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Abstract

AIM: To evaluate the effect of parenteral and enteral
nutrition combined with octreotide on pancreatic exocrine
secretion of the patients with pancreatic fistula.

METHODS: Pancreatic juice, drained directly from the
pancreatic fistula, was collected, and the volume, protein,
amylase, HCO3

-, K+, Na+ and Cl- were determined on d 1, 4
and 7 before and after 7-d treatment with octreotide,
respectively.

RESULTS: No differences in exocrine pancreatic secretion
were observed during the enteral and parenteral nutrition
period (t = 2.03, P>0.05); there were significant decreases
in pancreatic juice secretion volume, protein, amylase,
HCO3

-, K+, Na+ and Cl- after parenteral and enteral nutrition
combined with octreotide compared with octreotide
pretreatment (t = 4.14, P<0.05).

CONCLUSION: There is no stimulatory effect on the
pancreatic secretion by intrajejunal nutrition and parenteral
nutrition. Octreotide is effective on the reduction of pancreatic
fistula output.
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INTRODUCTION
Since the 1960 s, parenteral nutrition (PN) has been the dominant
mode for administering postoperative nutritional support. PN
and enteral nutrition (EN) have been successfully used to treat
varied severe diseases[1,2]. But in patients who are recovering
from pancreatitis or who have a pancreatic fistula, efforts should
be made to avoid stimulation of pancreatic secretion. More
recent experimental studies and clinical findings about small
intestinal motility and absorption, the development of needle-
catheter jejunostomy, and the appearance of new diets have
given impetus to the use of enteral feeding for early postoperative
nutritional support and the use of octreotide to inhibit pancreatic
fistula[3-5]. During application of enteral feeding, the question
arises. How the pancreatic secretion was influenced by EN

administered into the second jejunal loop? Can the more
expensive and less physiological PN be replaced by this method[2]?
Since the exocrine function of the pancreas is stimulated by the
vagus nerve and the release of gastrointestinal hormones in
response to food, there might be no significant increase in the
exocrine activity of the pancreas. Animal experiments supported
this supposition[6,7]; however, perfusion of distal jejunum with
essential amino acids in human and infusion of carbohydrate
into the ileum in human and dog enhanced pancreatic enzyme
secretion. The present study was to evaluate the effect of
parenteral and EN combined with octreotide on pancreatic
secretion of the patients with pancreatic fistula by determining
the levels of pancreatic secretion, amylase and electrolytes.

MATERIALS AND METHODS
Patients and groups
Seventeen patients (12 male and 5 female; mean age 43 years,
range 27 to 71 years) with pancreatic fistula after abdominal
injury or operation from July1997 to March 2003 were recruited
and randomly divided into PN group (n = 9) and EN group (n = 8).
It included pancreatic fistula after pancreas injury in 8 cases,
pancreatic body and tail tumor resection in 5 cases,
pancreatoduodenectomy in 4 cases.

Parenteral nutritional support
Nine cases with pancreatic fistula 3-5 d postoperatively were
supported by PN for 2 wk. In the first wk, they received only
PN. In the second week they received PN and octreotide. The
target of nutritional therapy was to provide 20-25 kcal/(kg·d)
non-protein diet and 0.12-0.15 g protein/(kg·d), the ratio of
calories to nitrogen was (100-120):1.PN was given through
continuous infusion (14 h/d) of a mixture of 200 mL/L Intralipid
or 200 mL/L Lipofundin (B.Braun), 500 g/L glucose and 70 g/L
Vamin and branched-chain amino acid. Seizure energy index of
glucose to fat emulsion was 1:1. Multivitamins and electrolytes
were also administered into total PN (TPN) solutions. Insulin
was supplemented into PN at a ratio of glucose vs insulin 6:1.
Six patients received TPN through right subclavian vein, 3 cases
through right jugular vein. TPN was infused initially at a rate of
40 mL/h and was increased by 20 mL/h every 4 h. Antibiotics
were infused by another peripheral vein. The liver and renal
function, bicarbonate, serum glucose, fat metabolism were
measured every other day. Human albumin, plasma and fresh
blood were infused according to the patient’s condition.
Octreotide 0.3 mg/500 mL saline was infused continuously for
8 h in the second wk and 0.1 mg octreotide was injected
subcutaneously at 8:00 pm per day for 7 d.

