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OBJECTIVES: The aims of this study were to define the
indications for, and to evaluate the cost-effectiveness of,
nutritional support in patients with acute pancreatitis.

METHODS: All admissions during the 12-month period from
January through December 2000, were entered into a com-
mon management protocol consisting of an initial 48-h fast
with i.v. fluids and analgesics. After 48 h, those patients who
were improving were restarted on oral feeding (group O).
The remaining patients were randomized to receive naso-
jejunal (group EN) or parenteral feeding (group TPN). The
randomization study was continued until 50 patients had
been accrued. Outcomes in the three groups were compared
with respect to length of hospital stay, duration of feeding,
complications, and hospital costs.

RESULTS: A total of 156 admissions were evaluated in the
first 12 months. Of these, 87% patients had mild disease,
10% moderate, and 3% severe; 62% were related to alcohol
abuse, 18% gallstones, and 8% idiosyncratic drug reactions.
Of the patients, 75% improved on 48 h bowel rest andi.v.
fluids, and were discharged within 4 days. The remainder
were randomized to jejunal elemental (n� 26) or parenteral
(n � 27) feeding. Duration of feeding was shorter with EN
(6.7vs 10.8 days,p � 0.05) and nutrition costs were lower,
representing an average cost saving of $2362.00 per patient
fed. EN was less effective in meeting estimated nutritional
requirements (54vs 88%,p � 0.0001), but metabolic (p �
0.003) and septic complications (p � 0.01) were lower.
Subgroup analysis of patients with severe disease showed
similar findings.

CONCLUSION: Despite concerns that metabolic expenditure
is increased and that food-stimulated pancreatic secretion
might exacerbate the disease process, hypocaloric enteral
feeding seems to be safer and less expensive than parenteral
feeding and bowel rest in patients with acute pancreatitis.
(Am J Gastroenterol 2002;97:2255–2262. © 2002 by Am.
Coll. of Gastroenterology)

INTRODUCTION

Acute pancreatitis results from the premature activation of
proteolytic digestive enzymes within the pancreatic acinar
cells, resulting in autodigestion and a severe local and sys-
temic cytokine-generated inflammatory response (1, 2).
Measurement of metabolic expenditure by indirect calorim-
etry (3) and protein catabolism by urinary nitrogen excretion
(4) has shown that nutritional requirements are considerably
elevated. As nutritional depletion can be expected to impair
recovery and to increase the risk of complications, nutri-
tional support is an essential part of management. However,
oral feeding stimulates the production of new pancreatic
enzymes and may, therefore, exacerbate autodigestion and
the disease process. Because of these concerns, conven-
tional management has been to place patients on strict bowel
rest and use intravenous feeding, or total parenteral nutrition
(TPN) to bypass the stimulatory effects of oral feeding until
the serum enzymes normalize.

Unfortunately, TPN has its problems. Although it is very
effective in maintaining nutrition in almost any critically ill
patient, it can cause serious complications: in particular,
catheter sepsis and hyperglycemia. This is a major concern,
as patients with acute pancreatitis are prone to sepsis, and
sepsis adds substantially to the risk of death (5). Second,
hyperglycemia is common because of the concomitant pan-
creatic endocrine damage (6). A further concern is that
bowel rest may potentiate the cytokine response and thereby
the systemic inflammatory response (7).

These concerns have led to the search for a safer alter-
native method of feeding. Results of canine studies indicate
that elemental dietary formulae,i.e., ones that are predi-
gested, consisting of simple sugars and amino acids, have
little stimulatory effect on the pancreas (8). Furthermore,
studies in animals (9) and, more recently, in humans (10)
have demonstrated that the stimulatory effect of nutrients is
minimized if the diet is infused distally in the jejunum.
Encouraged by these observations, a number of groups have
recently performed comparative studies between TPN and
jejunal feeding (11–14). Although the study designs varied,
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a common finding was that enteral feeding did not seem to
exacerbate the disease. Furthermore enteral feeding was one
fifth the cost, and septic and metabolic complications were,
as anticipated, less common. In an analysis of the nutritional
costs associated with the management of acute pancreatitis,
we found that for the year 1998, $291,110.00 was spent on
TPN in comparison to only $2,981.00 on enteral feeding
(15). The difference was explained not only by the lower
cost of enteral feeds, but also by the fact that TPN was the
favored technique for interventional feeding of pancreatitis
patients at our hospital.

