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In  the  20th  century  early  management  of  acute  pancreatitis  often  included  surgical  intervention,  despite
overwhelming  mortality.  The  emergence  of  high-quality  evidence  (randomized  controlled  trials  and
meta-analyses)  over  the  past two  decades  has  notably  shifted  the  treatment  paradigm  towards  predom-
inantly  non-surgical  management  early  in  the  course  of  acute  pancreatitis.  The  present  evidence-based
review  focuses  on  contemporary  aspects  of early  management  (which  include  analgesia,  fluid  resus-
eywords:
cute pancreatitis
ntibiotics
nteral feeding
ndoscopic treatment
luid resuscitation

citation,  antibiotics,  nutrition,  and  endoscopic  retrograde  cholangiopancreatography)  with  a  view to
providing  clear and  succinct  guidelines  on  early  management  of patients  with  acute  pancreatitis  in  2017
and  beyond.

© 2017  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
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. Introduction

Despite more than 100 years of experience and thousands of
xperimental and clinical studies, the management of acute pan-
reatitis remains challenging. In the past the slow progress has
eflected the paucity of high-level evidence and an undue emphasis
n surgical management. This 20th century ‘surgical odyssey’ has
een well described [1]. The more recent application of evidence-
ased medicine principles to the early non-surgical management
f acute pancreatitis has yielded improved patient outcomes and is
he subject of this review. While there have been numerous studies
emonstrating no benefit for a range of pharmacological interven-
ions in acute pancreatitis (including but not limited to aprotinin,
tropine, calcitonin, fresh frozen plasma, glucagon, gabexate, glu-
ocorticoids, lexipafant, non-steroidal anti-inflammatory drugs,
ctreotide), the focus of this article is on the best available evi-
ence on the use of early treatments that are often considered by

he modern day clinicians. A computerized literature cross-search
f three databases (MEDLINE, EMBASE and Cochrane Central Reg-
ster of Controlled Trials) from January 1, 1990 to September 1,

∗ Corresponding author at: Department of Surgery, University of Auckland, Private
ag 92019, Auckland 1142, New Zealand. Fax: +64 9 377 9656.

E-mail address: max.petrov@gmail.com (M.S. Petrov).

ttp://dx.doi.org/10.1016/j.dld.2017.01.168
590-8658/© 2017 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All
2016 was  performed. To provide the best quality evidence, the data
from only randomized controlled trials (RCTs) and high-quality
meta-analyses in patients with acute pancreatitis were presented,
if available.

2. Pain management

Pain is the cardinal symptom of acute pancreatitis and its relief
is a clinical priority. Different analgesics have been compared in
patients with acute pancreatitis and the nine published RCTs are
summarised in Table 1 [2–10]. These trials had different study
designs, evaluated different analgesics, had small sample sizes, and
only three of the trials were double-blind. From these studies, it
appears that there is no credible clinical evidence to avoid the
use of morphine in treating the pain associated with acute pan-
creatitis. There is no evidence to support the use of parenterally
administered local anesthetics (Procaine) in the management of
pain associated with acute pancreatitis. Patients with severe pain
will require intravenous analgesia and patient-controlled analge-
sia should be considered. Epidural analgesia can be considered
for those patients with severe and critical acute pancreatitis who

require high doses of opioids for an extended period. Although it
has been reported that analgesics could also be given transder-
mally or rectally, there are no RCTs comparing the different routes
of administration of the same analgesic in patients with acute pan-
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Table 1
Randomized controlled trials of analgesics in patients with acute pancreatitis.

Study ID Year Setting Intervention group Control group No. of patients Allocation
concealment

Reduction of pain score Other important
findings

Intervention group Control group

Blamey et al. [2] 1984 UK Buprenorphine (i.m.) Pethidine (i.m.) 17 15 Single-blind No difference No difference in terms
of adverse effects.

Ebbehoj et al. [3] 1985 Denmark Indomethacin (rectal) Placebo (rectal) 14 16 Double-blind Significantly higher in
the intervention group
over the first 168 h

Number of opiate
injections were
significantly lower in
the intervention group.

