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Abstract

Acute pancreatitis is a common indication for hospital admission, increasing in incidence, including in children, pregnancy
and the elderly. Moderately severe acute pancreatitis with fluid and/or necrotic collections causes substantial morbidity, and
severe disease with persistent organ failure causes significant mortality. The diagnosis requires two of upper abdominal pain,
amylase/lipase > 3 Xupper limit of normal, and/or cross-sectional imaging findings. Gallstones and ethanol predominate
while hypertriglyceridaemia and drugs are notable among many causes. Serum triglycerides, full blood count, renal and
liver function tests, glucose, calcium, transabdominal ultrasound, and chest imaging are indicated, with abdominal cross-
sectional imaging if there is diagnostic uncertainty. Subsequent imaging is undertaken to detect complications, for exam-
ple, if C-reactive protein exceeds 150 mg/L, or rarer aetiologies. Pancreatic intracellular calcium overload, mitochondrial
impairment, and inflammatory responses are critical in pathogenesis, targeted in current treatment trials, which are crucially
important as there is no internationally licenced drug to treat acute pancreatitis and prevent complications. Initial priorities
are intravenous fluid resuscitation, analgesia, and enteral nutrition, and when necessary, critical care and organ support, par-
enteral nutrition, antibiotics, pancreatic exocrine and endocrine replacement therapy; all may have adverse effects. Patients
with local complications should be referred to specialist tertiary centres to guide further management, which may include
drainage and/or necrosectomy. The impact of acute pancreatitis can be devastating, so prevention or reduction of the risk of
recurrence and progression to chronic pancreatitis with an increased risk of pancreas cancer requires proactive management
that should be long term for some patients.
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Acute pancreatitis is a major disease that cannot be
considered self-limiting, as it has serious early and
long-term impact. Interventional clinical trials of new
and repurposed drugs are crucial to address the absence
of a definitive, internationally licensed treatment. Many
drugs, however, have a role in treating complications of
acute pancreatitis or, in specific sub-groups, preventing
recurrence. A definitive drug, however, would reduce
complications and the adverse effects of their treatments.

Initially intravenous fluids, opiates, and oral or enteral if
not parenteral nutrition are indicated; occasionally anti-
virals, or antivenom for scorpion stings in endemic areas.

Insulin is used in hypertriglcyeridaemia-associated acute
pancreatitis, which has a range of drugs including anti-
sense therapies in specific groups to prevent recurrence.

Inotropes maintain cardiac output and assist renal perfu-
sion in patients with severe acute pancreatitis, but may
cause gut and/or peripheral ischaemia.

Antibiotics are the mainstay to treat, but not recom-
mended to prevent, all infection; these may be compli-
cated by dysbiosis and/or fungal infection.

Pancreatic enzyme replacement therapy is necessary in
many patients, notably after pancreatic necrosis; pancre-
atic endocrine insufficiency is likely to require insulin.

Interventions for source control are usually delayed for
several weeks because early infection is poorly localised
amid intra-abdominal inflammation and necrosis.

A search for ‘acute pancreatitis’ in July 2022 yields over
75,000 references in PubMed, including articles relating to
diagnosis, classification and overall management, with a
small but critically important fraction reporting randomised
trials of targeted treatments. Despite this, there is no specific
internationally licensed drug therapy that can change the
course of acute pancreatitis. Among reasons for this failure
are insufficient understanding of pathophysiology and inap-
propriate drug choice. Trial designs remain problematic,
as underlying assumptions may be incorrect, for example,
therapeutic windows and complication rates [6, 7]. Most
established therapies address the complications of the dis-
ease, among which are generic treatments, for example, for
organ failure and infection. Here we review state-of-the-art
therapy in practice for acute pancreatitis, highlighting the
importance of diagnosis to determine aetiology and identify
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complications, both of which alter management acutely and
during follow up.