EN
Eight cases with pancreatic fistula were administered EN 3-5 d
postoperatively. Nutrison (Nutricia) was used. Enteral feeding
included 2 cases of nasoduodenal tube feeding, 4 cases of
jejunectomy, and 2 cases of endoscopically placed nasojejunal
tube. The jejunum through jejunostomy catheter was infused
250 mL Nutrison and 500 mL 9 g/L saline during days 1-3;
Nutrison 500-1 000 mL and 500 mL milk or vegetable soup were
infused for 10-14 d. The infusion rate was controlled by a



2420              ISSN 1007-9327    CN 14-1219/ R      World J Gastroenterol    August 15, 2004   Volume 10   Number 16

microcomputer-pump (Nutricia). During EN, inadequate calories
and nitrogen were supplemented by partial PN. Octreotide
0.3 mg/500 mL saline was continuously infused for 8 h in the
second week, 0.1 mg octreotide was injected subcutaneously
at 8:00 pm per day for 7 d.

Observation samples
Pancreatic juice was collected on ice from the fistula during PN
or EN and on d 1, 4, 7 before and after using octreotide,
respectively. Samples were stored at -20  until amylase and
protein content of the fractions were measured by established
methods. Experimental procedures are shown as below.

     PN group             PN                   PN +Octreotide

 Postoperative          7 d                            7 d

         3-5 d

        EN group        EN                    EN +Octreotide

Postoperative       7 d                            7 d

          3-5 d

Statistical analysis
Data were collected by two persons blinded to the patients and
presented as mean±SD. Statistical significance was evaluated
using t test by SPSS 10.0 statistical-software, and a P value
less than 0.05 was considered significant.

RESULTS
Effect of PN and/or EN on pancreatic juice, protein and amylase
secretion
Though pancreatic juice, protein and amylase in EN group were
slightly increased as compared with PN group, there were no
significant changes between the two groups at the first wk
(P>0.05). During the second wk, the pancreatic juice, protein,
amylase decreased markedly from 79.6 mL/d to 60.8 mL/d,
31 mg/L to 22.8 mg/L and 4 220 U/L to 3 270 U/L, respectively, and
there was a significant statistical difference as compared with

that of pre-using octreotide in PN group (P<0.05). During EN
combined with octreotide, the pancreatic juice, protein, amylase
secretion decreased significantly from 87.9 mL/d to 65.3 mL/d,
36 mg/L to 29.1 mg/L, and 4 440 U/L to 3670 U/L, respectively,
and there is a statistical difference as compared with that of
pre-using octreotide (P<0.05); but there was no statistical
difference between two groups after using octreotide (P>0.05).

Effect of PN and/or EN combined with octreotide on HCO3
-, K+,

Na+, Cl - secretion in pancreatic juice
During the first wk, there were no differences in HCO3

-, K+, Na+

and Cl- secretion in pancreatic juice between the two groups.
After PN combined with octreotide, HCO3

-, K+, Na+, and Cl-

secretion decreased markedly, from 71 mmol/d to 45 mmol/d,
30 mmol/L to 21 mmol/L, 130 mmol/L to 87 mmol/L, and 60 mmol/L
to 45 mmol/L, respectively, and there was a statistical difference
as compared with that of pre-using octreotide, respectively
(P<0.05). During EN supporting, there were no differences in
HCO3

-, K+, Na+ and Cl- secretion in pancreatic juice as compared
with PN. During the second wk, HCO3

-, K+, Na+, and Cl- secretion
in EN group decreased significantly, from 79 mmol/d to 52 mmol/d,
35 mmol/L to 25 mmol/L, 135 mmol/L to 94 mmol/L, and 74 mmol/L
to 54 mmol/L, respectively, there was a statistical difference as
compared with that of pre-using octreotide (P<0.05); but there
was no statistical difference between two groups after using
octreotide (P>0.05).