Jacobs  et al. [4] 2000 Germany Buprenorphine (i.v.) Procaine (i.v.) 20 20 Open-label Significantly higher in
the intervention group
over the first 48 h

Number of additional
analgesics were
significantly lower in
the intervention group.

Stevens  et al. [5] 2002 USA Fentanyl (transdermal) Placebo
(transdermal)

16 16 Double-blind Significantly higher in
the intervention group
between 36 and 60 h

A significantly reduced
length of stay in the
intervention group.

Kahl  et al. [6] 2004 Germany Pentazocine (i.v.) Procaine (i.v.) 50 51 Open-label Significantly higher in
the intervention group
over the first 72 h

Number of additional
analgesics were
significantly lower in
the intervention group.

Peiro  et al. [7] 2008 Spain Metamizole (i.v.) Morphine (s.c.) 8 8 Open-label Non-significantly
higher in the
intervention group
over the first 24 h

No difference in terms
of adverse effects.

Layer  et al. [8] 2011 Germany Procaine hydrochloride
(i.v)

Placebo 23 21 Double-blind Significantly higher in
the intervention group
over the first 72 h

Number of additional
analgesics were
significantly lower in
the intervention group.

Sadowski  et al. [9] 2015 Switzerland Epidural anesthesia w
Bupivacaine + Fentanyl

Patient controlled
anesthesia (Fentanyl
i.v)

13 22 Open-label Significantly higher in
the intervention group
on day 0 and 10, not on
days 1 to 9

Significant
improvement of
pancreas perfusion in
the intervention group.

Tramadol (i.v.) Dexketoprofen (i.v.) or
Paracetamol (i.v.)

30 30 60
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reatitis. Despite evidence from RCTs being available, there remains
ncertainty about the preferred analgesic and the best method of
dministration [11]. That is why the best current recommendation
t the moment is to adhere to the most current acute pain manage-
ent guidelines in the perioperative setting. But all patients with

cute pancreatitis must receive some form of analgesia in the first
4 h of hospitalisation in order to not compromise patient’s quality
f life [12–14].

. Fluid resuscitation

Fluid resuscitation is the intervention most likely to improve
linical outcomes [15,16]. Non-mild acute pancreatitis is associated
ith increased fluid sequestration, which is in turn associated with
ypovolemia and higher fluid requirements [17]. Six RCTs have
een conducted in this area so far, of which four have come from
hina. The first Chinese study compared two rates of fluid infusion,
0–15 ml  kg−1 h−1 versus 5–10 ml  kg−1 h−1, in patients with severe
cute pancreatitis [18] and found that the later regimen resulted in

 significantly lower rate of infectious complications and mortality
19]. The second study, again in severe acute pancreatitis, compared
he effect of “rapid” (hematocrit < 35%) versus “slow” (hemat-
crit ≥ 35%) hemodilution within 48 h of onset. The study showed
hat the target hematocrit of more than 35% is associated with a sig-
ificantly lower rate of infectious complications and mortality [20].
oth studies suggest that aggressive fluid resuscitation in patients
ith severe acute pancreatitis is detrimental. The other two Chi-
ese studies investigated colloids and crystalloids in patients with
evere acute pancreatitis [21,22]. Du et al. showed that hydrox-
ethyl starch (HES) combined with Ringer’s lactate is superior to
inger’s lactate alone in decreasing both intra-abdominal pressure
nd the need for mechanical ventilation [21]. Wang et al. compared
hree groups: early goal-directed therapy (EGDT) with HES or EGDT
ith HES and plasma compared to treatment with crystalloids and
ES according to guidelines [22]. Patients who received a combi-
ation of EGDT, HES, and plasma had significantly better outcomes
uch as mortality, multiple organ dysfunction syndrome, abdom-
nal compartment syndrome, length of stay in the intensive care
nit, and need for mechanical ventilation. None of these RCTs pre-
ented any power calculations and, in the study by Wang et al.
22], the total amount of fluids given was not accounted for in the
GDT protocol. It is also worth mentioning that administration of
ES to critically ill patients is controversial due to safety concerns
emonstrated in several recent studies [23]. In the study by Du
t al. [21], no significant difference in kidney failure or coagulopa-
hy was found between compared groups. Wang et al. [22] did not
resent any data regarding possible complications related to HES
dministration and the subject is not discussed. In 2011, Wu  et al.
onducted an open label, 4-arm factorial design randomized con-
rolled trial investigating a EGDT protocol (primary endpoint), and
lso comparing Ringer’s lactate with normal saline [24]. At interim
nalysis, the study proved to be underpowered for the primary
ndpoint and no difference was found between the goal-directed
nd standard resuscitation arms in terms of systemic inflamma-
ory response syndrome (SIRS). A significant reduction of SIRS and
-reactive protein at 24 h in the group receiving Ringer’s lactate
as demonstrated, however, these were only surrogate markers

