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Simple Summary: Pancreatic cancer is an aggressive cancer, and the surgery to remove it carries
significant risks. If patients undergo successful surgery, then they will require chemotherapy to stop
the cancer from coming back. Poor nutrition increases the risks of surgery and reduces the number of
patients that can have chemotherapy. In this article, we describe various strategies that can improve
the nutrition of these patients before, during, and after surgery so as to lead to the best treatment
outcomes. We also describe areas in this field that will benefit from future research so that we can
continue to improve the treatment outcomes for this vulnerable patient group.

Abstract: Pancreatic ductal adenocarcinoma (PDAC) is an aggressive malignancy for which the
mainstay of treatment is surgical resection, followed by adjuvant chemotherapy. Patients with PDAC
are disproportionately affected by malnutrition, which increases the rate of perioperative morbidity
and mortality, as well as reducing the chance of completing adjuvant chemotherapy. This review
presents the current evidence for pre-, intra-, and post-operative strategies to improve the nutritional
status of PDAC patients. Such preoperative strategies include accurate assessment of nutritional
status, diagnosis and appropriate treatment of pancreatic exocrine insufficiency, and prehabilitation.
Postoperative interventions include accurate monitoring of nutritional intake and proactive use of
supplementary feeding methods, as required. There is early evidence to suggest that perioperative
supplementation with immunonutrition and probiotics may be beneficial, but further study and
understanding of the underlying mechanism of action are required.

Keywords: pancreatic ductal adenocarcinoma; surgery; nutrition

1. Introduction

Realising good outcomes in pancreatic surgery is challenging, but achievable [1,2]. Poor
prognosis tumours and the high rates of perioperative morbidity and mortality associated
with resection tend to dominate the discussion around improving outcomes [2,3]. Evolution
of systemic therapies [4,5] and organisational changes, such as centralised surgery [6],
are evidence of this, but they require large investment of time and finance.

Malnutrition and maldigestion are highly prevalent in this patient population and
contribute to poor outcomes. However, despite clear evidence of suboptimal care and
unmet need, there is far less focus on these issues [7-10]. Perioperative malnutrition has
been identified by the American College of Surgeons National Surgical Quality Improve-
ment Program (NSQIP) as one of the major modifiable risk factors associated with poor
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surgical outcomes, including mortality after surgery [11,12]. Malnutrition is present in a
fifth of patients before pancreatoduodenectomy (PD) [9] and increases during inpatient stay,
to greater than 75% [8]. The underlying cause is multifactorial, with pancreatic exocrine
insufficiency (PEI) playing a major role. Figure 1 summarises the causes of malnutrition
and maldigestion in this patient population.

Potential contributors to maldigestion and malnutrition in J

pi ic cancer pati

Pre-Operative

PEI: reduced secretory capacity and
reduced enzyme/bicarbonate
delivery from duct obstruction

Compression: leading to jaundice
(with associated fatigue/nausea)
and gastric outlet obstruction

Cancer Cachexia: metabolic
demands of the tumour and chronic
subclinical inflammation

Tumour derived islet amyloid
polypeptide: contributes to weight
loss, specific to pancreatic cancer

Operative

PEI: pancreatic resection reduces
enzyme and bicarbonate secretory
capacity

Hormonal: duodenectomy reduces
CCK and VIP, down-regulating
pancreatic secretions

Enzyme Cleavage: duodenectomy
reduces enterokinase activity
available for enzyme secretion

Anatomical: creation of a blind loop

N

Pancreatic Failure: delayed
detection and treatment of PEI and/
or diabetes

Feeding: delayed enteral feeding, or
inappropriate dietary restriction

Complications: DGE, POPF, chyle
leak, constipation, oral thrush,
neurogenic diarrhoea

Adjuvant Therapy: side effects of
chemotherapy and radiotherapy e.g

radiation enteritis

of small bowel disrupts normal
enzyme passage and activity

PEI, SIBO, Type 3c Diabetes, Bile Salt Malabsorption,
Weight Loss, Sarcopenia and Micronutrient Deficiencies

Figure 1. Causes of Malnutrition in Pancreatic Cancer Patients. Created with biorender.com.

Consequences of untreated malnutrition and maldigestion are far reaching, contribut-
ing to reduced quality of life, decreased physical functioning, and weight loss in the
short term, increasing rates of perioperative complications and jeopardising the chances
of patients receiving anticancer treatments [13] in the medium term. Additionally, in the
long term, they contribute to poorer quality of life, nutrient deficiency, and reduced sur-
vival [8,9,14].

The benefits of pancreatic enzyme replacement therapy (PERT) are clear [15], but there
is a lack of consensus as to the best way to provide nutritional support to PD patients
postoperatively. The European Society for Clinical Nutrition and Metabolism (ESPEN)
guidelines for nutritional management after surgery recommend nutritional intervention if
patients are not meeting certain requirements [16]. Many PD patients struggle to meet these
requirements due to postoperative pain, delayed gastric emptying (DGE), and PEI [8,17].
The most recent enhanced recovery after surgery (ERAS) guidelines does give some guide
as to nutritional intervention, but they acknowledge that the best route to deliver this
nutrition is not yet known, and the recommendations they have made are predominantly
based on derived data from other surgical cohorts [18]. Strategies that could improve
perioperative nutritional management of these patients and reduce malnutrition rates
would, therefore, have a wide range of benefits to both patients and health services alike.

In summary, to improve pancreatic surgery outcomes, every step of the care pathway
should be optimised. Malnutrition and maldigestion are rife in this patient group, and
often poorly managed. The aims of this review are, therefore, to summarise the current
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evidence for perioperative nutritional interventions in PD patients, and then the next step
is to identify strategies that may warrant further investigation.

2. Preoperative Strategies
2.1. Preoperative Nutritional Assessment

Between 20-30% of patients are already malnourished before undergoing PD [8,9],
which is associated with increased postoperative morbidity [9]. There are many factors spe-
cific to PD patients that contribute to the increased preoperative malnutrition rates amongst
this group, and these include PEI, gastric outlet obstruction (GOO), and cancer cachexia,
which is present in a large proportion of pancreatic cancer patients at diagnosis [19-21]
(Figure 1). As such, preoperative assessment by a specialist dietitian is a useful way to
identify these patients and intervene as required [22]. Indeed, the European Society for
Clinical Nutrition and Metabolism (ESPEN) consensus guidelines for nutrition in surgi-
cal patients recommend nutritional status to be assessed before and after major surgery,
such as PD, using the Nutritional Risk Screening (NRS-2002) [16]. Other methods include
bioimpedance vector analysis (BIVA), which is a tool used to evaluate body composition
(adipose and lean tissue, as well as muscle and visceral fat tissue) and hydration status (total,
intra-, and extra-cellular water). BIVA has been used to assess nutritional status in cancer
patients, and there is good evidence that this can be used to predict short- and long-term
outcomes. Specific to pancreatic cancer, BIVA has been shown to predict major morbidity
following resection, but further evidence is needed to define its role in routine pre-operative
assessment [23-25]. For those identified as having significant preoperative malnutrition, in-
dividualised preoperative optimisation should be considered, with multidisciplinary input
that could involve the use of preoperative nasojejunal (NJ) feeding.

Assessment of nutritional assessment is complex, and it is now widely accepted that
assessment of muscle function, strength, and mass is required to allow timely identification
of sarcopenia across all categories of BMI [26-28]. Simplified nutritional screening tools
result in a wide range of results and are not correlated with surgical outcomes [29].

Given that preoperative malnutrition is a significant independent predictor of overall
complications following PD [9], timely screening would allow identification of those pa-
tients at greatest risk and could enable preoperative optimisation of this modifiable risk
factor. Nutritional assessment would help clinicians and patients make well informed, per-
sonalised decisions regarding nutritional supplements and support. Clearly, the window
for this may be small given the rise in “fast-track” resections for periampullary malignan-
cies [30], but this should be a target nevertheless.

2.2. Prehabilitation

Early synthesised evidence suggests that prehabilitation may improve outcomes after
pancreatic surgery but, at present, there is a lack of standardisation with programmes
varying in contents and length [31,32]. Specific to nutrition, there have been reports that
prehabilitation programmes can slow the nutritional deterioration amongst the patient
group and, in doing so, reduce rates of preoperative malnutrition [33].

2.3. Diagnosis and Management of Preoperative Pancreatic Exocrine Insufficiency

Patients with an unresected head of pancreas tumour are at risk of PEI, both from
lower enzyme secretion (tumour burden) and from reduced enzyme delivery and activation
owing to pancreatic duct obstruction [34]. The incidence of PEI pre-operatively is chal-
lenging to assess, and no ideal diagnostic test exists. The secretin test and coefficient of fat
absorption (CFA) are accurate, but they are expensive and unpleasant, whilst faecal elastase
(FE-1), although suitable for routine use, has poor sensitivity in mild PEI [35]. A system-
atic review in 2016 identified four studies evaluating PEI pre-operatively, all using FE-1,
and found a median prevalence of 44% (range 42-47%) [36]. A new diagnosis of resectable
pancreatic cancer is a challenging time for patients with rapid pre-operative work up and
a race to theatre, and consequently their nutritional status is often overlooked. However,
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the impact of PEI on quality of life and patient outcomes should not be underestimated
(which is discussed in full in the post-operative section) and should be considered as organ
failure. PERT should, therefore, be considered for all with a pancreatic head malignancy
awaiting resection. This is reflected in the UK NICE guidelines (National Institute for
Clinical Excellence [37]).

2.4. Other Preoperative Considerations

As highlighted in Figure 1, there are many factors that contribute to malnutrition and
maldigestion in a patient with unresected pancreatic cancer. It is important to balance delays
to operative intervention and the need for patient optimisation. Jaundice is highly prevalent
among this patient population. Jaundice exacerbates maldigestion and is frequently treated
by biliary drainage. However, this takes time, and resolution of jaundice is relatively
slow [30]. A surgery-first approach has benefits of reducing perioperative complication
rates, but it also definitely treats the cause of obstructive jaundice [38]. Due the need for
urgent surgery in this patient population, jaundice is thus addressed quickly in the patient
pathway, and, further, the drop in bilirubin is more rapid [39]. Therefore, a direct-to-surgery
approach for jaundiced patients with resectable pancreatic cancer is preferable, whenever
possible, to biliary drainage [1]. Gastric outlet obstruction (GOO) is less common than
jaundice, but it is potentially more harmful. Early surgery is preferable when feasible, with
duodenal stents reserved for palliative treatment [40]. Correcting electrolyte disturbance
is essential, and the debilitating effects of cancer cachexia must be kept in mind, but the
mechanisms are complex and beyond scope of this review [19,20].

