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Aims: To systematically evaluate the efficacy and safety of different insulin infusion methods in the treatment of total parenteral nutrition (TPN)-associated hyperglycemia based on published literature and the data of completed clinical trials using a network meta-analysis.

Methods: A comprehensive search of PubMed, Elsevier, Web of Science, EMBASE, Medline, clinicaltrials.gov, Cochrane Library, and three Chinese databases (Wanfang Data, China National Knowledge Infrastructure, and SINOMED) up to December 15, 2022, was performed to collect information on different insulin infusion methods used for the treatment of TPN-associated hyperglycemia, and the Cochrane systematic review method was used to screen the literature, evaluate the quality of the included literature, and extract clinical characteristics for a network meta-analysis. Clinical outcomes included mean blood glucose (MBG), hypoglycemia, hospital length of stay, hyperglycemia, surgical site infection (SSI) and mean total daily insulin.

Results: A total of 21 articles, including 1,459 patients, were included to analyze 6 different routes of insulin infusion, including continuous intravenous insulin infusion (CVII), continuous subcutaneous insulin infusion (CSII), subcutaneous glargine insulin (s.c. GI), the addition of regular insulin to the PN mixture (RI-in-PN), multiple subcutaneous insulin injections (MSII) and 50% of insulin administered as RI-in-PN + 50% of insulin administered as s.c. GI (50% RI-in-PN + 50% s.c. GI). The results of the network meta-analysis showed that MSII was the least effective in terms of MBG, followed by CVII. The 6 interventions were basically equivalent in terms of the hypoglycemia incidence. In terms of the length of hospital stay, patients in the CVII group had the shortest hospital stay, while the MSII group had the longest. CVII was the best intervention in reducing the incidence of hyperglycemia. The incidence of SSI was the lowest in the CSII and CVII groups, and the mean daily insulin dosage was the lowest in the CVII group.

Conclusion: Current literature shows that for the treatment of TPN-associated hyperglycemia, CVII is the most effective, reducing the incidence of hyperglycemia and shortening the length of hospital stay without increasing the incidence of hypoglycemia. MSII has the worst efficacy, leading to a higher MBG and longer hospital stay, and RI-in-PN, CSII, s.c. GI and 50% RI-in-PN + 50% s.c. GI are better in terms of efficacy and safety and can be substituted for each other.

Systematic Review Registration
: https://www.crd.york.ac.uk/prospero/, identifierCRD42023439290.
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1. Introduction

Hyperglycemia is a very common healthcare problem in hospitalized patients. Studies have shown that up to 30% of inpatients receive some type of nutrition support and that the incidence of hyperglycemia is higher in these patients (1). Among them, patients receiving total parenteral nutrition (TPN), regardless of a previous history of diabetes (2), have increased insulin resistance due to elevated levels of corticosteroids and catecholamines, which are caused by elevated levels of organismal stress, acute illness or surgery (3, 4); increased supply of carbohydrates (5); the use of exogenous corticosteroids/vasopressor drugs (6, 7); and the loss of insulin-release regulation by incretin hormones (8). The incidence of hyperglycemia in patients receiving TPN can reach 44%–90% (7, 9, 10).

Several previous studies had shown that among inpatients receiving parenteral nutrition (PN), the risk of infection, cardiac complications, acute renal failure, respiratory failure and even death increased as mean blood glucose (MBG) rose (4, 7, 11, 12), and in patients treated with PN, there is a significant linear relationship between the incidence of adverse outcomes and MBG once the blood glucose exceeded 113 mg/dL (13), with a 1.58-fold increase in the risk of any complication for every 18 mg/dL increase in blood glucose above this threshold (14). A prospective multicenter study conducted by Olveria et al. (11) enrolling 605 patients showed that compared to patients with MBG <140 mg/dL, the mortality rates among patients receiving PN who had blood glucose levels above 180 mg/dL increased 5.6-fold. However, excessive glycemic control itself increases the risk of hypoglycemia, which is likewise associated with poor clinical outcomes (7). Therefore, managing blood glucose in patients receiving PN is important for the prognosis of this population. The American Society for Parenteral and Enteral Nutrition (ASPEN) clinical guidelines and the American Diabetes Association (ADA) recommend a glycemic control target of 140–180 mg/dL for hospitalized adult patients receiving PN (2, 15).

The guidelines recommend the use of insulin to control PN-induced hyperglycemia (16), while there are various routes of insulin administration, including continuous intravenous insulin infusion (CVII), continuous subcutaneous insulin infusion (CSII), subcutaneous long-acting insulin infusion, such as glargine insulin (GI), multiple subcutaneous insulin injections (MSII), the addition of regular insulin to the PN mixture (RI-in-PN), or any combination of these methods (4, 9, 17–20), and there are different advantages and disadvantages (18, 21, 22). Unfortunately, clinical guidelines do not explicitly provide recommendations on the optimal route and type of insulin therapy for PN-related hyperglycemia (6, 18, 23), and there is little literature comparing the efficacy and safety of these regimens. Thus, glycemic management during PN therapy remains very challenging in daily clinical practice for inpatients with or without diabetes.