f clinically relevant outcomes. The sixth RCT compared admin-
stration of Ringer’s lactate naso-jejunally versus intravenously in
atients with predicted severe course [25]. The study outcomes
ere mortality, persistent organ failure, pancreatic necrosis, local
omplications intra-abdominal pressure, need for interventions,
one of which differed significantly between the groups. There
as no power calculation done and it is likely that the study was
nderpowered.
r Disease 49 (2017) 585–594 587

There is thus no high quality evidence from RCTs regarding the
optimal resuscitation fluid (although Ringer’s lactate appears to be
promising), the required fluid rate, or the best marker to guide fluid
therapy and indicate the adequacy of resuscitation (Table 2). It is
not even known whether colloids or crystalloids are more effective
in improving pancreatic microcirculation and outcome [26]. The
initial goal of fluid resuscitation is to restore circulating blood vol-
ume  with the aim of improving peripheral tissue oxygenation. Easy
clinical markers of adequate hemodynamic function are heart rate,
blood pressure, respiratory rate, O2 saturation and urine output
[27,28]. Urine output should be restored at above 0.5 mL/h/kg body-
weight. Hematocrit, blood urea nitrogen, creatinine and lactate
are laboratory markers of volemia and adequate tissue perfusion,
and should be monitored. Central venous pressure and Swan-Ganz
monitoring have not been proven to be useful to guide fluid resus-
citation in acute conditions [29]. Assessing volume stroke after a
fluid challenge has been advocated as a major tool for monitor-
ing the need for aggressive fluid resuscitation in critical patients
[28]. However, the only RCT attempting to study the effects of
early goal-directed fluid therapy (mainly based on repeated mea-
surements of plasma blood urea nitrogen levels) on outcomes of
acute pancreatitis showed negative results [24]. Based on the cur-
rent best evidence, it appears that fluid resuscitation with more
than 10–15 ml  kg−1 should be discouraged; Ringer’s lactate may  be
associated with anti-inflammatory effect; and the value of early
goal-directed therapy in patients with acute pancreatitis remains
unknown.

4. Antibiotics

While the use of broad-spectrum antibiotics to treat confirmed
infection in acute pancreatitis is a well-established practice, the
use of prophylactic antibiotics has been controversial for decades.
Three RCTs in the 1970s failed to demonstrate a beneficial effect
of antibiotic prophylaxis, probably due to a small sample size,
inappropriate selection of antibiotics (e.g. ampicillin, which does
not sufficiently penetrate the pancreas) and inclusion of patients
with mild pancreatitis [30–32]. Between 1993 and 2009, several
randomized controlled open label trials were published evaluat-
ing the efficacy of prophylactic antibiotic treatment in patients
with severe acute pancreatitis [33–39]. The results of these tri-
als were conflicting. While some RCTs demonstrated reduction of
infectious complications and mortality with the use of prophylac-
tic antibiotics, the others failed to do so. Only three double-blind,
placebo-controlled randomized trials were published between
2004 and 2009 and all of them were unable to show a beneficial
effect of antibiotic prophylaxis in regard to infectious pancre-
atic complications, the need for surgery, and mortality [40–42]
(Table 3). This is in line with the findings of a meta-analysis that
showed an inverse relationship between methodological quality
of the studies and impact of antibiotic prophylaxis on mortality
[43]. On the other hand, it is worth noting that the three double-
blind RCTs mentioned were not without flaws. These include a large
crossover to open label antibiotics in the control group (i.e. a high
percentage of patients in the placebo group who were treated with
intravenous antibiotics) and the inclusion of patients on the basis of
“predicted” severity of acute pancreatitis rather than proven necro-
tizing pancreatitis. All of the studies were underpowered since the
power calculation was based on an infection rate of 40%, whereas
the actual infection rates in the placebo groups of the trials were
only 12–17%.
There have been several attempts to statistically aggregate the
data on the use of prophylactic antibiotics in acute pancreati-
tis. While only two new RCTs were published in 2006–2007, it
is notable that 7 of the 10 meta-analyses were published within
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Table 2
Randomized controlled trials of fluid resuscitation in patients with acute pancreatitis.

