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Abstract
Pancreatic surgery units undertake several complex operations, albeit with considerable morbidity and mortality, as is the case for the management of complicated acute pancreatitis or chronic pancreatitis. The centralisation of pancreatic surgery services, with the development of designated large-volume centres, has contributed to significantly improved outcomes. In this editorial, we discuss the complex associations between diabetes mellitus (DM) and pancreatic/periampullary disease in the context of pancreatic surgery and overall management of complex pancreatitis, highlighting the consequential needs and the indispensable role of specialist diabetes teams in support of tertiary pancreatic services. Type 3c pancreatogenic DM, refers to DM developing in the setting of exocrine pancreatic disease, and its identification and management can be challenging, while the glycaemic control of such patients may affect their course of treatment and outcome. Adequate preoperative diabetes assessment is warranted to aid identification of patients who are likely to need commencement or escalation of glucose lowering therapy in the postoperative period. The incidence of new onset diabetes after pancreatic resection is widely variable in the literature, and depends on the type and extent of pancreatic resection, as is the case with pancreatic parenchymal loss in the context of severe pancreatitis. Early involvement of a specialist diabetes team is essential to ensure a holistic management. In the current era, large volume pancreatic surgery services commonly abide by the principles of enhanced recovery after surgery, with inclusion of provisions for optimisation of the perioperative glycaemic control, to improve outcomes. While various guidelines are available to aid perioperative management of DM, auditing and quality improvement platforms have highlighted deficiencies in the perioperative management of diabetic patients and areas of required improvement. The need for perioperative support of diabetic patients by specialist diabetes teams is uniformly underlined, a fact that becomes clearly more prominent at all different stages in the setting of pancreatic surgery and the management of complex pancreatitis. Therefore, pancreatic surgery and tertiary pancreatitis services must be designed with a provision for support from specialist diabetes teams. With the ongoing accumulation of evidence, it would be reasonable to consider the design of specific guidelines for the glycaemic management of these patients. 
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Core Tip: In this editorial, we discuss the complex associations between diabetes mellitus and pancreatic/periampullary disease in the context of pancreatic surgery and overall management of complex pancreatitis, highlighting the consequential needs and the indispensable role of specialist diabetes teams in support of tertiary pancreatic services. In these settings, there is accumulating evidence that adequate glycaemic control at all stages improves outcomes, and that early involvement of specialist diabetes teams is of paramount importance to ensure a holistic management approach. The design of specific guidelines for the glycaemic management in these settings is warranted.

INTRODUCTION
Pancreatic surgery units deliver a range of operations for benign, pre-malignant and malignant pancreatic and periampullary diseases[1]. These are notoriously complex operations, including the classic Whipple’s pancreatoduodenectomy (PD) and its pylorus-preserving variation; distal pancreatectomy (DP) and its extended form called left pancreatectomy, with or without splenectomy; the more radical version of the latter, i.e. radical antegrade modular pancreatosplenectomy; central pancreatectomy; total pancreatectomy (TP) with or without splenectomy; tumour enucleations and other less common procedures[1,2]. In addition, operations undertaken for complications of acute pancreatitis or for chronic pancreatitis (CP) may involve various degrees of resections of pancreatic parenchyma and a number of different reconstruction techniques. Furthermore, pancreatitis itself may result in variable reduction of the functional pancreatic parenchyma. The aforementioned operations are associated with significant morbidity and mortality[1]. In recent decades, the centralisation of pancreatic surgery services with development of designated large-volume centres has gradually improved outcomes in conjunction with improvements in patient selection and operative techniques[1]. Characteristically, for the complex Whipple’s operation, the perioperative mortality has fallen to less than 4.0% in high-volume centres, while postoperative morbidity remains high, up to 60%[1,3,4].

Diabetes mellitus and pancreatic disease
Diabetes mellitus (DM) may be associated with pancreatic and periampullary surgical diseases in different forms, particularly new-onset diabetes (NOD) as a potential presenting symptom of pancreatic ductal adenocarcinoma (PDAC)[5]. The most prevalent theory for the pathogenesis of the latter is that of a paraneoplastic manifestation induced by diabetogenic factors[6]. Type 3c pancreatogenic DM (T3cDM), refers to DM developing in the setting of exocrine pancreatic disease, including PDAC, CP, haemochromatosis, cystic fibrosis, and previous pancreatic surgery[7,8]. The entity remains underdiagnosed and underreported while its profile is characterised by low to normal fasting C-peptide, negative islet antibodies, coexistence with pancreatic exocrine insufficiency and often challenging glucose control with hyper- and hypoglycaemia, whilst episodes of ketoacidosis are rare. Whilst some individuals may be at least initially managed with oral agents, many will need insulin treatment[7-9]. T3cDM developing as a result of acute or CP is a heterogeneous entity with variable clinical presentations, frequently misdiagnosed and treated as type 2 DM (T2DM)[10-12]. Meta-analyses from 2014 and 2019 found a rate of development of NOD ranging from 15% at 12 months following admission with acute pancreatitis, with a subsequent increase to 23% in following years[13-15]. Recent studies have shown an approximate 10% rate at 12 months[16,17]. Furthermore, many patients who require treatment for pancreatic or periampullary disease may have pre-existing DM[5]. In recent multicentre studies, approximately 20% of patients who underwent PD for malignancy had a preoperative diagnosis of DM[3,4]. Remarkably, up to 85% of patients with PDAC have hyperglycaemia or diabetes, while patients with NOD have a 5-8-fold higher risk of PDAC diagnosis within 1-3 years of developing DM[18]. Notably, recognition of NOD as a presenting symptom of PDAC is crucial for its early diagnosis, and distinguishing this form from T2DM has attracted significant interest in the last decade[6,7,18,19]. 