This study was designed to evaluate the effect of different insulin infusion routes on clinical outcomes in the treatment of TPN-related hyperglycemia by means of a network meta-analysis to clarify the clinical efficacy and safety between different insulin infusion routes, with the aim of providing evidence-based medical evidence for the glycemic management of adult inpatients receiving TPN.



2. Materials and methods

We conducted a systematic review and network meta-analysis according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) extension statement for network meta-analysis (NMA) published in 2015 (see Appendix for PRISMA-NMA checklist).


2.1. Inclusion criteria


2.1.1. Population

Adult inpatients aged ≥18 years who fasted and received TPN treatment for any reason.



2.1.2. Interventions and comparisons

Insulin alone was used to control blood glucose, and different routes of insulin infusion included RI-in-PN, CVII, MSII, CSII, subcutaneous long-acting insulin, or any combination of the above regimens. The experimental group used one of the above regimens, and the control group used the other of the above regimens. The initial insulin dosage was based on the patient’s condition, previous insulin use (with diabetes), TPN formula, and the patient’s initial blood glucose, and the corrected insulin dosage was based on the patient’s blood glucose changes during TPN treatment, regardless of the disease type.



2.1.3. Clinical outcomes

MBG; hypoglycemia; hospital length of stay; hyperglycemia; surgical site infection (SSI); mean total daily insulin. Hypoglycemia was defined as blood glucose levels <70 mg/dL (3, 4, 22). Hyperglycemia was defined as blood glucose levels >180 mg/dL (3, 9).



2.1.4. Study design

Published randomized controlled trials (RCTs) and prospective or retrospective studies.




2.2. Exclusion criteria

(i) Concurrent enteral nutrition (EN) or oral feeding; (ii) concurrent autoimmune diseases, impaired liver function (serum aspartate aminotransferase or alanine aminotransferase levels more than 3 times normal) (9) or impaired renal function (glomerular filtration rate less than 45 mL/min) (22); (iii) pregnancy; (iv) diagnosis of type I diabetes; (v) concurrent use of corticosteroids or vasopressors; (vi) insufficient clinical outcome data, or no accurate definition of hypoglycemia and hyperglycemia, or a definition of hypoglycemia and hyperglycemia inconsistent with our definition; (vii) duplicated publications; (viii) case reports; (ix) conference abstracts; (x) inability to download the full text or inability to obtain the full text after contacting the author; (xi) non-Chinese and English literature.



2.3. Search strategy

All studies were identified by a systematic review of databases, including PubMed, Elsevier, Web of Science, EMBASE, Medline, clinicaltrials.gov, the Cochrane Library, and three Chinese databases (Wanfang Data, China National Knowledge Infrastructure, and SINOMED) up to December 15, 2022 using the following terms: (“parenteral nutrition” OR “nutrition, parenteral” OR “parenteral feeding*” OR “feeding*, parenteral” OR “intravenous feeding*” OR “feeding*, intravenous”) AND (“insulin” OR “insulin, regular” OR “regular insulin” OR “soluble insulin” OR “insulin, soluble” OR “insulin A chain” OR “sodium insulin” OR “insulin, sodium” OR “novolin” OR “iletin” OR “insulin B chain” OR “chain, insulin B”). A search method combining subject headings and free text was used, and adjustments were made according to the specific databases. The reference lists of the included papers and previous reviews were manually screened to identify additional studies.



2.4. Literature selection and quality assessment

Two investigators (LC and NZ) independently screened the publications, performed quality assement on the preliminary included literature which were in line with the PICOS (population, intervention, comparison, outcome and study design) criteria, and cross-checked the results. Any disagreements were resolved by consensus or consultation with a third investigator. RCTs were assessed using the adjusted Jadad scale (24). Assessment parameters included the randomization method, allocation concealment, blinding, and patient loss to follow-up or withdrawal. The total score was 7, and studies with a score between 1 and 3 were considered low-quality studies, while those with a score between 4 and 7 were considered high-quality studies. Retrospective studies were evaluated with the Newcastle–Ottawa scale (NOS) (25), which assesses the representativeness of participants, comparability of participants, follow-up and assessment of follow-up sufficiency, and patient loss to follow-up or withdrawal. Studies with a score between 5 and 9 were considered to have less bias and were of high quality. Finally, the high-quality studies were included in the network meta-analysis.



2.5. Data extraction of the included studies

Two investigators (LC and NZ) independently extracted the data, and cross-checked the results. Any disagreements were resolved by consensus or consultation with a third investigator. The following data were extracted independently: (i) basic information of the publications (first author, publication year, and type of study); (ii) clinical characteristics of the patients (age, number of patients, disease type, and whether critical illness); (iii) interventions; (iv) TPN (course of treatment, total energy, macronutrient content, etc.); (v) clinical outcomes (MBG; hypoglycemia; hospital length of stay; hyperglycemia; SSI; mean total daily insulin); and (vi) quality assessment indicators.