DISCUSSION
As many as 50-70% of patients underwent enterocutaneous
pancreatic fistulas after operation[5]. High-out fistulas (more
than 200 mL daily) result in significant loss of fluid, alteration in
acid-base status and malnutrition. In addition, digestive
enzymes, often of extreme pH, can cause inflammation and soft
tissue or skin destruction along the fistula tract. These increase
the risk of infection and hemorrhage, prolong the time required
for spontaneous fistula closure and increase postoperative
mortality rates. Conservative management of enterocutaneous
pancreatic fistula, including TPN, skin care and infection control,
succeeds in a spontaneous closure rate of 24-73%[5-10]. However,
such treatment is often of long duration (2-3 mo) and high cost,
and is associated with considerable morbidity. In cases in which
maximal medical treatment has failed, re-operation for fistula
closure is required.

Table 1  Effect of PN and/or EN combined with octreotide on pancreatic juice, protein and amylase secretion

                                               Pancreatic juice (mL/d)                      Protein (mg/L)                                         Amylase (U/L)
Group                           n
                                                d 1           d 4            d 7            d 1            d 4            d 7                d 1                      d 4                      d 7

PN 9       86±35       77±49       81±31       34±17       30±17       29±17       4 268±1 361       4 026±1 131       4 468±1 487
PN+Oc- treotide 9       64±21a      58±19a      60±23a      25±17a      21±17a      23±17a      3 268±1 031a      3 342±1 116a      3 081±1 213a

EN 8       91±73       81±73       93±73       36±24       37±24       35±24       4 761±987          4 361±1 023       4 276±912
EN+Oc- treotide 8       67±29c      61±39a      66±34a      27±12a      31±17       30±10        3 963±1 104a      3 566±1 001a      3 363±1 221a

Oct: Octreotide; aP<0.05 vs PN group ; cP<0.05 vs EN group.

Table 2  Effect of PN and/or EN combined with octreotide on HCO3
-, K+, Na+ and Cl- secretion in pancreatic juice (mmol/L)

                                               HCO3
-                                        K+                                                Na+                                             Cl-

Group              n
                                 d 1          d 4           d 7         d 1           d 4           d 7             d 1             d 4             d 7            d 1           d 4            d 7

PN 9     73±37     69±31     71±32     32±19      28±12      31±17      123±33      133±31      126±43      61±34      63±31      58±24
PN+Oct 9     54±34a    57±24a    59±31a    22±11a     19±9a       21±17a       87±53a       78±67a      93±55a     49±13a     42±21a      49±17a

EN 8     79±44     81±35     83±47     37±17      36±13      34±19      131±44      129±33      139±28      73±37      71±43      68±31
EN+Oct 8     65±23c    61±33c    57±37c    25±15c     28±11c     28±13      101±63c       95±79c      91±73c     51±15c      49±21c      53±35c

Oct: Octreotide; aP<0.05 vs PN group; cP<0.05 vs EN group.

 



      In theory, reduction of fistula output should promote the
chances of spontaneous closure. This is usually achieved by
restriction of oral intake, sometimes supplemented with
nasogastric suction in order to relieve the burden of gut and
pancreas. Pharmacological attempts to decrease intestinal
secretions involve using drugs such as somatostatin,
loperamide, atropine or pirenzepine, and H2 blockers such as
omeprazole. Although the effectiveness of such treatments
has yet to be confirmed[7]. In clinics, PN or EN is usually
considered, and they may play an important role in the
spontaneous closure of pancreatic fistula, but there is some
controversy over their effectiveness and safety.

Effect of PN on pancreatic exocrine secretion
TPN with complete gut rest has been proposed as adjuvant
therapy in the treatment of severe acute pancreatitis, to meet
metabolic demands and relieve pancreas. A decrease in volume
of pancreatic secretion and, in particular, its enzymatic content
would likely have a beneficial effect on patient’s clinical course.
That TPN decreases pancreatic activity is supported by several
animal studies. Hamilton et al. documented a marked decrease
in pancreatic secretions of the normal dog pancreas stimulated
maximally by secretion and pancreozymin with the institution
of TPN. The volume of pancreatic secretion decreased by 50%
and amylase secretion decreased by 71%, but there was a slight
increase in bicarbonate excretion. Adler, in 1975, demonstrated
that intravenous administration of hypertonic solutions
including 50% dextrose resulted in a 24% decrease in pancreatic
secretion and a 69% decrease in biliary secretion in a maximally
secretin- and pancreozymin-stimulated dog model. PN for
patients with pancreatitis has, in general, shown no adverse or
beneficial effects on the course of pancreatitis but has provided
adequate nutritional support.
      The use of intravenous lipid formulations in patients with
pancreatic fistula remains controversial despite the evidence
that they are not harmful. Kelly and Nahrwold[11] compared the
exocrine pancreatic secretory response to intravenous saline
and PN in dogs with chronic gastric fistula and found that the
latter produced a small but significant increase in the mean
volume of pancreatic juice (2.4 vs 1.8 mL per 15 min; P<0.05)
with a slight increase in mean protein and bicarbonate secretions.
These differences are minimal compared with the changes found
in dogs receiving an intraduodenal infusion of an enteral diet.
Hamiloon reported that PN could ameliorate stimulation to the
pancreas. The output of the pancreatic juice decreased by 50%,
that of amylase by 71% and that of glucose slightly increased.
Another canine with chronic pancreatic fistula and stomach
ectomy received fat emulsion infusion. Meanwhile, the canine
received stimulation of secretin. The results showed that
pancreatic juice, protein enzyme, total protein and HCO3