3. Intraoperative Strategies

On the day of surgery, ESPEN guidelines recommend that clear fluids may be permit-
ted up to two hours before induction of anaesthesia and solid foods up to six hours before
induction [16,41]. That said, it should be acknowledged that this may be hazardous in the
pancreatic cancer population who may have some degree of GOO [16,41], so individual
patient assessment is advisable.

Similarly, it has been shown that carbohydrate loading drinks can reduce the harm-
ful glycogen-depleted state induced by overnight fasting and have been shown also to
reduce postoperative insulin resistance, thirst, and anxiety in patients undergoing elective
surgery [41-44]. Whilst these findings are not specific to pancreatic surgery patients, the
beneficial effects of this simple intervention would be valuable in this population known
to be at significant risk of perioperative malnutrition and dehydration. However, due to
the risk of pre-operative new onset diabetes due to pancreatic endocrine insufficiency, all
patients should be screened for diabetes prior to the administration of carbohydrate loading
drinks to prevent significant hyperglycaemia in the immediate pre-operative period.

Intraoperatively, consideration of postoperative nutritional routes should also be made.
For example, despite evidence suggesting that those with preoperative GOO can safely
take oral diet after PD [45], it may be wise to keep one central line port for postoperative
parenteral nutrition (PN). Alternatively, an intra-operative NJ feeding tube could be placed,
depending on individual patient assessment. Furthermore, whilst current evidence sug-
gests that oral feeding in post-operative pancreatic fistula (POPF) does not prolong healing
or increase the chance of associated complications such as post-pancreatectomy haemor-
rhage (PPH) [46], patients with CR-POPF are known to have greater risk of ileus and DGE.
Therefore, those who are thought to be at a high risk of POPF, according to widely known
risk calculators [47,48], may also benefit from an alternative feeding route, such as NJ or
PN, which can be placed during the index operation [49]. Drainage naso-gastric (NG) tubes
should not be routinely placed, as a recent systematic review and meta-analysis suggests
that routine NG drainage was associated with increased rates of DGE and length of stay
after PD [50]. Whilst not specifically related to nutrition, it is important to acknowledge the
role of intraoperative fluid management on the outcome of PD patients. Higher volume
of intraoperative blood loss and greater number of units transfused is associated with
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poorer outcomes after PD [51-53]. Therefore, strategies to reduce intraoperative blood loss
and transfusion requirement are desirable, and examples of these include tranexamic acid
(TXA) and autologous blood transfusion via recovery devices. Regarding TXA, assimilated
evidence shows that a dose of 1 g for adults can reduce surgical blood loss by around
30% without increasing risk of adverse events, but robust evidence specific to PD is still
awaited [54]. Autologous transfusion has historically been avoided in cancer surgery due
to fear of disseminating circulating tumour cells (CTC). However, recent evidence suggests
this may be safer than initially thought amongst PDAC patients [55].

4. Postoperative Strategies
4.1. Monitoring Nutritional Intake after Pancreatoduodenectomy

The ESPEN consensus guidelines for nutritional management after surgery recommend
nutritional intervention if patients are not meeting 50% of their nutritional requirements
after surgery, which they estimate at 1.5 g/kg/day of protein and 25-30 kcal/kg/day [16].
Similarly, the most recent enhanced recovery after surgery (ERAS) guidelines for PD advise
additional routes to deliver nutrition if patients are not meeting 60% [41] of their nutritional
requirements for seven days after surgery. However, it remains difficult to accurately track
nutritional intake after surgery, in part due to the inability to allocate sufficient staff resources.
A previous study, published in 2009, investigated perioperative nutritional practice for PD
patients in the United Kingdom and highlighted the lack of specialist hepatobiliary dietetic
support for PD patients [56]. Dietary monitoring is time consuming for busy and under-
resourced dietetic and nursing staff, and, additionally, it has been shown that food intake
recorded by nursing staff may not be accurate [57]. Therefore, future studies in this area
should focus on feasible methods for recording patient dietary intake. One potential method
is via electronic food charts [58,59], enabling patients to take control of recording their own
intake, and this allows clinical teams to monitor intake remotely and intervene appropriately.
A recent systematic review also showed that patients were able to record their intake
accurately via dietary record apps [60].

There is evidence that many patients struggle to meet these requirements, with recent pub-
lications reporting a typical intake of between 27-32 g of protein and 588-745 kcal per day [8,17].
This is likely due to a combination of factors, including postoperative pain, DGE, and PEL
However, there is a lack of provision for dedicated dietetics services to closely track the intake
for these vulnerable patients, [56] which prevents prompt intervention when patients are falling
behind their requirement. Even when the need for extra nutritional intervention is identified,
the ERAS after PD guidelines acknowledge that the best route to deliver this nutrition is not
yet known [18]. There are, however, some strategies that show promising early evidence, and
these are described below.

4.2. Early Oral Feeding

Early oral feeding (EOF) is recommended by the most recent ERAS guidelines for
care after PD, advising normal diet according to tolerance [41]. This is also in line with
the broader ESPEN guidelines, which recommend early oral nutrition wherever safe after
surgery [16]. However, there is no evidence to suggest that EOF is of benefit for longer term
outcomes, such as the initiation of adjuvant chemotherapy, and whilst short term outcomes,
such as length of hospital stay may be improved, the impact on overall recovery is unknown.
There may also be a degree of clinician reluctance surrounding EOF after PD with concern
over POPF or DGE risk. However, current evidence from a recent systematic review of
observational studies suggests that EOF is safe after PD and does not increase POPF or
DGE [61,62]. Physiologically, this seems logical, given that the main hormonal stimulator of
pancreatic exocrine secretion, cholecystokinin (CCK), is produced in the duodenum [63-65],
which is resected in PD. Furthermore, the majority of autonomic nerves, which stimulate
the pancreas, are divided during a pancreatoduodenectomy when arteries, such as the
gastroduodenal artery (GDA) [66], are ligated. Importantly, EOF has been shown to increase
the calorie and protein intake in PD patients compared to standard care, increasing the
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average protein intake from 32-40 g/day and calorie intake from 745 kcal to 847 kcal/day
per day [17]. However, it is important to recognise that the evidence for this remains limited
to small observational studies, neither of these nutritional intakes are adequate, and further
evidence of higher quality would be desirable to further investigate the effects of early oral
nutrition in this group.

Whilst current evidence would seem to suggest that EOF does not increase rates of
POPF, any nutritional strategy after PD must be designed with the possibility of POPF in
mind, given that it remains the main cause of morbidity after PD [67,68]. It is, therefore,
important to note that current evidence from the literature suggests oral feeding in patients
with POPF neither delays healing of the fistula nor increases the chances of associated
complications, such as post-pancreatectomy haemorrhage (PPH) [46].

A further consideration for EOF after PD is that roughly 15% have preoperative
symptoms of GOO. Some may be concerned that EOF in these patients could be unsafe.
However, a recent retrospective study showed that there was no difference in DGE between
patients fed orally compared to those fed with a NJ tube [45]. This study suggests that
preoperative GOO should not be a contraindication to EOF after PD, but it may contribute
to poor dietary intake, with the median time to meeting nutritional requirements being
12-14 days. An important finding of this study is that 49% of the patients in the oral feeding
group required a feeding tube to be placed postoperatively [45]. NJ tubes are typically
placed endoscopically, which anecdotally can be complicated after PD, and, for this reason,
some centres place a NJ tube routinely at the time of surgery in case of need [30].

The presence of a NG tube for prolonged periods after surgery will also limit a patient’s
ability to meet their nutritional needs orally, and the most recent ERAS after PD advise
against routine NG decompression following PD [41]. Indeed, a recent systematic review
and meta-analysis [50] investigated the impact of routine NG decompression after PD, and
this showed an increase in DGE, as well as major complications and length of stay with
routine NG decompression.

4.3. Enteral Tube Feeding

That said, given that some patients are not to meet their nutritional requirements orally,
for example, due to DGE, a supplementary feeding strategy is often required after PD. NJ
feeding is frequently the favoured route, given that tubes can be placed intraoperatively,
feeding can continue in patients with DGE, and it avoids the complications of the central
venous access required for total parenteral nutrition [49,69,70]. Recent evidence, including
a systematic review and meta-analysis [69,71], shows that EN is associated with fewer com-
plications and reduced length of stay compared to PN after PD. Some reasons behind these
clinical benefits are thought to be improved immunological function due to stimulation of
enterocyte growth, stabilisation of the mucosal barrier, and a decrease in bacterial translo-
cation [72-74]. In addition to this, cyclical NJ feeding, whereby feed is stopped for a period
each day, has been shown to lead to faster recovery and progression to normal diet after PD
compared to continuous feeding (RCT), likely due to more physiological cholecystokinin
(CCK) levels [70]. Of note, other studies comparing EN to EOF have used continuous
EN, so further research should include the use of cyclical NJ feeding [70]. However, one
important complication to be aware of in postoperative enteral tube feeding is small bowel
ischaemia. The exact mechanism for this is still not fully understood, but it is likely to
involve large fluid shifts and osmotic changes [74-76]. To reduce the chances of this, the
feeding rate should be increased slowly, and caution should be applied in patients who
are hypotensive and requiring inotropic or vasopressor support [74,77]. Patients receiving
small bowel feeding should be adequately hydrated prior to initiation of feeds, and EN
should be discontinued if the patient becomes haemodynamically unstable.

4.4. Diagnosis and Management of Postoperative Pancreatic Exocrine Insufficiency

The aetiology of PEI, following PD, is more complex than just parenchymal loss from
resection. One must also consider the anatomical and physiological changes resulting
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from reconstruction. Loss of the duodenum and creation of a pancreatico-jejunostomy or
pancreatico-gastrostomy results in enzymes being delivered into an environment that is
more acidic and lacking in enterokinase. An altered point of enzyme delivery, combined
with denervation from resection, results in asynchrony between enzyme secretion and
delivery of chyme. The above culminates in insufficient enzymes being delivered to the
wrong place, at the wrong time, and at the wrong pH.