One factor that has been overlooked is the fact that most
cases of acute pancreatitis are mild and self-limiting, with
serum enzyme levels returning toward normal within 2–4
days. Because pre-existing severe malnutrition is uncom-
mon in these patients, nutrient stores should be sufficient to
cover the acute period without the need for nutritional
support. Consequently, it is possible that interventional nu-
trition is being overused in practice.

With these considerations in mind, we performed the
following prospective evaluation of outcomes for all pa-
tients admitted to our institution during a 12-month period.
To standardize management, we developed a protocol
whereby nutritional support was only used if patients had
not improved by 48 h and were unable to tolerate resump-
tion of normal feeding.

MATERIALS AND METHODS

Nutritional Management Protocol
The protocol was first submitted to the Institution Review
Board for approval. For the first 12 months, the study was
applied to all patients admitted to our institution with the
diagnosis of acute pancreatitis. Then for the 3 months af-
terward, the data collection was limited to only those pa-
tients with acute pancreatitis who were in need of nutritional
support. All patients admitted with acute abdominal pain
and 3-fold elevation of serum pancreatic enzymes, amylase,
and lipase, with a primary diagnosis of acute pancreatitis,
were entered into the study. For 48 h, these patients were
kept nil per os and given intravenous fluids and electrolytes
in addition to analgesics. Patients with an alcoholic etiology
were also given a “goody-bag” containing 5% glucose, a
multivitamin preparation, folic acid, and thiamin. At the end
of this period, their condition was reassessed, with particular
attention to signs, symptoms, and serum enzyme levels.
Those patients who showed improvement were restarted on
a trial of a soft oral diet (group O). If tolerance was good,
they were advanced to a normal diet, and if this was also
tolerated they were discharged home. Patients who failed to
show improvement were graded by Ranson’s criteria (16) to
gauge disease severity and prognosis, and then were com-
menced on nutritional support in the form of either TPN and
bowel rest (group PN) or jejunal elemental feeding (group
EN). Informed, signed consent was obtained from random-
ized participants, or next-of-kin for ICU patients. TPN was

delivered via central vein catheters in patients in the ICUs
and by peripheral catheter in floor patients. Jejunal tubes
(“Silk,” Corpak, Wheeling, IL; “Stay-Put,” Novartis, St.
Louis Park, MN; or “Dobhoff,” Kendall HealthCare, Mans-
field, MA) were placed by fluoroscopy or endoscopy. Goal
feeding rates were the provision of 1.5 g protein/kg/day and
25–30 kcal energy/kg/day. With TPN, electrolytes were first
corrected before full nutritional infusions were given,
whereas tube feeding was commenced at 20 ml/h and in-
creased progressively to goal rates over 48 h.

Patients were monitored and reassessed each day by clin-
ical examination and blood tests. Patients receiving tube
feeding were assessed for tube tolerance, high residual vol-
umes, exacerbation of abdominal pain, and diarrhea. Fevers
were investigated by culture of blood and appropriate bodily
fluids. Fluctuations in blood sugar were monitored by cap-
illary blood testing every 6 h and controlled with s.c. injec-
tions of insulin (on a sliding scale). After initial assessment
of insulin requirements, insulin was added directly to the
TPN solution. In patients with severe disease, spiral CT
examinations were performed to detect necrosis and possi-
ble abscess formation.

Weaning from nutritional support was attempted when
abdominal pain and distention had settled and enzyme ele-
vations had consistently decreased toward normal levels
over 3 days. Oral liquids were first reintroduced and, if
tolerated, were advanced to soft and then to solid oral
feeding, with suspension of nutritional support.

Main Outcome Measures
The efficacy of management was determined by measure-
ment of duration of hospitalization, duration of interven-
tional (enteral or parenteral) feeding. This also provided a
measure of the rate of resolution of disease, the incidence of
nutrition-associated complications (i.e., hyperglycemia
needing insulin for control and catheter-related sepsis and
septicemia), and tolerance to recommencement of oral feed-
ing. Tolerance was measured by the absence of nausea,
vomiting, and recurrent abdominal pain. Finally, a cost-
effectiveness analysis was performed that related nutritional
costs to total hospitalization costs and duration of feeding,
and to the incidence of nutrition associated complications.