Study ID Year Setting Intervention group Control group No. of patients Allocation
concealment

Outcome Comments

Intervention group Control group

Mao  et al. [19] 2009 China Rapid fluid resuscitation1 Slow fluid resuscitaion2 36 40 Open-label Significantly higher
mortality, ACS,
infection rate and
ventilator rate in the
rapid group

SAP only. No power
calculation

Mao  et al. [20] 2010 China Rapid fluid resucitation3 Slow fluid resuscitaion4 56 59 Open-label Significantly higher
mortality and infection
rate in the rapid group

SAP only. No power
calculation

Du  XJ et al [21] 2011 China HES Ringer’s lactate 20 21 Open-label Significantly lower IAP
and IAH and %
mechanical ventilation
in the HES group.

SAP only. No power
calculation

Wang  et al [22] 2013 China EGDT 1 EGDT 2 Ringer’s lactate or normal saline + HES EGDT 1 EGDT2 68 Open-label EGDT 2 had
significantly lower
mortality, ACS, MODS,
days on ventilator.

SAP only. No power
calculation. Amount of
fluids not reported.

HES  HES +plasma 64 68
Wu  B et al [24] 2011 USA Goal directed resuscitation5 Standard resuscitation6 19 21 Open-label No difference between

the arms. Similar
volumes.

Primary outcome:
change in SIRS. Trial
halted due to the low
incidence of SIRS.

Wu  B et al [24] 2011 USA Lactated Ringer’s solution Normal saline 19 21 Open-label Significant reduction in
SIRS and CRP at
24 hours with lactated
Ringer’s solution

Secondary outcome:
CRP level at 24 hours

Sharma  et al[25] 2016 India Oral hydration solution (NJ) Ringer’s lactate (i.v.) 24 25 Single-blind No difference between
the arms

Patients with predicted
SAP. No power
calculation.

Abbreviations: ACS: Abdominal Compartment Syndrome.
SAP: Severe Acute Pancreatitis.
HES: Hydroxyethyl starch.
IAP: Intra abdominal pressure.
IAH: Intra- abdominal hypertension.
EGDT: Early goal-directed therapy.
MODS: Multiple Organ Dysfunction Syndrome.
SIRS: Systemic Inflammatory Response Syndrome.
CRP: C-reactive protein.
NJ: Naso-jejunal.

1 Defined as 10–15 ml/(kg ·hour).
2 Defined as 5–10 ml/(kg·hour).
3 Defined as goal-hematocrit <35% within 48 hours.
4 Defined as goal-hematocrit ≥35% within 48 hours.
5 Goal directed resuscitation: 20 mL/kg fluid i.v. for 30 min  followed by 3 mL/kg/hour continuously i.v. Unchanged BUN-level after 8–12 hours followed by second fluid challenge of 20 mL/kg for 30 min. Decreased BUN-level

after  8–12 hours followed by 1.5 mL/kg/hour continuously i.v.
6 Standard Resuscitation: fluid management adjusted by treating physician.
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Table 3
Randomized controlled trials of intravenous antibiotic prophylaxis versus no antibiotics in patients with acute pancreatitis.