The aetiology of PEI following resection also makes diagnosis challenging, PEI is
far more than simply a lack of enzymes in this cohort. Therefore, direct tests of enzyme
secretion will not reflect the true incidence. This may be why FE-1 significantly under-
estimates PEI following pancreatic resection [35]. Diagnosing PEI following pancreatic
resection requires a test of enzyme function, rather than enzyme secretion. Current op-
tions include CFA or the 13C labelled mixed triglyceride breath test (3C-MTGT). CFA
is considered the gold standard for fat malabsorption, but it is time-consuming and un-
pleasant for patients and laboratory staff alike. The '3C-MTGT is safe, non-invasive, and
accurate. However, it requires a 6-h testing timeframe and is not widely available [78].
Symptomatic assessment is not reliable because the cardinal feature of steatorrhoea is
present only with significant disease, and patients may unconsciously mask steatorrhoea by
avoiding fatty food. The systematic review by Tseng et al reported a median PEI prevalence
of 74% (range 36-100%) following PD, and the studies included mostly used FE-1 and
are therefore likely to underestimate the true prevalence [36]. It is important to consider
the progressive nature of PEI after PD, and studies that followed-up patients for longer
report incidences approaching 100% [79,80]. The risk and incidence may increase where
radiotherapy has been administered as treatment for pancreatic cancer, either prior to, or
following resection [81-85].

Untreated PEI has a significant impact on quality of life with mentally and physi-
cally distressing symptoms including frequency, urgency, bloating, diarrhoea, fatty stool
flatulence, loss of appetite, and vomiting [86,87]. The major clinical consequence of PEI
is maldigestion, resulting in malabsorption, malnutrition, and the ensuing nutritional
deficiencies (including albumin, pre-albumin, transferrin, lipoproteins, fat soluble vitamins,
calcium, magnesium, zinc, thiamine, and folic acid [88,89]). PEI is associated with an
increased risk of osteoporosis, sarcopenia, and cardiovascular events [90-92]. In pancre-
atic cancer, sarcopenia has been associated with increased perioperative mortality and
reduced overall survival. PEI has also been shown to increase length of stay, post-operative
complications, and costs following pancreatic resection [93,94].

PERT is the foundation of PEI management and has been shown to improve quality of
life, mitigate weight loss, and even improve survival [15,95]. In an observational cohort
study of 469 patients undergoing PD for cancer, patients on PERT survived 6.4 months
longer than patients who were not on PERT, and the use of PERT was associated with
improved survival in multivariate and propensity matched models [96]. Prospective
trials specific to PEI following pancreatic resection are limited. A double-blind, placebo-
controlled trial of 75,000 units of lipase per meal in patients with PEI following pancreatic
resection showed significant improvements in nitrogen and fat absorption after only one
week and significant symptom and weight improvements at one year. This is important, as
it highlights the role of PERT in protein digestion, as well as fat. The UK NICE guidelines
recommend consideration of PERT treatment for all following pancreatic resection [37,97]
without the need for a positive diagnostic test, and this was supported by UK consensus
guidelines released in 2021 [97]. Despite the high prevalence of PEI following PD, the
significant effect it has on clinical outcomes, as well as the clear benefits of PERT treatment,
it is still frequently undertreated [10].

The International Study Group on Pancreatic Surgery recommend starting with 40,000—-
50,000 units with main meals, and half of this should be represented by snacks [98]. Other
studies recommend 75,000 units with main meals and 50,000 units with snacks [99,100].
The prospective trials described above suggest that the latter is more appropriate following
pancreatic resection. The optimal timing of PERT consumption is spread throughout
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the meal, and this has been shown to reduce abdominal symptoms and improve weight
gain [101,102]. The addition of a PP1 is still an area of poor agreement and limited data,
and recent UK consensus guidelines advised that PPI should be added as a second-line
therapy if PERT alone is not effective [97]. However, following PPPD, routine use of a PPl is
recommended to reduce the risk of ulceration at the gastrojejunostomy. Dose escalation and
treatment monitoring are extremely important after PD and should be guided by a dietitian.
There is no maximum dose in adults, but alternate or concurrent pathology (such as small
intestinal bacterial overgrowth and bile acid malabsorption) should be considered where
symptoms persist, despite doses exceeding 100,000 units per meal [103,104], or where
dose escalation does not appear to result in a clinical benefit. An illustrated summary of
interventions to improve nutritional status of PD patients is shown in Figure 2.

Prehabilitation

Assessment of Nutritional

Supplementary Feeding
Status

Accurate Monitoring of

Correction of Electrolyte Nutritional Intake

Disturbances

Active management of
nutritional impact symptoms

management of diabetes i.e nausea and constipation

Assessment and /,
L

Resolution of Jaundice Early Oral Feeding

Relief of Gastric Outlet
Obstruction

/¢ 4N\

Diagnosis and Management
of PEI

Diagnosis and Management
of PEI

Interventions to Improve Nutritional Status
in Pancreatoduodenectomy Patients

Figure 2. Pre- and post-operative interventions to improve the nutritional status of pancreatoduo-
denectomy patients. Created with biorender.com.

5. Perioperative Supplementation

Various nutritional supplements, including immunonutrition (IM), probiotics, and
synbiotics, have been investigated in PD patients and are thought to reduce infectious
complications, a major source of morbidity after PD.

5.1. Immunonutrition

IM, which may contain arginine, omega-3 fatty acids, and/or ribonucleic acid, can be
administered orally or via enteral tube in the preoperative or postoperative setting. It is
hypothesised that IM can modulate immune responses, inflammatory pathways, and gut
function after surgery. Indeed, a recent meta-analysis of RCTs, comparing IM to standard
care after PD, showed a reduction in infectious complications amongst those who received
IM [105]. However, this was only reported as a moderate GRADE recommendation, and
there was no significant difference in major or PD-related complications [105]. The mech-
anisms behind a possible beneficial effect of IM in PD patients remain unclear. Some
hypothesise that it may be due to a downregulation of prostaglandins and inflammatory
cytokines, such as tumour necrosis factor-alpha (TNF-alpha) and interleukin-6 (IL-6) after
PD [106-108]. However, this theory of hypocytokinaemia remains controversial [108,109].
Furthermore, patients receiving IM have been shown to have lower prostaglandin E2 levels,
which has been associated with reduced postoperative complications [107]. Further investi-
gation into the possible beneficial action of IM is therefore required. A further important
consideration when administering IM in PD patients is that PERT should be administered
concurrently, which can be logistically difficult.
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5.2. Probiotics and Synbiotics

Probiotics are microorganisms thought to be beneficial to humans when supplemented
in appropriate amounts [110], whilst prebiotics are substances (such as inulin) which
promote the growth of beneficial gut microorganisms [111]. Synbiotics are a combination
of pre- and probiotics [110]. A recent meta-analysis of RCTs [112] showed that probiotics
and synbiotics can reduce infectious complications, length of stay, antibiotic use, and DGE
in PD patients. Again, the mechanisms for this are not completely understood and require
further investigation. However, it is thought that they may include promoting a healthier
gut microbiome and reducing harmful bacterial translocation [113,114]. An important
safety consideration is that there have been reported cases of Lactobacillus sepsis [115] and
bowel ischaemia in patients with acute pancreatitis. However, in the latter study, a novel
probiotic was administered into the small bowel in patients at high risk of poor bowel
perfusion [116], and, therefore, its applicability is uncertain.

6. Future Research Directions

This review describes multiple potential targets for improving patient outcomes
through nutritional interventions before and after pancreatoduodenectomy. However,
it is imperative that smaller work, suggestive of positive impact, is translated into robust,
well designed trials that can generate high-level evidence and ultimately feed into clinical
practice changes that benefit patients. Determining the direction of future research first
requires evaluation of current variation in care and adherence to best practice guidelines,
and this will determine the scope and potential need for nutritional interventions within
and across geographical boundaries. For example, the UK national audit RICOCHET
highlighted wide variation in practice and poor adherence to guidelines regarding PERT
usage [10]. Future research should, therefore, continue to work towards improving the
diagnosis of PEI (ideally with an acceptable test capable of evaluating PERT efficacy) and
the delivery of PERT to patients with pancreatic cancer.

Strategies to ensure that patients receive well evidenced nutrition, delivered in an
appropriate fashion, before surgery, immediately after surgery, and in the longer term, need
to be developed. Ideally, these will be patient led and goal directed to enable longer term
benefit and minimise the requirement for high-cost resources.

Designing clinical trials to robustly assess the efficacy of different nutritional thera-
pies in pancreatic cancer surgery patients, such as immunonutrition and probiotics, has
historically been fraught with difficulties. One aspect of this is the lack of an accepted ‘stan-
dardised practice’, which means that designing an appropriate control group to minimise
the impact of important confounders is challenging. Additionally, pancreatic surgery trials
typically struggle with timely recruitment and therefore are frequently underpowered to
detect meaningful differences [117]. Clear, standardised outcomes to evaluate the effect of
nutritional therapies have also been lacking, making designing and powering clinical trials
extremely difficult. That said, there is reason for optimism given the recent publication of
a core outcome set (COS) for nutritional and metabolic clinical effectiveness trials [118],
as well as a planned trial which aims to evaluate the efficacy of preoperative nutritional
therapy in Crohn’s disease (the OCEaN trial) being funded by the National Institute for
Health Research (NIHR) [119]. The use of more pragmatic outcomes, such as the physical
SF-36 scale and global leadership initiative on malnutrition (GLIM) criteria, which reflects
the global effects of malnutrition [28], should be considered in future trial design.

7. Conclusions

In summary, optimising strategies to deliver best evidenced nutrition in a timely
fashion to patients at all stages of their care pathway is imperative to improving patient
outcomes. Defining current practice and variation in practice will enable the development
of clinical trials to define optimum care and translate promising research into clinical
use. Future research in this patient population should be targeted at: understanding
physiological mechanisms underlying nutritional therapies, such as IM and probiotics,
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improving PEI diagnostics, and developing robust clinical trials that can assess the efficacy
of these different nutritional strategies.