DM in the pancreatic surgery/pancreatitis setting
The group of patients with pancreatic/periampullary surgical disease and pre-existing prediabetes or DM requires special attention, as their glycaemic control may affect their course of treatment and outcome[20,21]. Furthermore, their diabetes management may be complex postoperatively and require intensification of treatment[18,19]. Notably, Tariq et al’s study of 216 patients undergoing DP, detected 40% of patients being preoperatively unaware of their dysglycaemic status (prediabetes or DM)[22]. Importantly, those with prediabetes were at increased risk of postoperative diabetes. Therefore, the authors concluded that adequate preoperative diabetes assessment is warranted for all patients ahead of pancreatic resection, to help identify those most likely to need initiation or escalation of glucose lowering therapy in the postoperative phase[22]. A higher rate of acute kidney injury[20] and postoperative pancreatic fistula (POPF) has been reported by some studies in diabetic patients undergoing pancreatic resection[20,21], while other studies have suggested absence of relationship[4] or even a possible protective effect of DM against POPF, owing to lower rates of high-risk pancreatic gland features[23,24]. Furthermore, as already mentioned, as a result of removal/loss of pancreatic parenchyma, new onset T3cDM may develop in the postoperative, as well as in the post-pancreatitis setting. It has been hypothesised that DP may confer a higher risk of postoperative development of diabetes compared to PD, as 70% of the β-cell mass appears to be located in the body and tail[22,25]. Tariq et al[22], in their study of 216 patients undergoing DP, found that 36% of non-diabetic and 57% of prediabetic patients developed DM at 2-year follow-up postoperatively[22]. Overall, the incidence of development of diabetes after pancreatic resection is widely variable in the literature, owing to different operative techniques, heterogeneous groups and the retrospective nature of most studies[22].
CP is a complex disease not infrequently requiring surgical treatment. The consensus statement of the International Study Group for Pancreatic Surgery on the standards for reporting on surgery for CP include the presence/absence of DM in the domain of “clinical baseline prior to surgery”, and postoperative DM in the domain of “minimum outcome dataset”[26], using the terminology and reference ranges of the World Health Organization[27].
Another important group is represented by patients scheduled for TP with or without splenectomy, who will certainly have insulin-requiring diabetes postoperatively, regardless of their preoperative state[28]. These patients require specialist care prior to their surgery wherever possible, to ensure adequate education for the required insulin treatment and glucose monitoring. Early involvement of the specialist diabetes team is essential to ensure holistic management[9]. Specifically in the management of CP, the role of TP with islet autotransplantation (TPIAT) has been explored to avoid unstable postoperative diabetes. Consensus statements were based on strong agreement that, among other benefits, TPIAT offers glycaemic benefit over TP alone, and that other disease features as well as the islet mass transplanted may impact the outcomes[28].
As mentioned, a number of pancreatic diseases, including pancreatic tumours, CP and episodes of acute pancreatitis (especially necrotising)[14], may reduce the functional parenchyma of the gland and ultimately result in DM, either directly or by requiring surgical removal of part of the pancreas by the aforementioned different forms of pancreatectomy. The impact of these operations on the endocrine function of the pancreas depends on the extent, but also on the prior state of glycaemic control[9,29]. Importantly, it also needs to be noted that up to 35% of patients with pre-existing DM are reported to record improved glycaemic control after pancreatectomy[30,31].

Enhanced recovery after surgery concept and perioperative glycaemic control
In the current era of centralisation of services, which in the case of pancreatic surgery has evidently led to improved morbidity, mortality and oncological outcomes[1], large volume pancreatic surgery services worldwide commonly follow the principles of an enhanced recovery after surgery (ERAS) concept[32-34]. This is reflected in dedicated protocols, most of the time designed and approved locally, but largely following generally accepted principles in the field of pancreatic surgery. Despite possible variations, it is expected that pancreatic ERAS pathways include provisions for optimisation of the perioperative glycaemic control[32-34]. The most recent ERAS recommendations for PD from 2019, based on the best available evidence and on expert consensus, include postoperative glycaemic control among the standard parameters of the pathways[32]. They highlight that the available evidence supports an association between elevated blood glucose and adverse clinical outcomes, both in diabetic and non-diabetic patients. The optimal perioperative glycaemic target remains unclear, but in general, glucose levels should be kept as close to normal range as possible without causing hypoglycaemia. The level of evidence for the aforementioned recommendations is moderate, while the grade of recommendation is strong[32]. In forming these recommendations, a number of important facts have been taken into account. It has been noted that early hyperglycaemia (> 7.8 mmol/L), high glucose variability and high glucose values in the early period after PD, are significantly associated with development of complications[35,36]. A high preoperative glycated haemoglobin A1c level has been associated with almost a threefold increased risk of complications after surgery compared to normal levels[37]. A randomized controlled trial of patients undergoing liver and pancreatic surgery, including PD, whilst on intensive care, compared a group receiving perioperative intensive insulin therapy with a target blood glucose range of 4.4-6.1 mmol/L to an intermediate insulin therapy group with a blood glucose range of 7.7-10.0 mmol/L. The intensive therapy group recorded lower rates of surgical site infection, POPF and shorter length of stay[38]. However, other multicenter trials in the intensive care setting, but not limited to post pancreatic surgery, have demonstrated that intensive insulin treatment results in increased incidence of hypoglycaemia and mortality compared to moderate glucose control[39-41]. The optimal levels of early postoperative blood glucose associated with improved clinical outcomes remain unclear[42], and notably no studies have examined glucose targets outside of the intensive care setting, where the challenges of maintaining tight glucose control are even higher.
