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Abstract

The pancreas is a major player in nutrient digestion. In
chronic pancreatitis both exocrine and endocrine insuf-
ficiency may develop leading to malnutrition over time.
Maldigestion is often a late complication of chronic pan-
creatic and depends on the severity of the underlying
disease. The severity of malnutrition is correlated with
two major factors: (1) malabsorption and depletion of
nutrients (e.g., alcoholism and pain) causes impaired
nutritional status; and (2) increased metabolic activity
due to the severity of the disease. Nutritional deficien-
cies negatively affect outcome if they are not treated.
Nutritional assessment and the clinical severity of the
disease are important for planning any nutritional in-
tervention. Good nutritional practice includes screening
to identify patients at risk, followed by a thoroughly
nutritional assessment and nutrition plan for risk pa-
tients. Treatment should be multidisciplinary and the
mainstay of treatment is abstinence from alcohol, pain
treatment, dietary modifications and pancreatic enzyme
supplementation. To achieve energy-end protein re-
quirements, oral supplementation might be beneficial.
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Enteral nutrition may be used when patients do not
have sufficient calorie intake as in pylero-duodenal-
stenosis, inflammation or prior to surgery and can be
necessary if weight loss continues. Parenteral nutrition
is very seldom used in patients with chronic pancreatitis
and should only be used in case of GI-tract obstruction
or as a supplement to enteral nutrition.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: The pancreas is a major player in nutrient
digestion and malnutrition is frequently found but is of-
ten neglected. The severity of malnutrition is correlated
with malabsorption and depletion of nutrients (e.g.,
alcoholism and pain) that causes impaired nutritional
status and increased metabolic activity due to the se-
verity of the disease. Good nutritional practice includes
screening to identify patients at nutritional risk, fol-
lowed by a thoroughly nutritional assessment and nu-
trition plan for risk patients. Treatment should be multi-
disciplinary and the mainstay of treatment is abstinence
from alcohol, pain treatment, dietary modifications and
pancreatic enzyme supplementation.
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INTRODUCTION

Chronic pancreatitis (CP) is an inflammatory disorder
that causes irreversible anatomical changes and damage,
including infiltration of inflammatory cells, fibrosis and
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calcification of the pancreas with destruction of the glan-
dular structure and thereby affects normal digestion and
absorption of nutrients.

Maldigestion is often a late complication of CP and
depends on the severity of the underlying disease. The
medium latency between onset of first symptoms and
signs of maldigestion is about 8-9 years in alcoholic CP
and more than 15 years in idiopathic non-alcoholic pan-
creatitis. Nutrient deficiencies are common in CP, driven
by many risk factors including malabsorption, diabetes
and, in alcoholic CP, alcoholism. However, deficiencies
are frequently overlooked, leading to malnutrition”,

The aim of this article is to discuss the definition of
malnutrition and good nutritional practice in patients

with CP.

DEFINITION OF MALNUTRITION AND
GOOD NUTRITIONAL PRACTICE

Generally about 20%-50% of all patients in hospital are
found at risk of undernutrition, dependent on definition,
clinical setting and screening tool amended. A large part
of these patients are at nutritional risk when admitted to
hospital and in the majority of these, undernutrition de-
velops negatively during hospital stayw].

This can be prevented if special attention is paid
to nutritional care of patients. Routine identification is

paramount as a first stage in a patient’s care in order to
identify at-risk patients, with a view to providing nutrition
support if necessary™”.

Good nutritional practice for the patient starts by
nutrition screening. The European Society for Clinical
Nutrition and Metabolism (ESPEN) Guidelines for Nu-
trition Screening recommend a continuity of issues to be
considered in all patients admitted to hospital (Figure 1,
(1) Initially on admission, a simple nutritional screening is
to be done, to identify patients at actual nutritional risk; (2)
Subsequently for patients at nutritional risk, a thorough
nutritional assessment is to be completed; (3) This stage
leads to an individual evaluation of nutritional require-
ments, and a plan for nutrition therapy and care; and (4)
Monitoring and defining of targeted outcome should be
structured in order to reconsider therapy and care-plan-
ning, Finally, communication around results of screening,
assessment, plan and monitoring should be communi-
cated to other health care professionals, when the patient
is transferred, either back to the community or to another
institution'™.