Author Contributions: Conceptualization, ] M.H.-S., SEP.-B., L.A.H. and KJ.R.; methodology,
JM.H.-S. and S.F.P-B.; software, ] M.H.-S. and S.EP.-B.; validation; writing—original draft prepa-
ration, JM.H.-S., S EP-B., L. AH. SN.D, O.G,, ME.P. and KJ.R.; writing—review and editing,
JM.H.-S., S.EP-B., L.A.H., SN.D., O.G., M.E.P. and K.J.R.; visualization, ] M.H.-S., S.EP--B., L.A.H.,
S.N.D., O.G., M.EP. and KJ.R,; supervision, K.J.R.; project administration, ]. M.H.-S. and S.E.P.-B.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Roberts, K.J. Improving outcomes in patients with resectable pancreatic cancer. Br. ]. Surg. 2017, 104, 1421-1423. [CrossRef]
[PubMed]

Strobel, O.; Neoptolemos, J.; Jager, D.; Biichler, M.W. Optimizing the outcomes of pancreatic cancer surgery. Nat. Rev. Clin. Oncol.
2018, 16, 11-26. [CrossRef]

Mintziras, I.; Wéchter, S.; Manoharan, J.; Kanngiesser, V.; Maurer, E.; Bartsch, D.K. Postoperative morbidity following pancreatic
cancer surgery is significantly associated with worse overall patient survival; systematic review and meta-analysis. Surg. Oncol.
2021, 38, 101573. [CrossRef]

Boeck, S.; Ankerst, D.P.; Heinemann, V. The Role of Adjuvant Chemotherapy for Patients with Resected Pancreatic Cancer:
Systematic Review of Randomized Controlled Trials and Meta-Analysis. Oncology 2007, 72, 314-321. [CrossRef]

Miiller, P.C.; Frey, M.C.; Ruzza, C.M.; Nickel, F; Jost, C.; Gwerder, C.; Hackert, T.; Z'graggen, K.; Kessler, U. Neoadjuvant
Chemotherapy in Pancreatic Cancer: An Appraisal of the Current High-Level Evidence. Pharmacology 2020, 106, 143-153.
[CrossRef] [PubMed]

Liu, Z.; Peneva, LS.; Evison, F; Sahdra, S.; Mirza, D.F.,; Charnley, R M.; Savage, R.; Moss, P.A.; Roberts, K.J. Ninety day mortality
following pancreatoduodenectomy in England: Has the optimum centre volume been identified? HPB 2018, 20, 1012-1020.
[CrossRef] [PubMed]

Vujasinovic, M.; Valente, R.; Del Chiaro, M.; Permert, J.; Lohr, ].M. Pancreatic Exocrine Insufficiency in Pancreatic Cancer. Nutrients
2017, 9, 183. [CrossRef]

Kang, J.; Park, J.S.; Yoon, D.S.; Kim, W.J.; Chung, H.; Lee, S.M.; Chang, N. A Study on the Dietary Intake and the Nutritional
Status among the Pancreatic Cancer Surgical Patients. Clin. Nutr. Res. 2016, 5, 279. [CrossRef]

Kim, E.; Kang, ].S.; Han, Y.; Kim, H.; Kwon, W.; Kim, J.R.; Kim, S.W.; Jang, ].Y. Influence of preoperative nutritional status on
clinical outcomes after pancreatoduodenectomy. HPB 2018, 20, 1051-1061. [CrossRef]

Harvey, PR.; McKay, S.C.; Wilkin, RJ.W.; Layton, G.R.; Powell-Brett, S.; Okoth, K.; Trudgill, N.; Roberts, K.J.; Baker, G;
Brom, M.K,; et al. Pancreatic enzyme replacement therapy in patients with pancreatic cancer: A national prospective study.
Pancreatology 2021, 21, 1127-1134. [CrossRef]

Williams, D.G.A.; Molinger, J.; Wischmeyer, P.E. The Malnourished Surgery Patient: A Silent Epidemic in Perioperative Outcomes?
Curr. Opin. Anaesthesiol. 2019, 32, 405. [CrossRef]

Vaid, S.; Bell, T.; Grim, R.; Ahuja, V. Predicting risk of death in general surgery patients on the basis of preoperative variables
using American College of Surgeons National Surgical Quality Improvement Program data. Perm. . 2012, 16, 10-17. [CrossRef]
[PubMed]

Morita, Y.; Sakaguchi, T.; Kitajima, R.; Furuhashi, S.; Kiuchi, R.; Takeda, M.; Hiraide, T.; Shibasaki, Y.; Kikuchi, H.; Konno, H.; et al.
Body weight loss after surgery affects the continuity of adjuvant chemotherapy for pancreatic cancer. BMC Cancer 2019, 19, 416.
[CrossRef]

Jin, J.; Xiong, G.; Wang, X.; Peng, E; Zhu, F; Wang, M.; Qin, R. The Impact of Preoperative and Postoperative Malnutrition on
Outcomes for Ampullary Carcinoma After Pancreaticoduodenectomy. Front. Oncol. 2021, 11, 748341. [CrossRef] [PubMed]
Roberts, K.J.; Bannister, C.A.; Schrem, H. Enzyme replacement improves survival among patients with pancreatic cancer: Results
of a population based study. Pancreatology 2019, 19, 114-121. [CrossRef] [PubMed]

Weimann, A.; Braga, M.; Carli, F; Higashiguchi, T.; Hubner, M.; Klek, S.; Laviano, A.; Ljungqvist, O.; Lobo, D.N,;
Martindale, R.G; et al. ESPEN Guideline ESPEN practical guideline: Clinical nutrition in surgery. Clin. Nutr. 2021, 40, 4745-4761.
[CrossRef]


https://doi.org/10.1002/bjs.10692
https://www.ncbi.nlm.nih.gov/pubmed/28895140
https://doi.org/10.1038/s41571-018-0112-1
https://doi.org/10.1016/j.suronc.2021.101573
https://doi.org/10.1159/000113054
https://doi.org/10.1159/000510343
https://www.ncbi.nlm.nih.gov/pubmed/32966993
https://doi.org/10.1016/j.hpb.2018.04.008
https://www.ncbi.nlm.nih.gov/pubmed/29895441
https://doi.org/10.3390/nu9030183
https://doi.org/10.7762/cnr.2016.5.4.279
https://doi.org/10.1016/j.hpb.2018.05.004
https://doi.org/10.1016/J.PAN.2021.05.299
https://doi.org/10.1097/ACO.0000000000000722
https://doi.org/10.7812/TPP/12-019
https://www.ncbi.nlm.nih.gov/pubmed/23251111
https://doi.org/10.1186/s12885-019-5621-5
https://doi.org/10.3389/fonc.2021.748341
https://www.ncbi.nlm.nih.gov/pubmed/34917503
https://doi.org/10.1016/j.pan.2018.10.010
https://www.ncbi.nlm.nih.gov/pubmed/30385188
https://doi.org/10.1016/j.clnu.2021.03.031

Cancers 2023, 15, 2466 11 of 15

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hwang, S.E.; Jung, M.].; Cho, B.H.; Yu, H.C. Clinical feasibility and nutritional effects of early oral feeding after pancreaticoduo-
denectomy. Korean J. Hepato-Biliary-Pancreat. Surg. 2014, 18, 84-89. [CrossRef]

Lassen, K.; Coolsen, M.MM.E.; Slim, K.; Carli, F.; de Aguilar-Nascimento, J.E.; Schifer, M.; Parks, R W.; Fearon, K.C.H.; Lobo, D.N,;
Demartines, N.; et al. Guidelines for perioperative care for pancreaticoduodenectomy: Enhanced Recovery After Surgery (ERAS®)
Society recommendations. Clin. Nutr. 2012, 31, 817-830. [CrossRef]

Poulia, K.A; Sarantis, P.; Antoniadou, D.; Koustas, E.; Papadimitropoulou, A.; Papavassiliou, A.G.; Karamouzis, M.V. Pancreatic
Cancer and Cachexia—Metabolic Mechanisms and Novel Insights. Nutrients 2020, 12, 1543. [CrossRef]

Fearon, K.C.H.; Baracos, V.E. Cachexia in pancreatic cancer: New treatment options and measures of success. HPB 2010, 12, 323.
[CrossRef]

Wigmore, S.J.; Plester, C.E.; Richardson, R.A.; Fearon, K.C.H. Changes in nutritional status associated with unresectable pancreatic
cancer. Br. J. Cancer 1997, 75, 106. [CrossRef]

Bibby, N.; Rajai, A.; O'Reilly, D.A. From prehab to rehab: Nutritional support for people undergoing pancreatic cancer surgery.
J. Hum. Nutr. Diet. 2022, 36, 493-503. [CrossRef] [PubMed]

Jiang, N.; Zhang, J.; Cheng, S.; Liang, B. The Role of Standardized Phase Angle in the Assessment of Nutritional Status and
Clinical Outcomes in Cancer Patients: A Systematic Review of the Literature. Nutrients 2022, 15, 50. [CrossRef]

Scislo, L.; Walewska, E.; Bodys-Cupak, I.; Skorus-Zadecka, U.; Richter, P.; Szczepanik, A.M. Selected Body Composition
Parameters Analysis Based on Bioelectrical Impedance in Patients Operated for Gastrointestinal Cancer. In Vivo 2022, 36,
2936-2944. [CrossRef]

Sandini, M.; Angrisani, M.; Bassi, C.; Caccialanza, R.; Capretti, G.; Casciani, F; Cereda, M.; Famularo, S.; Giani, A.; Gianotti, L.; et al.
Bioimpedance Vector Analysis (Biva) Predicts Morbidity following Pancreatic Resection for Cancer. Nutrition 2019, 65, 1.
[CrossRef]

Cruz-Jentoft, A .]J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyére, O.; Cederholm, T.; Cooper, C.; Landi, F; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 601. [CrossRef] [PubMed]

Donini, L.M.; Busetto, L.; Bischoff, S.C.; Cederholm, T.; Ballesteros-Pomar, M.D.; Batsis, J.A.; Bauer, ].M.; Boirie, Y.;
Cruz-Jentoft, A.].; Dicker, D.; et al. Definition and diagnostic criteria for sarcopenic obesity: ESPEN and EASO consensus
statement. Clin. Nutr. 2022, 41, 990-1000. [CrossRef]