2.6. Statistical analysis

Network meta-analysis under the frequency framework was implemented using the network and mvmeta commands of Stata 15.1 software fitting a multivariate random-effects meta-analysis model using the restricted maximum likelihood. The network diagram was drawn as a simple summary description to show all available evidence for the various interventions. In the studies, if the clinical outcomes were continuous variables, the weighted mean difference (WMD) and its 95% confidence interval (CI) were utilized; for dichotomous variables, the relative risk (RR) and its 95% CI were employed. Initially, we explored the transitivity assumption by comparing the distribution of potential effect modifiers across studies (initial blood glucose, age, gender, etc.) and performed random effects frequentist network meta-analysis. Subsequently, the global heterogeneity was evaluated with generalised methods of moments estimate of variance between studies andtested by the design based decomposition of Cochran’s Q statistic. Consistency and inconsistency model tests were performed on the data to determine the inconsistency of the overall network, and p < 0.05 was considered to indicate the presence of inconsistency. The node splitting method was used to check the local inconsistency of each node of the network diagram, and local inconsistency was considered if p < 0.05. Inconsistency tests were performed when there was a closed loop, and the inconsistency factors (IF), 95% CI and the p-value of its Z test were calculated. When p > 0.05, the lower limit of the 95% CI of the IF value equal to 0 was considered good consistency between the direct and indirect comparison results; otherwise the closed loop was considered to have significant inconsistency. The results of pairwise comparisons between different interventions are presented in league tables. Each intervention was ranked using the surface under the cumulative ranking curve (SUCRA), with higher SUCRA values indicating a greater likelihood that a treatment regimen was at the highest level or highly effective, resulting in the best intervention for outcome measures. Publication bias and small-study effects tests for the clinical outcomes were completed to generate comparison-adjusted funnel plots, and whether the distribution of scatter was symmetrical was qualitatively judged to detect whether the literature included in the network meta-analysis had publication bias.




3. Results


3.1. Literature search results and quality assessment of included studies

The proposed search terms were searched in the database, and a total of 5,014 documents were identified, including 3,828 in English and 1,186 in Chinese. Finally, 21 studies were included in the network meta-analysis. The literature screening process was presented in Figure 1. Of the 21 included papers, 17 studies (3, 9, 22, 26–39) were RCTs, and the methodological evaluation of the adjusted Jadad scale showed that they were of high quality (4–6 points); the remaining 4 articles (4, 40–42) were retrospective studies with NOS scores of 6–9 points. The overall methodological quality was fair, and the specific scores were shown in Table 1.

[image: Figure 1]

FIGURE 1
 Flow diagram of the study selection process.




TABLE 1 Characteristics and quality assessments of the included studies.
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3.2. Basic characteristics of the included studies

Twenty-one studies (3, 4, 9, 22, 26–42) included 1,459 patients, consisting of 1,377 noncritically ill patients and 82 critically ill patients, and they included 6 different interventions, of which 524 were RI-in-PN, 392 were CVII, 124 were MSII, 196 were CSII, 142 were s.c. GI, and 81 were 50% RI-in-PN + 50% insulin glargin. Each study designed the experimental and control groups with consideration of the basic patient profiles and disease types, and the two groups were comparable at baseline. The total energy and macronutrient content of the TPN were not reported in the vast majority of studies. Most of the study subjects were perioperative patients receiving the following types of surgery: gastrointestinal surgery, pancreaticoduodenectomy, cardiac surgery and so on. The basic characteristics of the included studies were shown in Table 1.



3.3. Network diagram

Visual network geometry diagrams were used to show each intervention and the correlation between them. Nodes indicated the interventions and number of patients, and the more patients included in the study, the larger were the nodes. For interventions with solid line links compared with each other, the more studies included, the thicker were the solid lines. A total of 21 papers containing 6 interventions were included in this study, and a network diagram of clinical outcomes was drawn according to the preset outcome indicators, as shown in Figure 2.

[image: Figure 2]

FIGURE 2
 Evidence structure of interventions.




3.4. Consistency test

According to the network diagram, no closed loop was formed in the comparison of MBG, hospital length of stay, hyperglycemia, SSI and mean total daily insulin, and a global inconsistency test was not needed. The results of the nodal splitting method of the local inconsistency test showed that all p-values were >0.05, indicating that there was no significant local inconsistency in our study. The comparison results were all from direct comparisons, and an inconsistency test was not required to assess the differences between direct comparison and indirect comparison results. The incidence of hypoglycemia formed 2 closed loops: (1) RI-in-PN-s.c. GI-CVII-CSII; (2) CVII-MSII-CSII, with a global inconsistency test result of p > 0.05, indicating the presence of consistency, and the local inconsistency test result of p-value >0.05 for both closed loops indicated that there was no significant local inconsistency in the study. The inconsistency test results showed IF = 3.982 (95% CI: 0.00–7.36, p = 0.521) for the first closed loop and IF = 1.232 (95% CI, 0.00–4.39, p = 0.444) for the second closed loop, indicating that the results of direct and indirect comparisons of these 2 closed loops were in good agreement.



3.5. Results of network meta-analysis


3.5.1. Mean blood glucose

A total of 8 studies (3, 22, 27, 28, 33, 34, 39, 40) reported differences in MBG, including 6 interventions, and the results of their pairwise comparisons were shown in Table 2. The league table showed that the MBG in the MSII group was significantly higher than that in the s.c. GI, CSII, RI-in-PN, 50% RI-in-PN + 50% s.c. GI and CVII groups. MBG in the CVII group was also significantly higher than that in the s.c. GI and CSII groups. There were no statistically significant differences between the remaining interventions. That was, MSII had the poorest control of MBG, followed by CVII, while the four interventions of s.c. GI, CSII, RI-in-PN, and 50% RI-in-PN + 50% s.c. GI were generally comparable in controlling MBG.