In order to give priority to nutritional intervention for
relevant patients, nutrition screening methods have been
developed and validated. These screening methods regard
nutritional status and acute disease. However, there is still
no clear consensus agreement on a uniform definition of
undernutrition or agreement for a gold standard method
of screening and identification of undernutrition”. This
also applies for patients with CP and malnutrition which
has been offered numerous definitions. Simply stated,
malnutrition is a sub-optimal nutrient status appearing
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as a consequence of nutrient deficiencies, which change
body composition and functional status. However, this
definition neglects the numerous causes of malnutrition.
An international guideline committee has recently pro-
posed an actiology-based approach that incorporates a
current understanding of the inflammatory response, as
seen in CP and many other patients. The committee pro-
posed the following nomenclature for nutrition diagnosis
in adults in the clinical practice setting: “Starvation-related
malnutrition”, for chronic starvation without inflam-
mation Ze., anorexia nervosa, “chronic disease-related
malnutrition”, when inflammation is chronic and of mild
to moderate degree ze., CP, and “acute disease or injury-
related malnutrition”, ze., CP with a setious complication
in the intensive ward, that is, when inflammation is acute
and of severe degreem’m.

The causes of malnutrition in patients are thus in-
cluded in its definition. As such, screening tools, which
neglect to include relevant disease related parameters
such as chronic or acute inflammation, may be less effica-
cious in identifying malnutrition risk.

Nutritional screening should be a simple and rapid
process, which can be carried out by busy admitting nurs-
ing and medical staff. Most screening tools address four
basic questions: recent weight loss, recent food intake,
current body mass index and disease severity or some
other measure of predicting risk of malnutrition. In
2003, ESPEN published guidelines for nutrition screen-
ing in the community, in the hospital and among eldetly
in institutions. The Nutrition Risk Screening 2002 (NRS
2002) seems to be the best validated screening tool, in
terms of predictive validity, 7e., that clinical outcome im-
proves when patients identified to be at risk are treated,
however the evidence is sparse[3’5’6’9].

For adult patients in hospital it is thus suggested to
use the NRS 2002 (Figure 2)[9]. A score equal to or greater
than 3 generates a nutrition plan in all cases. If the patient
1s at risk, but metabolic or functional problems prevent a
standard plan being carried out, or if there is doubt as to
whether the patient is at risk, a referral should be made to
an expert or expert team for a more detailed assessment.

HOW DOES CP INFLUENCE NUTRITIONAL
STATUS AND METABOLISM?

According to the definition, the severity of malnutrition
is correlated with two major factors: depletion of nutri-
ents (alcoholism and pain) and malabsorption causes im-
paired nutritional status and increased metabolic activity
due to the inflammatory component of CP (severity of
disease). Generally patients at nutritional risk have an in-
creased number of complications and a poorer outcome,

but specific studies investigating this issue in CP are how-
[2,13,14]

ever not available

A persistent alcohol intake, pain after a meal and mal-
digestion are the main causes of weight loss, and weight
loss is strongly associated with maldigestion of fat!t4

It is widely acknowledged that patients with CP are
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Figure 1 The nutritional care process including screening, plan and monitoring according to the European Society for Clinical Nutrition and Metabolism

[6]

guideline™. REQ: Requirement.

often undernourished; however few studies have assessed
this. In a medical rehabilitation clinic setting, 32% had a
BMI < 20 kg/ mz; 57% chronic diarrhea and 24% steatot-
thea®.,

Others have found that patients are malnourished
prior to surgery and that the problem remains after sur-
gery in a substantial proportion of patients with cp',
Furthermore, lean body mass and fat mass are found to
be decreased both in patients with or without residual
pancreatic function”. Decreased lean body mass may
lead to decreased functional capacity as found in 34% of
patients with moderate to severe weight loss. This also
affected quality of life". In this study fatigue, found
in 46%, also had a major impact on quality of life. In a
cohort of ambulatory patients with CP (60 patients), we
found 28% at nutritional risk. These patients had a lower
fat- and muscle mass and a tendency to lower handgrip
strength. Furthermore, handgrip strength was associated
with muscle- and fat mass'"”

It has been found that 30%-50% of patients with CP
have increased resting energy expenditure[zol. We found
no difference between estimated (Harris-Benedict) and
measured resting energy expenditure (indirect calorimet-
ric) in a cohort of ambulatory CP patients. However,
when adjusted for fat free mass and height, we found
higher resting energy expenditure (around 20%) in pa-
tients with low BMI (< 20 kg/m?™".

