1 mmol/L. For the secondary outcomes, the ERAS group had an 86% lower risk of a composite adverse outcome compared to the control group. This included a 73% lower risk of perioperative maternal hypoglycemia and a 92% lower rate of neonatal hypoglycemia, all adjusted by age, hypertensive disorder of pregnancy, BMI, gestational weeks, primigravidae, primary pregnancy, GDM, surgery duration, and fasting glucose.





Conclusion

Implementing a low-dose carbohydrate ERAS in pregnant women with GDM prior to elective cesarean section, compared to traditional perioperative management, does not lead to clinically significant maternal glucose increases and thus glucose-related maternal or neonatal perioperative complications.
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1 Introduction

Enhanced recovery after surgery (ERAS) application in cesarean deliveries has markedly enhanced maternal and neonatal outcomes and grown extensively in recent years (1–3). However, the feasibility of implementing ERAS in cesarean deliveries for patients with diabetes remains a subject of debate. A primary concern is that the carbohydrate intake prescribed in ERAS preoperatively could complicate glycemic control, leading to the exclusion of pregnant women with diabetes from the current ERAS-related guidelines (1–3).

Gestational diabetes mellitus (GDM) is prevalent, affecting approximately 14.8% (95% CI 12.8–16.7%) in China (4). Patients with GDM are at an increased risk of macrosomia and other complications, resulting in higher cesarean section rates, postoperative infections, and slower wound healing, which prolong hospital stays. Additionally, GDM, coupled with extended fasting before cesarean sections, can exacerbate perioperative complications, including maternal insulin resistance and maternal and neonatal hypoglycemia. Globally, there is a lack of evidence-based research on the use of ERAS in pregnant women with diabetes. Due to concerns that preoperative carbohydrate loading in ERAS may exacerbate hyperglycemia, many healthcare organizations currently do not recommend ERAS for diabetic patients (5). However, a prospective non-inferiority cohort study involving non-pregnant diabetic patients revealed that preoperative carbohydrate supplementation yielded outcomes comparable to fasting, with no significant differences in preoperative glucose levels, hyperglycemia, or hospital stay duration (6). For GDM patients undergoing caesarean sections, administering a low-concentration carbohydrate solution two hours prior to surgery has proven to be a safe and viable option. It is efficacious in reducing the incidence of preoperative hypoglycemia and improving patient health without increasing the risk of maternal hyperglycemia and neonatal hypoglycemia (7). Various clinical trials have assessed carbohydrate supplementation or feeding during labor for improved labor outcomes (8). In GDM patients, small-dose carbohydrate preconditioning appears safe.

This study hypothesizes that, compared to traditional perioperative management, ERAS (including small-dose carbohydrate) implementation in cesarean deliveries for women with GDM will not result in challenging glycemic control or significant glucose-related safety concerns for the mothers and their newborns. Previous studies have found that preoperative glucose levels, linked to postoperative complications and neonatal hypoglycemia in diabetic patients (9–11), may act as evaluation metrics for surgical complications (6). A 1 mmol/L increase beyond the normal range in maternal blood glucose raises the risk of neonatal hypoglycemia (9). Consequently, our primary study outcomes were preoperative glucose, which was a proxy for maternal glucose-related perioperative complications. A preoperative glycemic difference value >1 mmol/L compared to the control can be regarded as clinically significant. Meanwhile, composite adverse outcomes, including maternal and neonatal glycemic abnormalities and corresponding adverse effects, were defined as secondary study outcomes. We used multivariate regression analysis to assess whether ERAS increases the risk of adverse glucose-related perioperative complications in pregnant women with GDM compared to the control group (traditional perioperative management).




2 Materials and methods

The study received approval from the Institute Medical Ethics Committee of the Third Affiliated Hospital of Sun Yat-sen University (reference number: [2021] 02-277-01), and the need for informed consent was waived due to the retrospective nature of the study. The study adhered to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines for the retrospective cohort studied (12).

In this retrospective cohort study, data were collected on expectant individuals admitted to the obstetrics department through the hospital’s electronic medical record system at the Third Affiliated Hospital of Sun Yat-sen University from January 1 to December 31, 2022. The inclusion criteria were patients with singleton pregnancies diagnosed with GDM, managed effectively through diet (GDMA1) or hypoglycemic agents (GDMA2) (13) (HbA1c<5.5%), at least 37 weeks of gestational age, and scheduled for elective cesarean sections under intravertebral anesthesia. Conversely, the exclusion criteria encompassed emergency cesarean sections, use of general anesthesia, history of gastric emptying obstruction, severe cardiopulmonary abnormalities, autoimmune diseases, active infections, pre-pregnancy diabetes, psychiatric or psychological disorders impeding dietary compliance, and severe fetal anomalies. Intraoperative changes in anesthesia or postoperative transfer to the intensive care unit should also be excluded. Additionally, all selected pregnant women and newborns were divided into two groups (the ERAS group and the control group) depending on whether they had taken the ERAS protocol.