TABLE 2 League table of mean blood glucose of different interventions.
[image: Table2]



3.5.2. Hypoglycemia

Eleven studies (4, 9, 22, 26, 27, 29, 33, 35, 37, 40, 41) reported differences in the incidence of hypoglycemia, including 6 interventions, and the results of their two-by-two comparisons were shown in Table 3. The league table showed no statistically significant differences between the 6 interventions in the incidence of hypoglycemia. That was, the incidence of hypoglycemia caused by these 6 interventions of MSII, CVII, s.c. GI, CSII, RI-in-PN, and 50% RI-in-PN + 50% s.c. GI in the treatment of PN-associated hyperglycemia was generally comparable.



TABLE 3 League table of hypoglycemia of different interventions.
[image: Table3]



3.5.3. Hospital length of stay

A total of 13 studies (4, 22, 27, 28, 30–32, 34, 36–38, 40, 42) reported differences in hospital length of stay; however, the inconsistency test resulted in p < 0.05, and examination of the data revealed that the data from Neff et al. (40) were highly heterogeneous and did not conform to a normal distribution compared with data from other studies and were therefore excluded. The remaining 12 studies (4, 22, 27, 28, 30–32, 34, 36–38, 42) were included to continue the network meta-analysis, containing a total of 6 interventions, and the results of their pairwise comparisons were shown in Table 4. The league table showed that the CVII group had a shorter hospital length of stay than the RI-in-PN, s.c. GI, CSII and MSII groups, with statistically significant differences. The MSII group had a significantly longer hospital length of stay than the RI-in-PN, s.c. GI and CSII groups. The differences between the remaining interventions were not statistically significant. Therefore, CVII was the most effective and MSII the least effective in reducing hospital length of stay, and it was generally comparable between the four interventions of s.c. GI, CSII, RI-in-PN, and 50% RI-in-PN + 50% s.c. GI.



TABLE 4 League table of hospital length of stay of different interventions.
[image: Table4]



3.5.4. Hyperglycemia

Four studies (9, 37, 39, 42) reported differences in the incidence of hyperglycemia, including 4 interventions, with the results of their pairwise comparisons shown in Table 5. The league table showed that the incidence of hyperglycemia in the CVII group was significantly lower than that in the RI-in-PN, s.c. GI and CSII groups. There were no significant differences between the remaining interventions. Thus, CVII was the best at reducing the incidence of hyperglycemia, and the three interventions of s.c. GI, RI-in-PN, and CSII were similar.



TABLE 5 League table of hyperglycemia of different interventions.
[image: Table5]



3.5.5. Surgical site infection

A total of 5 studies (22, 26, 30, 38, 42) reported differences in the incidence of SSI, including 4 interventions, and the results of their two-by-two comparisons were shown in Table 6. The league table showed that the CSII group had a significantly lower incidence of SSI than the s.c. GI and RI-in-PN groups. The CVII group had a significantly lower incidence than the RI-in-PN group. There were no significant differences between the other interventions. CSII and CVII were more effective in reducing the incidence of SSI, followed by s.c. GI and RI-in-PN.



TABLE 6 League table of surgical site infection of different interventions.
[image: Table6]



3.5.6. Mean total daily insulin

A total of 3 studies (22, 30, 35) reported differences in mean total daily insulin, including 3 interventions, and the results of their pairwise comparisons were shown in Table 7. The league table showed that the CVII group had a significantly lower mean total daily insulin dosage than both the RI-in-PN and 50% RI-in-PN + 50% s.c. GI groups. The differences between the remaining interventions were not statistically significant. CVII was most effective in reducing the mean total daily insulin dosage.



TABLE 7 League table of mean total daily insulin of different interventions.
[image: Table7]




3.6. Ranking of intervention efficacy

To visualize the effects of the interventions on clinical outcomes, SUCRA curves were drawn to rank each intervention, as shown in Figure 3. The ranking for MBG, from lowest to highest, was as follows: s.c. GI (85.8%), CSII (79.5%), RI-in-PN (64.5%), 50% RI-in-PN + 50% s.c. GI (42.5%), CVII (27.4%), MSII (0.2%). In terms of reducing the incidence of hypoglycemia, the best intervention was CSII (83.3%), followed by MSII (53.4%), CVII (51.8%), s.c. GI (47.7%), RI-in-PN (47.0%), 50% RI-in PN + 50% s.c. GI (16.9%). The ranking for hospital length of stay, in order from shortest to longest, was as follows: CVII (92.5%), 50% RI-in-PN + 50% s.c. GI (65.8%), RI-in-PN (65.8%), s.c. GI (49.3%), CSII (39.8%), MSII (0.6%). In reducing the incidence of hyperglycemia, the best intervention was CVII (99.8%), followed by RI-in-PN (36.5%), s.c. GI (35.5%), CSII (28.2%). The best intervention in reducing the incidence of SSI was CSII (98.2%), followed by CVII (60.4%), s.c. GI (34.4%), and RI-in-PN (7.0%). The ranking for mean total daily insulin, from lowest to highest, was as follows: CVII (100.0%), RI-in-PN (40.8%), and 50% RI-in-PN + 50% s.c. GI (9.2%).