Cederholm, T.; Jensen, G.L.; Correia, M.I.T.D.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.; Baptista, G.; Barazzoni, R,;
Blaauw, R.; Coats, A.].S.; et al. GLIM criteria for the diagnosis of malnutrition—A consensus report from the global clinical
nutrition community. J. Cachexia Sarcopenia Muscle 2019, 10, 207-217. [CrossRef] [PubMed]

Probst, P; Haller, S.; Bruckner, T.; Ulrich, A.; Strobel, O.; Hackert, T.; Diener, M.K.; Biichler, M.W.; Knebel, P. Prospective trial to
evaluate the prognostic value of different nutritional assessment scores in pancreatic surgery (NURIMAS Pancreas). Br. . Surg.
2017, 104, 1053-1062. [CrossRef]

Roberts, K.J.; Prasad, P; Steele, Y.; Marcon, F.; Faulkner, T,; Cilliers, H.; Dasari, B.; Abradelo, M.; Marudanayagam, R,;
Sutcliffe, R.P; et al. A reduced time to surgery within a ‘fast track” pathway for periampullary malignancy is associated with an
increased rate of pancreatoduodenectomy. HPB 2017, 19, 713-720. [CrossRef]

Ausania, F; Senra, P.; Meléndez, R.; Caballeiro, R.; Ouvifia, R.; Casal-Nuiiez, E. Prehabilitation in patients undergoing pancreati-
coduodenectomy: A randomized controlled trial. Rev. Esp. Enferm. Dig. 2019, 111, 603-608. [CrossRef] [PubMed]

Bundred, J.R.; Kamarajah, S.K.; Hammond, J.S.; Wilson, C.H.; Prentis, ].; Pandanaboyana, S. Prehabilitation prior to surgery for
pancreatic cancer: A systematic review. Pancreatology 2020, 20, 1243-1250. [CrossRef] [PubMed]

Nakajima, H.; Yokoyama, Y.; Inoue, T.; Nagaya, M.; Mizuno, Y.; Kadono, L; Nishiwaki, K.; Nishida, Y.; Nagino, M. Clinical Benefit
of Preoperative Exercise and Nutritional Therapy for Patients Undergoing Hepato-Pancreato-Biliary Surgeries for Malignancy.
Ann. Surg. Oncol. 2019, 26, 264-272. [CrossRef] [PubMed]

Powell-Brett, S.; de Liguori Carino, N.; Roberts, K. Understanding pancreatic exocrine insufficiency and replacement therapy in
pancreatic cancer. Eur. J. Surg. Oncol. 2021, 47, 539-544. [CrossRef] [PubMed]

Benini, L.; Amodio, A.; Campagnola, P.; Agugiaro, F.; Cristofori, C.; Micciolo, R.; Magro, A.; Gabbrielli, A.; Cabrini, G.;
Moser, L.; et al. Fecal elastase-1 is useful in the detection of steatorrhea in patients with pancreatic diseases but not after pancreatic
resection. Pancreatology 2013, 13, 38—42. [CrossRef]

Tseng, D.S.J.; Molenaar, 1.Q.; Besselink, M.G.; Van Eijck, C.H.; Rinkes, I.H.B.; Van Santvoort, H.C. Pancreatic exocrine insufficiency
in patients with pancreatic or periampullary cancer a systematic review. Pancreas 2016, 45, 325-330. [CrossRef]

NICE. Pancreatic Cancer in Adults: Diagnosis and Management; NICE guideline; NICE: London, UK, 2018.

Van Der Gaag, N.A.; Rauws, E.A.].; Van Eijck, C.H.J.; Bruno, M.].; Van Der Harst, E.; Kubben, FJ.G.M.; Gerritsen, ].].G.M.;
Greve, ].W.; Gerhards, M.E; De Hingh, LH.].T.; et al. Preoperative biliary drainage for cancer of the head of the pancreas.
Gastroenterol. Endosc. 2010, 52, 1305. [CrossRef]

Pandé, R.; Hodson, J.; Murray, A.; Marcon, F; Kalisvaart, M.; Marudanayagam, R.; Sutcliffe, R.P.; Mirza, D.F,; Isaac, J.; Roberts,
K.J. Evaluation of the clinical and economic impact of delays to surgery in patients with periampullary cancer. BJS Open 2019, 3,
476-484. [CrossRef]

Upchurch, E.; Ragusa, M.; Cirocchi, R. Stent placement versus surgical palliation for adults with malignant gastric outlet
obstruction. Cochrane Database Syst. Rev. 2018, 5, CD012506. [CrossRef]


https://doi.org/10.14701/kjhbps.2014.18.3.84
https://doi.org/10.1016/j.clnu.2012.08.011
https://doi.org/10.3390/nu12061543
https://doi.org/10.1111/j.1477-2574.2010.00178.x
https://doi.org/10.1038/bjc.1997.17
https://doi.org/10.1111/jhn.13040
https://www.ncbi.nlm.nih.gov/pubmed/35607759
https://doi.org/10.3390/nu15010050
https://doi.org/10.21873/invivo.13036
https://doi.org/10.1016/j.nut.2019.08.001
https://doi.org/10.1093/ageing/afz046
https://www.ncbi.nlm.nih.gov/pubmed/31081853
https://doi.org/10.1016/j.clnu.2021.11.014
https://doi.org/10.1002/jcsm.12383
https://www.ncbi.nlm.nih.gov/pubmed/30920778
https://doi.org/10.1002/bjs.10525
https://doi.org/10.1016/j.hpb.2017.04.011
https://doi.org/10.17235/reed.2019.6182/2019
https://www.ncbi.nlm.nih.gov/pubmed/31232076
https://doi.org/10.1016/j.pan.2020.07.411
https://www.ncbi.nlm.nih.gov/pubmed/32826168
https://doi.org/10.1245/s10434-018-6943-2
https://www.ncbi.nlm.nih.gov/pubmed/30367303
https://doi.org/10.1016/j.ejso.2020.03.006
https://www.ncbi.nlm.nih.gov/pubmed/32178962
https://doi.org/10.1016/j.pan.2012.11.307
https://doi.org/10.1097/MPA.0000000000000473
https://doi.org/10.1056/NEJMoa0903230
https://doi.org/10.1002/bjs5.50161
https://doi.org/10.1002/14651858.CD012506.pub2

Cancers 2023, 15, 2466 12 of 15

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Melloul, E.; Lassen, K.; Roulin, D.; Grass, E; Perinel, J.; Adham, M.; Wellge, E.B.; Kunzler, E; Besselink, M.G.; Asbun, H.; et al.
Guidelines for Perioperative Care for Pancreatoduodenectomy: Enhanced Recovery After Surgery (ERAS) Recommendations
2019. World ]. Surg. 2020, 44, 2056-2084. [CrossRef]

Smith, M.D.; Mccall, J.; Plank, L.; Herbison, G.P.; Soop, M.; Nygren, J. Preoperative carbohydrate treatment for enhancing recovery
after elective surgery. Cochrane Database Syst. Rev. 2014, 2014, CD009161. [CrossRef] [PubMed]

Soop, M.; Nygren, J.; Thorell, A.; Weidenhielm, L.; Lundberg, M.; Hammarqvist, F; Ljungqvist, O. Preoperative oral carbohydrate
treatment attenuates endogenous glucose release 3 days after surgery. Clin. Nutr. 2004, 23, 733-741. [CrossRef] [PubMed]

Soop, M.; Nygren, J.; Myrenfors, P; Thorell, A.; Ljungqvist, O. Preoperative oral carbohydrate treatment attenuates immediate
postoperative insulin resistance. Am. |. Physiol. Endocrinol. Metab. 2001, 280, E576-E583. [CrossRef] [PubMed]

Gerritsen, A.; Wennink, R.A.-W.; Busch, O.R.C.; Borel, LH.M.; Kazemier, G.; Gouma, D.].; Molenaar, 1.Q.; Besselink, M.G.H.
Pancreatology Feeding patients with preoperative symptoms of gastric outlet obstruction after pancreatoduodenectomy: Early
oral or routine nasojejunal tube feeding? Pancreatology 2021, 15, 548-553. [CrossRef]

Halle-Smith, J.M.; Pande, R.; Powell-Brett, S.; Pathak, S.; Pandanaboyana, S.; Smith, A.M.; Roberts, K.J. Oral feeding in
postoperative pancreatic fistula after pancreatoduodenectomy: Meta-analysis. BJS Open 2022, 6, zrac099. [CrossRef]

Roberts, K.J.; Sutcliffe, R.P.; Marudanayagam, R.; Hodson, J.; Isaac, J.; Muiesan, P.; Navarro, A.; Patel, K.; Jah, A.; Napetti, S.; et al.
Scoring system to predict pancreatic fistula after pancreaticoduodenectomy: A UK multicenter study. Ann. Surg. 2015, 261,
1191-1197. [CrossRef]

Mungroop, T.H.; Van Rijssen, L.B.; Van Klaveren, D.; Smits, FJ.; Van Woerden, V.; Linnemann, R.J.; De Pastena, M.; Klompmaker, S.;
Marchegiani, G.; Ecker, B.L.; et al. Alternative Fistula Risk Score for Pancreatoduodenectomy (a-FRS): Design and International
External Validation. Ann. Surg. 2019, 269, 937-943. [CrossRef]

Gerritsen, A.; Besselink, M.G.H.; Gouma, D.J.; Steenhagen, E.; Rinkes, LH.M.B.; Molenaar, L.Q. Systematic review of five feeding
routes after pancreatoduodenectomy. Br. |. Surg. 2013, 100, 589-598. [CrossRef]

Ammar, K.; Varghese, C.; Thejasvin, K.; Prabakaran, V.; Robinson, S.; Pathak, S.; Dasari, B.V.M.; Pandanaboyana, S. Impact
of routine nasogastric decompression versus no nasogastric decompression after pancreaticoduodenectomy on perioperative
outcomes: Meta-analysis. BJS Open 2021, 5, zrab111. [CrossRef]

Kazanjian, K.K.; Hines, O.].; Duffy, ].P; Yoon, D.Y.; Cortina, G.; Reber, H.A. Improved survival following pancreaticoduo-
denectomy to treat adenocarcinoma of the pancreas: The influence of operative blood loss. Arch. Surg. 2008, 143, 1166-1171.
[CrossRef]