2 Diagnosis
2.1 Diagnostic Criteria

Presentations of pancreatitis include epigastric or diffuse
abdominal pain (80-95%), nausea and vomiting (40-80%),
abdominal distension, fever, breathlessness, irritability, and
impaired consciousness, with pyrexia, low oxygen satu-
ration, tachypnoea, tachycardia, hypotension, abdominal
guarding, ileus and/or oliguria [8]. The medical history
should include careful enquiry directed at aetiology includ-
ing gallstones, obesity, alcohol excess, smoking, hyperlipi-
daemia, and drugs that can induce the disease, recognising
that more than one precipitant may cause the disease. Iden-
tification of alcohol excess is assisted by use of the 10-item
alcohol-use disorders identification test (AUDIT), for which
both clinician-administered and self-report versions are
available [9] as well as abbreviated versions [10] or alterna-
tives [11], including single-item screening questions [12].
A diagnosis of acute pancreatitis requires two out of three
criteria: (1) abdominal pain consistent with pancreatitis, (2)
a serum amylase or lipase three or more times the upper
limit of normal, and (3) findings consistent with pancreatitis
on cross-sectional abdominal imaging [in adults: computed
tomography (CT) or magnetic resonance imaging (MRI); in
children CT, MRI or in some cases transabdominal ultra-
sound (TUS)] [13, 14]. Care is required, as the first two
criteria alone may fail to identify a quarter of patients with
acute pancreatitis, while diagnosing one in ten patients with
acute pancreatitis incorrectly [15].

2.2 Aetiology
2.2.1 Cholelithiasis

Gallstone disease is the leading cause of acute pancrea-
titis world-wide [16] and accounts for around 20-70% of
all cases in the West [17]. Epidemiological studies show
an increasing prevalence of cholelithiasis with age [18],
accounting partly for the increasing incidence of acute
pancreatitis associated with demographic changes. A stone
obstructing the sphincter of Oddi was the first ever reported
confirmed aetiology of acute necrotising pancreatitis [19];
obstruction of the pancreatic duct and/or ductal infusion of
bile acid is an effective way to produce experimental acute
pancreatitis [20]. Around two-thirds of patients with acute
biliary pancreatitis are female [17], as gallstones are more
common in women. Gallstones can cause acute pancreati-
tis in children, but less commonly than drugs [21]. Patients
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admitted with a diagnosis of acute pancreatitis should have
a TUS as part of their initial work-up to identify gallbladder
stones [11], usually taken to indicate gallstone aetiology,
and to identify biliary ductal dilatation, which may support
a diagnosis of cholangitis.

2.2.2 Ethanol

Heavy alcohol consumption is a well-known cause of acute
pancreatitis, the incidence of which differs widely by geog-
raphy [22]. It is often reported that alcohol is the second
most common cause of acute pancreatitis in North America
and Europe, accounting for up to a third of cases [17, 23,
241; in Eastern Europe it is the leading cause [5]. The inci-
dence of acute alcoholic pancreatitis has been reported to be
as low as 2% in Latin America [16] and < 10% in China [25]
or as high as 46% in Japan [26] and 70% in Finland [27].

Binge drinking, that is five or more alcoholic drinks per
session [in the UK 80 mL (~ 65 g) ethanol/session in men
and 60 (~ 47.5 g) mL/session in women; in the USA 70 g
(~ 90 mL) and 56 g (~ 70 mL) respectively], confers an
increased risk of acute pancreatitis, notably on a background
of heavy alcohol consumption (in the USA heavy drink-
ing is defined as 210 g (15 drinks of 14 g each; ~ 270 mL)
ethanol/week in men and 112 g (eight drinks of 14 g each;
~ 140 mL) in women). The impact of binge drinking is evi-
dent in the spike in incidence during national holidays and
festivals [28—30]. Patients with alcohol-induced pancreatitis
have similar drinking patterns to those with alcohol abuse
disorders, and may have high levels of alcohol intake over
several years prior to pancreatitis [31]. Only a minority of
heavy drinkers develop identifiable episodes of acute pan-
creatitis, indicative of co-factors that include genetic risk
[32], hypertriglyceridaemia [33] and smoking [34]. The use
of the AUDIT tool is described above (Sect. 2.1) to support
identification of an alcoholic aetiology.

Smoking is a risk factor for acute pancreatitis, recurrent
acute pancreatitis and chronic pancreatitis [35], most notably
in heavy drinkers [34]. In contrast, low alcohol consumption
(< two drinks/day in men and < one drink/day in women) by
non-smokers may protect against a first but not subsequent
attack of acute pancreatitis [34, 36], possibly by stimulating
pancreatic ductal secretion [37].