Study ID Year Setting Intervention group Control group No. of patients Allocation concealment Main findings

Intervention group Control group

Howes et al. [30] 1975 USA Ampicillin None 48 47 Open-label No significant difference
in any outcome

Craig  et al. [31] 1975 USA Ampicillin None Open-label No significant difference
in any outcome

Finch  et al. [32] 1976 USA Ampicillin Placebo 31 27 Double-blind No significant difference
in any outcome

Pederzoli  et al. [33] 1993 Italy Imipenem None 41 33 Open-label Significantly lower rate
of pancreatic infection in
the intervention group

Sainio  et al. [34] 1995 Finland Cefuroxime None 30 30 Open-label Significantly lower
mortality rate but not
pancreatic infection, in
the intervention group

Delcenserie et al. [35] 1996 France Ceftazidime + amikacin + metronidazole None 11 12 Open-label No significant difference
in any outcome

Schwarz  et al. [36] 1997 Germany Ofloxacin + metronidazole None 13 13 Open-label No significant difference
in any outcome

Spicak  et al. [37] 2003 Czech Republic Meropenem None 20 21 Open-label No significant difference
in any outcome

Isenmann et al. [40] 2004 Germany Ciprofloxacin + metronidazole Placebo 58 56 Double-blind No significant difference
in any outcome

Dellinger  et al. [41] 2007 North
America and
Europe

Meropenem Placebo 50 50 Double-blind No significant difference
in any outcome

Rokke  et al. [38] 2007 Norway Imipenem None 36 37 Open-label Significantly lower rate
of pancreatic and
extrapancreatic infection
in the intervention group

Xue  et al. [39] 2009 China Imipenem None 29 27 Open-label No significant difference
in any outcome

García-Barrasa et al. [42] 2009 Spain Ciprofloxacin Placebo 22 19 Double-blind No significant difference
in any outcome
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his period [44]. There were 13 different RCTs included in the 7
eta-analyses. Because of different inclusion criteria and various
eta-analytic techniques used, there was a lack of concordance

nd they provided contradictory recommendations regarding the
ole of prophylactic antibiotics in reducing the risk of pancreatic
nfectious complications. Overall, it appears that the most recent
tudies do not support the use of prophylactic antibiotics to reduce
he frequency of pancreatic infectious complications, surgical inter-
ention, and mortality in patients with acute pancreatitis. Routine
road-spectrum prophylactic antibiotics in patients with acute
ancreatitis cannot be recommended on the basis of the best cur-
ent evidence.

. Nutritional management

.1. Oral refeeding

The usual criteria for hospital discharge of patients with acute
ancreatitis are the resolution of pain and the tolerance of oral
efeeding. The conventional management of acute pancreatitis
nvolves a nil per os regimen until signs and symptoms of acute
ancreatitis are solved. This approach is based on the hypothe-
is that oral intake in the early phase of acute pancreatitis will
timulate synthesis and secretion of pancreatic enzymes, increase
ntrapancreatic enzyme activation and thus increase pancreatic tis-
ue damage. Traditionally, refeeding is initiated with oral intake
f clear fluids, followed by soft and solid oral food, as tolerated.
owever, there is growing evidence that questions the rationale for

pancreas rest’ as a mainstay in the management of acute pancre-
titis [45]. And the three emerging questions related to oral feeding
re what to feed, when to feed, and who governs these feeding deci-
ions. These questions are reviewed in detail elsewhere [46,47] and
re beyond the scope of this article.

.2. Type of nutritional support

The importance and feasibility of providing nutritional support
n patients with acute pancreatitis has been known for more than

 decades. Parenteral nutrition (PN), rather than enteral nutrition
EN), became the standard of care because it was considered impor-
ant for ‘pancreas rest’. The rationale was to prevent stimulating
ncreased pancreatic secretion of proteolytic enzymes and thereby
xacerbating the severity of pancreatitis. The reliance on PN has
ecreased in response to an increased awareness of attendant prob-

ems, such as catheter-related sepsis, the high cost of treatment,
lectrolyte and metabolic disturbances, villous atrophy and gut
arrier failure with promotion of bacterial translocation, systemic
epsis and multiple organ failure.

A number of RCTs compared total PN and total EN in the man-
gement of predicted severe acute pancreatitis (Table 4) [48–59].
wo meta-analyses of high-quality RCTs have shown a significant
-fold reduction in the risk of total and pancreatic infectious com-
lications and a 2.5 fold reduction in the risk of death in patients
eceiving total EN [60,61]. Meta-analyses of RCTs evaluating the
ffect of pharmaconutrition-supplemented PN showed some ben-
ficial effects in comparison with total PN [62,63]. However, it is
nlikely that supplemented PN offers any benefit in comparison
ith total EN.