Substrate metabolism during chronic pancreatitis

Daily intake of carbohydrates is about 300 grams corre-
sponding to about half the caloric intake per day. About
half of the caloric intake is carbohydrates and 30% are
sucrose. Pancreatic alfa-amylase is the only enzyme for
carbohydrate digestion that is produced by the pancreas.
The final digestion of sugars take place at the brushbor-
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der of enterocytes where a range of disaccharidases pro-
duce the three sugars glucose, galactose and fructose that
can be absorbed. In exocrine pancreatic insufficiency, cat-
bohydrate digestion is maintained for a long time by sali-
vary amylase and brush-border oligosaccharidoses. The
loss of endocrine function leads to glucose intolerance
in 40%-90% of patients with severe CP. Furthermore, in
20%-30% of patients an insulin-dependent diabetes de-
velops associated with impaired glucagon and pancreatic
polypeptide regulation (discussed in other article).

Daily protein intake in the Western world lies between
70 and 100 g and gastrointestinal secretions contain fur-
ther 50-60 g of proteins per day. Protein digestion is initi-
ated by intragastric proteolytic activity and continued by
intestinal brush-border peptidases. Luminal proteolytic
activity is maintained even in the absence of pancreatic
peptidases and azotorrhea is therefore a very late and rare
symptom in cp?, Trypsinogen is the inactive precursor
for trypsin, which is the key enzyme for activation of
all proteolytic enzymes in the duodenum. Trypsinogen
becomes activated by enteropeptidase that is secreted by
the brush-border of duodenal enterocytes. Proelastase is
produced by the pancreas and belong to the chymotryp-
sin-like elastase family (elastase-2A, elastase-2B, elastase-
3A, and elastase-3B). The elastase-3A isoform can be
measured and quantified by the faecal elastase test. About
40% of proteins are digested to free amino acids. Brush
border peptidases continue the digestion of peptides lon-
ger than three amino acids. Dipeptides, tripeptides, and
free amino acids are then absorbed by the enterocytes by
different transport mechanisms.

In Western diet up to 40% of the daily caloric intake
derives from lipids, although 30% is recommended.
Lipids are insoluble in water and need to be transferred
to water-soluble micelles formed by bile acids, phospho-
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Step 1: Initial screening Yes No

Is BMI < 20.5 kg/m??

Has the patient lost weight within the last 3 mo?

Has the patient had a reduced dietary intake in the last week?

Is the patient severely ill? (e.g., in intensive therapy)

Yes: If the answer is ‘Yes' to any question, the screening in Step 2 is performed.
No: If the answer is *No’ to all questions, the patient is re-screened at weekly intervals. If the patient e.g., is scheduled for at major operation, a preven-
tive nutritional care plan is considered to avoid the associated risk status.

DIWIN| =

Step 2: Final screening

Impaired nutritional status Severity of disease (approximately increase in requirements)
Absent Normal nutritional status A Absent Normal nutritional requirements
Score 0 Score 0
Mild Wt loss > 5% in 3 mo Mild Hip fracture’
or Chronic patients, in particular with acute complications:
Food intake below 50-75% of normal requirement in preceding cirrhosis', chronic obstructive pulmonary disease’.
Score 1 week. Score 1 Chronic hemodialysis, diabetes, oncology.
Moderate  |Wt loss > 5% in 2 mo Moderate Major abdominal surgery’
or Stroke'
BMI 18.5-20.5 + impaired gen. condition Severe pneumonia, hematologic malignancy.
or
Food intake 25%-50% of normal requirement in preceding
Score 2 week Score 2
Severe Wt loss > 5% in 1 month (> 15% in 3 mo) Severe Head injury’
or Bone marrow transplantation
BMI > 18.5 + impaired general condition Intensive care patients (APACHE >10).
or
Score 3 Food intake 0-25% of normal requirement in preceding week |Score 3
Score: + Score: = Total score:
Age if = 70 yr: Add 1 to total score above = Age-adjusted total score:

Score = 3: The patient is nutritionally at-risk and a nutritional care plan is initiated.

Score < 3: Weekly rescreening of the patient. If the patient e.g., is scheduled for a major operation, a preventive nutritional care plan is considered to

avoid the associated risk status.