2.2.3 Hypertriglyceridaemia

Hypertriglyceridaemia was found to be the cause of acute
pancreatitis in ~ 9% in a recent global systematic review
[38], making it the third most common cause. One high-
volume centre in China reported acute pancreatitis second-
ary to hypertriglyceridaemia in 33% of cases, the second
most common cause in this cohort [39]. The Endocrine
Society differentiates primary (genetic) from secondary

(e.g. metabolic syndrome, diabetes mellitus, alcohol or
pregnancy) hypertriglyceridaemia as mild (150-500 mg/
dL; 1.7-5.6 mmol/L), moderate (500—1000 mg/dL; 5.6-11.3
mmol/L) or severe (> 1000 mg/dL; > 11.3 mmol/L) depend-
ent on serum triglyceride levels [40]; much is polygenic in
nature [41]. There is an approximate 4% increase in the
incidence of acute pancreatitis for every 100 mg/dL rise
in serum triglyceride levels above 1000 mg/dL [42, 43], a
level frequently used to define hypertriglyceridaemia as the
cause of acute pancreatitis [39]. Nevertheless, as there is
an increased but lower risk of acute pancreatitis at lower
levels, also proportional to the increase in triglycerides, 500
mg/dL appears preferable for this definition [39, 44]. It is
most important that levels are taken on admission to identify
hypertriglyceridaemia [14], either as sole cause or a co-fac-
tor conferring a worse prognosis, since hypertriglyceridae-
mia-associated acute pancreatitis is severe more frequently
than from other causes [39].

2.2.4 Drugs

Although a well-recognised category accounting for up to
5% of acute pancreatitis [45], possibly with higher frequen-
cies as co-factors [46], there are relatively few studies of
drug-associated acute pancreatitis. A large multi-national
collaboration is underway to develop biomarkers that may
help to address this deficit (www.transbioline.com). An
important focus of this collaboration is to develop novel
biomarkers for accurate identification and prognostication
of pancreatic injury induced by drugs in early-phase trials,
to determine whether to continue, modify or abandon drug
development. Most published reviews to date focus on acute
pancreatitis associated with drugs already licensed for other
indications, the strongest evidence for which is recurrence
of acute pancreatitis if the implicated drug is reintroduced,
after withdrawal and recovery from a prior attack. Trivedi
and Pitchumoni [47] described three categories that Badalov
et al. refined into four categories [48]. Class I drugs are
defined as those featured in at least one case report describ-
ing recurrence of acute pancreatitis following drug rechal-
lenge, where class Ia drugs have had other causes excluded
but class Ib have not. Exclusion of other causes is, however,
not uniform as tests vary. Class II drugs have a consistent
latency in 75% or more of reported cases, latency being
short (> 24 h), intermediate (> 1 and < 30 days) or long
(> 30 days), although this criterion may be inapplicable to
immune-mediated drug-induced pancreatic injury. Class III
drugs have two or more case reports without rechallenge
or consistent latency. Class IV drugs are like class III but
with only one published case report. Despite the first cat-
egory depending on exclusion of other causes, there may
be a continuum in which drugs contribute to acute pancrea-
titis with other causes, as can hypertriglyceridaemia [39].
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Pharmaceuticals in class I include antiretrovirals (e.g. dida-
nosine), chemotherapeutics (e.g. asparaginase, cytarabine),
antibiotics (e.g. tetracyclines, cotrimoxazole), steroids (e.g.
dexamethasone, prednisolone, estradiol), 5-aminosalicylates
(e.g. sulphasalazine, mesalazine), antiepileptics (e.g. valp-
roic acid, carbamazepine), antihypertensives (e.g. enalapril,
lisinopril, losartan, furosemide), opiates (e.g. codeine), and
thiopurines (e.g. azathioprine, mercaptopurine) [47]. Data
on mechanisms of drug-induced pancreatic injury are sparse,
although there is evidence to suggest intrinsic mechanisms
in drug or metabolite dose-dependent toxicity from some
drugs [49] and idiosyncratic mechanisms in the interplay
of drugs or metabolites with host susceptibility from oth-
ers [50], as in drug-induced liver injury [51]. Interestingly,
although most drugs are reported to cause acute pancreatitis
within 1 week of initiation, many agents will take weeks or
months to trigger acute pancreatitis, or in the case of some
oestrogens, years [48, 52]. A careful drug history is essential
when assessing patients presenting with acute pancreatitis.