Statistical Analysis
Based on the results of similar previous studies (11–13), we
calculated that we would have more than 80% power to
reveal significant differences in nutritional outcome, com-
plications, and costs if 50 patients were randomized. Results
are given, unless otherwise stated, in group mean (SE)
values. The two nutritional groups were compared on an
intention-to-treat basis. Significance of differences in group
means for continuous variables were determined using the
Student’ s t test if the data were normally distributed, or the
Mann-Whitney nonparametric test if they were not. Differ-
ences between group nominal variables were assessed by
the �2 analysis and Fisher’ s exact test.
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RESULTS

In the 12-month period of observation, 156 admissions for
acute pancreatitis were studied (Table 1). The average age
of the patients was 46 (range 21–91) years; most were black
(71%) and male (64%). Average body mass index was 25.5
kg/m2 with 15% being malnourished (i.e., BMI �20) and
18% obese (BMI �30). Mean albumin concentration was
2.9 (0.06) g/L, with 57% of patients presenting with low
levels. Identified etiological factors were ethanol toxicity in
62%, gallstones in 18%, drugs in 8%, and hypertriglyceri-
demia in 2%. The etiology was complicated by HIV infec-
tion in 9%. Of the patients, 55% were admitted for their first
attack of acute pancreatitis, 24% for a recurrent attack, and
21% with acute or chronic pancreatitis. Sixteen patients
were readmitted for disease recurrence during the study
period; one patient had two recurrences. Most had mild
disease (87% with Ranson’s criteria �3), with 6% either
presenting or progressing to severe disease (RC �5). A total
of 85% were managed on medical and 12% on surgical
services; 15% needed ICU management.

Average serum amylase levels were 376 (28) IU/L and
lipase 2746 (331) IU/L on admission. CT scans were per-
formed on 68 patients, with 41% showing pancreatic edema,
28% gallstones, 4% biliary sludge, 4% pseudocysts, and 3%
necrosis within the parenchyma.

Outcome
Overall average length of stay in hospital was 8 days. In all,
117 patients (75%) settled on 48-h bowel rest (Fig. 1) and
therefore did not require nutritional support (i.e., group O),
being discharged home by day 4. Of those who did not
improve, 19 (12.2%) were randomized to TPN (group TPN)
and 20 (12.8%) to jejunal feeding (group EN) during the
first 12 months of the study. Subsequently, 14 more patients
were randomized in the next 3 months, to reach our goal
number of 27 patients on TPN (group TPN) and 26 on
jejunal feeding (group EN). Two of the TPN patients de-

veloped severe sepsis syndrome necessitating conversion to
jejunal tube feeding, whereas two enterally fed patients
needed emergency abdominal surgery and were subse-
quently given TPN. Another enterally fed patient had to be
converted to TPN because of intolerance to the nasoenteric
tube and persistence of abdominal pain.

The average length of stay in hospital was shorter in the
EN group (14 vs 18 days) than in the TPN group, but not
significantly different (p � 0.1).

Readmission analysis demonstrated that early recurrence
of the disease within 1 month was unusual, occurring in two
patients only. One-year recurrence was 11%. Of the recur-
rences, 70% could be accounted for by continuing alcohol
abuse, and 18% by HIV disease and related therapy.

Influence of Feeding
Table 2 shows the results of the nutritional randomization
study. As there were no significant differences in the de-

Table 1. Demographic Details of the Study Population: 1 Yr of
Hospital Admissions

Number of patients 156
Age (yr) 46 (1.0)
Sex (female/male) 56/100
Body mass index (kg/m2) 25.5 (0.6)
Etiology

Alcohol 96 (61.6%)
Gallstones 28 (18%)
Drug-related 12 (7.7%)
Idiopathic 10 (6.4%)
Hypertriglycerides 3 (2%)

Severity
Mild (Ranson’s �3) 136 (87.3%)
Moderate (Ranson’s 3–5) 15 (9.6%)
Severe (Ranson’s �5) 5 (3.2%)

Nutrition support
None 117 (75%)
Enteral 20 (12.8%)
Parenteral 19 (12.2%)

Figure 1. Breakdown of admissions into the following three
groups: group O (“none” ) needed no nutrition support, group EN
(“enteral” ) received jejunal tube feeding, and group PN (“paren-
teral” ) received i.v. nutrition.