2.1 Sample size calculation

Previous studies indicate that preoperative hyperglycemia, as a surrogate predictor of postoperative maternal and neonatal complications in patients undergoing GDM, significantly correlates with increased postoperative complications and neonatal hypoglycemia. A 1 mmol/L increase in maternal blood glucose above the normal range raises the risk of neonatal hypoglycemia (9). An increase of 1 mmol/L in maternal blood glucose within the normal range did not raise the risk of neonatal hypoglycemia. Consequently, we propose that there should be significant clinical differences when the average difference in maternal blood glucose is greater than 1 mmol/L. We retrospectively analyzed 458 GDM patients with optimal glycemic control who underwent elective cesarean sections in our hospital. These patients’ mean preoperative glucose level was 4.9 ± 0.9 mmol/L. This study’s significance level was set at α = 0.025, and the statistical power at 1-β = 0.9. Using PASS 11 software, we calculated the required sample size for both the ERAS and control groups to be approximately 77 cases each. Anticipating a 10% non-cooperation rate in the ERAS procedure, the sample size was adjusted to about 85 cases per group. Consequently, each group in this study, the ERAS and non-ERAS among GDM patients, comprised 85 cases.




2.2 Definition and implementation of ERAS and control protocols

The ERAS group followed an accelerated rehabilitation surgical program based on evidence-based recommendations (Supplementary Table 1). This program emphasized reduced fasting duration, early mobilization, initiation of a diet soon after surgery, and prompt catheter removal (refer to Supplementary Table 1 for core components of the ERAS protocol at our institution). In contrast, the control group adhered to a routine service program, which included preoperative fasting post-dinner, flexible post-surgery bedrest, fasting on the day of surgery, a fluid diet following the first postoperative venting, and catheter removal 24 hours post-surgery.

A key element of ERAS is minimizing preoperative fasting to mitigate the insulin resistance that often accompanies prolonged fasting, representing a significant change in practice at our institution. The preoperative dietary protocol for pregnant women enrolled in ERAS (including those with and without gestational diabetes mellitus, GDM) entailed: an 8-hour fast from meats, fats, and solid foods; a 6-hour fast from starches and dairy products; oral intake of 52 g Glucerna nutritional formula powder (comprising 21.15 g protein, 15.38 g fat, and 55.90 g carbohydrate per 100 g) by midnight before surgery; and consumption of 300 ml of a clear, carbohydrate-rich drink (14.2% carbohydrate, containing 42.6 g carbohydrate, produced by Yichang Renfu Pharmaceutical Co., Ltd.) two hours before surgery. Total carbohydrate intake below 50 g was deemed a low dose (14), as per a referenced meta-analysis. We utilized a clarified beverage containing 42.6 g of carbohydrate with maltodextrin, enhancing intestinal transport mechanisms and thereby expediting energy absorption and hydration while reducing gastric emptying time (15). This preparation also alleviates patient discomfort, including thirst, hunger, and anxiety (16). In contrast, the control group fasted after the previous evening’s meal and continued intravenous rehydration from two hours preoperatively until the start of the caesarean section (CS). Rehydration was performed after CS until anal exhaust or defecation, and the gestational women were instructed to get out of bed 1-2 days after the CS and have liquid food after anal exhaust.




2.3 Observational indicators and methods

The primary outcome measured was the preoperative blood glucose level (mmol/L) in GDM patients. The secondary outcome focused on an adverse composite outcome for mothers and newborns, covering maternal perioperative hypoglycemia and hyperglycemia, neonatal hypoglycemia, low Apgar scores, abnormal PH in umbilical artery blood gas, and immediate post-delivery transfer to the pediatric unit, with any abnormality marking a positive result.

Maternal blood glucose monitoring: This included fasting blood glucose (fingertip) on the day of surgery, preoperative blood glucose (fingertip), immediate postoperative blood glucose (fingertip) after surgery before patient departure from the operating room, and fasting blood glucose (fingertip) on the day following surgery.

Neonatal blood glucose testing: neonates in both groups underwent hourly fingertip blood glucose measurements for four hours post-birth, with the minimum recorded value representing neonatal blood glucose.

Maternal perioperative hypoglycemia was defined as perioperative blood glucose levels falling below 3.3 mmol/L at any point; perioperative hyperglycemia was identified when blood glucose levels were 7.8 mmol/L or higher (17). Severe hyperglycemia was characterized by blood glucose levels exceeding 10.0 mmol/L (17). Neonatal hypoglycemia was defined as a blood glucose level below 2.6 mmol/L within the first four hours post-birth, as per the Queensland Guidelines 2022 (18).A neonatal low Apgar score was indicated by a score of 7 or less within 5 minutes of birth, and neonatal blood gas abnormalities were marked by an umbilical artery blood gas PH below 7.2 (19).




2.4 Statistical analysis

Measurements were analyzed using the statistical software R 4.2.2 (http://www.R-project.org. R Foundation) and the Free Statistics software platform (Beijing, China), with results expressed as mean ± standard deviation for normally distributed data or interquartile range for non-normally distributed data. We conducted group comparisons using the t-test for normally distributed data, the Wilcoxon rank-sum test for non-normally distributed data, and the chi-square test for count data. The primary study outcome was assessed for differential maternal preoperative glucose using a one-sided 95% confidence interval by linear regression, with differences considered to be significant when the average difference was greater than 1 mmol/L with a P-value of less than 0.025. And this model adjusted for maternal age, hypertensive disorder of pregnancy (HPD), body mass index (BMI), gestational age, primigravidae, GDM, caesarean section (CS) time, and fasting glucose. For the secondary study outcomes, a multivariate regression model was employed to examine the impact of ERAS on the composite glycemia and delivery outcome in patients with GDM undergoing elective cesarean delivery. This model was adjusted for maternal age, HPD, BMI, gestational age, primigravidae, primiparous, GDM, CS time, and fasting glucose. A P-value of less than 0.05 was considered statistically significant.