NRS-2002 is bases on an interpretation
of available randomized clinical trials.
'Indicates that a trial directly supports or

the categorization of patients with that (2) severely ill (score = 3)
diagnosis. Diagnoses shown in italics are  or

based on the prototypes given below.
Nutritional risk is defined by the present  or
nutritional status and risk of impairment

of present status, due to increased Prototypes for severity of disease

requirements caused by stress metabolism Score = 1: A patient with chronic disease, admitted to
hospital due to complications. The patient is weak but

of the clinical condition.
out of bed regularly.

[9]

Figure 2 Nutrition risk screening 2002™, BMI: Body mass index.

lipids, cholesterol and other products. This facilitates
hydrolysis by lipase. In the stomach lingual lipase and
gastric lipase hydrolyse triglycerides to glycerol and free
fatty acids. Lipases from the gastric and salivary glands
have a minor role in digestion of triglycerides and cannot
compensate an insufficient pancreatic fat digestion. Thus,
luminal lipid digestion within the small intestine depends
on the action of pancreatic lipase and cofactors such as
colipase and bile acids. There are no triglyceride-diges-
tion enzyme systems within the intestinal brush-border
membrane. Consequently, lipid digestion is decreased by
insufficient lipase secretion and reduced luminal bile acid
concentration. Because bicarbonate secretion is also di-
minished in CP and postprandial intraduodenal pH may
fall < 4, luminal lipase degradation occurs more rapidly
than that of other enzymes due to its greater instability.
Gastric lipase only partly compensates for the lack of
pancreatic lipase (discussed in other article).

(4 9
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A nutritional care plan is indicated in all patients who are
(1) severely undernourished (score = 3)

(3) moderately undernourished + mildly ill (score 2 + 1)

(4) mildly undernourished + moderately ill (score 1 + 2)

7270

Protein requirement is increased, but can be covered
by oral or supplement in most cases.

Score = 2: A patient confined to bed due to illness,
e.g., following major abdominal surgery. Protein
requirement is substantially increased, but can be
covered, although artificial feeding is required in
many cases.

Score = 3: A patient in intensive care with assisted
ventilation etc. Protein requirement is increased and
cannot be covered even by artificial feeding. Protein
breakdown and nitrogen loss can be significantly
attenuated.

Vitamin deficiency

A deficiency in vitamins A, D, E, K correlates with the
severity of steatorrhoea in patients with CP, but may
be caused by several different mechanisms including,
suboptimal dietary intakes, increased losses, increased
requirements, impaired binding of nutrients, antioxidant
activity, and fat malabsorption. E vitamin deficiency
may be seen more often than deficiencies of vitamin
A, D, and K**, However, osteopathy (osteoporosis,
osteomalacia, osteopenia) may occur in at least 25% of
CP patientsm]. The adjusted hazard ratio (HR) for any
fracture was 1.7 in patients with CP (95%CI: 1.6-1.8) in
a recently Danish study™. Due to inadequate protease
secretion by the pancreas, vitamin B12 deficiency can
occur™. Zink deficiency may be seen especially in as-
sociation with diabetes””. Also, deficiencies in calcium,
magnesium, thiamine and folic acids have been reported.
The functional meaning of such deficiencies are how-
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Nutritional assessment in
chronic pancreatitis

Multidisciplinary

‘ Clinical symptoms ‘ ‘ Function of pancreas ‘ ‘ Body composition ‘ ‘ Bone health ‘ ‘ Diet ‘ ‘ Lifestyle ‘

Anorexia, nausea, Exocrine Weight height _ Smoking
pain, diarrhea |—| Faecal elastase BMI Vit D, iet hi alcohol
C13 breath test AMC, PTH Diet history o
TSF GGT and diet physica

HGS ALP plan activity

BIA XA compliance
Biochemistry Endocrine REE others

Malabsorption: vit " Glucose, HbA1C
ADEK, Zn, Ca, Mg !

Figure 3 Nutritional assessment in patients with chronic pancreatitis. AMC: Arm muscle circumference; TSF: Triceps skin fold; HGS: Hand grip strength; BIA:
Bioimpedance; REE: Resting energy expenditure; GGT: y-glutamyl transferase; ALP: Alkaline phosphatase; PTH: Parathyroid hormone; DXA: Dexa scan.

ever undetermined and in our cohort of ambulatory pa-
tients with CP we did not find any correlation between
micronutrient deficiencies and handgrip strength as mea-
sured by bioimpedance (unpublished data). On the other
hand we recently demonstrated that the fibrotic changes
as well as atrophy and ductal-related parameters were as-
sociated with exocrine insufficiency such as reflected in
vitamin D deficiency, and future studies should explore
this in further details™.