A web-based survey undertaken through the ERAS® society and the International Hepato-Pancreato-Biliary Association membership was recently published and aimed to explore global awareness, perceptions and practice of ERAS for PD. Among 140 respondent surgeons, the majority rated highly the importance of postoperative glycaemic control (90%) as a component of the protocols[43]. Importantly, surgeons performing < 20 PDs per year were likely to face more significant challenges in implementing postoperative glycaemic control locally in the context of their enhanced recovery practice (P = 0.001)[43]. The guidelines of the Joint British Diabetes Societies (JBDS) for Inpatient Care Group from 2016 recommend that, for diabetic patients undergoing surgery, the principles of ERAS programmes should be followed[44].

Guidance, performance indicators and measured practice
As mentioned, the level of perioperative glycaemic control may have a direct impact on the course of recovery, length of stay and surgical outcomes. Ideally, to benchmark the quality of perioperative glycaemic control, appropriate available guidance and definitions can be used. In the United Kingdom, various guidelines are available that can be useful in aiding perioperative management of DM, such as those issued by JBDS, the ASGBI and the AAGBI[44-46]. The HQIP commissioned the National Diabetes Inpatient Audit (NaDIA) which first took place in 2010 and followed an annual pattern. The NaDIA is based on information gathered by hospital staff about the quality of diabetes care provided to inpatients with DM during their hospital stay. For its purposes, a ‘good diabetes day’ was defined as any day in the management of a patient with DM when the number of tests per day followed the guidelines, there was no more than one blood glucose measurement of > 11 mmol/L and no measurement of < 4 mmol/L. The 2016 report, based on information collected from 209 acute hospitals in England and Wales, underlined that 28% of hospitals had no diabetes inpatient specialist nurses[47]. The ThinkGlucose campaign led by the NHS Institute for Innovation and Improvement expects close cooperation between the specialist diabetes team and hospital staff, for all hospitalised diabetic patients[48]. The NaDIA 2016 report found that 31% of people with DM who needed review by the diabetes team based on the ThinkGlucose criteria, did not meet this expectation[47], although notably this audit looked at all in-patients, not specifically those post pancreatic surgery. The NICE Quality Standard in England highlights that people with DM need access to a specialist diabetes team[47]. The NaDIA 2016 report underlined that hospitals should ensure that there are enough staff on the diabetes team to provide support in the delivery of safe diabetes care[47]. 
In 2018, the National Confidential Enquiry into Patient Outcome and Death (NCEPOD) published a report with wide multidisciplinary input, entitled “Highs and lows”, after reviewing the quality of perioperative care provided to diabetic patients > 16 years old undergoing a surgical procedure in the United Kingdom (not confined to pancreatic surgery)[49]. This included assessment of patient care and service structure, at clinical and organisational level, respectively. Importantly, perioperative diabetes management was examined and several deficiencies were highlighted. A lack of clinical continuity across the different specialties in the perioperative pathway was noted and the absence of joint ownership and a joint multidisciplinary approach implied that DM management was falling between gaps in the surgical pathway[49], especially given that diabetes can be managed in primary care, community services or hospital-based specialist teams. Note was made of key diabetes team members being under-involved in patient management, including specialist diabetes nurses, pharmacists and dietitians[49]. Regular monitoring of blood glucose was underutilised at all phases of perioperative care[49]. The report emphasised that in 35.8% of diabetic patients in the study there was room for improvement in the clinical care, while 14.1% of cases required improvement in both clinical and organisational systems of care[49]. A number of areas for improvements and relevant recommendations were made[49]. Among those recommendations, the primary focus for action included the appointment of a Clinical Lead for Perioperative Diabetes Management. Among other tasks, they should lead at a local level on the writing and implementation of a policy for the multidisciplinary management of patients with DM who require surgery, in agreement with the guidelines of the JBDS[44,49]. Importantly, only 28% of hospitals were noted to have a named clinical lead for perioperative diabetes management. To ensure adequate assessment and optimisation of diabetes in view of upcoming elective surgery, the Clinical Lead would also be responsible for the appropriate utilisation of a standardised referral process, as well as for ensuring that diabetic patients undergoing surgery are safely handed over for close monitoring and adequate glycaemic control. The report also highlighted that for most of the patients whose diabetes was not managed by all the appropriate staff, early involvement of specialist diabetes nurses would have been valuable[49]. Additional recommendations included the development of a preoperative assessment clinic policy, as 43.4% of such clinics did not have a specific relevant policy, while where this existed, wider multidisciplinary involvement was variable. It was also recommended that the Clinical lead ensures that diabetic patients attending a preoperative assessment clinic have access to input from a specialist diabetes nurse and other members of the diabetes team, as required, and receive written guidance about the preoperative management of their DM. Moreover, it was recommended to avoid cancellations of elective surgical procedures in patients with DM, especially for known clinical issues, to locally audit such cancellations and to take appropriate action accordingly[49]. Diabetic patients should be prioritised on the operating lists to avoid prolonged starvation; 19.4% of patients appeared to have not been scheduled appropriately. Importantly, patients with diabetes should be provided with education and comprehensive information about their diabetes management at discharge from hospital as part of the discharge planning process, with the involvement of diabetes specialist nurses and the clinical lead for perioperative diabetes management. In 20% of patients, adequate discharge arrangements for diabetes care were lacking[49]. Furthermore, largely in response to the findings of the NaDIA and the NCEPOD report, the Centre of Perioperative Care (CPOC) published in 2021 the “Guideline for perioperative care for people with diabetes mellitus undergoing elective and emergency surgery”, consisting of a national joint standard and policy[50]. Understandably, whilst not all of these recommendations will be relevant to pancreatic surgery for malignancy, where it will rarely be appropriate to delay surgery to optimise metabolic control, they are important when elective surgery is planned for non-malignant pancreatic conditions. The CPOC guideline involved relevant recommendations across the wide spectrum of the perioperative pathway of diabetic patients undergoing elective and emergency surgery, including the referral, the stage before surgery, individualised plans and communication with healthcare teams, the time of admission, intraoperative management, ward management and time of discharge[50]. Notably, the recommended range of capillary blood glucose to maintain in the wards was set at 6-12 mmol/L[50].
