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Objectives: Early enteral nutrition is recommended for patients with severe acute pancreatitis (AP); however,
nutritional management strategies for patients with mild AP have not been established. The aim of this study
was to evaluate the benefits and safety of immediate oral intake of low-fat solid food in patients with mild
AP who were allowed to take opioid analgesics.
Methods: In this single-center randomized study, the immediate feeding (IMF) group was permitted immedi-
ate oral intake of low-fat (15 g/d) solid food. In the standard food (STF) group, patients received gradually
increasing amounts of dietary fat. Twenty-six patients were randomized, with 13 allocated to each group.
The primary outcome was the period between diagnosis and recovery from AP. The cost and rate of progres-
sion to severe disease were evaluated as secondary outcomes.
Results: The IMF group (mean recovery days: 2 + 1) recovered significantly earlier (mean difference in recov-
ery days: 6.3; 95% confidence interval [CI], 4.8—7.9; P < 0.001) than the STF group (mean recovery days: 8.3
+ 2.3), with a lower overall treatment cost (mean difference in costs: —$460; 95% Cl, —$880 to —$40;
P =0.034). The IMF group showed a lower rate of progression to severe AP (IMF, 0%; STF, 15.3%; P = 0.48).
Conclusion: The initial treatment strategy for mild AP should be altered from the gradual introduction of oral
feeding upon the absence of pain to immediate oral nutrition with opioid analgesics, to improve treatment
efficacy and reduce treatment cost.

© 2020 Published by Elsevier Inc.

Introduction

Nutrition and Metabolism guidelines for pancreatic treatment rec-
ommend that patients with mild pancreatitis be fed orally after a

Acute pancreatitis (AP) is one of the most common gastrointes-
tinal hospital discharge diagnoses (~280 000 admissions in 2014)
and is associated with an annual aggregate treatment cost >$2.7
billion in the United States [1]. AP has three grades of severity,
according to the revised Atlanta classification (mild, moderately
severe, and severe), with around 80% cases being of the mild type
[2,3]. The use of early enteral nutrition (EN) primarily depends on
the severity of the pancreatitis. The European Society for Clinical
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short period of starvation if the pain stops and that oral nutrition
be increased continuously if the patient tolerates the diet well [4].
For severe AP, however, EN should be initiated as early as possible
because early EN improves the course of the disease and enables
the use of analgesics [4].

Recent studies have shown the benefits of early oral refeed-
ing for non-severe AP [5-9]. A systematic review and meta-anal-
ysis demonstrated that, compared with standard oral refeeding,
early oral refeeding reduced the hospital length of stay (LOS) for
patients with AP [10]. However, in mild AP, answers to ques-
tions, such as how early the refeeding should begin, what type
of food should be given to initiate refeeding, and whether
patients should eat while receiving opioid analgesics, remain
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unclear [11]. Moreover, although the intervention has the
potential to expedite the resolution of pancreatitis or conversely
to impede recovery by inducing abdominal pain recurrence, its
ultimate effect on the outcome is still not clearly known. There-
fore, we conducted this study to evaluate the benefits and safety
of the immediate oral intake of low-fat solid food in patients
with mild AP who were allowed to use opioid analgesics.

Material and methods
Study design, setting, and patient characteristics

This was a single-blind (assessors were blinded) randomized, controlled
superiority study with a 1:1 allocation (parallel group). Ethical approval was
obtained from the Ethics Review Committee of Keio University School of Medi-
cine. The study was preregistered with the University Hospital Medical Infor-
mation Network Center. Written informed consent was obtained from the
participants before group allocation. The inclusion and exclusion criteria are
presented in Table 1. When patients were diagnosed with mild gallstone pan-
creatitis, the gallstones were examined for incarceration. If there was incarcera-
tion caused by gallstones, they were treated with endoscopic retrograde
cholangiopancreatography before allocation to the study. Patients were
recruited from August 4, 2015 to September 14, 2017, and the final patient fol-
low-up occurred on December 14, 2017. The study ended after the required
number of participants were enrolled.