NUTRITIONAL ASSESSMENT

Assessment of nutrition status should include a multi-
disciplinary approach[m, including assessment of clinical
symptoms, exocrine and endocrine pancreatic function,
body composition, bone health, dietary evaluation and
lifestyle as illustrated in Figure 3.

Clinical symptoms should include routine medical
history and psychical examination with special emphasis
on nutrition related symptoms and risk factors (nausea,
anorexia, pain, alcohol, smoking). Micronutrient status
should be measured 1-2 times a year including malab-
sorption of fat-soluble vitamins, minerals and trace ele-
ments. Function of pancreas concerning the exocrine-
and endocrine part will not be discussed in this article.

Because both weight and BMI do not take body com-
position into account and may be misinterpreted as a re-
sult of fluid changes including ascites and edema, further
investigation and assessment may be made with anthro-
pometrics and bioimpedance measurements, both for
baseline and follow-up (i.e., every 3-6 mo), because even
patients with a normal BMI may have a decreased muscle
mass that further might decrease function and lead to a
higher morbidity, Ze., higher incidence of postoperative
complications after surgery for CP"".

Anthropometric measurements as mid-arm circum-
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ference estimating lean body mass and triceps skinfold
estimating subcutaneous fat stores can be compared with
age- and gendet-specific centiles and are useful especially
in patients with edema or ascites and as a long-term
follow-up for nutritional status' .

Bioimpedance is easy, non-invasive, and relatively
inexpensive, and can be performed in almost any subject
because it is portable. ESPEN guidelines[z()’m, report re-
sults for fat-free mass body fat, body cell mass total body
water, extracellular water and intracellular water from
vatious studies in healthy and ill subjects. The data sug-
gests that bioimpedance works well in healthy subjects
and in patients with stable water and electrolytes balance
with a validated bioimpedance equation that is appropzi-
ate with regard to age, sex and race. Clinical use of bio-
impedance in subjects at extremes of BMI ranges or with
abnormal hydration cannot be recommended for routine
assessment of patients until further validation has proven
for bioimpedance algorithm to be accurate in such condi-
tions. Multi-frequency- and segmental-bioimpedance may
have advantages over single-frequency bioimpedance in
these conditions, but further validation is necessary. Lon-
gitudinal follow-up of body composition by bioimped-
ance is possible in subjects with BMI 16-34 kg/ m” with-
out abnormal hydration, but must be interpreted with
caution.

Since muscle function correlates closely with whole
body protein, body cell mass, anthropometrically mea-
sured arm muscle mass, and even with BMI, loss of
weight or muscle mass invariably results in decreased
muscle strength which is reflected in deteriorating func-
tion tests as well as in prominently altered muscle moz-
phologymj. Reduced muscle strength is in turn associated
with loss of physical functionality and with negative im-
pact on recovery of health after illness or surgery, which
partly explains the high predictive power of muscle
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function tests”. Hence, various studies have shown a
close correlation between muscle strength and outcome
in acute and chronic disease™ ™", Just as measuring body
composition offers a qualitative aspect of nutritional
status, muscle function represents a dynamic indicator
of muscle mass. Measurement of muscle function as
indicator of functional as well as nutritional status has
therefore gained considerable attention in the past years.
Although hand grip strength correlates well with other
muscle function tests such as knee extension strength or
peak expiratory flow, it cannot be used as surrogate for
muscle function of lower extremities when evaluating
physical performance. Short term effects of nutritional
therapy as eg., refeeding of acute malnutrition are seen
carlier by muscle function than by changes in body com-
position. Long-term nutritional therapy should result in
both changes of body composition and muscle function,
which should be paralleled by improvements of physical
status”7,

Reference values for age- and gender-specific percen-
tiles exist™.