3 Results



3.1 Baseline characteristics of the study population

A total of 165 female subjects were included in the study, including 86 in the ERAS group and 79 in the control group. However, exclusions occurred due to various reasons: in the ERAS group, 3 did not complete ERAS protocols, and 1 experienced a dural puncture during anesthesia. This resulted in 161 patients completing the analyses (82 in the ERAS group and 79 in the control group) (Figure 1). Demographic and clinical comparisons: The two groups showed no significant differences in demographic characteristics, medical comorbidities, or indications for cesarean section (Table 1).




Figure 1 | Flowchart of the study population. GDM, gestational diabetes mellitus.




Table 1 | Maternal characteristics at baseline by group.






3.2 Perioperative blood glucose between the ERAS group and the control group

Preoperative glucose levels were significantly higher in the ERAS group (5.01 ± 1.06 mmol/L) compared to the control group (4.45 ± 0.90 mmol/L, p<0.001). In terms of clinical significance, the mean difference between the ERAS group and control group was 0.47 mmol/L (95% CI: 0.15-0.80 mmol/L) adjusted by maternal age, HPD, BMI, gestational age, primigravidae, primiparous, GDM, CS time, and fasting glucose, which is lower than the clinically meaningful difference of 1 mmol/L (Table 2).


Table 2 | Linear regression analysis of blood glucose measures and ERAS.



A comparative analysis of preoperative fasting blood glucose, immediate postoperative blood glucose, and fasting blood glucose on the first post-cesarean day revealed a significant increase in preoperative fasting glucose in the ERAS group compared to the control group. However, both immediate postoperative glucose and fasting glucose on the first post-cesarean day were significantly higher in the ERAS group. Notably, the glucose difference between the groups was less than 1 mmol/L (Table 2).

Due to concerns that preoperative carbohydrate loading in ERAS may exacerbate hyperglycemia, many healthcare providers currently do not recommend ERAS for diabetic patients. In this study, in contrast to the control group, the fasting glucose on the day of operation in the ERAS group increased by 0.2 mmol/L (95% CI 0.01-0.4 mmol/L). In the control group, the increase was 0.17 ± 0.91 mmol/l from fasting to preoperative glucose by traditional preoperative management (Table 2). According to a previous study, an increase of 1 mmol/L in maternal blood glucose might raise the risk of neonatal hypoglycemia. Therefore, in this study, an elevation in preoperative glucose of 1.5 mmol/L (1 mmol/L+0.2+ 0.2 ± 0.9 mmol/L≈1.5 mmol/L) in the ERAS group compared to the control group might raise the risk of neonatal hypoglycemia. Furthermore, our study contrasts the cases of elevation in glucose of 1.5 mmol/L from fasting to preoperational between the ERAS and the control groups. All the cases of elevation in glucose of 1.5 mmol/L from fasting to preoperational were 12, including 9 in the ERAS group and 3 in the control group. No statistically significant differences between the groups were found (P = 0.083) (Supplementary Table 2).

We also noticed that the highest value of preoperative glucose in the ERAS group was 10.4 mmol/l, but in the control group it peaked at 9.6 mmol/l, and the highest value difference between the ERAS group and control group was 0.8 mmol/L, which is lower than the clinically meaningful difference of 1 mmol/L.

Another important finding from this study was that neonatal glucose was significantly different in ERAS women (2.98 ± 0.47 mmol/L) compared with control women (2.55 ± 0.40 mmol/L). The ERAS group newborn led to an over 0.45 mmol/L (95% CI 0.31~0.59) elevation of the blood glucose level compared with the control group (p < 0.001) after adjustment by maternal age, HPD, BMI, gestational age, primigravidae, primiparous, GDM, CS time, and fasting glucose.




3.3 Safety evaluation of ERAS in contrast to the control group

In order to examine the safety of the ERAS program for patients with GDM, we built a composite adverse outcome including dysglycemia and dysglycemia-related adverse events in the perioperative setting and compared the groups (Figure 2, Table 2). A total of 22 cases (26.8%) of composite adverse outcomes occurred in the ERAS group, compared with 53 cases (67.1%) in the control group. The difference in composite adverse outcome between the two groups was mainly in the risk of perioperative maternal and neonatal hypoglycemia. Out of them, according to the diagnosis of hypoglycemia criteria, 6 (7.32%) gestational women and 7 (8.54) newborns were in the ERAS group, while 18 (22.78%) gestational women and 40 (50.63%) newborns were in the control group. After adjustments for maternal age, HPD, BMI, gestational age, primigravidae, primiparous, GDM, CS time, and fasting glucose, the ERAS group demonstrated an 86% (OR 0.14, 95% CI 0.06~0.3) reduction in the risk of composite adverse outcomes, including the risk of perioperative maternal hypoglycemia decreasing 73% (OR 0.27, 95% CI 0.09~0.79) and the rate of neonatal hypoglycemia decreasing 92% (OR 0.08, 95% CI 0.03~0.23) (Figure 2 and Table 2). However, of equal importance is that the ERAS protocol did not significantly increase the risk of maternal hyperglycemia.