Surgical and anaesthetic departments are expected to ensure morbidity and mortality meetings (MMM) for elective and emergency surgery, while the 2011 guidelines of the Royal College of Surgeons on emergency surgery recommend that regular departmental clinical audit and MMM should be undertaken and reported to the clinical governance committee[51]. In the NCEPOD study, only 25% of hospitals reported that an audit was performed on perioperative diabetes management[49].
Even though the NaDIA and the NCEPOD reports were not specifically focused on evaluating pancreatic surgical services and the provision of emergency pancreatitis surgery, their findings are of particular value to these services, given their particular challenges in perioperative diabetes care. However, there are a number of features of pancreatic surgery that mean specific guidelines would be helpful. This includes the very high prevalence of preoperative diabetes, the frequent use of insulin in Type 3c diabetes[13-17], and the fact that for patients who require a long hospital stay facing complications of pancreatitis or pancreatic surgery, the level of glycaemic control may have a further impact on the course and duration of recovery by affecting the course and management of complications. 
Notably, nutritional assessment is essential in the preparation of diabetic patients for surgery as the reintroduction of nutrition postoperatively may be delayed and the disease process itself may result in dietary alterations. Glycaemic control is not uncommonly challenging in the postoperative period[48]. This is particularly applicable in patients undergoing pancreatic surgery. Furthermore, both patients undergoing pancreatic surgery and patients with severe pancreatitis may require short or long courses of Total Parenteral Nutrition. This may further complicate their glycaemic control which may become particularly challenging in this setting[52]. It is necessary that these groups of patients receive direct input from designated diabetes teams, with access to appropriate multi-disciplinary diabetes specialist clinicians, which may include specialist nurse or other practitioners, dieticians and diabetologists as required.
One aspect requiring special attention is the required education for patients undergoing pancreatic surgery or recovering from severe pancreatitis, who have or are likely to encounter changes of their initial glycaemic state, either in the form of new onset prediabetes/diabetes, or worsening of previous prediabetes/diabetes, and potentially a need for new forms of treatment.
There is clear agreement that patients undergoing pancreatic surgery should be evaluated by a diabetes team preoperatively and have sufficient insight into the management of their potential postoperative NOD[9]. Adequate follow-up with a diabetologist, a specialist diabetes nurse and a dietitian should be ensured in the outpatient setting, for appropriate education, optimisation of the glycaemic control and personalisation of insulin therapy[9]. The extent of pancreatic resection should be taken into account in planning the patient’s diabetes education. For instance, in those undergoing a standard DP, the risk of development of DM is commonly uncertain, and needs to be assessed before, immediately after surgery, at discharge and subsequently during follow-up visits, since the glycaemic control may worsen or improve postoperatively[9]. People undergoing TP with or without splenectomy require intensive diabetes education, including dietary advice, and follow-up under a specialist diabetes team. Even though there is wide agreement on this matter, there is considerable disparity in the education patients receive preoperatively and postoperatively. Also, preoperative diabetes assessment is not practised uniformly[53]. Identifying preoperatively patients who are unwilling or incapable to monitor and maintain glycaemic control is crucial[9]. Notably, some authors advocate that inability to perform these tasks and lack of understanding on the part of the patient and/or family should be considered contraindications for TP[54]. Maker et al[54] noted significantly reduced postoperative morbidity and mortality following referral for preoperative patient education and subsequent surgical reassessment, to determine whether adequate understanding, support and resources were in place preoperatively. Furthermore, improved outcomes are recorded in the presence of follow-up diabetes education with a specialist team comprising diabetologist, diabetes nurse and dietitian. It is plausible that close collaboration between the patient and the diabetes specialists is essential to ensure the best possible care after pancreatic surgery, given the increased risk of hypoglycaemia in conjunction with the plethora of further potential issues to consider, including injection technique, self-monitoring of blood glucose, ketones, exercise, driving guidelines, travel, and alcohol intake[9]. Moreover, readmission rates are considerable for these patients, hence, further indicative of the requirement for additional input in the outpatient setting[9]. Consequently, discharge planning is essential for the holistic care of diabetic patients. Given the significant perioperative stress and dietary changes, these patients require close monitoring to ensure adequate glycaemic control in accordance with the recommended range of 6-12 mmol/L[49,50]. Inadequate discharge planning can cause readmissions for complications related to poor glycaemic control[49]. It is advised that ward staff work in close partnership with the DM specialists to ensure appropriate discharge criteria are met, and a collaborative process is in place. Patient education is fundamental to this process, as is the diabetes team that will follow up the patient[49].

CONCLUSION
Adequate glycaemic management is an essential aspect of the optimal provision of pancreatic surgery services and tertiary pancreatitis services, under the concept of centralisation and strive to meet standards of excellent care. Hence, the value of supporting these services with specialist input from diabetes teams is indispensable, and may become apparent at various stages of the clinical management. For patients undergoing elective pancreatic resection, this process starts at the preoperative stage with appropriate referral, evaluation and input, including education. This continues during the period of admission with the goal of optimising glycaemic control and providing adequate education, followed by regular post-discharge follow-up as required in each case. Equally, peri-admission and post-discharge specialist diabetes input should be made available in the complex management of patients with severe episodes of pancreatitis, as required. Adequate glycaemic control at all stages can clearly impact outcomes and is therefore essential. As such, it is plausible to consider that pancreatic surgery services and tertiary pancreatitis services must be designed with a provision for support from specialist diabetes teams and that close working between surgical and diabetes teams is essential. As evidence is accumulating, it would be reasonable to consider the design of specific guidelines for the glycaemic management of these patients. 