Table 2. Randomization Trial Between Jejunal (EN) and
Parenteral (TPN) Nutrition: Intention-to-Treat Analysis

EN
Group

(n � 26)

TPN
Group

(n � 27)

Age (yr) 48 (3) 50 (3)
Sex (female/male) 10/16 14/13
Ethnicity (black/white/Hispanic) 14/11/1 14/12/1
Body mass index (kg/m2) 26.6 (1.3) 25.7 (1.6)
Amylase pre (n � 150 U/L) 612 (247) 494 (98)
Amylase post 225 (112) 117 (14)
Lipase pre (n � 300 U/L) 3456 (677) 3057 (811)
Lipase post 810 (155) 829 (135)
Ranson’s criteria 3.1 (0.5) 2.5 (0.4)
Duration of nutrition (days) 6.7 (1.1)* 10.8 (1.7)
Hospital stay (days) 14.2 (1.9) 18.4(1.9)

There were no significant differences in age, sex, body mass indices (BMI), hospital
stay, and serum pancreatic enzymes on admission (pre) and on restarting normal
feeding (post). Group EN had shorter feeding days than TPN group.

* p � 0.03.
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mographics or initial serum enzyme levels, these features
could not be used to predict the rate of disease resolution

Patients who were fed enterally needed nutritional sup-
port for a significantly shorter time than patients fed paren-
terally (average 6.7 days, range 2–21 days, vs 10.8 days,
range 2–43 days; p � 0.03) (Fig. 2). Furthermore, the daily
quantity of nutrients given to enterally fed patients was also
significantly (p � 0.005) lower (average 49% of estimated
caloric and 42% of protein requirements) than parenterally
fed patients, who received 85% of their protein and energy
requirements (Fig. 3). After disease resolution, reintroduc-
tion of oral feeding was better tolerated in those patients
who were randomized to enteral feeding, with 80% advanc-
ing to an oral diet without problem, in comparison to 63%
in the TPN group. In the patients developing symptoms, oral
feeding was held for a further 24 h and then tried again. This
time, 90% of both groups tolerated the change without
difficulty.

Disease severity was comparable between patients given

enteral or parenteral feeding, with approximately 50% hav-
ing moderate or severe disease (RC �3). There were no
significant differences in the admission or final blood levels
of amylase and lipase between the groups given enteral or
parenteral nutrition.

Nutrition-associated complications were significantly
more common in the TPN-fed patients. Although prefeeding
blood glucose levels were similar, median blood glucose
concentrations were significantly higher, at 180 (26) versus
138 (22) mg/dl, p � 0.03, in patients receiving TPN, as were
maximal glucose concentrations, at 325 (26) versus 200 (22)
mg/dl. Additionally, hyperglycemia requiring insulin in pa-
tients who were not previously diabetics was more common
in the TPN group (14 vs four patients, p � 0.03). Septic
complications were also more common in the TPN group:
catheter-related infections necessitating intravenous line re-
moval and antibiotic treatment were detected in nine TPN
and only one enteral patient (p � 0.01). On the other hand,
the incidence of adult respiratory distress syndrome, multi-

Figure 2. Differences in length of hospitalization and duration of nutritional support in the three study groups. Enterally fed patients spent
less time on nutrition support than those fed parenterally (p � 0.05, Mann-Whitney test).

Figure 3. Comparison of the mean (SE) intakes of energy and protein, expressed as percentage of requirements, in patients managed with
enteral or parenteral feeding. Intakes of energy and protein (p � 0.05) were significantly lower with enteral (jejunal) infusions.
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ple organ failure, pancreatic necrosis, pseudocysts, and
death was similar in the two groups (Table 3).

Fifteen patients died in hospital, eight of complications
associated with acute pancreatitis. Four patients in each
nutritional group died of sepsis and multiple organ failure
resulting from uncontrollable disease. After resolution of
acute pancreatitis, two other patients from the TPN group
and four from the EN group died of unrelated causes (car-
diac surgery, intracerebral hemorrhage, squamous cell car-
cinoma of the pharynx, and cancer of the liver). Finally, one
37-yr-old man with end-stage AIDS was admitted with
severe acute pancreatitis (five Ranson’s criteria). Because
his condition was complicated by sepsis, pneumonia and
liver failure and because of his extremely poor prognosis, he
was given palliative care and was not given interventional
feeding. He died 8 days later.