.3. Route of enteral feeding

Nasogastric (NG) tube insertion appears to be the best current

nitial approach to enteral feeding as nasojejunal (NJ) tube inser-
ion often requires endoscopy or radiology expertise for insertion
nd may  cause a delay to commence feeding. Over the past few
ecades, NJ EN has been preferred to NG EN because of the concern
r Disease 49 (2017) 585–594

that more proximal feeding would result in pancreatic stimulation
and more severe pancreatitis. NG or duodenal feeding has been
believed to increase the chances of aspiration pneumonitis and to
stimulate pancreatic secretion resulting in inefficient restoration of
gut mucosal integrity, whereas NJ feeding has not. The pancreatic
enzyme response to enteral feeding was  studied in human volun-
teers and it was  shown that all forms of EN, with the exception
of NJ feeding, stimulate pancreatic secretion [64]. By contrast, a
study in patients with acute pancreatitis showed a significantly
lower rate of secretion of trypsin, amylase and lipase in comparison
with healthy subjects [65]. Moreover, it was  shown that pancre-
atic enzyme secretion in response to duodenal feeding was  less
in patients with more severe pancreatitis, probably reflecting a
greater injury to the acinar cell mass.

There have been three RCTs directly comparing NG EN with NJ
EN in patients with predicted severe acute pancreatitis [66–68].
These demonstrated the feasibility, safety, and tolerance of NG
EN and showed no evidence of increased complications associated
with the introduction of NG feeding compared with the NJ route.
Further, two meta-analyses showed no significant difference in the
incidence of mortality, tracheal aspiration, and exacerbation of pain
between the two routes of feeding [69,70].

5.4. Type of enteral feed

The concept of ‘pancreas rest’ has also influenced decisions
about the type of feed given during EN. Feeds, such as (semi)-
elemental formulae, have been preferred because they did not
require pancreatic enzymes for digestion and absorption [71]. How-
ever, the major disadvantage of (semi)-elemental formulae is the
cost, which is reportedly 3-7 fold higher than that of polymeric for-
mulae. A recent meta-analysis of RCTs compared these two  types
of formulae in terms of feeding intolerance, infectious complica-
tions, mortality and found that the use of polymeric over elemental
feeding formulae did not result in reduced feeding tolerance in
patients with acute pancreatitis and appeared to reduce the risk of
infectious complications and mortality [72]. Thus, the use of semi-
elemental and elemental formulae confers no apparent advantage
over relatively inexpensive polymeric formulae.

It has also been considered that the use of immune-enhanced
enteral formulations might increase the beneficial effects of EN
in acute pancreatitis [73]. Several trials in different clinical set-
tings have suggested that immuno-nutrition might confer benefit
by modifying the inflammatory response. The results of RCTs
that compared the use of immune-enhanced and standard enteral
formulae were statistically aggregated in several meta-analyses
[74–76]. The most recent and comprehensive systematic review of
2419 patients from 22 RCTs [76] found that the benefits of immune-
enhancing EN may  depend on the subset of the analyzed patients.
There was  no benefit of immunonutrition on the risk of infectious
complications or mortality within the subset of critically ill patients.
At the same time, administration of high-arginine-content formu-
lae in a combined group of critically ill and elective surgery patients
was associated with a statistically significant reduction in infec-
tious complications and a trend to a lower mortality in comparison
with other immune-enhancing diets. A meta-analysis of RCTs in
patients with acute pancreatitis did not show any clinical benefi-
cial effect of immunonutrition, when compared with standard EN
[77]. A recent RCT, not included in the meta-analysis mentioned

above, studied the effect of EN combined with rhubarb (a common
herb used in Chinese medicine) and it showed that, compared with
total EN, patients in the intervention group had a reduced length of
hospitalization and improved gastrointestinal function [78].
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Table 4
Randomized controlled trials of total enteral versus total parenteral nutrition in patients with acute pancreatitis.