Sutton, ].M.; Kooby, D.A.; Wilson, G.C.; Squires, M.H.; Hanseman, D.]J.; Maithel, S.K.; Bentrem, D.].; Weber, S.M.; Cho, C.S,;
Winslow, E.R.; et al. Perioperative blood transfusion is associated with decreased survival in patients undergoing pancreatico-
duodenectomy for pancreatic adenocarcinoma: A multi-institutional study. J. Gastrointest. Surg. 2014, 18, 1575-1587. [CrossRef]
[PubMed]

Seykora, T.F; Ecker, B.L.; McMillan, M.T.; Maggino, L.; Beane, ].D.; Fong, Z.V.; Hollis, R.H.; Jamieson, N.B.; Javed, A.A,;
Kowalsky, S.J.; et al. The Beneficial Effects of Minimizing Blood Loss in Pancreatoduodenectomy. Ann. Surg. 2019, 270, 147-157.
[CrossRef]

Ker, K.; Prieto-Merino, D.; Roberts, I. Systematic review, meta-analysis and meta-regression of the effect of tranexamic acid on
surgical blood loss. Br. J. Surg. 2013, 100, 1271-1279. [CrossRef] [PubMed]

Goel, N.; Rhim, A.; Schrope, B.; Sugahara, K.; Chabot, J.; Kluger, M. Is It Time to Move Beyond Fear of Cell Salvage and
Misconceptions about Metastasis: Evaluating the Feasibility of Autologous Blood Transfusion for Patients with Pancreatic Ductal
Adenocarcinoma. HPB 2020, 22, S11-512. [CrossRef]

Lordan, J.; Phillips, M.; Lordan, J.T.; Menezes, N.; Karanjia, N.D. Pancreaticoduodenectomy-Nutrition Feeding patients following
pancreaticoduodenectomy: A UK national survey. Ann. R. Coll. Surg. Engl. 2009, 91, 385-388. [CrossRef]

Palmer, M.; Miller, K.; Noble, S. The accuracy of food intake charts completed by nursing staff as part of usual care when no
additional training in completing intake tools is provided. Clin. Nutr. 2015, 34, 761-766. [CrossRef] [PubMed]

Maunder, K.; Marshall, K.; Syed, K.; Smilevska, S.; Beck, E.; Mak, M.; Barrington, V. Validation of an electronic food intake tool
and its usability and efficacy in the healthcare setting. J. Hum. Nutr. Diet. 2022, 35, 613—-620. [CrossRef]

Rangan, A.M.; O’Connor, S.; Giannelli, V.; Yap, M.L.H.; Tang, L.M.; Roy, R.; Yu Louie, ].C.; Hebden, L.; Kay, J.; Allman-Farinelli, M.
Electronic Dietary Intake Assessment (e-DIA): Comparison of a mobile phone digital entry app for dietary data collection with
24-hour dietary recalls. JMIR mHealth uHealth 2015, 3, e4613. [CrossRef]

Zhang, L.; Misir, A.; Boshuizen, H.; Ocké, M. A Systematic Review and Meta-Analysis of Validation Studies Performed on Dietary
Record Apps. Adv. Nutr. 2021, 12, 2321-2332. [CrossRef]

Halle-Smith, ].M.; Pande, R.; Powell-Brett, S.; Pathak, S.; Pandanaboyana, S.; Smith, A.M.; Roberts, K.]J. Early oral feeding after
pancreatoduodenectomy: A systematic review and meta-analysis. HPB 2022, 24, 1615-1621. [CrossRef]

Liu, X.; Chen, Q.; Fu, Y;; Lu, Z,; Chen, ].; Guo, F. Early Nasojejunal Nutrition Versus Early Oral Feeding in Patients After
Pancreaticoduodenectomy: A Randomized Controlled Trial. Front. Oncol. 2021, 11, 656332. [CrossRef]

O’Keefe, S.].D. Physiological response of the human pancreas to enteral and parenteral feeding. Curr. Opin. Clin. Nutr. Metab.
Care 2006, 9, 622-628. [CrossRef] [PubMed]


https://doi.org/10.1007/s00268-020-05462-w
https://doi.org/10.1002/14651858.CD009161.pub2
https://www.ncbi.nlm.nih.gov/pubmed/25121931
https://doi.org/10.1016/j.clnu.2003.12.007
https://www.ncbi.nlm.nih.gov/pubmed/15297112
https://doi.org/10.1152/ajpendo.2001.280.4.E576
https://www.ncbi.nlm.nih.gov/pubmed/11254464
https://doi.org/10.1016/j.pan.2015.07.002
https://doi.org/10.1093/bjsopen/zrac099
https://doi.org/10.1097/SLA.0000000000000997
https://doi.org/10.1097/SLA.0000000000002620
https://doi.org/10.1002/bjs.9049
https://doi.org/10.1093/bjsopen/zrab111
https://doi.org/10.1001/archsurg.143.12.1166
https://doi.org/10.1007/s11605-014-2567-4
https://www.ncbi.nlm.nih.gov/pubmed/24944151
https://doi.org/10.1097/SLA.0000000000002714
https://doi.org/10.1002/bjs.9193
https://www.ncbi.nlm.nih.gov/pubmed/23839785
https://doi.org/10.1016/j.hpb.2020.04.800
https://doi.org/10.1308/003588409X428270
https://doi.org/10.1016/j.clnu.2014.09.001
https://www.ncbi.nlm.nih.gov/pubmed/25234612
https://doi.org/10.1111/jhn.12969
https://doi.org/10.2196/mhealth.4613
https://doi.org/10.1093/advances/nmab058
https://doi.org/10.1016/j.hpb.2022.04.005
https://doi.org/10.3389/fonc.2021.656332
https://doi.org/10.1097/01.mco.0000241675.63041.ca
https://www.ncbi.nlm.nih.gov/pubmed/16912561

Cancers 2023, 15, 2466 13 of 15

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

O’Keefe, S.].D.; Lee, R.B.; Anderson, EP.; Gennings, C.; Abou-Assi, S.; Clore, ].; Heuman, D.; Chey, W. Physiological effects of
enteral and parenteral feeding on pancreaticobiliary secretion in humans. Am. J. Physiol. Gastrointest. Liver Physiol. 2003, 284,
G27-G36. [CrossRef]

Hospital, T.G. Regulation of Pancreatic Exocrine Secretion. Int. J. Pancreatol. 1991, 9, 7-20.

Li, W,; Yu, G,; Liu, Y,; Sha, L. Intrapancreatic ganglia and neural regulation of pancreatic endocrine secretion. Front. Neurosci.
2019, 13, 21. [CrossRef] [PubMed]

Bassi, C.; Marchegiani, G.; Dervenis, C.; Sarr, M.; Abu Hilal, M.; Adham, M.; Allen, P; Andersson, R.; Asbun, H.J.;
Besselink, M.G.; et al. The 2016 update of the International Study Group (ISGPS) definition and grading of postoperative
pancreatic fistula: 11 Years after. Surgery 2017, 161, 584-591. [CrossRef]

Vollmer, C.M.; Sanchez, N.; Gondek, S.; McAuliffe, ].; Kent, T.S.; Christein, J.D.; Callery, M.P. A root-cause analysis of mortality
following major pancreatectomy. . Gastrointest. Surg. 2012, 16, 89-103. [CrossRef]

Liu, C; Du, Z,; Lou, C.; Wu, C; Yuan, Q.; Wang, J.; Shu, G.; Wang, Y. Enteral nutrition is superior to total parenteral nutrition for
pancreatic cancer patients who underwent pancreaticoduodenectomy. Asia Pac. J. Clin. Nutr. 2011, 20, 154-160. [CrossRef]

Van Berge Henegouwen, M.I.; Akkermans, L.M.A.; Van Gulik, T.M.; Masclee, A.A.M.; Moojen, T.M.; Obertop, H.; Gouma, D.]J.
Prospective, randomized trial on the effect of cyclic versus continuous enteral nutrition on postoperative gastric function after
pylorus-preserving pancreatoduodenectomy. Ann. Surg. 1997, 226, 677. [CrossRef] [PubMed]

Adiamah, A.; Ranat, R.; Gomez, D. Enteral versus parenteral nutrition following pancreaticoduodenectomy: A systematic review
and meta-analysis. Int. Hepato-Pancreato-Biliary Assoc. 2021, 21, 793-801. [CrossRef]

Deitch, E.A.; Winterton, J.; Li, M.; Berg, R. The gut as a portal of entry for bacteremia. Role of protein malnutrition. Ann. Surg.
1987, 205, 681. [CrossRef]

Moore, FA.; Feliciano, D.V.; Andrassy, R.J.; Mcardle, A.H.; Booth, EV.M.L.; Morgenstein-Wagner, T.B.; Kellum, ].M.; Welling, R.E.;
Moore, E.E. Early enteral feeding, compared with parenteral, reduces postoperative septic complications. The results of a
meta-analysis. Ann. Surg. 1992, 216, 172-183. [CrossRef]

Albrecht, H.C.; Trawa, M.; Gretschel, S. Nonocclusive mesenteric ischemia associated with postoperative jejunal tube feeding:
Indicators for clinical management. J. Int. Med. Res. 2020, 48, 1-12. [CrossRef] [PubMed]

Melis, M.; Fichera, A.; Ferguson, M.K. Bowel necrosis associated with early jejunal tube feeding: A complication of postoperative
enteral nutrition. Arch. Surg. 2006, 141, 701-704. [CrossRef]

Smith-Choban, P.; Max, M.H. Feeding jejunostomy: A small bowel stress test? Am. ]. Surg. 1988, 155, 112-117. [CrossRef]
[PubMed]

Sethuraman, S.A.; Dhar, VK.; Habib, D.A.; Sussman, J.E.; Ahmad, S.A.; Shah, S.A.; Tsuei, B.J.; Sussman, ] .J.; Abbott, D.E. Tube
Feed Necrosis after Major Gastrointestinal Oncologic Surgery: Institutional Lessons and a Review of the Literature. |. Gastrointest.
Surg. 2017, 21, 2075-2082. [CrossRef] [PubMed]