Because of the concern that patients with severe pancre-
atitis may behave differently, a post hoc analysis was made
on patients with more than three Ranson’s criteria. It can be
seen that the pattern of response was similar, with signifi-
cant faster resolution of the disease process in the EN group
(Table 4).

Hospital Costs
The average cost for hospitalization was $11,183 per patient
with acute pancreatitis. There was a strong positive associ-
ation between severity of disease (as defined by Ranson’s

criteria), hospital length of stay, and total hospital costs. For
example, the average cost of hospitalization for patients
with no Ranson’s criteria was $6,794 with a length of stay
5.7 days, in contrast to $39,597 and 21.5 days respectively,
for patients with four criteria.

In addition, costs were considerably lower for those who
improved sufficiently not to need nutritional support, in
which case the average cost per stay was only $4,597. The
nutritional costs were minimal ($18.70) and related to vita-
min and mineral supplementation. For the sicker patients
needing nutritional support, those given enteral feeding had
lower total average hospitalization costs of $26,464 versus
$34,530 per patient, based on intention-to-treat analysis.
The significantly lower average nutritional costs in the en-
teral group of $394 per patient in comparison to $2,756 per
patient in the parenteral group (p � 0.0004; see Fig. 4) could
be explained by the combination of the lower daily costs of
enteral feeding ($23.30/day vs $222/day), and the shorter
duration of feeding (6.7 vs 10.8 days). Consequently, the
proportion of hospital costs resulting from enteral feeding
was significantly lower than for parenteral feeding (1.8% vs
8.4%, p � 0.0001).

DISCUSSION

An important practical observation in our analysis was that
most patients (75%) who were admitted with acute pancre-
atitis settled within 48 h if treated with bowel rest, i.v. fluids,
and analgesics, without the need for specialized feeding.
Furthermore, 87% were able to recommence oral feeding
within the next 2 days and to be discharged home, despite
the fact that although serum enzyme levels had decreased
significantly, these levels had rarely returned to normal.
Readmission analysis demonstrated that remission was sus-
tained and that early recurrence of the disease was rare.

In addition, our results confirm those of others that jejunal
feeding given after 48 h, does not seem to exacerbate the
disease, and is safer and cheaper than TPN. Despite the fact
that most patients complained of nausea, and some even
vomiting, tube feeding in this manner was well tolerated. In
comparison to those patients treated with TPN and bowel
rest, enterally fed patients had less nutritional support–
related complications (i.e., hyperglycemia, catheter sepsis)
and required feeding for a shorter time (6.7 vs 10.8 days),
suggesting faster recovery. Although a number of earlier
studies have highlighted the lower complication rates with
enteral feeding (11–14, 17), the faster reinstitution of nor-
mal feeding is a novel observation and may be explained by
the ability of enteral feeding to maintain gut function. A
further benefit was a cost saving of $2362 per patient en-
terally fed.

The reason for the apparent failure of enteral feeding to
exacerbate the disease is unclear. Until recently, standard
medical practice has been not only to forbid any form of oral
alimentation, but to also apply nasogastric suction to prevent
gastric contents from entering the duodenum (18). This

Table 3. Complications in the Nutritional Support Groups

TPN Group (n � 27) EN Group (n � 26)

Hyperglycemia 14* 4
Line infection 9† 1
Death 6 8
MOF 8 7
Pancreatic necrosis 3 3
ARDS 5 3
Pseudocyst 1 0

TPN group had significantly more line infections, and hyperglycemia requiring insulin
therapy. No differences were seen in regard to adult respiratory distress syndrome,
(ARDS), multiple organ failure (MOF), deaths, pancreatic necrosis, and pseudocyst.

* p � 0.03.
† p � 0.01.

Table 4. Subgroup Analysis of Patients With Ranson’s Criteria
�3

EN Group TPN Group

Number of patients 13 13
Age (yr) 53 (4.3) 55 (4.2)
Body mass index (kg/m2) 27.5 (1.7) 24.7 (1.9)
Amylase pre (n � 150 U/L) 943.4 (180) 764.6 (169)
Amylase post 355.4 (105) 136.7 (22.8)
Lipase pre (n � 300 U/L) 4282.5 (1223) 4117.6 (1552)
Lipase post 958.1 (262) 863 (220.8)
Ranson’s criteria 5.4 (0.5) 4.5 (0.4)
Duration of nutrition (days) 6.8 (1.6)* 12.8 (2.8)
Hospital stay (days) 12.8 (1.6) 20.1 (3.2)

There were no significant differences in age, body mass indices (BMI), Ranson’s
criteria, hospital stay, and serum pancreatic enzymes on admission (pre) and on
restarting normal feeding (post). EN group had shorter feeding days than TPN group.