Study ID Year Setting Intervention group Control group No. of patients Allocation concealment Reduction of infectious
complications and mortality

Intervention group Control group

Kalfarentzos et al. [48] 1997 Greece Enteral nutrition Parenteral nutrition 18 20 Open-label Significantly lower rate of
pancreatic infection in the
intervention group

McClave  et al. [57] 1997 USA Enteral nutrition Parenteral nutrition 16 16 Open label No significant difference in the
outcomes

Olah  et al. [56] 2002 Hungary Enteral nutrition Parenteral nutrition 41 48 Open-label Non-significantly lower rate of
sepsis and mortality in the
intervention group

Abou-Assi et al. [58] 2002 USA Enteral nutrition Parenteral nuntrition 26 27 Open-label No significant difference in the
outcomes

Gupta  et al. [49] 2003 UK Enteral nutrition Parenteral nutrition 8 9 Open-label Non-significantly lower rate of
pancreatic infection in the
intervention group

Louie  et al. [50] 2005 Canada Enteral nutrition Parenteral nutrition 10 18 Open-label Non-significantly lower rate of
pancreatic infection in the
intervention group

Eckerwall et al. [51] 2006 Sweden Enteral nutrition Parenteral nutrition 23 25 Open-label No significant difference in the
outcomes

Petrov  et al. [52] 2006 Russia Enteral nutrition Parenteral nutrition 35 34 Open-label Significantly lower rate of
pancreatic infection and
mortality in the intervention
group

Casas  et al. [53] 2007 Spain Enteral nutrition Parenteral nutrition 11 11 Open-label Non-significantly lower rate of
pancreatic infection in the
intervention group

Doley  et al. [54] 2008 India Enteral nutrition Parenteral nutrition 25 25 Open-label No significant difference in the
outcomes

Qin  et al. [59] 2008 China Enteral nutrition Parenteral nutrition 36 38 Single-blind Significantly lower rate of
multiple organ failure in the
intervention group

Wu  et al. [55] 2010 China Enteral nutrition Parenteral nutrition 53 54 Open-label Significantly lower rate of
pancreatic infection and
mortality in the intervention
group
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Table  5
Recommendations for early management of patients with acute pancreatitis.

Do’s Don’ts

Analgesics Follow local guidelines for acute pain management in the
perioperative setting

Abstain from analgesia completely in the first 24 hours of
hospitalisation

Fluids  Prefer lactated Ringer’s solution to isotonic crystalloid Use aggressive fluid resuscitation protocols
Antibiotics Administer antibiotics in patient with confirmed

(peri)pancreatic infected necrosis
Administer antibiotics with the aim of prophylaxis

Nutrition Commence nasogastric tube feeding in 24–48 hours after
hospital admission in patients with organ dysfunction
and/or (peri)pancreatic necrosis

Feed any patient with acute pancreatitis within 24 hours of
hospitalisation

Reserve nasojejunal tube feeding to patients who cannot
tolerate gastric feeding

Determine the need for tube feeding based on predicted
criteria of severity (e.g. APACHE II score, C-reactive protein)

ERCP  In patients with co-existing acute cholangitis only Determine the need for ERCP based on predicted criteria of
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bbreviations: APACHE, acute physiology and chronic health evaluation; ERCP, end

.5. Timing of enteral feeding

The indirect evidence from the trials of EN versus PN is incon-
istent with respect to when is the best time to commence feeding
79]. Some authors have demonstrated clinical benefits of early EN
ompared to delayed EN in terms of lower incidence of multi-organ
istress syndrome, SIRS, pancreatic infectious complications, and
horter ICU stay but no difference in the mortality rate [80].