Resting energy expenditure (REE): Institution of
appropriate nutritional therapy necessitates accurate de-
termination of energy requirements. Data on measured
REE in CP are very limited, but has shown, that weight
loss is accompanied by hypermetabolism, and that be-
tween 30% and 50% of patients with CP have increased
REE™. Tt may help us predict the energy level necessary
to promote weight restoration and optimize nutritional
rehabilitation preventing severe medical complications
such as the refeeding syndrome®’. Unfortunately, this
technology is not available in the majority of the hospi-
tals, because it requires skilled technicians and sophisti-
cated methodologies that are costly and difficult to apply
in standard clinical settings.

Predictive formulas of REE may be used as an al-
ternative to indirect calorimetric that may be utilized by
clinicians. The most cited and used predictive formula is
the Harris-Benedict equation, which includes age, stature,
and body weight to estimate REE"
are needed to validate predictive formulas »s measured
resting energy expenditure by indirect calorimetric.

Bone health: Despite the reported high incidence of
osteopathy in CP, no disease specific guideline exits for
CP. However, extrapolating from guidelines for com-
parable malabsorptive diseases, calcium and vitamin D
supplementation as well as regular monitoring of bone
health should be an integral patt of the nutrition manage-
ment of CP, hence biochemistry and DXA scan should
be petformed regularly (7e., once a year).

Diet: A detailed assessment of current and habitual
dietary intakes should be made by a dietician for all pa-
tients at nutritional risk as indicated by the NRS 2002
screening tool. Nutrient intake may be measured by a
24-h recall interview or a diet history, and analyzed using
specialized software providing detailed information about
energy- and protein intake as well as fat and micronutri-
ents intake. For evaluating specific food items a food fre-

. However, studies
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quency questionnaire can be used™. A specific diet plan
should be made and follow-up visits evaluating intake
compared to recommended energy- and protein intake
should be employed according to clinical monitoring
practice. It has been shown, that both dietary counseling
and oral supplements for CP patients at nutritional risk
can improve weight, BMI and decrease fecal fat excre-
tion™,

Lifestyle: To minimize nutritional risk factors in pa-
tients with CP, an effort should be made to investigate
and eliminate possible individual barriers such as smok-
ing and alcohol abuse. Furthermore, to assure patient
compliance regarding medical treatment (i.e., treatment
with enzymes) and to evaluate pain treatment (discussed
in another article). Physical activity should be encouraged
alongside nutritional therapy for optimal result”**",

NUTRITIONAL MANAGEMENT

Nutritional treatment in chronic pancreatitis
Maldigestion of macronutrients is the major cause of
progressive nutritional and metabolic impairment in pa-
tients with CP. Nutritional interventions depend on the
degree of maldigestion and the nutritional status.

The main goals for nutritional interventions are to
ensure sufficient macro- and micronutrients intake, to de-
crease maldigestion, malabsorption and other risk factors
in order to prevent or treat malnutrition.

The treatment of exocrine deficiency begins with
dietary recommendations and pancreatic enzyme supple-
mentation. About 80% of patients can be managed by a
combination of analgesics, dietary recommendations and
pancreatic enzyme supplements, while 10%-15% need
oral nutritional supplements, 5% need enteral tube feed-
ing and around 1% require parenteral nutrition'”"*"*,

Diet recommendations

Dietary recommendations begin with total abstinence
from alcohol. In addition, an adequate number of calo-
ries should be taken. Estimation of REE [or measure-
ment in patients with a low BMI (< 20 kg/m?)] is essen-
tial in all patients to calculate the adequate caloric intake
because of risk of increased resting energy expenditure.
Frequent small meals (4-8 times a day) should be given.
The carbohydrate intake might be limited when an overt
diabetes mellitus is present (described in more detail in
other article).

A protein diet of 1.0-1.5 g/kg body weight/d is gen-
erally sufficient and well tolerated. Usually, if 30%-40%
of the calories are given as fat this is well tolerated, espe-
cially when the foods are rich in vegetable fats.

If weight gain is insufficient and/or steatorthea pet-
sists, medium chain triglycerides (MCT) can be tried to
increase fat absorption. MCT ate absorbed directly across
the small bowel into the portal vein, even in the absence
of lipase, co-lipase and bile salts. However, MCTs have
low enetgy density and unpalatable taste, and a maximum
of about 50 g/d might be given. Higher doses may be
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ketogenic and are associated with side effects such as
cramps, nausea and diarrhea. Fat soluble vitamins (A, D,
E and K), vitamin B12 and other micronutrients should
be supplemented if serum levels indicate deficiencies.