[image: Figure 3]

FIGURE 3
 SUCRA in the change of different intervention measures.




3.7. Publication bias

The comparison-adjusted funnel plot of each clinical outcome showed a relatively symmetrical distribution of the scattered points, indicating no significant publication bias or small-sample bias in this network meta-analysis, as shown in Figure 4.

[image: Figure 4]

FIGURE 4
 Comparison-adjusted funnel plots of interventions.





4. Discussion

Hyperglycemia is very common in patients receiving PN support (1) and can increase the risk of complications such as infection, respiratory and renal complications, and even death (43), regardless of whether the patient has previous diabetes (2) or is admitted to the intensive care unit (ICU) (37). Treatment of PN-related hyperglycemia with insulin in turn predisposes patients to hypoglycemia (44, 45), which likewise predicts death and poorer clinical outcomes (37, 46). In actual clinical practice, due to the lack of monitoring equipment, insufficient nursing staff, and low frequency of blood glucose monitoring, undetectable hyperglycemic or hypoglycemic events often occur clinically, which significantly affects the prognosis of inpatients receiving PN; therefore, blood glucose management in these inpatients is critically necessary (16). Several observational studies have shown that glycemic management can be performed by changing the nutrient composition or by insulin infusion during TPN (17).

Currently, there are several insulin infusion methods to control PN-associated hyperglycemia. The most widely used route of administration in clinical practice is RI-in-PN, which has the advantages that the nutrient solution can be used with carbohydrates to intravenously deliver insulin at a stable rate, reduce the risk of hypoglycemia (18) and decrease the time required for care (10). However, it also has certain limitations, such as the need for strict asepsis. Moreover, the efficacy of insulin in PN may be reduced or unstable due to the materials composing the PN bag, and sugar-salt mixtures and acidity affect insulin activity and thus its concentration, causing fluctuations in patients’ blood glucose (47–49). CSII is a more common insulin infusion method in clinical practice that can simulate the physiological insulin secretion pattern, thereby providing a more flexible insulin infusion and making it easier to control blood glucose changes and maintain them at the desired level (50); furthermore, CSII does not require multiple injections, which is more easily accepted by patients. However, this mode is expensive and requires certain operational skills, so there are some difficulties in its widespread implementation in primary hospitals (51). Similarly, CVII is a commonly used route of administration for controlling PN-associated hyperglycemia; the insulin can be rapidly absorbed and can rapidly correct hyperglycemia, making CVII the preferred insulin infusion method for critically ill or hemodynamically unstable patients (52). A large body of literature has shown that the use of CVII can be dynamically adjusted according to blood glucose values to achieve smoother glycemic control and avoid excessive fluctuations (17). However, there is no clear regulatory specification for CVII, and clinical use is mostly an empirical practice (16). The use of CVII requires more nursing time for patient care, and there is a risk of hypoglycemia if the PN is stopped without stopping insulin infusion (53). MSII and subcutaneous single injections of long-acting insulins, such as glargine insulin, are the traditional ways of controlling blood glucose, and these protocols are simple to perform but have disadvantages. MSII has a slow onset of action, yields poor glycemic control (51), and poses an increased risk of hypoglycemia if the patient is exposed to long-acting insulin when discontinuing PN (53). In recent years, the frequency of clinical use has been lower than that of other methods. Recently, there have been several studies on s.c. GI for controlling PN-associated hyperglycemia, the treatment can achieve similar glycemic control and safety, at least in theory, and it can reduce glycemic variability (9, 37) while being inexpensive and easy to perform (51). However, because these agents are long-acting insulins, they may lead to an increased risk of hypoglycemia in patients if PN infusions are completed on the same day (10). A new insulin infusion modality that has not been used before now exists. A multicenter randomized clinical trial (INSUPAR trial) conducted by Olveria et al. in 2020 evaluated the efficacy and safety of 50% RI-in-PN + 50% s.c. GI for glycemic control during TPN in noncritically ill inpatients with diabetes mellitus; the results showed that it was comparable to RI-in-PN without significant differences, but with better glycemic control after interruption of TPN and, notably, a higher incidence of hypoglycemia (22).

There are no clear clinical guidelines regarding the best type of insulin and infusion method to manage glycemia in patients receiving PN, as well as not much evidence-based medical evidence to validate a given glucose management strategy. Laesser et al. (10) published a systematic review in 2019 qualitatively describing glycemic management measures in noncritically ill inpatients receiving PN/EN. Verçoza Viana et al. (6) included 2 studies for meta-analysis to assess the efficacy of RI-in-PN and s.c. GI in the treatment of patients with PN-associated hyperglycemia and showed no significant differences in MBG and incidence of hypoglycemia between the two interventions. Our study is the first to quantitatively assess the safety and efficacy of six common insulin infusion modalities during PN by means of a network meta-analysis to improve glycemic management in inpatients receiving PN therapy.