A RCT from New Zealand showed that starting NG EN within
4 h of hospital admission results in a significant decrease in the

ntensity and duration of abdominal pain and risk of oral food intol-
rance [81]. On the other hand, a Dutch study showed no superiority
f early EN in patients with AP [82]. However, it is worth not-
ng that the actual site of feeding in the Dutch study is unclear
s tubes were dislodged in 40% of the patients. Further, only one
hird of the patients had actual, as opposed to predicted, severe or
ritical AP (i.e., persistent organ failure, infected pancreatic necro-
is, or both). Hence, two-thirds of the patients in that study were
ot posed at the outset to benefit from tube feeding. The possible
enefits of early nutrition are maintaining the gut integrity (ente-
ocyte population) and function (motility) and reducing bacterial
ranslocation and ileus, and these may  also help to achieve caloric
argets more quickly [83,84]. However, early nutrition is not with-
ut risk, particularly in hemodynamically unstable patients and
hose requiring inotropic support [26]. These patients appear to
e at an increased risk of non-occlusive mesenteric ischemia, and

t is best to commence EN after the patient has been adequately
esuscitated [27]. As a guideline, feeding of patients with acute
ancreatitis should, in general, be started on the second day after
ospital admission—enteral tube feeding in patients with gut dys-

unction and oral refeeding in patients with normal gut function
85]

Two recent meta-analyses have shown that early EN (started
ithin 48 h of admission), in comparison with late EN or PN,

esulted in statistically significant reduction in the risks of organ
ailure, pancreatic infections, and mortality [86,87].

. Therapeutic ERCP

Endoscopic retrograde cholangiopancreatography (ERCP) with
phincterotomy (ES) was promoted as a beneficial intervention in
atients with acute biliary pancreatitis in the early 1990s. This was
ased on the findings of two RCTs, from the UK and Hong Kong,
f early (within 24–48 h of admission) ERCP ± ES versus conserva-
ive treatment [88,89]. Both trials demonstrated that early ERCP
as associated with a reduction in complications but not mortal-
ty, but the benefits were only apparent in patients with predicted
evere acute pancreatitis. There is some evidence to suggest that the
uration of biliary obstruction, rather than the predicted severity
f acute pancreatitis, is the most important determinant of out-
severity

ic retrograde cholangiopancreatography.

come [90,91]. This is probably due to the increased likelihood of
concomitant cholangitis with prolonged obstruction and might be
the best explanation for the usefulness of ERCP in the management
of acute biliary pancreatitis [92]. The first multicentre RCT to exam-
ine the role of ERCP in acute pancreatitis was  designed to include
only patients with evidence of biliary obstruction, defined by clin-
ical and radiological criteria [93]. This German study did not find
any benefit for early ERCP (within 72 h after onset of symptoms)
over conservative treatment.

A subsequent RCT from Argentina found that early ERCP in
patients with biliary obstruction, defined by laboratory and radio-
logical criteria, and without evidence of acute cholangitis, conferred
no benefit [94]. Two important meta-analyses were published in
2008. The first found that early ERCP, compared with conserva-
tive treatment in patients with both predicted mild and predicted
severe acute pancreatitis, did not decrease the incidence of local
pancreatic complications or mortality rate [95]. The second meta-
analysis was designed to negate the confounding effect of acute
cholangitis and demonstrated no benefit of early ERCP over con-
servative treatment in terms of complications and mortality in
patients with predicted mild and predicted severe AP [96]. The
conclusion to be drawn from these studies is that early ERCP is
indicated in patients with acute pancreatitis if there is clinical evi-
dence of acute cholangitis, but not for those with cholestasis alone
[92]. While cholestasis can reflect a persisting common bile duct
stone, it might also be due to oedema of the ampulla secondary
to recent stone passage to the duodenum and thus be expected to
improve over the first few days of admission. Persistent cholestasis
without cholangitis, may  require an ERCP, but not usually in the
acute setting.

7. Conclusions

While specific treatments for acute pancreatitis that address
critical and outcome determining pathophysiology are awaited and
there is no clinically useful laboratory marker yet to monitor the
clinical trajectory of patients [97,98], there has been accumulation
of new evidence pertinent to early management of acute pancreati-
tis. Surgical management of acute pancreatitis is being applied to
fewer patients and there has been a notable trend towards less inva-
sive approaches. There have also been important advances in the
non-surgical management of acute pancreatitis, particularly in the
more appropriate and effective use of antibiotics, nutritional man-
agement, and endoscopic biliary decompression (Table 5). There is
a need for more high quality trials to determine the best strategies

for pain relief and fluid resuscitation.
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