Figure 2 | Logistics regression analysis of composite endpoints and endpoint composition in the study of GDM patients treated with ERAS. *Adjusted by maternal age, hypertensive disorder of pregnancy (HPD), body mass index (BMI), gestational age, primigravidae, primiparous, gestational diabetes mellitus (GDM), caesarean section (CS) time, and fasting glucose. Red represents the crude model, and blue represents the adjusted model.



No cases of aspiration occurred in either group during the cesarean section. Additionally, there were no significant differences in other adverse outcomes, including abnormal umbilical artery blood gas values, low Apgar scores, or immediate postnatal pediatric transfer rates, between the groups’ neonates.





4 Discussion

This retrospective cohort study shows that ERAS protocols for cesarean deliveries in GDM patients who have good control of their blood sugar levels do not increase the risk of severe hyperglycemia before surgery. Additionally, it reduces the incidence of perioperative maternal and neonatal hypoglycemia, thereby providing substantial evidence for the application of ERAS in GDM scenarios.

A key benefit of ERAS is the preoperative administration of a preoperative clear drink (PCD) with a low carbohydrate content. This practice interrupts the overnight fasting metabolic state and induces an anabolic state through stimulation of endogenous insulin release (20). This approach not only stabilizes perioperative blood glucose levels but also diminishes postoperative complications (20). However, the application of ERAS in GDM patients before elective cesarean sections has been constrained by insufficient clinical research data, particularly concerning the impact of preoperative low-dose carbohydrate administration on blood glucose levels and the potential for severe glycemic irregularities.

Our study revealed significantly higher preoperative blood glucose levels in ERAS patients compared to control patients, which might be the primary concern for the current recommendation against using ERAS in GDM patients. However, in terms of clinical significance, the mean difference between the ERAS group and control group was significantly lower (p< 0.001) than the clinically meaningful difference of 1 mmol/L. ERAS protocol and traditional perioperative management were not significantly associated with the incidence of clinically meaningful amplitude of glycemic excursions (≥1 mmol/L). Therefore, the ERAS protocol would not lead to a clinically meaningful increase in preoperative blood glucose in pregnant women.

Our study findings were consistent with the results of previous similar studies. A prospective, non-inferiority cohort study evaluating preoperative carbohydrate loading in non-pregnant diabetic patients found no significant elevation in a surrogate marker for postoperative complications, namely preoperative blood glucose, and the observed difference in preoperative blood glucose values was also minimal (0.23 mmol/L, 95% CI: -1.00-1.45 mmol/L) (6). Furthermore, a randomized controlled prospective study demonstrated that in GDM patients with well-managed glycemia, an ERAS protocol with low-dose carbohydrates prior to elective cesarean sections maintained glycemic values comparable to the control group (21). Research by U. O. Gustafsson et al. on a non-pregnant cohort with uncomplicated type II diabetes also established the safety of preoperative carbohydrate-rich beverages, showing no increased risk of hyperglycemia or aspiration (22). Studies have shown that CHO deficiency results in a lack of building blocks for tissue regeneration and other anabolic processes. In addition, low CHO intake decreases CHO oxidation and may increase insulin resistance (23). Oral and enteral nutritional support is safe for patients with type 2 diabetes (23). Therefore, patients with GDM who maintain good glycemic control should consider the ERAS protocol.

In order to examine the safety of the ERAS program for patients with GDM, we further analyzed a composite adverse outcome including dysglycemia and dysglycemia-related adverse events in the perioperative. The ERAS protocol demonstrated an 86% reduction in composite adverse outcomes, including a 73% decrease in the risk of perioperative maternal hypoglycemia and a 92% decrease in the rate of neonatal hypoglycemia. Maternal and neonatal hypoglycemia were serious perioperative complications for pregnant women with GDM. In particular, neonatal hypoglycemia was particularly perilous as it impacts the metabolism and development of neonatal brain cells (24). Persistent hypoglycemia or significant blood glucose fluctuations can cause irreversible brain damage in neonates. Prior research indicated a high incidence (51%) of hypoglycemic events in newborns with associated risk factors (24). Pregnancy combined with diabetes mellitus is a predominant maternal risk factor for neonatal hypoglycemia (25). Neonates born by caesarean section are more likely to have low blood glucose levels, higher rates of neonatal infections, and more frequent admissions to the neonatal intensive care unit (NICU) than those born by vaginal delivery (26, 27). Our study proved that the ERAS protocol could significantly improve the incidence of hypoglycemia in newborns with GDM. The reason may be that the ERAS protocol can stabilize maternal preoperative blood glucose levels. Neonatal hypoglycemia is linked to both elevated and reduced preoperative maternal blood glucose levels for pregnant women with GDM (1). A certain level of maternal glucose before and after delivery is a protective factor against neonatal hypoglycemia at birth (28). Therefore, maintaining perioperative blood glucose levels within a stable and acceptable range is vital for reducing surgical complications. For pregnant women with GDM, stress hyperglycemia induced by traditional perioperative management should not be ignored. This traditional approach is thought to trigger a stress response due to prolonged fasting, which may disrupt insulin pathways by altering neuroendocrine and inflammatory responses, leading to perioperative insulin resistance, stress hyperglycemia, or perioperative diabetes (29).