Randomization and masking

Random allocation of the participants to either an immediate feeding (IMF) or
a standard feeding (STF) group was performed after the diagnosis of mild AP. The
block size of randomization was four or six and was concealed from all researchers
except the data analyst. The randomization sequence was stored by independent
staff who were not involved in the study, and randomization was done at the indi-
vidual level. The assessors (the nurses, measuring the oral intake, and the data
analyst) were concealed from the allocation.

Interventions

IMF group

Patients in the IMF group were permitted oral intake of low-fat (15 g/d) solid
food (Supplementary Fig. 1; Fig. 1) within 1 d of diagnosis. Eating with the concur-
rent use of opioid analgesics was allowed. If the patients experienced aggravated
abdominal pain or tenderness (Wong-Baker face >6) [12] owing to their diet and
requested an additional opioid analgesic, one meal was omitted. If this occurred

Table 1
Inclusion and exclusion criteria

Inclusion criteria

e Diagnosis of acute pancreatitis required the presence of two of the following
features:

o Acute onset of upper abdominal pain often radiating through to the back
o Serum amylase or lipase activity greater than three times the upper limit

of the normal range
o Findings from cross-sectional abdominal imaging consistent with acute

pancreatitis [2]

e Mild acute pancreatitis was defined as patients with no organ failure (Modi-
fied Marshall score <2) [2] and patients with two or fewer prognostic factors
according to the Japanese Ministry of Health, Labour and Welfare study
group criteria for acute pancreatitis severity (2008) [16].

e The lower age limit was 16 y, and the upper age limit was 95 y.

Exclusion criteria

Current complications of cholangitis

Pancreatitis caused by trauma

Pancreatitis caused by malignancy

History of concomitant diseases capable of weakening deglutition (e.g.,
bulbar paralysis)

* Inability to eat solid food due to a disturbance of consciousness

Computed tomography or ultrasound findings indicating paralytic ileus
involvement (e.g., expansion of the intestinal tract or the presence of a “key-
board” sign)

Regular use of analgesics due to pain from chronic pancreatitis

e Lack of consent to participate in this study

three times, these patients were considered to have dropped out of the study and
went on to receive the same treatment as the STF group.

STF group

Patients in the STF group were given a gradually increasing amount of dietary
fat after a fast in accordance with the Japanese guidelines [13], which state that the
initiation of oral feeding should be determined based on the remission of abdominal
pain and the serum pancreatic enzyme level [13] (Fig. 1). Oral water intake was
allowed if the patients met all of the following conditions without analgesia:

¢ No nausea, vomiting, abdominal pain, or tenderness (Wong-Baker face >6) [12].

e They felt hunger.

e Serum amylase or pancreatic amylase activity was lower than twice the upper
limit of the normal range [13,14].

The step-up protocol is shown in Figure 1.

Both groups

All patients received adequate intravenous fluids during the early stage of
pancreatitis [13,15]. Intravenous pentazocine (15 mg), an opioid analgesic, was
administered up to four times daily if the patients reported abdominal pain or ten-
derness (Wong-Baker face >6) [12].

Follow-up

A blood test was performed during hospitalization on days 0 (day of diagno-
sis), 2, and 5. The severity of pancreatitis was assessed daily for >5 d from admis-
sion or until the day of discharge [2,16].

Patients made follow-up visits at 2, 6, and 12 wk after discharge, and the
need for rehospitalization as a result of pancreatitis recurrence was evaluated
over 3 mo after discharge. Patients who missed a follow-up visit were contacted
by telephone.

Outcome measures

The number of days until recovery from pancreatitis was the primary out-
come. Patients were deemed to have recovered when.

e The average amount of food consumed in three consecutive low-fat (15 g/d)
solid-food meals was >50% of the prescribed amount per meal; and

e There were no abdominal symptoms for 24 h after starting the low-fat (15 g/d)
solid food regimen.

The average oral intake of three consecutive meals (breakfast, lunch, and din-
ner) per day was ascertained by nurses blinded to the intervention. Each day,
patients were assessed for aggravated abdominal pain or tenderness (Wong-Baker
face >6) [12] related to their diet and were asked if they wished to have analgesia.
The assessment of recovery from pancreatitis, based on the criteria just described,
was made by an independent data analyst blinded to the intervention. If a patient
died before recovery, the day of recovery was considered as not evaluable. The sec-
ondary outcomes are shown in Table 2.