- did
not change during infusion of fat emulsion[12]. Patients with
pancreatic fistula postoperative of gastrectomy received PN
by administration of 640 mL or 840 mL 100 g/L Liposym for 8 d,
the pancreatic juice, protein and HCO3

- did not increase[13].
Klein et al.[14] believed that the effects of different PN contents on
the pancreatic juice, HCO3

- and amylase secretion were different.
Intralipid could increase pancreatic juice from 33 mL/h to 39 mL/h,
HCO3

- from 44.5 mmol/L to 54.5 mmol/L, amylase from 25 000 U/L
to 32 000 U/L. They held that fat emulsion should be used to
supplement essential fatty acid. In the present study, 250 mL
200 mL/L Intralipid or 200 mL/L  Lipofundin per day was used as
fat energy sources for 2 wk. The results showed that pancreatic
juice, protein, amylase, HCO3

-, K+, Na+ and Cl- secretion did not
change. It suggested that PN could not stimulate pancreatic
secretion, and supplemental fat emulsion was safety.

Effect of EN on pancreatic secretion
The presence of food in the stomach and duodenum elicits

gastropancreatic and duodenopancreatic reflexes that result in
stimulation of pancreatic exocrine secretion. However, these
effects are not pronounced when nutrients are delivered directly
into jejunum.
     A study[15] in dogs showed that intragastric delivery of
nutrients caused an increase in the volume, and protein and
bicarbonate content of pancreatic secretions compared with
those in saline-infused controls. Intraduodenal feeding
increased the volume of pancreatic secretions but did not affect
protein or bicarbonate secretion. Other studies[16] in dogs also
showed that the intraduodenal administration of elemental diets
or pure amino acid solutions significantly increased pancreatic
secretions, suggesting that the amino acid content of elemental
diets is responsible for the stimulatory effects. In contrast,
intrajejunal delivery of nutrients was not associated with a
significant change in the volume, or protein or bicarbonate
content of pancreatic secretions compared with controls. These
authors also found in one human subject that avoidance of
cephalic, gastric, and duodenal stimuli by jejunal tube feeding
of acids did not result in pancreatic stimulation. Another canine
study[17], in which an elemental diet was fed into the proximal
jejunum, demonstrated a brisk pancreatic secretory response.
However, the pancreatic juice collected was watery and low in
enzyme. They concluded that bypassing the stomach minimized
acid secretion, which played an important role in keeping the
pancreas at rest. Bodoky et al.[18] randomized 12 patients
undergoing pylorus-preserving pancreaticoduodenectomy for
chronic pancreatitis to receive EN via a needle catheter feeding
jejunostomy (7 patients) or PN (5 patients). A catheter placed
during operation in the pancreatic duct was used to collect
pancreatic secretions. The authors believed that the disease
was mainly in the pancreatic head and that the function of the
pancreatic remnant was nearly normal. They did not find any
difference in the volume of pancreatic secretions or the content
of bicarbonate, protein, chymotrypsin or amylase between the
two groups.
       In the present study, 8 patients received EN for 2 wk, during
which the volume of pancreatic juice, protein, amylase and
bicarbonate in EN group had a small but not significant increase
as compared with PN group. Although there is a paucity of
human studies on the effects of oral feeding and EN on
pancreatic secretion, one might reasonably conclude from
available evidence from human and canine studies that oral,
intragastric and intraduodenal feeding produce a significant
stimulation of pancreatic secretions. In contrast, intrajejunal
feeding has much fewer stimulatory effects and is therefore the
route of choice for enteral feeding in pancreatic diseases.