* p � 0.03.
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recommendation was based on substantial experimental ev-
idence that acute disease was a result of preactivation of
proteolytic proenzymes within the pancreatic acinar cells
(19, 20), which was supported by anecdotal reports of dis-
ease relapse after restarting oral feeding. However, the nat-
ural history of the disease involves fluctuation in both symp-
toms and serum enzyme levels, necessitating controlled
studies to substantiate cause-and-effect relationships. It is
now clear, not only from our study but also from the recent
publication of three controlled clinical trials (11–14), that
jejunal feeding, in comparison with TPN and bowel rest,
neither exacerbates the disease nor prolong its course. Mc-
Clave et al. reported the first well controlled study in 1997
(11). Like us, they noted that jejunal feeding was associated
with a lower incidence of metabolic complications and
lower costs. Their cost estimates of $761 for enteral and
$3,294 for parenteral were remarkably similar to ours, de-
spite the fact that they were based on charges to the patient
and included tube and line placement. However, these in-
vestigators noted no difference in septic complications,
number of days of feeding, and length of hospitalization.
Part of the explanation may involve the degree of sickness:
their mean Ranson’s score was only 1.3 (vs our score of 3.0),
and their average length of feeding was only 5–7 days (vs
our 7–12 days). Perhaps the best example of the safety of
enteral feeding was provided by Kalfarentzos et al., who
managed to randomize 40 patients with necrotizing pancre-
atitis over a 4-yr period to a jejunal peptide formula or TPN
(13). Not surprisingly, their patients spent considerably
more time in the hospital and on nutrition support, averaging
40 days and 34 days, respectively. Unfortunately, these
investigators did not explain how and when they weaned
their patients back onto oral feeding. This is important, as
some studies have waited for normalization of serum en-
zyme levels, whereas we often started oral feeding again
when levels were still high but symptoms were better. These
investigators commented that “no patient developed clinical
symptoms or laboratory abnormalities as a result of an
adverse effect on the course of the disease.” Based on their
finding of less infectious and total complications, they con-

cluded that enteral nutrition should be the preferred method
of feeding patients with severe disease.

How can the failure of enteral feeding to exacerbate the
disease be explained? One suggestion has been that jejunal
feeding with a predigested “elemental” diet avoids pancre-
atic stimulation by bypassing the cephalic and gastric phases
of stimulation. To investigate this possibility, we have re-
cently measured the relative secretory responses in normal
healthy volunteers to oral complex diets, duodenal complex
and elemental diets, and i.v. nutrient infusions. The results
have shown that although duodenal elemental diets pro-
duced less stimulation than either oral or duodenal complex
diets, the secretory response was still 3- to 4-fold higher
than the response to i.v. feeding (21). A more likely alter-
native explanation is that the pancreas becomes unrespon-
sive to enteral feeding stimulation during an acute attack of
pancreatitis. Results of animal studies have supported this
suggestion (22). In addition, we have performed preliminary
studies in patients with varying severity of disease that have
shown that the secretory response to enteral feeding is
suppressed to basal rates (23). This would suggest that any
form of oral feeding might be used. However, most patients
with severe disease are critically ill with anorexia, gastro-
stasis, and nausea and vomiting, and the only effective way
of maintaining nutrient intake is to use slow, constant jeju-
nal infusions of liquid diets. Although a polymeric formula
could be used in patients with milder disease, it seems more
rational to use an elemental diet in view of the observed
reduction in pancreatic enzyme secretion and therefore di-
gestive capacity.