Powell-Brett, S.; Hall, L.; Edwards, M.; Roberts, K. A systematic review and meta-analysis of the accuracy and methodology of
the 13C mixed triglyceride breath test for the evaluation of pancreatic function. Pancreatology 2023, 23, 283-293. [CrossRef]
Lemaire, E.; O'Toole, D.; Sauvanet, A.; Hammel, P.; Belghiti, ].; Ruszniewski, P. Functional and morphological changes in the
pancreatic remnant following pancreaticoduodenectomy with pancreaticogastric anastomosis. Br. J. Surg. 2000, 87, 434—438.
[CrossRef]

Nordback, I; Parviainen, M.; Piironen, A.; Réty, S.; Sand, J. Obstructed pancreaticojejunostomy partly explains exocrine
insufficiency after pancreatic head resection. Scand. J. Gastroenterol. 2007, 42, 263-270. [CrossRef]

Shiba, S.; Miyasaka, Y.; Okamoto, M.; Komatsu, S.; Okazaki, S.; Shibuya, K.; Ohno, T. Deterioration of pancreatic exocrine function
in carbon ion radiotherapy for pancreatic cancer. Clin. Transl. Radiat. Oncol. 2021, 31, 80. [CrossRef]

Wydmanski, J.; Polanowski, P.; Tukiendorf, A.; Maslyk, B. Radiation-induced injury of the exocrine pancreas after chemoradio-
therapy for gastric cancer. Radiother. Oncol. 2016, 118, 535-539. [CrossRef]

Horst, E.; Seidel, M.; Micke, O.; Riibe, C.; Glashorster, M.; Schifer, U.; Willich, N.A. Accelerated radiochemotherapy in pancreatic
cancer is not necessarily related to a pathologic pancreatic function decline in the early period. Int. |. Radiat. Oncol. Biol. Phys.
2002, 52, 304-309. [CrossRef]

Ahmadu-Suka, F; Gillette, E.L.; Withrow, S.J.; Husted, PW.; Nelson, A.W.; Whiteman, C.E. Pathologic response of the pancreas
and duodenum to experimental intraoperative irradiation. Int. |. Radiat. Oncol. Biol. Phys. 1988, 14, 1197-1204. [CrossRef]
Gemici, C.; Yaprak, G.; Ozdemir, S.; Baysal, T.; Seseogullari, O.O.; Ozyurt, H. Volumetric decrease of pancreas after abdominal
irradiation, it is time to consider pancreas as an organ at risk for radiotherapy planning. Radiat. Oncol. 2018, 13, 238. [CrossRef]
[PubMed]

Johnson, C.D.; Arbuckle, R.; Bonner, N.; Connett, G.; Dominguez-Munoz, E.; Levy, P.,; Staab, D.; Williamson, N.; Lerch, M.M.
Qualitative Assessment of the Symptoms and Impact of Pancreatic Exocrine Insufficiency (PEI) to Inform the Development of a
Patient-Reported Outcome (PRO) Instrument. Patient 2017, 10, 615-628. [CrossRef] [PubMed]

Johnson, C.D.; Williamson, N.; Janssen-van Solingen, G.; Arbuckle, R.; Johnson, C.; Simpson, S.; Staab, D.; Dominguez-Munoz, E.;
Levy, P; Connett, G.; et al. Psychometric evaluation of a patient-reported outcome measure in pancreatic exocrine insufficiency
(PEI). Pancreatology 2019, 19, 182-190. [CrossRef]


https://doi.org/10.1152/ajpgi.00155.2002
https://doi.org/10.3389/fnins.2019.00021
https://www.ncbi.nlm.nih.gov/pubmed/30842720
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1007/s11605-011-1753-x
https://doi.org/10.6133/apjcn.2011.20.2.03
https://doi.org/10.1097/00000658-199712000-00005
https://www.ncbi.nlm.nih.gov/pubmed/9409567
https://doi.org/10.1016/j.hpb.2019.01.005
https://doi.org/10.1097/00000658-198706000-00010
https://doi.org/10.1097/00000658-199208000-00008
https://doi.org/10.1177/0300060520929128
https://www.ncbi.nlm.nih.gov/pubmed/32806965
https://doi.org/10.1001/archsurg.141.7.701
https://doi.org/10.1016/S0002-9610(88)80267-8
https://www.ncbi.nlm.nih.gov/pubmed/3124650
https://doi.org/10.1007/s11605-017-3593-9
https://www.ncbi.nlm.nih.gov/pubmed/28956273
https://doi.org/10.1016/j.pan.2023.02.004
https://doi.org/10.1046/j.1365-2168.2000.01388.x
https://doi.org/10.1080/00365520600849174
https://doi.org/10.1016/j.ctro.2021.09.007
https://doi.org/10.1016/j.radonc.2015.11.033
https://doi.org/10.1016/S0360-3016(01)02594-9
https://doi.org/10.1016/0360-3016(88)90398-7
https://doi.org/10.1186/s13014-018-1189-5
https://www.ncbi.nlm.nih.gov/pubmed/30509287
https://doi.org/10.1007/s40271-017-0233-0
https://www.ncbi.nlm.nih.gov/pubmed/28332032
https://doi.org/10.1016/j.pan.2018.11.013

Cancers 2023, 15, 2466 14 of 15

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Gilliland, T.M.; Villafane-Ferriol, N.; Shah, K.P,; Shah, R.M.; Tran Cao, H.S.; Massarweh, N.N.; Silberfein, E.].; Choi, E.A.; Hsu, C.;
McElhany, A.L.; et al. Nutritional and Metabolic Derangements in Pancreatic Cancer and Pancreatic Resection. Nutrients 2017,
9, 243. [CrossRef] [PubMed]

Lindkvist, B.; Phillips, M.E.; Dominguez-Muifioz, J.E. Clinical, anthropometric and laboratory nutritional markers of pancreatic
exocrine insufficiency: Prevalence and diagnostic use. Pancreatology 2015, 15, 589-597. [CrossRef]

Shintakuya, R.; Uemura, K.; Murakami, Y.; Kondo, N.; Nakagawa, N.; Urabe, K.; Okano, K.; Awai, K.; Higaki, T.; Sueda, T.
Sarcopenia is closely associated with pancreatic exocrine insufficiency in patients with pancreatic disease. Pancreatology 2017, 17,
70-75. [CrossRef]

de la Iglesia, D.; Vallejo-Senra, N.; Lopez-Lopez, A.; Iglesias-Garcia, J.; Larifio-Noia, J.; Nieto-Garcia, L.; Dominguez-Mufioz, ].E.
Pancreatic exocrine insufficiency and cardiovascular risk in patients with chronic pancreatitis: A prospective, longitudinal cohort
study. J. Gastroenterol. Hepatol. 2019, 34, 277-283. [CrossRef]

Sikkens, E.C.M.; Cahen, D.L.; Koch, A.D.; Braat, H.; Poley, ] W.; Kuipers, E.J.; Bruno, M.]. The prevalence of fat-soluble vitamin
deficiencies and a decreased bone mass in patients with chronic pancreatitis. Pancreatology 2013, 13, 238-242. [CrossRef] [PubMed]
Partelli, S.; Frulloni, L.; Minniti, C.; Bassi, C.; Barugola, G.; D’Onofrio, M.; Crippa, S.; Falconi, M. Faecal elastase-1 is an
independent predictor of survival in advanced pancreatic cancer. Dig. Liver Dis. 2012, 44, 945-951. [CrossRef] [PubMed]
Heerkens, H.D.; van Berkel, L.; Tseng, D.S.].; Monninkhof, E.M.; van Santvoort, H.C.; Hagendoorn, J.; Borel Rinkes, .H.M.;
Lips, LM.; Intven, M.; Molenaar, 1.Q. Long-term health-related quality of life after pancreatic resection for malignancy in patients
with and without severe postoperative complications. HPB 2018, 20, 188-195. [CrossRef]

Landers, A.; Muircroft, W.; Brown, H. Pancreatic enzyme replacement therapy (PERT) for malabsorption in patients with
metastatic pancreatic cancer. BMJ Support. Palliat. Care 2016, 6, 75-79. [CrossRef] [PubMed]

Roberts, K.J.; Schrem, H.; Hodson, J.; Angelico, R.; Dasari, B.V.M.; Coldham, C.A.; Marudanayagam, R.; Sutcliffe, R.P.; Muiesan, P;
Isaac, J.; et al. Pancreas exocrine replacement therapy is associated with increased survival following pancreatoduodenectomy for
periampullary malignancy. HPB 2017, 19, 859-867. [CrossRef]

Phillips, M.E.; Hopper, A.D.; Leeds, ].S.; Roberts, K.J.; McGeeney, L.; Duggan, S.N.; Kumar, R. Consensus for the management of
pancreatic exocrine insufficiency: UK practical guidelines. BM] Open Gastroenterol. 2021, 8, e000643. [CrossRef]

Gianotti, L.; Besselink, M.G.; Sandini, M.; Hackert, T.; Conlon, K.; Gerritsen, A.; Griffin, O.; Fingerhut, A.; Probst, P;
Hilal, M.A.; et al. Nutritional support and therapy in pancreatic surgery: A position paper of the International Study Group on
Pancreatic Surgery (ISGPS). Surgery 2018, 164, 1035-1048. [CrossRef]

Martin-Perez, E.; Dominguez-Muiioz, ] .E.; Botella-Romero, F,; Cerezo, L.; Matute Teresa, F.; Serrano, T.; Vera, R. Multidisciplinary
consensus statement on the clinical management of patients with pancreatic cancer. Clin. Transl. Oncol. 2020, 22, 1963-1975.
[CrossRef]

Sabater, L.; Ausania, F; Bakker, O.].; Boadas, ].; Dominguez-Munoz, ] .E.; Falconi, M.; Fernandez-Cruz, L.; Frulloni, L.; Gonzalez-
Sanchez, V.; Larino-Noia, J.; et al. Evidence-based Guidelines for the Management of Exocrine Pancreatic Insufficiency After
Pancreatic Surgery. Ann. Surg. 2016, 264, 949-958. [CrossRef]

Barkin, J.A.; Westermann, A.; Hoos, W.; Moravek, C.; Matrisian, L.; Wang, H.; Shemanski, L.; Barkin, ]J.S.; Rahib, L. Frequency of
Appropriate Use of Pancreatic Enzyme Replacement Therapy and Symptomatic Response in Pancreatic Cancer Patients. Pancreas
2019, 48, 780-786. [CrossRef]