2.2.5 Endoscopic Retrograde Cholangiopancreatography
(ERCP)

ERCEP is associated with a significant risk of acute pancrea-
titis, assessed in one systematic review of > 100 randomised
clinical trials at ~ 9% and up to 14% in high-risk patients
[53], although there are effective strategies to reduce this
risk [54]. Patients at greatest risk are young women with
small or normal bile ducts and sphincter of Oddi dysfunc-
tion [55]. The presence of a patent accessory pancreatic duct
may help to decompress the main pancreatic duct, thereby
preventing acute pancreatitis [56]. Prolonged procedures
or repeated attempts at bile duct cannulation or unintended
pancreatic duct cannulation also increase the risk of post-
ERCP pancreatitis.

2.2.6 Other Causes of Acute Pancreatitis

There are many rarer causes of acute pancreatitis [57] for
clinicians to be aware of so patients can be best managed to
address potential complications and/or prevent recurrence.
These include trauma, hypercalcaemia, viral infections
[e.g. mumps, cytomegalovirus, coxsackie B virus, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)],
tumours, anatomical variants (pancreas divisum, pancreato-
biliary ductal malunion), cardiac bypass surgery, scorpion
bites (notably from Tityus trinitatis) and organophosphate
poisoning. SARS-CoV-2 likely enters cells via the angio-
tensin converting enzyme II receptor, present on pancreatic
acinar and especially islet cells, causing or contributing sig-
nificantly to the severity of acute pancreatitis that may be
complicated by diabetes mellitus and metabolic dysfunction
[58-60].
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2.3 Acute on Chronic Pancreatitis

Acute, recurrent acute and chronic pancreatitis represent
a continuum of progressive injury, inflammation, fibrosis,
scarring and loss of function from multiple aetiologies.
Although sentinel (first) attacks of and recurrent acute pan-
creatitis do not occur in all patients who develop chronic
pancreatitis, acute attacks may be superimposed on estab-
lished chronic pancreatitis. A recent study from the Hungar-
ian Pancreatitis Study Group found ~ 50% of patients who
had suffered three or more episodes of acute pancreatitis
had coincident chronic pancreatitis, confirming that recur-
rent acute pancreatitis helps identify early chronic pancrea-
titis [61]. Alcohol is the most common aetiology to account
for these scenarios, and even moderate alcohol intake has
been shown to accelerate the progression of such pancreatic
injury. Smoking and hypertriglyceridaemia are other causes
of this progression.

2.3.1 Genetic Factors

Hereditary pancreatitis is a rare familial form of chronic pan-
creatitis that usually presents in childhood or adolescence
with recurrent attacks of acute pancreatitis. Autosomal
dominant mutations of the PRSS1 cationic trypsinogen gene,
notably R122H and N2091, account for many cases [62]. In
some families with two or more affected first-degree or three
or more second-degree relatives in two or more generations,
no mutation can be identified. There are many mutations of
pancreatic digestive enzymes (e.g. chymotrypsin C, CTRC;
carboxypeptidase A1, CPAI, pancreatic lipase, PNLIP; car-
boxyl ester lipase, CEL) enzyme inhibitors (serine protease
inhibitor Kazal type 1, SPINKI) and ion channels (cystic
fibrosis transmembrane conductance regulator, CFTR; clau-
din 2, CLDN?2) that induce cell stress, increase intracellular
pancreatic enzyme activation, impair acinar or ductal secre-
tion and/or amplify symptoms, conferring an increased risk
of chronic pancreatitis [62]. Affected individuals may pre-
sent with a sentinel attack and subsequent recurrent attacks
of acute pancreatitis before chronic pancreatitis becomes
evident on CT, MRI and/or endoscopic ultrasound (EUS),
or in children by TUS. Such disease is usually described as
associated with the mutation or idiopathic (not hereditary)
when no direct precipitating cause (e.g. alcohol, hypertri-
glyceridaemia) can be identified. Further gene variants may
contribute to acute pancreatitis via other causes, as in hyper-
triglyceridaemia from type I, 4 or 5 hyperlipidaemia from
mutations of lipoprotein lipase, LPL, or other genes [63].