Enteral feeding has been shown to be more effective than
TPN in supporting the rate of resolution in most forms of
critical illness (17, 24). There is substantial experimental
and clinical evidence that maintenance of enteral nutrition
helps to ameliorate the cytokine-generated stress response
that characterizes critical illness (7, 13). In the third com-
parative trial between enteral and parenteral feeding in acute
pancreatitis, Windsor et al. demonstrated that acute phase
response and high serum endotoxin antibody levels noted in
TPN-managed patients were suppressed in those enterally

Figure 4. Relative costs for nutritional support in the three groups of patients treated by 48-h fast (group O), enteral tube feeding (group
EN), or parenteral feeding (group PN). Parenteral nutrition was significantly more expensive than enteral (p � 0.0001).
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fed (12). It seems likely, therefore, that the benefits of
enteral feeding are best explained by its ability to maintain
gut function, to prevent bacterial overgrowth as well as
endotoxin production and absorption, and, at the same time,
to reduce TPN-associated complications.

The results of our investigations provide strong evidence
that the implementation of protocolized management, as
outlined in the algorithm, will both improve quality of care
and reduce hospital costs. Audit of the pattern of hospital
costs at our hospital over the past 2 yr has shown that
patients with mild disease are now discharged sooner than
they were previously. The average length of stay is now
only 3.5 days, in comparison to 5.5 days previously, with a
consequent reduction in average costs from $7300 to $4000,
and with no significant change in early readmissions (data
provided by MCV Hospital Information Systems). For pa-
tients with more severe disease, our greater use of enteral
feeding has reduced nutrition costs from 12% to only 1.5%
of total hospital costs. Expressed differently, this change has
culminated in estimated cost savings of $2,362.00 per pa-
tient referred for nutritional support, because of the com-
bined effects of the lower unit costs of enteral feeds and
shorter duration of feeding.

A question that arises from our analysis is whether it is
important to precisely match protein and energy expenditure
rates with nutrient infusions. Numerous investigators have
advocated early intensive nutritional support in patients with
severe disease, as patients are hypermetabolic and the rate of
nitrogen loss has been related to mortality (25). Measure-
ments of energy expenditure by indirect calorimetry and
protein catabolism by urea kinetic measurements have in-
dicated that the rates are increased by 20% (3) and 80% (4),
respectively. Although our goal was to provide 25 kcal/kg/
day of energy and 1.5 g/kg/day of protein in both enterally
and parenterally fed patients, our analysis clearly demon-
strates that we rarely achieved these goals, particularly in
enterally fed patients, who, on average, received only 54%
of estimated requirements. This was also noted in two of the
other pancreatitis studies discussed above (11, 12). It is a
common observation in hospital practice (26, 27) and results
from a number of logistical factors, including stoppages for
tests and bag changes. Because the enterally fed patients did
better, it could be argued that hypocaloric feeding is, in fact,
better, and that conventional nutritional goals (particularly
for glucose) are too high. For example, the increased com-
plication rates in the TPN group could be accounted for by
the fact that most of the energy was supplied as glucose, thus
increasing the risk of hyperglycemia. Patients with acute
pancreatitis are at increased risk for hyperglycemia because
of the combined effects of pancreatic endocrine damage and
acute stress (6, 28). Objective studies have reported that
90% of such patients are glucose intolerant (29). There is
increasing concern that hyperglycemia adversely influences
outcome in critically ill patients (30), increasing the risk of
fluid and electrolyte imbalance, infections (31), and sup-
pressed GI motility (32). Consequently, the observed dif-

ferences in metabolic and septic complications, as well as
duration of bowel dysfunction and hospital stay between our
patients given enteral or parenteral feeding may, ironically,
be explained by the fact that nutritional goals were more
commonly achieved in patients given TPN. Clearly, further
studies are needed to determine 1) whether enteral feeding
at normocaloric infusion rates is as effective as feeding at
the hypocaloric rates used in usual daily practice, and 2)
whether better control of blood sugar with concurrent insu-
lin infusions improves outcome in parenterally fed patients.
For the present, we would advocate a practice based on this
study, whereby patients are observed on bowel rest and i.v.
fluids for 48 h. Those patients who do not improve should
be given a trial of jejunal feeding and, only if this fails,
should TPN then be considered.

In conclusion, based on the results of this study, most
patients (75%) with acute pancreatitis do not need any
nutritional support, and are able to resume oral feeding in 2
days and discharged home in 4 days. For patients with more
severe disease, jejunal feeding with an elemental diet was
shown to be safer and less expensive, and resolved the
disease faster than did TPN, thus enabling earlier resump-
tion of oral feeding.
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