Effect of octreotide on pancreatic juice exocrine secretion
Discovered in 1972, somatostatin is a naturally occurring
tetradecapeptide with a wide spectrum of inhibitory biological
actions. Within the gastrointestinal tract, somatostatin has been
found in the pancreas, stomach, intestinal mucosa and
mesenteric neurons. Because of its inhibitory actions, it has
been used in the management of upper gastrointestinal
haemorrhage, secretory diarrhoea, dumping syndrome and
peptide-secreting tumors. Since the mid-1980 s, somatostatin
has been advocated as an adjuvant therapy in the conservative
treatment of patients with enterocutaneous pancreatic fistula[19,20].
However, its short half-life (1.1-3.0 min) mandates continuous
administration. Long-acting somatostatin analogues, such as
octreotide acetate and lanreotide, have been developed.
Octreotide has a biological half-life of 90-120 min and can be
administered subcutaneously two or three times per day.
Compared with somatostatin, it not only significantly reduces
the secretions of the pancreas and stomach, but also has a
more selective range of targets. Both somatostatin and
octreotide have been described as effective treatments for
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enteric fistulas in adults, with few severe short-term side-effects
(mostly diarrhoea, flushing and abdominal pain). These
preparations have, therefore, the potential benefit of cutting
the cost of treatment and reducing the discomfort of patients by
shortening the length of hospital stay. Since 1990, several groups
have described favourable results using somatostatin or octreotide
for the “conservative” management of enterocutaneous
pancreatic fistula. Administration of such drugs has been
reported to result in rapid and significant reduction of fistula
output (often within 24 h of treatment) and acceleration of fistula
closure (from as early as day 2)[21-25].
      Martineau et al.[4] reviewed the role of octreotide for the
management of established enterocutaneous pancreatic fistulas
by summarizing the results of 4 randomized trials and 8 case
series. They concluded that octreotide significantly decreased
enterocutaneous pancreatic fistula output, but did not
significantly improve the rate of spontaneous fistula closure.
Furthermore, octreotide did not seem to reduce the output, or
hasten the time or rate of closure, in fistula of recent onset (less
than 8 d). Recently, Berberat et al.[8] reviewed six randomized
controlled trials and one open randomized trial, and assessed
the efficacy of octreotide on preventing postoperative
complications in patients underwent major pancreatic
operations. They concluded that prophylactic use of octreotide
could significantly reduce the complication rate. Sitges-Serra[9]

reported that 20 cases with pancreatic fistula received octreotide
10 µg/8 h for 20 d (n = 13). The output of pancreatic juice
decreased from 725 mL/24 h to 151 mL/24 h, the rate of
spontaneous fistula closure was 78%. Another group (n = 7)
used octreotide 100 µg/8 h for 7 d. The output of pancreatic
juice increased from 218 mL/24 h to 436 mL/24 h. Torres[26]

reported 33 patients with pancreatic fistula received octreotide
75-100 µg/8 h for 10 d, and then stopped. It resulted in increase
of pancreatic juice secretion from 228 mL/24 h to 498 mL/24 h.
After 6 h, octreotide was used again. Output of pancreatic juice
decreased from 828 mL/24 h to 247 mL/24 h, the rate of
spontaneous fistula closure was 79%. The time of spontaneous
fistula closure of octreotide group was 2-10 d shorter than that
of control group. In the present study, the patients with pancreatic
fistula received octreotide combined with PN and EN, the secretion
of pancreatic juice, protein and amylase was decreased, and
secretion of HCO3

-, K+, Na+ and Cl- was inhibited. These results
showed that octreotide can inhibit pancreatic juice, amylase
secrete, and maybe beneficial to pancreatic fistula self-repair.
      We conclude that administration of nutrient solutions into
second jejunal loop does not overstimulate the exocrine function
of pancreas, while it produces equivalent results to parenteral
administration of nutrients. The enteral feeding combined with
octreotide could be effective and safe to reduce pancreatic
fistula output.
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