Conversely, the preoperative administration of oral carbohydrates significantly mitigates insulin resistance and aids in stabilizing perioperative glycemic levels (30). The procedure triggers the body’s natural production of insulin and ends the metabolic state of fasting during sleep, leading to improved recovery after surgery (31). Previous findings suggest that ERAS implementation mitigates the risk of maternal starvation ketosis and hypoglycemia due to prolonged fasting, as documented in reference (2). Combined with the results of our study, we suggest the ERAS protocol might be more safe compared to traditional perioperative management for good glucose control in GDM patients.

In this study, the ERAS protocol significantly lowered the incidence of maternal hypoglycemia without increasing severe maternal hyperglycemia. The prevalence of other adverse outcomes, including abnormal umbilical arterial blood gas values, low Apgar scores, and the necessity for immediate postnatal transfer to a pediatric unit, did not differ significantly between the groups. The results coincided with previous studies. Firstly, for type 2 diabetes, preoperative carbohydrate-rich beverages did not increase the risk of hyperglycemia or misaspiration (22). Secondly, a low dose of carbohydrate-rich beverages cannot cause a clinically significant glucose difference (1 mmol/L), which is associated with neonatal hypoglycemia and other hypoglycemia-related perioperative complications. Oral administration of a carbohydrate-rich solution two hours before labor has been shown to independently increase blood glucose levels in infants (23). Furthermore, ERAS ensures adequate energy substrate availability for the fetus and diminishes the likelihood of neonatal hypoglycemia (32).Consequently, this approach contributes to improved neonatal prognosis and a reduction in adverse outcomes associated with hypoglycemia.

This study has several limitations. First, it relied on single-center data, necessitating validation through an expanded study population. Second, emergency cesarean-section cases were excluded due to uncontrolled fasting durations. Additionally, we excluded pre-pregnancy diabetics to mitigate the risk of excessive glycemic response to oral carbohydrates, focusing solely on GDM patients. Consequently, applying these findings to the broader diabetic pregnant population should be approached with caution. Third, determining the optimal carbohydrate dosage for pregnant women undergoing cesarean delivery remains unresolved. Total carbohydrate intake below 50 g was deemed a low dose (14), as per a referenced meta-analysis. We used a clarified beverage containing 42.6 g of carbohydrate with maltodextrin to enhance intestinal transport mechanisms, thereby expediting energy absorption and hydration while reducing gastric emptying time (15). This preparation also alleviates patient discomfort, including thirst, hunger, and anxiety (16). Future studies could use a multi-center, prospective study approach to include all pregnant women with gestational diabetes who undergo a caesarean section to determine the appropriate carbohydrate dose.




5 Conclusion

In patients with GDM and well-controlled blood glucose, an ERAS regimen incorporating a low-dose carbohydrate intake (42.6 g) two hours before elective cesarean sections did not lead to a clinically significant maternal glucose increase. Additionally, it significantly reduced the incidence of maternal and neonatal hypoglycemia and hypoglycemia-related perioperative complications. Consequently, we recommend a low-dose carbohydrate ERAS regimen for GDM patients with good glycemic control to improve hypoglycemia-related perioperative complications.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://rdd.sysu.edu.cn/UserHome/ProjectNew.aspx.





Ethics statement

The studies involving humans were approved by the Institute Medical Ethics Committee of the Third Affiliated Hospital of Sun Yat-sen University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

JZ: Conceptualization, Methodology, Writing – original draft. PZ: Methodology, Writing – original draft. ZT: Writing – review & editing. CL: Writing – review & editing. LY: Writing – review & editing. TH: Writing – review & editing. HH: Writing – review & editing. YY: Conceptualization, Methodology, Project administration, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

The authors thank Nurse Sun Ke, Nurse Huang Yandiao, and Nurse Luo Peipei (Department of Obstetrics and Gynecology, The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China.) for their contributions in patient education and clinical nursing, as well as all the participants, investigators, and study site staff who were involved in the conduct of this trial.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1403754/full#supplementary-material




References

1. Guocheng, L, and Li, L. expert consensus on clinical pathway of rapid rehabilitation in obstetrics. Adv Modern Obstetrics Gynecology. (2020) 29(08):561–7. doi: 10.13283/j.cnki.xdfckjz.2020.08.001

2. Bollag, L, Lim, G, Sultan, P, Habib, AS, Landau, R, Zakowski, M, et al. Society for obstetric anesthesia and perinatology: consensus statement and recommendations for enhanced recovery after cesarean. Anesth Analg. (2021) 132:1362–77. doi: 10.1213/ANE.0000000000005257

3. Committee Opinion No, ACOG. 750: perioperative pathways: enhanced recovery after surgery. Obstet. Gynecol. (2018) 132:e120–30. doi: 10.1097/AOG.0000000000002818

4. Gao, C, Sun, X, Lu, L, Liu, F, and Yuan, J. Prevalence of gestational diabetes mellitus in mainland China: A systematic review and meta-analysis. J Diabetes Investig. (2019) 10:154–62. doi: 10.1111/jdi.12854