Statistical analysis

The sample size was calculated by a statistician at the Center for Clinical
Research at Keio University School of Medicine and was based on the number of
days until recovery from pancreatitis. At our institution, the average hospital LOS
for patients with mild AP between 2012 and 2014 was 12.6 d, and the SD was 5.1
d. The number of days to recovery was predicted to be 10 d for the STF group
because the patients in our institution are discharged after 1 to 3 d of recovery,
and the number of days of recovery was predicted to be 4 for the IMF group
when they were treated according to the protocol. The mean difference of 6 d
was calculated on the assumption that about 90% of patients treated according to
the protocol would have no abdominal pain or symptoms. The sample size neces-
sary to demonstrate this expected difference with a two-sided significance level
of 5% and a statistical power of 80% was 13 patients for each group, allowing for a
5% dropout rate.

Primary and secondary analyses were conducted for all randomized patients (an
intention-to-treat analysis). The primary outcome was compared using the two-
sample ¢ test. For the secondary outcomes, continuous variables were compared
using the two-sample ¢ test, and categorical outcomes were analyzed using the x>
test or Fisher exact test, depending on the expected value. Changes in the serum
concentrations of various markers were compared using the two-sample ¢ test. P <
0.05 was considered statistically significant. All the analyses were conducted using
JMP (R) statistical software version 11.2 (SAS Institute, Inc., Cary, NC, USA).
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Fig. 1. Treatment strategies for the IMF and STF groups. For the STF group, patients progressed from one step to the next when all the following conditions were met: (1)
Patients had no nausea, vomiting, abdominal pain (Wong-Baker face >6) [12] or tenderness (Wong-Baker face >6) [12]. (2) Patients felt hunger. (3) Serum amylase or pancre-
atic amylase activity was lower than twice the upper limit of the normal range. (4) The average intake of three consecutive meals was >50% of a prescribed meal. IMF, imme-

diate low-fat solid food; STF, standard food.
Results
Study population

The study diagram is shown in Figure 2. We screened 90
patients with AP and enrolled 26 (with 13 in each group). None
of the patients received treatment different from the protocol
after allocation. The median time between diagnosis and the first
intervention was 19 h (interquartile range [IQR], 6.5-24.5 h) in
the IMF group and 12 h (IQR, 3-22 h) in the STF group. We were
able to evaluate the number of days until recovery and the hospi-
tal LOS for 25 patients with AP. These values were not evaluable
for one patient who died after admission. All other patients were
followed up for >3 mo after discharge, and the follow-up rate
was 96.2% (25 of 26). The characteristics of the groups are pre-
sented in Table 3.

Efficacy

In terms of the primary outcome, the IMF group recovered from
AP significantly earlier than the STF group (P < 0.001; Fig. 3 and
Table 4). The median number of days until recovery from pancreatitis

Table 2
Patient outcomes

Primary outcome
Number of days until recovery

Secondary outcomes

Hospital LOS in patients who survived and were discharged

Difference in serum amylase, pancreatic amylase, lipase, calcium, and CRP
levels before (day 0) and after (day 2) intervention

Rehospitalization rate owing to pancreatitis recurrence within 3 mo of hos-
pital discharge and the period until rehospitalization

Rate of exacerbation of abdominal pain or abdominal symptoms during hos-
pitalization after starting the dietary regimen

The proportion of patients in which mild AP progressed to moderately
severe or higher AP, assessed according to the revised Atlanta classification
[2]

Proportion of patients with progression from mild to severe AP, according to
the Japanese Ministry of Health, Labour and Welfare study group criteria for
AP severity (2008) [16]

Total dropout rate (for any reason)

Cost of hospital treatment

AP, acute pancreatitis; CRP, C-reactive protein; LOS, length of stay

was 2 in the IMF group (IQR, 1-3 d) and 8 in the STF group (IQR, 7-9
d). Furthermore, the hospital LOS in the IMF group was significantly
shorter (P = 0.0004; Fig. 3 and Table 4). The median LOS was 4 d in
the IMF group (IQR, 3—7 d) and 10 d in the STF group (IQR, 8.5-14.5
d). The treatment costs were significantly lower for the IMF group
(P = 0.034; Table 4). The changes in C-reactive protein and calcium
values from day 0 to day 2 did not significantly differ between the
groups (P=0.26 and P = 0.21, respectively; Table 4).