REFERENCES
[bookmark: OLE_LINK8864][bookmark: OLE_LINK8865]1 Mavroeidis VK, Russell TB, Clark J, Adebayo D, Bowles M, Briggs C, Denson J, Aroori S. Pancreatoduodenectomy for suspected malignancy: nonmalignant histology confers increased risk of serious morbidity. Ann R Coll Surg Engl 2023; 105: 446-454 [PMID: 35904332 DOI: 10.1308/rcsann.2022.0055]
2 Strasberg SM, Drebin JA, Linehan D. Radical antegrade modular pancreatosplenectomy. Surgery 2003; 133: 521-527 [PMID: 12773980 DOI: 10.1067/msy.2003.146]
3 Russell TB, Labib PL, Ausania F, Pando E, Roberts KJ, Kausar A, Mavroeidis VK, Marangoni G, Thomasset SC, Frampton AE, Lykoudis P, Maglione M, Alhaboob N, Bari H, Smith AM, Spalding D, Srinivasan P, Davidson BR, Bhogal RH, Croagh D, Dominguez I, Thakkar R, Gomez D, Silva MA, Lapolla P, Mingoli A, Porcu A, Shah NS, Hamady ZZR, Al-Sarrieh B, Serrablo A; RAW study collaborators; Lead unit; Chief investigator; Principle investigators; Collaborators; Collaborating units; Principal investigator; Collaborator, Aroori S. Serious complications of pancreatoduodenectomy correlate with lower rates of adjuvant chemotherapy: Results from the recurrence after Whipple's (RAW) study. Eur J Surg Oncol 2023; 49: 106919 [PMID: 37330348 DOI: 10.1016/j.ejso.2023.04.018]
4 Russell TB, Labib PL, Denson J, Streeter A, Ausania F, Pando E, Roberts KJ, Kausar A, Mavroeidis VK, Marangoni G, Thomasset SC, Frampton AE, Lykoudis P, Maglione M, Alhaboob N, Bari H, Smith AM, Spalding D, Srinivasan P, Davidson BR, Bhogal RH, Croagh D, Dominguez I, Thakkar R, Gomez D, Silva MA, Lapolla P, Mingoli A, Porcu A, Shah NS, Hamady ZZR, Al-Sarrieh BA, Serrablo A; RAW Study Collaborators, Aroori S. Postoperative complications after pancreatoduodenectomy for malignancy: results from the Recurrence After Whipple's (RAW) study. BJS Open 2023; 7 [PMID: 38036696 DOI: 10.1093/bjsopen/zrad106]
5 Lee HS, Chae W, Sung MJ, Keum J, Jo JH, Chung MJ, Park JY, Park SW, Song SY, Park EC, Nam CM, Jang SI, Bang S. Difference of Risk of Pancreatic Cancer in New-Onset Diabetes and Long-standing Diabetes: A Population-based Cohort Study. J Clin Endocrinol Metab 2023; 108: 1338-1347 [PMID: 36548964 DOI: 10.1210/clinem/dgac728]
6 Popovic K, Smolović B, Martinović M, Vučković L. The Relationship between Diabetes Mellitus and Pancreatic Cancer-Diabetes Mellitus as a Red Flag for Pancreatic Cancer. Cancer Epidemiol Biomarkers Prev 2023; 32: 298-305 [PMID: 36595658 DOI: 10.1158/1055-9965.EPI-22-0951]
7 Hart PA, Kudva YC, Yadav D, Andersen DK, Li Y, Toledo FGS, Wang F, Bellin MD, Bradley D, Brand RE, Cusi K, Fisher W, Mather K, Park WG, Saeed Z, Considine RV, Graham SC, Rinaudo JA, Serrano J, Goodarzi MO. A Reduced Pancreatic Polypeptide Response is Associated With New-onset Pancreatogenic Diabetes Versus Type 2 Diabetes. J Clin Endocrinol Metab 2023; 108: e120-e128 [PMID: 36404274 DOI: 10.1210/clinem/dgac670]
8 Hart PA, Bellin MD, Andersen DK, Bradley D, Cruz-Monserrate Z, Forsmark CE, Goodarzi MO, Habtezion A, Korc M, Kudva YC, Pandol SJ, Yadav D, Chari ST; Consortium for the Study of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer(CPDPC). Type 3c (pancreatogenic) diabetes mellitus secondary to chronic pancreatitis and pancreatic cancer. Lancet Gastroenterol Hepatol 2016; 1: 226-237 [PMID: 28404095 DOI: 10.1016/S2468-1253(16)30106-6]
9 Woodcock L. Diabetes care after pancreatic surgery. J Diabetes Nurs 2019; 23: 1-5. Available from: https://diabetesonthenet.com/wp-content/uploads/pdf/dotn1e5d5efd8a0c2d7c5c363ad5f7ec395f.pdf
10 Olesen SS, Toledo FGS, Hart PA. The spectrum of diabetes in acute and chronic pancreatitis. Curr Opin Gastroenterol 2022; 38: 509-515 [PMID: 35881972 DOI: 10.1097/MOG.0000000000000864]
11 Dite P, Bojkova M, Belobradkova J, Zak P, Kianicka B. Chronic Pancreatitis and Diabetes of Exocrine Pancreas / Type 3c Diabetes Mellitus / Post-pancreatitis Diabetes Mellitus. J Gastrointestin Liver Dis 2022; 31: 371-374 [PMID: 36535041 DOI: 10.15403/jgld-4744]
12 Charley E, Dinner B, Pham K, Vyas N. Diabetes as a consequence of acute pancreatitis. World J Gastroenterol 2023; 29: 4736-4743 [PMID: 37664150 DOI: 10.3748/wjg.v29.i31.4736]
13 Das SL, Singh PP, Phillips AR, Murphy R, Windsor JA, Petrov MS. Newly diagnosed diabetes mellitus after acute pancreatitis: a systematic review and meta-analysis. Gut 2014; 63: 818-831 [PMID: 23929695 DOI: 10.1136/gutjnl-2013-305062]