5. Lejeune, D, Hardy, PY, Kaba, A, and Joris, J. Postoperative morbidity and mortality in patients with diabetes after colorectal surgery with an enhanced recovery program: A monocentric retrospective study. J Visc. Surg. (2023) 160:180–7. doi: 10.1016/j.jviscsurg.2022.11.001

6. Laffin, MR, Li, S, Brisebois, R, Senior, PA, and Wang, H. The use of a pre-operative carbohydrate drink in patients with diabetes mellitus: A prospective, non-inferiority, cohort study. World J Surg. (2018) 42:1965–70. doi: 10.1007/s00268-017-4413-9

7. Liu, N, Jin, Y, Wang, X, Xiang, Z, Zhang, L, and Feng, S. Safety and feasibility of oral carbohydrate consumption before cesarean delivery on patients with gestational diabetes mellitus: A parallel, randomized controlled trial. J Obstet Gynaecol Res. (2021) 47:1272–80. doi: 10.1111/jog.14653

8. Malin, GL, Bugg, GJ, Thornton, J, Taylor, MA, Grauwen, N, Devlieger, R, et al. Does oral carbohydrate supplementation improve labour outcome? A systematic review and individual patient data meta-analysis. BJOG. (2016) 123:510–7. doi: 10.1111/1471-0528.13728

9. Farrar, D, Simmonds, M, Bryant, M, Sheldon, TA, Tuffnell, D, Golder, S, et al. Hyperglycaemia and risk of adverse perinatal outcomes: systematic review and meta-analysis. BMJ. (2016) 354:i4694. doi: 10.1136/bmj.i4694

10. J. B. Diabetes, and S. JBDS. Management of adults with diabetesundergoing surgery and elective. procedures: Improving standards (2015). Available online at: http://www.diabetologists-abcd.org.uk/JBDS/JBDS.htm.

11. ZHL, Z, Yuan, S, and YH, Y. Effects of carbohydrate load before cesarean section on intraoperative insulin resistance and neonatal blood glucose levels. Int J Anesthesiology Resuscitation. (2018), 39(4):308–11. doi: 10.3760/cma.j.issn.1673-4378.2018.04.005

12. Moher, D, Schulz, KF, and Altman, DG. The CONSORT statement: revised recommendations for improving the quality of reports of parallel-group randomised trials. Clin Oral Investig. (2003) 7:2–7. doi: 10.1007/s00784-002-0188-x

13. Obstetrics And Gynaecology Section Of The Chinese Medical Association, PMSO. Guidelines for the diagnosis and management of hyperglycaemia in pregnancy (2022) [Part I]. Chin J Obstet Gynecol. (2022) 57:3–12. doi: 10.3760/cma.j.cn112141-20210917-00528

14. Tong, E, Chen, Y, Ren, Y, Zhou, Y, Di, C, Zhou, Y, et al. Effects of preoperative carbohydrate loading on recovery after elective surgery: A systematic review and Bayesian network meta-analysis of randomized controlled trials. Front Nutr. (2022) 9:951676. doi: 10.3389/fnut.2022.951676

15. Shi, X, Summers, RW, Schedl, HP, Flanagan, SW, Chang, R, and Gisolfi, CV. Effects of carbohydrate type and concentration and solution osmolality on water absorption. Med Sci Sports Exerc. (1995) 27:1607–15. doi: 10.1249/00005768-199512000-00005

16. Hausel, J, Nygren, J, Lagerkranser, M, Hellstrom, PM, Hammarqvist, F, Almstrom, C, et al. A carbohydrate-rich drink reduces preoperative discomfort in elective surgery patients. Anesth Analg. (2001) 93:1344–50. doi: 10.1097/00000539-200111000-00063

17. Korytkowski, MT, Muniyappa, R, Antinori-Lent, K, Donihi, AC, Drincic, AT, Hirsch, IB, et al. Management of hyperglycemia in hospitalized adult patients in non-critical care settings: an endocrine society clinical practice guideline. J Clin Endocrinol Metab. (2022) 107:2101–28. doi: 10.1210/clinem/dgac278

18. Queensland Clinical Guidelines. Hypoglycaemia-newborn. Guideline No.MN19.8-V11-R24. Queensland Health. 2022. Available online at: http://www.health.qld.gov.au/qcg.

19. S. O. P. M. Neonatal Resuscitation Group. Expert consensus on diagnosis of neonatal asphyxia. Chin J Perinat Med. (2016) 19:3–6. doi: 10.3760/cma.j.issn.1007-9408.2016.01.002

20. Ljunggren, S, Hahn, RG, and Nystrom, T. Insulin sensitivity and beta-cell function after carbohydrate oral loading in hip replacement surgery: a double-blind, randomised controlled clinical trial. Clin Nutr. (2014) 33:392–8. doi: 10.1016/j.clnu.2013.08.003

21. Li, H, Mingxia, Z, and Xu, S. Construction and application of a multidisciplinary cooperative nursing plan based on ERAS concept in perioperative period of gestational diabetes patients. IMHGN. (2021) 17:2694–9. doi: 10.3760/cma.j.issn.1007-1245.2021.17.014