Dominguez-Mufioz, ].E.; Iglesias-Garcia, J.; Iglesias-Rey, M.; Figueiras, A.; Vilarifio-Insua, M. Effect of the administration
schedule on the therapeutic efficacy of oral pancreatic enzyme supplements in patients with exocrine pancreatic insufficiency:
A randomized, three-way crossover study. Aliment. Pharmacol. Ther. 2005, 21, 993-1000. [CrossRef] [PubMed]

Phillips, M.E. Pancreatic exocrine insufficiency following pancreatic resection. Pancreatology 2015, 15, 449-455. [CrossRef]
Powell-Brett, S.; Chinuck, R.; Roberts, K. Management of Pancreatic Exocrine Insufficiency. In Textbook of Pancreatic Cancer;
Springer: Berlin/Heidelberg, Germany, 2021; pp. 665-679. [CrossRef]

Tang, G.; Zhang, L.; Tao, J.; Wei, Z.; Takagi, K.; Umeda, Y.; Yoshida, R.; Yagi, T.; Fujiwara, T. Systematic review on immunonutrition
in partial pancreatoduodenectomy. Front. Nutr. 2020, 8, 585-593. [CrossRef]

Suzuki, D.; Furukawa, K.; Kimura, F,; Shimizu, H.; Yoshidome, H.; Ohtsuka, M.; Kato, A.; Yoshitomi, H.; Miyazaki, M. Effects of
perioperative immunonutrition on cell-mediated immunity, T helper type 1 (Th1)/Th2 differentiation, and Th17 response after
pancreaticoduodenectomy. Surgery 2010, 148, 573-581. [CrossRef]

Aida, T.; Furukawa, K.; Suzuki, D.; Shimizu, H.; Yoshidome, H.; Ohtsuka, M.; Kato, A.; Yoshitomi, H.; Miyazaki, M. Preoperative
immunonutrition decreases postoperative complications by modulating prostaglandin E2 production and T-cell differentiation in
patients undergoing pancreatoduodenectomy. Surgery 2014, 155, 124-133. [CrossRef] [PubMed]

Ashida, R.; Okamura, Y.; Wakabayashi-Nakao, K.; Mizuno, T.; Aoki, S.; Uesaka, K. The Impact of Preoperative Enteral Nutrition
Enriched with Eicosapentaenoic Acid on Postoperative Hypercytokinemia after Pancreatoduodenectomy: The Results of a
Double-Blinded Randomized Controlled Trial. Dig. Surg. 2019, 36, 348-356. [CrossRef] [PubMed]

Hamza, N.; Darwish, A.; O’Reilly, D.A.; Denton, J.; Sheen, A J.; Chang, D.; Sherlock, D.].; Ammori, B.J. Perioperative Enteral
Immunonutrition Modulates Systemic and Mucosal Immunity and the Inflammatory Response in Patients With Periampullary
Cancer Scheduled for Pancreaticoduodenectomy: A Randomized Clinical Trial. Pancreas 2015, 44, 41-52. [CrossRef]

Notay, M.; Foolad, N.; Vaughn, A.R.; Sivamani, R.K. Probiotics, Prebiotics, and Synbiotics for the Treatment and Prevention of
Adult Dermatological Diseases. Am. J. Clin. Dermatol. 2017, 18, 721-732. [CrossRef]


https://doi.org/10.3390/nu9030243
https://www.ncbi.nlm.nih.gov/pubmed/28272344
https://doi.org/10.1016/j.pan.2015.07.001
https://doi.org/10.1016/j.pan.2016.10.005
https://doi.org/10.1111/jgh.14460
https://doi.org/10.1016/j.pan.2013.02.008
https://www.ncbi.nlm.nih.gov/pubmed/23719594
https://doi.org/10.1016/j.dld.2012.05.017
https://www.ncbi.nlm.nih.gov/pubmed/22749648
https://doi.org/10.1016/j.hpb.2017.09.003
https://doi.org/10.1136/bmjspcare-2014-000694
https://www.ncbi.nlm.nih.gov/pubmed/25164613
https://doi.org/10.1016/j.hpb.2017.05.009
https://doi.org/10.1136/bmjgast-2021-000643
https://doi.org/10.1016/j.surg.2018.05.040
https://doi.org/10.1007/s12094-020-02350-6
https://doi.org/10.1097/SLA.0000000000001732
https://doi.org/10.1097/MPA.0000000000001330
https://doi.org/10.1111/j.1365-2036.2005.02390.x
https://www.ncbi.nlm.nih.gov/pubmed/15813835
https://doi.org/10.1016/j.pan.2015.06.003
https://doi.org/10.1007/978-3-030-53786-9_43
https://doi.org/10.3389/fnut.2021.715788
https://doi.org/10.1016/j.surg.2010.01.017
https://doi.org/10.1016/j.surg.2013.05.040
https://www.ncbi.nlm.nih.gov/pubmed/24589090
https://doi.org/10.1159/000490110
https://www.ncbi.nlm.nih.gov/pubmed/29886499
https://doi.org/10.1097/MPA.0000000000000222
https://doi.org/10.1007/s40257-017-0300-2

Cancers 2023, 15, 2466 15 of 15

111.

112.

113.

114.

115.

116.

117.

118.

119.

Ford, A.C.; Quigley, EM.M.; Lacy, B.E.; Lembo, A.].; Saito, Y.A.; Schiller, L.R.; Soffer, E.E.; Spiegel, B.M.R.; Moayyedi, P. Efficacy
of prebiotics, probiotics, and synbiotics in irritable bowel syndrome and chronic idiopathic constipation: Systematic review and
meta-analysis. Am. ]. Gastroenterol. 2014, 109, 1547-1562. [CrossRef]

Tang, G.; Zhang, L.; Tao, J.; Wei, Z. Effects of Perioperative Probiotics and Synbiotics on Pancreaticoduodenectomy Patients:
A Meta-Analysis of Randomized Controlled Trials. Front. Nutr. 2021, 8, 715788. [CrossRef]

Chowdhury, A.H.; Adiamah, A.; Kushairi, A.; Varadhan, K.K.; Krznaric, Z.; Kulkarni, A.D.; Neal, K.R.; Lobo, D.N. Perioper-
ative Probiotics or Synbiotics in Adults Undergoing Elective Abdominal Surgery: A Systematic Review and Meta-analysis of
Randomized Controlled Trials. Ann. Surg. 2020, 271, 1036-1047. [CrossRef]

Correia, M.I.T.D.; Liboredo, ].C.; Consoli, M.L.D. The role of probiotics in gastrointestinal surgery. Nutrition 2012, 28, 230-234.
[CrossRef] [PubMed]

Land, M.H.; Rouster-Stevens, K.; Woods, C.R.; Cannon, M.L.; Cnota, ].; Shetty, A.K. Lactobacillus sepsis associated with probiotic
therapy. Pediatrics 2005, 115, 178-181. [CrossRef] [PubMed]

Besselink, M.G.; van Santvoort, H.C.; Buskens, E.; Boermeester, M.A.; van Goor, H.; Timmerman, H.M.; Nieuwenhuijs, V.B.;
Bollen, T.L.; van Ramshorst, B.; Witteman, B.].; et al. Probiotic prophylaxis in predicted severe acute pancreatitis: A randomised,
double-blind, placebo-controlled trial. Lancet 2008, 371, 651-659. [CrossRef]

Halle-Smith, J.M.; Pande, R.; Hall, L.; Hodson, J.; Roberts, K.J.; Arshad, A.; Connor, S.; Conlon, K.C.P.,; Dickson, E.J.;
Giovinazzo, F; et al. Perioperative Interventions to Reduce Pancreatic Fistula Following Pancreaticoduodenectomy: Meta-
Analysis. BJS Open 2022, 109, 812-821. [CrossRef]

Davies, TW.; van Gassel, R.J.].; van de Poll, M.; Gunst, J.; Casaer, M.P,; Christopher, K.B.; Preiser, ].C.; Hill, A.; Gundogan, K,;
Reintam-Blaser, A.; et al. Core outcome measures for clinical effectiveness trials of nutritional and metabolic interventions in
critical illness: An international modified Delphi consensus study evaluation (CONCISE). Crit. Care 2022, 26, 240. [CrossRef]
Europe PMC. Optimisation before Crohn’s Surgery Using Exclusive Enteral Nutrition (OCEaN Study). Available online:
https:/ /europepmc.org/grantfinder/grantdetails?query=pi%3A%22Cooney %2BD%22%2Bgid %3 A%22NIHR133657 %22%?2
Bga%3A%22NationallnstituteforHealthResearch%28NIHR %29%22 (accessed on 21 January 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/ajg.2014.202
https://doi.org/10.3389/fnut.2021.715788
https://doi.org/10.1097/SLA.0000000000003581
https://doi.org/10.1016/j.nut.2011.10.013
https://www.ncbi.nlm.nih.gov/pubmed/22305005
https://doi.org/10.1542/peds.2004-2137
https://www.ncbi.nlm.nih.gov/pubmed/15629999
https://doi.org/10.1016/S0140-6736(08)60207-X
https://doi.org/10.1093/BJS/ZNAC074
https://doi.org/10.1186/s13054-022-04113-x
https://europepmc.org/grantfinder/grantdetails?query=pi%3A%22Cooney%2BD%22%2Bgid%3A%22NIHR133657%22%2Bga%3A%22NationalInstituteforHealthResearch%28NIHR%29%22
https://europepmc.org/grantfinder/grantdetails?query=pi%3A%22Cooney%2BD%22%2Bgid%3A%22NIHR133657%22%2Bga%3A%22NationalInstituteforHealthResearch%28NIHR%29%22

	Introduction 
	Preoperative Strategies 
	Preoperative Nutritional Assessment 
	Prehabilitation 
	Diagnosis and Management of Preoperative Pancreatic Exocrine Insufficiency 
	Other Preoperative Considerations 

	Intraoperative Strategies 
	Postoperative Strategies 
	Monitoring Nutritional Intake after Pancreatoduodenectomy 
	Early Oral Feeding 
	Enteral Tube Feeding 
	Diagnosis and Management of Postoperative Pancreatic Exocrine Insufficiency 

	Perioperative Supplementation 
	Immunonutrition 
	Probiotics and Synbiotics 

	Future Research Directions 
	Conclusions 
	References