The results of this study showed that MSII was the least effective intervention in terms of MBG, and patients in this group had the highest MBG, which was consistent with previously published studies (3, 27, 28, 40). In patients using MSII, it is difficult to mimic the normal physiological insulin secretion pattern due to the high variability in insulin absorption rates and the limited duration of insulin action; in addition, MSII requires multiple subcutaneous injections to patients, which increases pain and is not easily accepted by patients, resulting in poor compliance and making patients’ blood glucose prone to fluctuations and difficult to control (27, 28, 51). Compared with CVII, CSII exerts better control of patients’ MBG, and a prospective study conducted by Han et al. (26) including 40 diabetic patients undergoing major abdominal surgery also showed the same result; that is, CSII was better than CVII in controlling blood glucose levels, and it is believed that CSII treatment can mimic the physiological insulin secretion pattern of normal humans, which is mainly characterized by more stable insulin absorption by the body and smoother glycemic control (54). Patients in the CVII group had a higher MBG than those in the s.c. GI group, which could be explained by the comparable MBG between the s.c. GI and CSII. Moreover, CVII is rapidly absorbed, rapidly corrects hyperglycemia, and correspondingly will also be more likely to lead to the rapid occurrence of hypoglycemia (52). According to the research of Yang et al. (41), CVII as an interventional measure often produces greater blood glucose fluctuations due to the different insulin pump input rates set by nurses. At present, we adjust insulin micropumps according to traditional experience to control patients’ blood glucose, which requires frequent blood glucose monitoring, greatly increasing the workload of nurses. Generally, there are fewer nursing staff members in non-ICU wards, albeit with heavier workloads, and blood glucose monitoring there is not as intensive as it is in ICU wards. In view of the enormous harm of hypoglycemia, medical staff will be more cautious when using CVII compared with subcutaneous insulin in patients, selecting more conservative pump rates and doses to maintain the blood glucose at a higher level within the normal range and avoid the occurrence of hypoglycemia as much as possible. Therefore, the MBG in the CVII group will be relatively higher. According to the ranking of intervention efficacy in our findings, although the difference was not statistically significant, s.c. GI caused a higher incidence of hypoglycemia than CVII, also verifying this reason. Finally, the 4 interventions, s.c. GI, CSII, RI-in-PN and 50% RI-in-PN + 50% s.c. GI showed essentially no difference in MBG in patients receiving TPN and could be substituted for each other, which is consistent with previous meta-analyses and original studies (9, 22, 37, 39).

A post hoc analysis of the NICE-SUGAR study showed that patients with hypoglycemia had a higher risk of death than patients without hypoglycemia (46) and that the risk of hypoglycemia increased when patients received insulin infusion (37). Therefore, the incidence of hypoglycemia is a very important safety indicator when assessing different insulin infusion modalities in the treatment of TPN-associated hyperglycemia. Interestingly, the 6 interventions evaluated in this study were essentially equivalent in terms of hypoglycemia incidence. A prospective study enrolling 67 patients conducted by Hakeam et al. (9) in 2017 showed no difference in hypoglycemia incidence between s.c. GI and RI-in-PN in diabetic patients treated with PN. Li et al. (3) also showed that MSII and CSII had comparable hypoglycemia incidence in patients with prior diabetes receiving PN. The results of a prospective multicenter study conducted by Olveria et al. (22) in 2020 noted that nonsevere hypoglycemia was significantly higher with 50% RI-in-PN + 50% s.c. GI compared with RI-in-PN in noncritical patients with type 2 diabetes treated with TPN. However, due to the expansion of the sample size of the original study and the use of different test methods in the network meta-analysis, the results are more conservative, and the 95% CI range of the effect value is larger; consequently, negative results were ultimately obtained in our research. Previous studies have shown that the incidence of hypoglycemia was not significantly increased in CVII compared to MSII, despite the former taking longer to achieve glycemic targets (40).

In terms of hospital length of stay, the MSII group was the longest, which may be because most of the patients included in this study were perioperative patients. MSII yielded poor glycemic control and resulted in higher MBG levels, which led to an increased incidence of infectious complications, including SSI and delayed incisional healing (42), prolonging patients’ hospital stay. Patients in the CVII group had the shortest hospital stay. Although the control of MBG in CVII was not superior to that by RI-in-PN, s.c. GI, CSII and 50% RI-in-PN + 50% s.c. GI, its incidence of hyperglycemia (>180 mg/dL) was the lowest according to the results of this study. The research by Cheung et al. (14) showed that the incidence of infection in the 142–164 mg/dL blood glucose group was 2.8 times higher than that of the <124 mg/dL glucose group, and the incidence of infection in the >164 mg/dL group was 3.9 times higher than that of the <124 mg/dL group. In sum, hyperglycemia was closely associated with the incidence of any type of infection, and the higher the blood glucose was, the greater the risk of infection, and the correspondingly longer the hospital stay, which could explain the fact that the shortest hospital stay was in the CVII group.