Safety

There was no significant difference in the adverse events
between the groups (Table 4). Although no patients dropped out of
the IMF group, three dropped out of the STF group as a result of
progression to severe AP, as assessed according to the Japanese AP
severity criteria (2008). The absolute risk reduction (ARR) for IMF
compared with STF for progression was 23.1%. After receiving a
diagnosis of severe AP, all three patients started EN immediately.
Severe AP according to the revised Atlanta classification developed
in two of the three patients. The ARR for the IMF group compared
with the STF group for progression to severe AP was 15.4%. One of
the two patients died as a result of multiple organ failure 70 d after
the intervention (starvation) was initiated. The ARR of death in the
IMF group compared with the STF group was 7.7%

Only one patient in the STF group had exacerbated abdominal
pain or symptoms after starting refeeding and was treated through
fasting in accordance with the protocol. After the second fast, the
patient recovered without any further exacerbation of abdominal
pain or symptoms. The ARR for exacerbation was 7.7% in the IMF
group compared with the STF group. No patients in either group
experienced AP recurrence within 3 mo. There was no significant
difference in amylase, pancreatic amylase, or lipase values between
day 0 and day 2 (P = 0.18, P = 042, and P = 0.51, respectively;
Table 4).

Discussion

The patients with mild AP who were fed a low-fat solid diet
immediately after diagnosis and allowed to use opioid analgesics
(the IMF group) recovered more quickly than those who received
gradually increasing amounts of dietary fat after short-term star-
vation (the STF group). Moreover, the mean total cost of treat-
ment for the IMF group was significantly lower than that for the
STF group.
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Assessed for eligibility (N =90)

Excluded (n=64)

= Did not meet inclusion criteria(n =58)

= Recurrent patients (n=3)
* Not approached within the time (n=3)

Randomized (N =26)

Allocated to be permitted oral
intake of low-fat solid food
immediately (n=13)

(IMF group)

* Received allocated intervention (n=13)

Allocated to be permitted
gradually increased the amount of
fat in diet after fasting (n = 13)
(STF group)

* Received allocated intervention (n=13)

‘ Discontinued intervention (n=0) ‘

Discontinued intervention (n=3)
* Progressed to severe acute pancreatitis
(n=3)

‘ Analysed (n=13) ‘

Analysed (n=13)

Fig. 2. Study flow.

To our knowledge, this was the first randomized controlled trial
(RCT) to examine the oral intake of food with concurrent use of
opioid analgesics in patients with AP. Previous RCTs on early or
immediate oral feeding permitted feeding if the patients were able
to tolerate it without the use of opioid analgesics [5—-9]. The

Table 3
Group characteristics
IMF group STF group
(n=13) (n=13) P-value
Age, y, mean (SD) 50.1(5.3) 60.8 (5.3) 0.17
Male 10(76.9) 8(61.5) 0.40
Etiology
Alcohol 7(53.9) 4(30.8) 023
Post-ERCP 2(15.4) 1(7.7) 1.00
Abnormalities of the pancreas 1(7.7) 2(15.4) 1.00
Gallstones 0(0) 2(154) 048
Autoimmune 0(0) 1(7.7) 1.00
Drug 1(7.7) 0(0) 1.00
Hypertriacylglycerolmia 0(0) 1(7.7) 1.00
Post-FNA 1(7.7) 0(0) 1.00
Unclear 1(7.7) 2(15.4) 1.00
Use of opiate analgesia 8(61.5) 10(76.9) 0.40
Number of days after onset until 0.9(0.9) 0.7 (0.9) 0.50
diagnosis, mean (SD)
Hours from diagnosis to consent, 9.6 (15.4) 13(9.9) 0.51
mean (SD)
Fluid volume (mL) during 3 d after 6460(2108) 7433(3363) 039
admission, mean (SD)
Antimicrobial prophylaxis 0(0) 0(0) 1