22. Gustafsson, UO, Nygren, J, Thorell, A, Soop, M, Hellstrom, PM, Ljungqvist, O, et al. Pre-operative carbohydrate loading may be used in type 2 diabetes patients. Acta Anaesthesiol Scand. (2008) 52:946–51. doi: 10.1111/j.1399-6576.2008.01599.x

23. Sobotka, O, Ticha, M, Kubickova, M, Adamek, P, Polakova, L, Mezera, V, et al. Should carbohydrate intake be more liberal during oral and enteral nutrition in type 2 diabetic patients? Nutrients. (2023) 15(2):1-10. doi: 10.3390/nu15020439

24. Harris, DL, Weston, PJ, and Harding, JE. Incidence of neonatal hypoglycemia in babies identified as at risk. J Pediatr. (2012) 161:787–91. doi: 10.1016/j.jpeds.2012.05.022

25.Expert consensus on standard clinical management of neonatal hypoglycemia in China 2021. Zhongguo Dang Dai Er Ke Za Zhi. (2022) 24(1):1–13. doi: 10.7499/j.issn.1008-8830.2108061

26. Geller, EJ, Wu, JM, Jannelli, ML, Nguyen, TV, and Visco, AG. Neonatal outcomes associated with planned vaginal versus planned primary cesarean delivery. J Perinatol. (2010) 30:258–64. doi: 10.1038/jp.2009.150

27. Herstad, L, Klungsoyr, K, Skjaerven, R, Tanbo, T, Forsen, L, Abyholm, T, et al. Elective cesarean section or not? Maternal age and risk of adverse outcomes at term: a population-based registry study of low-risk primiparous women. BMC Pregnancy Childbirth. (2016) 16:230. doi: 10.1186/s12884-016-1028-3

28. Xian-ling, HXJX. Dynamic changes of blood glucose in newborns with gestational diabetes mellitus within 48 hours after birth and the influencing factors of hypoglycemia. Chin J Evid Based Pediatr. (2017) 12:342–6.

29. Fan-Fan, L, and Yan-feng, Z. Research progress in perioperative insulin resistance and anesthesia management. Int J Anesthesiology Resuscitation. (2020) 11:1091–5. doi: 10.3760/cma.j.cn321761-20191027-00155

30. Ljungqvist, O. Modulating postoperative insulin resistance by preoperative carbohydrate loading. Best Pract Res Clin Anaesthesiol. (2009) 23:401–9. doi: 10.1016/j.bpa.2009.08.004

31. Ackerman, RS, Tufts, CW, DePinto, DG, Chen, J, Altshuler, JR, Serdiuk, A, et al. How sweet is this? A review and evaluation of preoperative carbohydrate loading in the enhanced recovery after surgery model. Nutr Clin Pract. (2020) 35:246–53. doi: 10.1002/ncp.10427

32. Chiao, SS, Razzaq, KK, Sheeran, JS, Forkin, KT, Spangler, SN, Knio, ZO, et al. Effect of enhanced recovery after surgery for elective cesarean deliveries on neonatal outcomes. J Perinatol. (2022) 42:1283–7. doi: 10.1038/s41372-021-01309-x




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Zhou, Zhang, Tan, Li, Yao, He, Hou and Yin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-15-1403754-g001.jpg
Singleton GDM pregnancies with good
controlled glucose levels (n=379)

198 cases excluded
Vaginal delivery (n=187)

Emergency cesarean delivery(n=9)
No intravertebral anesthesia (n=2)

Elective cesarean sections under
intravertebral anesthesia(n=181)

———————————— 16 delivery < 37 gestational weeks
Gestational age at delivery > 37 weeks
(n=165)

Choice for the ERAS protocol or not

ERAS group
(n=86)

4 cases Excluded
Uncomplete ERAS (n=3)

Dural puncture during anesth
esia(n=1)

ERAS group
(n=82)






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Enhanced recovery after surgery in elective cesarean section patients with gestational diabetes mellitus does not lead to glucose-related maternal and neonatal complications

      

        		

          Objective

        



        		

          Research design and methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Sample size calculation

          



          		

            2.2 Definition and implementation of ERAS and control protocols

          



          		

            2.3 Observational indicators and methods

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Baseline characteristics of the study population

          



          		

            3.2 Perioperative blood glucose between the ERAS group and the control group

          



          		

            3.3 Safety evaluation of ERAS in contrast to the control group

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Blood glucose (mmol/L) Treatment difference Adjusted* model

B 95%Cl Pvalues B 95%Cl P values
Maternal
Fasting 4.38 £ 0.64 4.27 £ 0.60 448 £0.66 0.2 0.01~0.4 0.041 ‘ 0.18 -0.03~0.39 0.088
Preoperative 4.73 £1.02 445+090 = 501 +106 0.56 0.26~0.87 <0.001 047 0.15~0.80 0.005
Postoperative 4.47 £0.73 431 £0.89 | 462+049 031 0.09~0.53 0.007 025 0.02~0.48 0.037
Fasting on the postoperative day 3.99 £0.75 378 £0.60 = 4.18+082 04 0.17~0.62 0.001 029 0.10~0.49 0.004

The differences in the levels of glucose from fasting to the perioperative

Preoperative 0.35 £ 1.05 0.17 £ 0.91 053 +1.14  0.36 0.04~0.67 0.031 047 0.15~0.8 0.005

Postoperative 0.09+083  004+098 014+066 0.11 -0.15~036 0425 0.25 0.02~048  0.037

Fasting on the postoperative day | -0.39 £0.79  -0.49 -0.30 0.19 -005~044 0126 029 0.10~049 | 0.004
£0.57 +095

Neonatal

Birth 277049 | 255+040 | 298+047 043 0.3~0.57 <0.001 045 030~0.59 | <0.001

Continuous variables were shown as mean + SD.
*Adjusted by maternal age, hypertensive disorder of pregnancy (HPD), body mass index (BMI), gestational age, primigravidae, primiparous, gestational diabetes mellitus (GDM), caesarean
section (CS) time and fasting glucose.