In general, a low fibre diet is recommended, because
fibre may absorb enzymes and delay the absorption of
nutrients. An adequate quantity of exogenous pancreatic
enzymes is necessary to correct protein and lipid mal-
L4341 10 10%-15% of patients oral supplements

can help to attenuate weight loss and delay the use of
[4246]

digestion

enteral tube feeding
The best clinical follow-up parameters for monitoring

therapeutic success of dietary counseling are improve-

ment of the patient’s general condition and weight gain.

Enteral nutrition

The cause of inadequate caloric intake in CP can be
anatomical (due to pyloro-duodenal-stenosis or cyst
compression) or inflammatory with acute complications
(new attack of acute pancreatitis or development of fis-
tulas). Patients suffering from serious insufficient caloric
intake may benefit by oral supplements or enteral nutri-
tion. To test if enteral nutrition is tolerated and increases
nutritional status it is recommended to give the nutrition
via a naso-jejunal tube. However, for long-term therapy
feeding (exceeding 2-3 wk) a percutaneous endoscopic
gastrostomy with a jejunal tube extension is more con-
venient. Continuous overnight delivery of the nutrients
is suitable and entails more easily the patient’s nutritional
goal. From a theoretical point of view a semi-elemental
diet can be recommended, but there are no studies show-
ing improvement in the nutritional status compared to
regular enteral nutritional formulas.

Owing to the fact that CP patients are frequently
undernourished, nutritional support before pancreatic
surgery may be beneficial. Data from patients undergoing
general abdominal surgery have provided evidence that
preoperative enteral or oral nutritional support improves
outcome compared to undernourished patients by reduc-
ing postoperative morbidity and the length of hospital
stay""!. Thus, it should be emphasized that nutritional
therapy should go alongside surgery, and that surgery for
pain or any obstruction in the GI-channel should be a
primary indication.

The potential to modulate the activity of the immune
system by interventions with specific nutrients is termed
immunonutrition. This concept is normally applied to
any situation where nutritional formulas are supplement-
ed with specific nutrients such as arginine, glutamine,
omega-3 fatty acids, nucleotides and others. Meta-analysis
of randomized controlled trials giving a combination
of arginine and omega-3 fatty acids at home for 5-7 d
before surgery reduced both postoperative infection rate
and length of hospital stay in patients who underwent
elective major GI surgery[48’49j. Specific trials in patients
with chronic pancreatitis are not available. A recent RCT
giving supplemental immunonutrition preoperatively in
well-nourished and mal-nourished gastrointestinal sur-
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gery patients showed, that LOS and costs were reduced
especially in mal-nourished patientsm.

Another recent study showed that enteral immu-
nonutrition given post-operatively #s a standard enteral
nutrition showed a reduction of infectious complications,
anastomotic leak rate and LOS as well as an improved
immunologic outcome’.

We therefore highly recommend a week with pre-
operative immunonutrition to patients going to elective
surgery for chronic pancreatitis. Early postoperative en-
teral nutrition is feasible and may additionally improve
outcome after surgery.

Parenteral nutrition

Parenteral nutrition is infrequently used in patients with
chronic pancreatitis. Enteral nutrition preserves immune
function and mucosal architecture and dectreases the
possibility for hyperglycemia while parenteral nutrition
also increases the risk of catheter infections and sepsis
complications. Parenteral nutrition is therefore only in-
dicated when it is impossible to use enteral nutrition””
This means if the patients do not reach their require-
ments because gastric emptying is blocked, the patient
needs gastric decompression, it is impossible to introduce
a tube into the jejunum, or a complicated fistula is pres-
ent. Parenteral nutrition is mainly performed over a short
term period, eg., in apparent severe malnutrition prior to
pancreatic surgery if enteral feeding is incomplete and
may thus be used as a supplement to fulfill their require-
ments. There ate no reported studies of patients with
chronic pancreatic insufficiency who have been treated
with parenteral nutrition for a long period.

Future perspectives

Future studies evaluating a systematic approach for as-
sessment and treatment of CP patients at nutritional risk
should be made to further elucidate the nutritional coutse
of these patients. Special emphasis should be on body
composition, absorption of nutrients and metabolism,
as well as measuring micronutrient deficiencies. Further-
more, nutritional interventions should be tested in ran-
domized controlled trials with relevant clinical outcomes,
7.e., morbidity, quality of life, physical function and mor-
tality.
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