ERCP, endoscopic retrograde cholangiopancreatography; FNA, fine needle aspira-
tion; IMF, immediate low-fat solid food; STF, standard food;
All values n (%), unless otherwise noted

American Gastroenterological Association (AGA) guidelines, which
recommend initiating early oral feeding if tolerable to the patient,
state that this strategy is sometimes unsuccessful because of pain,
vomiting, or ileus [3]. Several other guidelines also recommend
that oral feeding in patients with mild pancreatitis be restarted
once abdominal pain decreases [13,17]. Thus, initiating early oral
feeding as soon as the patient experiences a decrease in pain with-
out analgesics is a general nutritional strategy. However, our first
attempt demonstrated that immediate oral intake with the use of
opioid analgesics may be conducive to early recovery from AP.

To our knowledge, the present study was the first to assess an
intervention consisting of the immediate (median number of hours
fasting = 19 h) oral intake of low-fat solid food. Data from a previ-
ous RCT suggested that immediate oral intake of non-solid food
(median number of days of fasting and solid food intake = 0 and 3
d, respectively) may accelerate recovery more safely than fasting
[5]. Another RCT suggested that early, rather than immediate, oral
intake of low-fat solid food (median number of fasting days = 2.5)
may accelerate recovery more safely than intake administered in a
stepwise manner [6,7]. Thus, we speculated that the combination
of immediate refeeding with the intake of low-fat solid food may
accelerate recovery to a greater degree than the immediate intake
of non-solid food or early intake of low-fat solid food alone.

The AGA guidelines recommend initiating oral feeding early
(within 24 h) based on the results of 11 RCTs that examined early
versus delayed feeding [3]. However, the early feeding group
included oral and enteral tube feeding; whereas the delayed feed-
ing group included total parenteral nutrition [3,11]. Moreover,
although enteral tube feeding was started within 24 h in some
studies, none of the studies reported the initiation of oral feeding
within 24 h [3,11]. Thus, whether the 24-h period is appropriate
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Fig. 3. (A) Recovery period and (B) hospital length of stay. IMF, immediate low-fat solid food; STF, standard food.

for the oral intake of food is still unclear. This study provides more
solid evidence for the AGA guideline recommendation that oral
intake should be started within 24 h. Although the guidelines state
that starting with a clear liquid diet is not required, they do not
clarify the appropriate type of food for starting refeeding [3]. We
demonstrated that immediately starting a low-fat solid food regi-
men is a feasible dietary strategy.

Meta-analyses have demonstrated that EN within 48 h of
admission results in better clinical outcomes than either total
parenteral nutrition or EN after 48 h in patients with severe AP
[18,19]. One study reported that EN within 24 h of admission led
to better clinical outcomes than EN after more than 24 h postad-
mission [20]. Earlier oral intake is also thought to achieve excel-
lent outcomes similar to those in EN because both oral intake
and EN preserve gut-associated lymphoid tissue, which is associ-
ated with immunoglobulin A and plays a vital role in intestinal
immunity through maintaining the gut barrier function [21-24].
Injury to the intestinal mucosa leads to bacterial translocation,
endotoxemia originating from the gut, and secondary infections
of pancreatic tissue, causing systemic inflammatory response

syndrome or multiple organ failure [25]. Thus, immediate oral
intake may suppress the progression of AP by preventing injury
to the intestinal mucosal barrier. Additionally, the form of food
affects the outcomes. Oral intake of solid food suppressed intes-
tinal mucosal injury significantly more than liquid EN in mice
[26] and in pediatric patients with ileus [27—-29]. An RCT demon-
strated that the rates of infection and death did not significantly
differ between enteral tube feeding (liquid) within 24 h of
admission and an oral diet (standard solid food) >72 h after
admission [30,31], suggesting that a late-phase oral diet has a
similar beneficial effect to that of immediate enteral tube feed-
ing. Thus, immediate oral intake of solid food may have a better
outcome than intake in a stepwise manner (starvation, water,
liquid, gruel, and solids). The present study also demonstrated
that the risk for progression to severe AP was lower in the IMF
group than in the STF group, although the difference was not sig-
nificant (P = 0.48).