OEBPS/Images/fendo-15-1403754-g002.jpg
Total Control ERAS Crude Adjusted * Crude  Adjusted”
Outcome events

(n=161)  (n=79) (n=82) OR(95%Cl) OR(95%Cl) Pvalue P value
Composite endpoint 75(46.58) 53 (67.1) 22 (26.8) 0.18(0.09~0.35) 0.14(0.06~0.3) — <0.001  <0.001
Maternal blood glucose >7.8mmol/L 7(4.35) 3 (3.80) 4 (4.88) 1.3(0.28~6) 0.49(0.07~3.19) . 0737 0.452
Fasting 0 0 = = = =
Preoperative 5(3.11) 2 (2.53) 3 (3.66) 1.46(0.24~8.99)  0.75(0.09~6.11) T oee2 0.791
Postoperative 1(0.62) 1(1.27) 0 = = & £
Fasting on the postoperative day 1(0.62) 0 1(1.22) = = = -
Maternal blood glucose < 3.3mmol/L 24(14.91) 18(22.78) 6(7.32) 0.27(0.1~0.72)  0.27(0.09~0.79) e 0.009 0.017
Fasting 3(1.86) 3(3.80) 0 = = = =
Preoperative 0 0 e == £ e
Postoperative 1(0.62) 1(1.27) 0 = = = =
Fasting on the postoperative day 24(14.91) 18 (22.78) 6(7.32) 0.27(0.1~0.72) 0.27(0.09~0.79) e 0.009 0.017
Neonatal blood glucose < 2.6 mmol/L 47(29.19) 40 (50.63) 7(8.54) 0.09(0.04~0.22) 0.08(0.03~0.23) e <0.001 <0.001
Abnormal PH of newborn blood gas analysis 10(6.21)  5(6.33) 5(6.10) 1(0.28~3.6) 0.91(0.21~3.83) 0 0.999 0.894
Immediate transfer rate of newborns 4(2.48) 4(5.1) 0 = - - =
- O T s
0.03 0.12 0.50 1.00 8.00

OR(95%Cl)





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table1.jpg
Baseline demographic Total population

(n = 161)
Age, years 34.37 £ 4.26 33.73 £3.90 34.99 + 4.53 0.06
Hypertensive disorder of pregnancy, 9 (5.59) 4 (5.06) 5(6.1) 1
n (%)
BMI, kg/m2 27.62 + 274 27.46 +2.07 27.79 £ 3.27 0.45
Gestational age, weeks 38.64 £ 0.75 38.67 £0.72 38.61 £ 0.77 0.65
Primigravidae, n (%) 42 (26.09) 15 (18.99) 27 (32.93) 0.1
Primiparous, n (%) 47 (29.19) 20 (25.32) 27 (32.93) 0.29
Indications for CS, n (%) 0.2
Prior cesarean delivery 94 (58.39) 50 (63.29) 44 (53.66)
Malpresentation 20 (12.42) 11 (13.92) 9 (10.98)
Placenta previa 8 (4.97) 6 (7.59) 2 (244)
Cephalopelvic disproportion 6 (3.73) 2 (2.53) 4 (4.88)
Suspicious fetal distress 1 (0.62) 0(0) 1(1.22)
Suspected macrosomia 10 (6.21) 4 (5.06) ‘ 6(7.32)
Primary elective 21 (13.04) 6 (7.59) 15 (18.29)
GDM, n (%) 0.98
Al 98 (60.87) 48 (60.76) 50 (60.98)
A2 63 (39.13) | 31 (39.24) 32(39.02)
CS Time, hours 49.75+ 16.50 50.91+ 18.10 48.63+ 14.84 0.38
Aspiration, n (%) 0 0 0 -
Intraoperative blood loss, ml 422.36 £ 171.11 422.78 + 192.12 421.95 + 149.30 0.98
Blood loss at 24 hours postpartum, ml 596.32 +175.43 586.59 + 185.58 605.70 + 165.67 0.49
PPH, n (%) 4 (248) 1(1.27) 3 (3.66) 0.62
Birth weight, kg 323 +043 3.22 + 040 3.25 +0.46 0.76
Low Apgar score, n (%) 0 0 0 -

GDM, gestational diabetes mellitus; CS, caesarean section; PPH, postpartum hemorthage.
Continuous variables were shown as mean + SD; Categorical variables presented as number (percentage).
P < 0.05 compared to control.





OEBPS/Images/fendo.2024.1403754_cover.jpg
& frontiers | Frontiers in Endocrinology

Enhanced recovery after surgery in elective
cesarean section patients with gestational
diabetes mellitus does not lead to glucose-

related maternal and neonatal complications