Because of the limitations of the included studies, the incidence of hyperglycemia and incidence of SSI were compared for only 4 interventions, CVII, RI-in-PN, s.c. GI, and CSII. In terms of hyperglycemia. CVII was the best intervention with the lowest resultant incidence of hyperglycemia. According to Chinese guidelines for the prevention and treatment of type 2 diabetes in 2020 (53), CVII can be the preferred route for blood glucose control in critically ill patients, those undergoing emergency surgery and those undergoing large and medium-sized surgery because the insulin is rapidly absorbed, can achieve a higher plasma concentration after 1 h of administration, and can correct the hyperglycemic state more quickly (26), so the incidence of hyperglycemia in the CVII group is the lowest. Among the 4 interventions, the incidence of SSI was the lowest in the CSII group, but there was no significant difference with CVII. According to the previous description, the MBG was closely related to the incidence of SSI, and the higher the blood glucose, the greater was the risk of infection. CSII intervention was consistent with the characteristics of physiological insulin secretion, resulting in a lower MBG, while the incidence of hyperglycemia (>180 mg/dL) was higher than that of CVII; therefore, the incidence of SSI was essentially comparable and lower in both methods. In this study, the mean total daily insulin doses of 3 interventions, CVII, RI-in-PN and 50% RI-in-PN + 50% s.c. GI, were compared, with the CVII group having the lowest mean total daily insulin dose. It is well known that when patients have elevated blood glucose and need to increase insulin administration, CVII is rapidly absorbed, and with the same dosage of insulin, CVII can control hyperglycemia faster than other regimens, so the insulin dosage is relatively low.

This study has several strengths. First, to our knowledge, it is the first to quantitatively compare different insulin infusion methods in the treatment of PN-associated hyperglycemia, which can more accurately assess the safety and efficacy between different insulin infusion modalities and remedy the deficiencies in current published studies. Second, six commonly used insulin regimens were included in this study for analysis, which is the first comprehensive comparison of the insulin infusion methods currently used in clinical practice, thus helping clinicians to select the optimal insulin regimen individually when managing patients with different clinical characteristics. In addition, six clinical outcomes were included for analysis in this study, which is the first comprehensive, multifaceted assessment of the advantages and disadvantages of different insulin infusion routes. Furthermore, we conducted an extensive literature search and included more and newer literature than other studies. Finally, glycemic management in patients receiving PN therapy is very important and urgently needs to be addressed during clinical practice, but there are few relevant meta-analysis results, which shows the special significance of this study.

This study also has some limitations: (i) because of the small number of studies, 4 retrospective studies were not excluded from this study, which may have influenced the homogeneity, similarity and consistency required by the network meta-analysis; (ii) there are some differences in glycemic management between critically ill patients and patients in general wards; however, a subgroup analysis of critically ill patients could not be performed in this study due to the small number of critically ill patients included, and similarly, a subgroup analysis with/without diabetes was not possible; (iii) most of the included studies did not specify the formulation of TPN, which may be a potential confounding factor; (iv) the small sample size, especially for the 50% RI-in-PN + 50% s.c. GI, s.c. GI and MSII intervention measures and the short study duration of some of the studies may have led to false-negative results in the assessment of the impact on clinical outcomes; therefore, more large-sample studies are needed to verify the stability of the results. (v) The majority of the included studies were single-center studies, and the results may have some bias. (vi) This study included several non-SCI articles for analysis. Although the literature quality evaluation results indicated that they were high-quality studies, it cannot be denied that they may have caused some bias in the research results. Therefore, the conclusions of our research can provide a certain reference value for clinical practice, and they still need to be verified by RCTs with larger samples.



5. Conclusion

Overall, current literature shows that for the treatment of TPN-associated hyperglycemia, CVII is the most effective, reducing the incidence of hyperglycemia and shortening the length of hospital stay without increasing the incidence of hypoglycemia. MSII is the least effective, leading to higher blood glucose and longer hospital stays. RI-in-PN, CSII, s.c. GI and 50% RI-in-PN + 50% s. c. GI are better in terms of efficacy and safety and can be substituted for each other. In practice, clinicians can choose the insulin infusion route individually according to the specific conditions of the patients and the degree of difficulty of the nursing work. We also look forward to prospective, large-scale randomized controlled studies to determine the efficacy and safety between different insulin infusion methods and provide evidence to optimize the optimal treatment strategies for PN-associated hyperglycemia.
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Long, 2009 (29) 218 | Asingle-center, prospective,  Nondiabetic patients undergoing  NO 72216 >3 RPN (n=10)  CVII(1=10) ® 3
RCT study upper gastrointestinal tumor
surgery
Chen, 2007 (27) 21-70 | A single-center, prospective,  Fasting patients with diabetes NO NA NA Sl (n=23) MSII (n=23) [olole) 4
RCT study
Han, 2006 (26) 218 | Asingle-center, prospective,  Diabetic patients undergoing  YES 100-150 >7 €Sl (n=20) CVIL (n=20) 0 5
RCT study abdominal surgery

PD, pancreaticoduodenectomy; NA, not available. Clinical outcomes: ® mean blood glucose; ® hypoglycemia; © hospital length of stay: @ hyperglycemia; ® surgical site infection; ® mean
total daily insulin.