2.3.2 Autoimmune Pancreatitis

Autoimmune pancreatitis is a rare, distinct form of chronic
pancreatitis that may present acutely. It was initially
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described as chronic pancreatitis with hypergammaglobuli-
naemia [64], prior to introduction of the term ‘autoimmune
pancreatitis’ [65]. It was then variously described as chronic
pancreatitis with autoimmune features, non-alcoholic duct-
destructive chronic pancreatitis, lymphoplasmocytic scle-
rosing pancreatitis with cholangitis, chronic sclerosing pan-
creatitis, pseudotumorous pancreatitis and duct-narrowing
chronic pancreatitis. The current definition of two types
is based on histopathology: type 1 for lymphoplasmacytic
sclerosing pancreatitis and type 2 for idiopathic duct cen-
tric chronic pancreatitis or autoimmune pancreatitis with
granulocytic epithelial lesions. These lesions have also been
reported in children with autoimmune sclerosing cholangitis
but no pancreatic disease involvement [66, 67].

Type 1 autoimmune pancreatitis is a feature of IgG4-
related systemic disease [68]; others include sclerosing
cholangitis, sclerosing sialadenitis, retroperitoneal fibrosis,
interstitial nephritis, chronic thyroiditis, interstitial pneu-
monia and lymphadenopathy. IgG4-related systemic dis-
ease is typified by tumour-like mass formation in affected
organs that may feature high serum IgG4 concentrations or
increased numbers of IgG4 plasma cells in tissues. Type
2 autoimmune pancreatitis is more often associated with
inflammatory bowel disease, which confers a less favour-
able prognosis [69].

3 Disease Course
3.1 Pathophysiology

Understanding critical mechanisms in acute pancreatitis is
essential to the development of specific, effective therapies
to minimise pancreatic and systemic injury [7] (see Sect. 6,
Clinical Trials). On a molecular level, the triggers of acute
pancreatitis induce injury of pancreatic acinar and ductal
cells by disrupting normal intracellular calcium signalling
that maintains stimulus-secretion coupling [70] (Fig. 1).
Acute biliary pancreatitis is caused by gallstone occlusion
of the ampulla of Vater, resulting in elevated pressure and/
or entry of bile into the pancreatic duct [19]. High pressures
induce abnormal calcium entry into pancreatic acinar cells
(normally maintaining nanomolar cytosolic calcium concen-
trations) via Piezo 1 and transient receptor potential vanil-
loid cation 4 (TRPV4) channels in the plasmalemma [71],
while bile acids ligate G protein-coupled bile acid receptor
1 [72], inducing sustained intracellular release of calcium
via endoplasmic reticulum inositol trisphosphate and ryano-
dine receptor (IP3R and RyR) calcium channels [73-75].
Intracellular calcium release from the endoplasmic reticu-
lum calcium store lowers the calcium concentration within
the endoplasmic reticulum, which prompts the endoplasmic
reticulum to form puncta with the plasmalemma, comprised

of stromal interaction molecule 1 (STIM1), ORAI and TRP
canonical cation (TRPC) channels, to allow extracellular cal-
cium to replenish the endoplasmic reticulum [70]. Although
calcium entry is normally dampened by store-operated cal-
cium entry-associated regulatory factor (SARAF), expres-
sion of SARAF becomes downregulated [76], as is micro-
RNA 26a, which normally dampens expression of TRPC
channels [77], removing controls on calcium entry. Oxida-
tive stress results, opening non-selective TRP melastatin
2 (TRPM2) channels [78]. If intracellular calcium release
from the endoplasmic reticulum continues unfettered, fur-
ther calcium entry to replenish endoplasmic reticulum stores
also continues, resulting in cytosolic calcium overload that
swamps mitochondria [79]. There, calcium overload induces
the mitochondrial permeability transition pore, causing a
loss of the mitochondrial membrane potential that drives
production of adenosine triphosphate (ATP), the universal
energy currency within cells [73]. These effects may be
partially offset by insulin, which preserves glycolytic ATP
supply [80], although glycolysis is less efficient than oxi-
dative phosphorylation. Normally the sarco-endoplasmic
reticulum and plasma membrane calcium ATPase (SERCA
and PMCA) pumps clear cytosolic calcium to restore rest-
ing cytosolic levels, but with less ATP these pumps fail,
exacerbating calcium toxicity [7]. Similar second messenger
release mechanisms are induced in alcohol-associated acute
pancreatitis by fatty acid ethyl esters (FAEEs) [81], and by
fatty acids released from FAEEs or lipolysis of triglycerides
in hypertriglyceridaemia [82], to inhibit mitochondria and
aerobic ATP production. In general, there is a direct correla-
tion between the severity of toxin exposure and that of acute
pancreatitis, as in the case of serum triglyceride levels and
the severity of acute pancreatitis [39, 43, 83].