14 Zhi M, Zhu X, Lugea A, Waldron RT, Pandol SJ, Li L. Incidence of New Onset Diabetes Mellitus Secondary to Acute Pancreatitis: A Systematic Review and Meta-Analysis. Front Physiol 2019; 10: 637 [PMID: 31231233 DOI: 10.3389/fphys.2019.00637]
15 Richardson A, Park WG. Acute pancreatitis and diabetes mellitus: a review. Korean J Intern Med 2021; 36: 15-24 [PMID: 33147904 DOI: 10.3904/kjim.2020.505]
16 Bejjani J, Papachristou GI, Dungan K, Evans Phillips A, Singh V, Toledo FG, Han S, Krishna SG, Lahooti A, Lee PJ, Machicado JD, Nikahd M, Paragomi P, Ramsey M, Yadav D, Culp S, Hart PA. Incident diabetes following acute pancreatitis in a multicenter prospective observational cohort. Pancreatology 2023; 23: 900-903 [PMID: 37839923 DOI: 10.1016/j.pan.2023.10.009]
17 Akbar W, Unnisa M, Tandan M, Murthy HVV, Nabi Z, Basha J, Chavan R, Lakhtakia S, Ramchandani M, Kalapala R, Koutarapu C, Gangdany ZM, Reddy DN, Talukdar R. New-onset prediabetes, diabetes after acute pancreatitis: A prospective cohort study with 12-month follow-up. Indian J Gastroenterol 2022; 41: 558-566 [PMID: 36580265 DOI: 10.1007/s12664-022-01288-7]
18 Sah RP, Nagpal SJ, Mukhopadhyay D, Chari ST. New insights into pancreatic cancer-induced paraneoplastic diabetes. Nat Rev Gastroenterol Hepatol 2013; 10: 423-433 [PMID: 23528347 DOI: 10.1038/nrgastro.2013.49]
19 Sharma A, Kandlakunta H, Nagpal SJS, Feng Z, Hoos W, Petersen GM, Chari ST. Model to Determine Risk of Pancreatic Cancer in Patients With New-Onset Diabetes. Gastroenterology 2018; 155: 730-739.e3 [PMID: 29775599 DOI: 10.1053/j.gastro.2018.05.023]
20 Chu CK, Mazo AE, Sarmiento JM, Staley CA, Adsay NV, Umpierrez GE, Kooby DA. Impact of diabetes mellitus on perioperative outcomes after resection for pancreatic adenocarcinoma. J Am Coll Surg 2010; 210: 463-473 [PMID: 20347739 DOI: 10.1016/j.jamcollsurg.2009.12.029]
21 Subhedar PD, Patel SH, Kneuertz PJ, Maithel SK, Staley CA, Sarmiento JM, Galloway JR, Kooby DA. Risk factors for pancreatic fistula after stapled gland transection. Am Surg 2011; 77: 965-970 [PMID: 21944507]
22 Tariq M, Jajja MR, Maxwell DW, Galindo RJ, Sweeney JF, Sarmiento JM. Diabetes development after distal pancreatectomy: results of a 10 year series. HPB (Oxford) 2020; 22: 1034-1041 [PMID: 31718897 DOI: 10.1016/j.hpb.2019.10.2440]
23 Malleo G, Mazzarella F, Malpaga A, Marchegiani G, Salvia R, Bassi C, Butturini G. Diabetes mellitus does not impact on clinically relevant pancreatic fistula after partial pancreatic resection for ductal adenocarcinoma. Surgery 2013; 153: 641-650 [PMID: 23276391 DOI: 10.1016/j.surg.2012.10.015]
24 Xia X, Huang C, Cen G, Qiu ZJ. Preoperative diabetes as a protective factor for pancreatic fistula after pancreaticoduodenectomy: a meta-analysis. Hepatobiliary Pancreat Dis Int 2015; 14: 132-138 [PMID: 25865684 DOI: 10.1016/s1499-3872(15)60330-7]
25 Ionescu-Tirgoviste C, Gagniuc PA, Gubceac E, Mardare L, Popescu I, Dima S, Militaru M. A 3D map of the islet routes throughout the healthy human pancreas. Sci Rep 2015; 5: 14634 [PMID: 26417671 DOI: 10.1038/srep14634]
26 Siriwardena AK, Windsor J, Zyromski N, Marchegiani G, Radenkovic D, Morgan C, Passas I, Olah A, Conlon KC, Smith M, Busch O, Baltatzis M, Besselink MG, Vollmer C, Castillo CF, Friess H, Garcea G, Burmeister S, Hackert T, Lillemoe KD, Schulick R, Shrikhande SV, Smith A, Gianotti L, Falconi M, Adams D, Adham M, Andersson R, Del Chiaro M, Devar J, Jegatheeswaran S, van Santvoort H, Khatkov I, Izbicki J, Büchler M, Neoptolemos JP, Bassi C, Dervenis C. Standards for reporting on surgery for chronic pancreatitis: a report from the International Study Group for Pancreatic Surgery (ISGPS). Surgery 2020; 168: 101-105 [PMID: 32183994 DOI: 10.1016/j.surg.2020.02.007]
27 World Health Organization (WHO). Definition and Diagnosis of Diabetes Mellitus and Intermediate Hyperglycemia: Report of a WHO/IDF Consultation. Geneva: World Health Organization; 2006. Available from: https://iris.who.int/bitstream/handle/10665/43588/9241594934_eng.pdf?sequence=1
28 Abu-El-Haija M, Anazawa T, Beilman GJ, Besselink MG, Del Chiaro M, Demir IE, Dennison AR, Dudeja V, Freeman ML, Friess H, Hackert T, Kleeff J, Laukkarinen J, Levy MF, Nathan JD, Werner J, Windsor JA, Neoptolemos JP, Sheel ARG, Shimosegawa T, Whitcomb DC, Bellin MD. The role of total pancreatectomy with islet autotransplantation in the treatment of chronic pancreatitis: A report from the International Consensus Guidelines in chronic pancreatitis. Pancreatology 2020; 20: 762-771 [PMID: 32327370 DOI: 10.1016/j.pan.2020.04.005]