OPS/images/fnut-10-1181359-t002.jpg
.Gl

~0.11 (=0

), 0.48)
051 (-1.79,0.77)
091 (~236,0.59)
—L64 (=3.17,-0.12)

—3.24(~3.99,-2.50)

0.11(~0.48,0.70)
csit
~0.40 (~153,0.73)
~0.80 (<2.12,0.52)
—1.53 (~2.94,-0.13)

—3.13 (~3.59, —2.68)

0.51 (<077, 1.79)
0.40 (<073, 1.53)
RI-in-PN
~0.40 (~1.08, 0.28)
~113(~294,0.67)

=273(=395, =151}

0.91(-0.54,236)
0.80(-0.52,2.12)
0.40 (028, 1.08)
50% RI-in-PN+50% s.c. GI
~0.73 (~2.66, 1.19)

—2.33(-3.73, —0.94)

1.64(0.12,3.17)
1,53 (0.13,2.94)
113 (=067, 2.94)
073 (~1.19, 2.66)
cvi

—1.60 (~2.93,-0.27)

3.24(2.50,3.99)
3.13 (268,3.59)
273 (1.51,3.95)
2.33(0.94,3.73)
1,60 (0.27,2.93)
msIT





OPS/images/fnut-10-1181359-g003.jpg
PAAPl P @ Vi
B VA ) Ve Ve ) W Ve V4

Mean blood glucose Hypoglycemia Hospital length of stay

Hyperglycemia Surgical site infection Mean total daily insulin





OPS/images/fnut-10-1181359-g004.jpg
Standard eror of effect se

st eyt e

5 = + ; T T i keiinaset vk i et :
PR N S B RS SO S -
Mean blood glucose Hypoglycemia Hospital length of stay
i
¢
i
g S
i st sttt 3

[ S ——— ot s comrd s campsnpc ol shct )

Hyperglycemia Surgical site infection Mean total daily insulin






OPS/images/fnut-10-1181359-t005.jpg
cvi 179(1.59,2.02)  1.82(119,2.79)  1.86(1.17,2.95)
0.56 (050, 0.63) Rl-in-PN 101(067,153)  1.04(066,162)
0.55(0.36,0.84) 099 (065, 1.49) sc. Gl 1.02 (086, 1.21)

0.54(0.34,0.85)  096(062,151) | 098 (082, 1.16) csi





OPS/images/fnut-10-1181359-t003.jpg
csit
0.52(0.10, 276)
0.48 (0.09, 271)
0.4 (0.08, 2.42)
0.42(0.07, 2.56)

0.18 (0,01, 2.20)

1.91(0.36,10.03)
MSII
092(020,4.33)
083 (0.11,6.10)
081(0.12,553)

033 (002, 4.59)

2.07(037,11.62)

109 (0.23,5.10)
cvi

0.90 (0.16,4.94)

0.88(0.20,3.78)

0.36 (0.4, 3.62)

229(041,12.72)

120(0.16,8.82)

1.11(0.20,6.06)
s.c. Gl

097 (0.29,3.30)

0.40 (0.05, 3.47)

2.36(0.39, 14.26)
124(0.18,8.48)
114026, 491)

1.03 (030, 3.50)

Rl-in-PN

0.41 (007, 2.44)

5.70 (0,46, 71.34)
2.99(0.22, 4096)
2.75(0.28, 27.42)
2.49(0.29, 21.45)
2.41(0.41,14.25)

50% RI-in-PN+50% s.c. GI





OPS/images/fnut-10-1181359-t004.jpg
cvi

~1.44(=9.17,6.

)
—2.74 (~3.66, —1.81)
—2.83 (~5.20,-0.46)
—3.34(=5.70,-0.98)

—9.14 (~12.29, -5.99)

144 (~6.30,9.17)
50% RI-in-PN+50% s.c. GI
~1.30 (~8.98, 6.38)
~1.40 (=9.38,6.59)
~1.90 (<9.88, 6.08)

~7.70 (~15.95,0.55)

2.74(1.81,3.66)
130 (~6.38, 8.98)
Rl-in-PN
~0.10 (~2.28,2.09)
~0.60 (~277, 1.57)

—6.40 (=941, -3.39)

2.83(0.46, 5.20)
140 (~6.59,9.38)
0.10 (~2.09,2.28)
.Gl
~0.50 (~3.58,2.58)

—6.30 (

02, =2.59)

3.34(0.98,5.70)
1.90 (~6.08,9.88)
0.60(~157,2.77)
050 (~2.58,3.58)

csit

0 (—7.88, =3.72)

9.14(5.99,12.29)

7.70 (<0

,15.95)
640 (3.39,9.41)
630/(2:59,10.02)
5.80(3.72,7.88)

MsIT





OPS/images/fnut-10-1181359-g001.jpg
Studies identified in the initil search (s

Studies excluded (n=65):
Not included in the clinical outcomes defined herein (

6
Insulin infusion pathway was not the intervention measures studied in
3)

Sutrition support included oral feeding or enteral nutrition (i

our research (s

No accurate definition of hyperglycemia and hypoglycemia or the
definitions were not consistent with definition herein (=)

‘Conference papers with only abstract or review artcles (1=10)
Low-quality studies (0=)

Unable to get full-text (n=1)

Duplicates among databases (s

Studies remaining (n=86)

‘Studies excluded determined from the

title and/or abstract(n=3668)

Studies included (n=21)






OPS/images/fnut-10-1181359-g002.jpg
Gl S0% Ri-in-PN+50% .Gl

& SO%Ri-in-PNeS0 s G1 sy S0%RI-in-PN+50% 561
=
i, an in-t
Ricin-pN Ri-in-pN LEhsid
sl on i s il s
Mean blood glucose Hospital length of stay
5cl o<l
SO%RI-in-PN+50% s G
asi, LD
Ri-in-PN Ri-in-pN o
csit o

Surgical site infect