A systematic review of studies on early oral feeding demon-
strated that the ideal primary outcome is the length of days until
the resolution of pancreatitis rather than hospital LOS [10] because

Table 4
Group outcomes
IMF group (n =13) STF group (n=12) P-value

Number of days until recovery (n=13,12) 2(1) 8.3(2.3) <0.0001
Hospital LOS, d (n = 13,12) 54(3.2) 10.8(3.2) 0.0004
Progression to severe pancreatitis; JSS, n (%) 0(0) 3(23.1) 0.22
Progression to moderately severe or severe pancreatitis; revised Atlanta Classification, n (%) 0(0) 2(15.4) 0.48
Progression to severe pancreatitis; revised Atlanta Classification, n (%) 0(0) 2(15.4) 0.48
Dropout rate, n (%) 0(0) 3(23.1) 0.22
Death, n (%) 0(0) 1(7.7) 1.00
Exacerbation of abdominal pain or symptoms, n (%) 0(0) 1(7.7) 1.00
Recurrence within 3 mo, n (%) 0(0) 0(0) 1.00
CRP, mg/dL (day 2 to day 0; n =11, 13) 2.12(6.7) 5.15(6.1) 0.26
Calcium, mg/dL (day 2 to day 0; n=10, 12) —0.18(0.42) —0.44 (0.50) 0.21
Amylase, U/L (day 2 to day 0; n= 12, 10) —492 (719) —1120(1370) 0.18
Pancreatic amylase, U/L (day 2 to day 0; n =10, 8) —546 (812) —854(764) 0.42
Lipase, U/L (day 2 to day 0; n =6, 6) —966 (1080) —1990 (3570) 0.51
Total cost, USD 830 (340) 1340 (640) 0.034

CRP, C-reactive protein; IMF, immediate low-fat solid food; JSS: Japanese Ministry of Health, Labour and Welfare study group criteria for acute pancreatitis severity; LOS,

length of stay; STF, standard food.
All values mean (SD), unless otherwise noted.
Bold values shows that there is a significant difference, namely p<0.05.
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the discharge decision by a physician or medical team not only
depends on the resolution of pancreatitis, but also other non-medi-
cal factors, such as the desire of the patients and their families. In
the present study, recovery was defined before starting the study
to avoid this type of bias. The primary outcome was also based on
patient reports because the Food and Drug Administration
announced that the primary endpoint of clinical trials should
include items related to patients’ subjective symptoms [32]. Our
definition of recovery from AP was considered acceptable because
no patient discharged after meeting the criteria relapsed within 3
mo of discharge.

This study had several limitations. First, it was performed at a
single institution. A multicenter study is needed to determine the
generalizability of the findings. Second, although the calculated
sample size was sufficient to demonstrate the efficacy of immedi-
ate oral food intake, it may be insufficient to demonstrate safety.
The absence of any significant differences in the rate of adverse
events between the groups may be due to the small sample size.
The evidence is therefore too limited to permit any conclusions
concerning safety. However, a systematic review suggested that
early oral or enteral tube feeding (within 48 h) was not associated
with any adverse effects [33]. Third, the median (2 d) time of
recovery in the STF group in this study was close to the median
hospital LOS in the United States (4 d) [1]. The cost reduction in the
United States would be smaller than that in Japan, where the hos-
pital LOS is 19.2 d (17.8 d in case of limited to mild acute pancreati-
tis) [34]. Furthermore, at this time, although no significant factors
affecting recovery duration have been identified, this may be
unclear owing to the small sample size and requires further con-
sideration (examining age, etiology, use of opiate analgesia, etc.)

Conclusion

The present findings suggested that the initial treatment strat-
egy for mild AP should be altered from the gradual introduction of
oral feeding upon the absence of pain, to immediate oral nutrition
with opioid analgesics. If the initial treatment strategy is changed,
~220 000 patients with mild AP per year in the United States
should recover quickly and the medical cost should decrease [1,3].
However, large multicenter RCTs are required to confirm these
findings.
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