29 Maxwell DW, Jajja MR, Galindo RJ, Zhang C, Nadeem SO, Sweeney JF, Blair CM, Sarmiento JM. Post-Pancreatectomy Diabetes Index: A Validated Score Predicting Diabetes Development after Major Pancreatectomy. J Am Coll Surg 2020; 230: 393-402.e3 [PMID: 31981618 DOI: 10.1016/j.jamcollsurg.2019.12.016]
30 White MA, Agle SC, Fuhr HM, Mehaffey JH, Waibel BH, Zervos EE. Impact of pancreatic cancer and subsequent resection on glycemic control in diabetic and nondiabetic patients. Am Surg 2011; 77: 1032-1037 [PMID: 21944519]
31 Liu A, Carmichael KA, Schallom ME, Klinkenberg WD. Retrospective review of postoperative glycemic control in patients after distal pancreatectomy. Int J Surg 2017; 41: 86-90 [PMID: 28347869 DOI: 10.1016/j.ijsu.2017.03.060]
32 Melloul E, Lassen K, Roulin D, Grass F, Perinel J, Adham M, Wellge EB, Kunzler F, Besselink MG, Asbun H, Scott MJ, Dejong CHC, Vrochides D, Aloia T, Izbicki JR, Demartines N. Guidelines for Perioperative Care for Pancreatoduodenectomy: Enhanced Recovery After Surgery (ERAS) Recommendations 2019. World J Surg 2020; 44: 2056-2084 [PMID: 32161987 DOI: 10.1007/s00268-020-05462-w]
33 Gianotti L, Paiella S, Frigerio I, Pecorelli N, Capretti G, Sandini M, Bernasconi DP. ERAS with or without supplemental artificial nutrition in open pancreatoduodenectomy for cancer. A multicenter, randomized, open labeled trial (RASTA study protocol). Front Nutr 2023; 10: 1113723 [PMID: 37051129 DOI: 10.3389/fnut.2023.1113723]
34 Kagedan DJ, Ahmed M, Devitt KS, Wei AC. Enhanced recovery after pancreatic surgery: a systematic review of the evidence. HPB (Oxford) 2015; 17: 11-16 [PMID: 24750457 DOI: 10.1111/hpb.12265]
35 Eshuis WJ, Hermanides J, van Dalen JW, van Samkar G, Busch OR, van Gulik TM, DeVries JH, Hoekstra JB, Gouma DJ. Early postoperative hyperglycemia is associated with postoperative complications after pancreatoduodenectomy. Ann Surg 2011; 253: 739-744 [PMID: 21475014 DOI: 10.1097/SLA.0b013e31820b4bfc]
36 Ambiru S, Kato A, Kimura F, Shimizu H, Yoshidome H, Otsuka M, Miyazaki M. Poor postoperative blood glucose control increases surgical site infections after surgery for hepato-biliary-pancreatic cancer: a prospective study in a high-volume institute in Japan. J Hosp Infect 2008; 68: 230-233 [PMID: 18294725 DOI: 10.1016/j.jhin.2007.12.002]
37 Gustafsson UO, Thorell A, Soop M, Ljungqvist O, Nygren J. Haemoglobin A1c as a predictor of postoperative hyperglycaemia and complications after major colorectal surgery. Br J Surg 2009; 96: 1358-1364 [PMID: 19847870 DOI: 10.1002/bjs.6724]
38 Okabayashi T, Shima Y, Sumiyoshi T, Kozuki A, Tokumaru T, Iiyama T, Sugimoto T, Kobayashi M, Yokoyama M, Hanazaki K. Intensive versus intermediate glucose control in surgical intensive care unit patients. Diabetes Care 2014; 37: 1516-1524 [PMID: 24623024 DOI: 10.2337/dc13-1771]
39 NICE-SUGAR Study Investigators, Finfer S, Chittock DR, Su SY, Blair D, Foster D, Dhingra V, Bellomo R, Cook D, Dodek P, Henderson WR, Hébert PC, Heritier S, Heyland DK, McArthur C, McDonald E, Mitchell I, Myburgh JA, Norton R, Potter J, Robinson BG, Ronco JJ. Intensive versus conventional glucose control in critically ill patients. N Engl J Med 2009; 360: 1283-1297 [PMID: 19318384 DOI: 10.1056/NEJMoa0810625]
40 NICE-SUGAR Study Investigators, Finfer S, Liu B, Chittock DR, Norton R, Myburgh JA, McArthur C, Mitchell I, Foster D, Dhingra V, Henderson WR, Ronco JJ, Bellomo R, Cook D, McDonald E, Dodek P, Hébert PC, Heyland DK, Robinson BG. Hypoglycemia and risk of death in critically ill patients. N Engl J Med 2012; 367: 1108-1118 [PMID: 22992074 DOI: 10.1056/NEJMoa1204942]
41 Griesdale DE, de Souza RJ, van Dam RM, Heyland DK, Cook DJ, Malhotra A, Dhaliwal R, Henderson WR, Chittock DR, Finfer S, Talmor D. Intensive insulin therapy and mortality among critically ill patients: a meta-analysis including NICE-SUGAR study data. CMAJ 2009; 180: 821-827 [PMID: 19318387 DOI: 10.1503/cmaj.090206]
42 Feldheiser A, Aziz O, Baldini G, Cox BP, Fearon KC, Feldman LS, Gan TJ, Kennedy RH, Ljungqvist O, Lobo DN, Miller T, Radtke FF, Ruiz Garces T, Schricker T, Scott MJ, Thacker JK, Ytrebø LM, Carli F. Enhanced Recovery After Surgery (ERAS) for gastrointestinal surgery, part 2: consensus statement for anaesthesia practice. Acta Anaesthesiol Scand 2016; 60: 289-334 [PMID: 26514824 DOI: 10.1111/aas.12651]
43 Karunakaran M, Roulin D, Ullah S, Shrikhande SV, De Boer HD, Demartines N, Barreto SG. Global Perceptions on ERAS(®) in Pancreatoduodenectomy. World J Surg 2023; 47: 2977-2989 [PMID: 37787776 DOI: 10.1007/s00268-023-07198-9]
44 Joint British Diabetes Societies for Inpatient Care Group (JBDS-IP). Management of adults with diabetes undergoing surgery and elective procedures: Improving standards. 2016. Available from: https://bit.ly/2uoLUQP
45 Association of Surgeons of Great Britain and Ireland. Issues in professional practice: Guidelines for implementation of enhanced recovery protocols. 2009. Available from: http://asgbidocuments.surgicalmembershipportal.co.uk/ issues%20in%20Professional%20Practice/issues_in_ professional_practice_eras_guidelines_-_as_gone_to_ press.pdf
46 Membership of the Working Party, Barker P, Creasey PE, Dhatariya K, Levy N, Lipp A, Nathanson MH, Penfold N, Watson B, Woodcock T. Peri-operative management of the surgical patient with diabetes 2015: Association of Anaesthetists of Great Britain and Ireland. Anaesthesia 2015; 70: 1427-1440 [PMID: 26417892 DOI: 10.1111/anae.13233]
47 Healthcare Quality Improvement Partnership (HQIP). National Diabetes Inpatient Audit (NaDIA). 2016. Available from: https://www.hqip.org.uk/wp-content/uploads/2018/02/IAQh9l.pdf
48 Think Glucose. Inpatient care for people with diabetes. 2010. Available from: https://webarchive.nationalarchives.gov.uk/ukgwa/20150401104927/http:/www.institute.nhs.uk/quality_and_value/think_glucose/welcome_to_the_website_for_thinkglucose.html
49 The National Confidential Enquiry into Patient Outcome and Death. Highs and lows. 2018. Available from: https://www.ncepod.org.uk/2018pd/Highs%20and%20Lows_Full%20Report.pdf
50 Centre for Perioperative Care. Guideline for perioperative care for people with diabetes mellitus undergoing elective and emergency surgery. 2021. Available from: https://www.cpoc.org.uk/sites/cpoc/files/documents/2021-03/CPOC-Guideline%20for%20Perioperative%20Care%20for%20People%20with%20Diabetes%20Mellitus%20Undergoing%20Elective%20and%20Emergency%20Surgery.pdf
51 Royal College of Surgeons of England. Emergency Surgery: Standards for unscheduled surgical care. 2011. Available from: https://www.rcseng.ac.uk/Library-and-publications/rcs-publications/docs/emergency-surgery-standards-for unscheduled-care/
52 Russell TB, Labib PL, Murphy P, Ausania F, Pando E, Roberts KJ, Kausar A, Mavroeidis VK, Marangoni G, Thomasset SC, Frampton AE, Lykoudis P, Maglione M, Alhaboob N, Bari H, Smith AM, Spalding D, Srinivasan P, Davidson BR, Bhogal RH, Croagh D, Dominguez I, Thakkar R, Gomez D, Silva MA, Lapolla P, Mingoli A, Porcu A, Shah NS, Hamady ZZR, Al-Sarrieh B, Serrablo A; RAW Study Collaborators, Aroori S. Do some patients receive unnecessary parenteral nutrition after pancreatoduodenectomy? Results from an international multicentre study. Ann Hepatobiliary Pancreat Surg 2024; 28: 70-79 [PMID: 38092429 DOI: 10.14701/ahbps.23-071]
53 Barbier L, Jamal W, Dokmak S, Aussilhou B, Corcos O, Ruszniewski P, Belghiti J, Sauvanet A. Impact of total pancreatectomy: short- and long-term assessment. HPB (Oxford) 2013; 15: 882-892 [PMID: 23458647 DOI: 10.1111/hpb.12054]
54 Maker AV, Sheikh R, Bhagia V; Diabetes Control and Complications Trial (DCCT) Research Group. Perioperative management of endocrine insufficiency after total pancreatectomy for neoplasia. Langenbecks Arch Surg 2017; 402: 873-883 [PMID: 28733926 DOI: 10.1007/s00423-017-1603-8]

Footnotes
Conflict-of-interest statement: Morganstein DL reports personal fees from Bristol Meyer Squibb, personal fees from MSD, personal fees from Roche. All other authors declare no conflict of interests for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Provenance and peer review: Invited article; Externally peer reviewed.

Peer-review model: Single blind
Corresponding Author's Membership in Professional Societies: General Medical Council (UK), 7451513; Royal College of Surgeons of England, 9092145; American College of Surgeons	, 03340060; International College of Surgeons, M21313; Faculty of Surgical Trainers of Edinburgh, Royal College of Surgeons of Edinburgh, 188646; Hellenic Surgical Society, 1974; Athens Medical Association, 061331; Institute of Clinical Research, 002934; Society of Surgical Oncology, 132496.

Peer-review started: December 30, 2023
First decision: January 16, 2024
Article in press: 

Specialty type: Endocrinology and metabolism
Country/Territory of origin: United Kingdom
Peer-review report’s scientific quality classification
Grade A (Excellent): 0
Grade B (Very good): B, B
Grade C (Good): C
Grade D (Fair): 0
Grade E (Poor): 0

P-Reviewer: Berkovic MC, Croatia; Dąbrowski M, Poland; He L, China S-Editor: Qu XL L-Editor: A P-Editor: 