Diminished ATP production results in defective
autophagy, co-localisation of zymogen granules and
endolysosomes, zymogen activation, cytoskeletal disruption,
diminished zymogen secretion, inflammasome activation,
cytokine release and cellular necrosis [7, 84]. Intracellu-
lar calcium overload also activates the calcineurin-nuclear
factor of activated T cells (NFAT) pathway [85], nuclear
factor kappa B (NF-xB) and cytokine production [86, 87],
and the NOD-, LRR- and pyrin domain-containing protein
3 (NLRP3) inflammasome [86, 88, 89], driving pancreatic
and systemic inflammation. Other cells within the pancreas
contribute to this, notably ductal cells [90], stellate cells
[70, 91], macrophages [92], and neutrophils [93]. Damage-
associated molecular patterns, for example ATP, nucleic
acids and cytokines released from necrotic and stressed cells
further drive innate immune activation [94].

Multiple cytokines mediate a powerful pro-inflamma-
tory immune response, notably tumour necrosis factor-o
and interleukins la, 1P, 6 and 18, exacerbating the initial
pancreatic injury [95, 96], and extending inflammatory
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cascades via the lymphatic and systemic circulations into
the liver, lungs, heart, kidneys and gastrointestinal tract. This
causes the systemic inflammatory response syndrome, an
early clinical feature that persists in moderately severe and
severe acute pancreatitis. Most extremely, a cytokine storm
syndrome results through positive feedback loops between
cytokine release and programmed immune cell death (pyrop-
tosis, apoptosis and necrosis), exacerbating multi-organ dys-
function [7, 94]. Compensatory anti-inflammatory responses
occur, exemplified by increases in regulatory T cells within

lymphoid tissue [89], although this may be as much a feature
of dysregulation as restoration of balance; with superim-
posed infection, a persistent inflammation, immunosuppres-
sion and catabolism syndrome may ensue [97]. Inflamma-
tion of, and damage to, the gastrointestinal tract results in
bacterial translocation [98], endotoxaemia and portal bacte-
raemia, infecting pancreatic necrosis and exacerbating sys-
temic inflammation, all of which may result in multi-organ
failure and death [99]. The species of bacteria present in the
gastrointestinal tract of patients with acute pancreatitis is

Fig. 1 Pathophysiology of acute pancreatitis illustrating effects of
calcium overload within acinar cells and the consequent failure of
adenosine triphosphate (ATP) generation from adenosine diphos-
phate (ADP); Ca** calcium, CypD cyclophilin D, ER endoplasmic
reticulum, G Golgi, IMM inner mitochondrial membrane, L lysosome,
MCU mitochondrial calcium uniporter, MPTP mitochondrial permea-
bility transition pore, M mitochondrion, N nucleus, PM plasma mem-
brane, Z zymogen granule. a Cartoon of normal pancreatic acinar cell
showing typical apical granular pole facing lumen, with peri-granu-
lar, peri-nuclear and sub-plasmalemmal mitochondria; red arrows
indicate calcium flux into the cell, which triggers apical stimulus-
secretion and stimulus-metabolism coupling; the semi-circular arrows
represent sarco-endoplasmic reticulum calcium ATP-ase (SERCA)
and plasmalemmal ATP-ase (PMCA), pumps that restore low resting
calcium levels within the cell. b Higher power cartoon of small part
of an acinar cell representing PM receptors for the two secretagogues
cholecystokin (cholecystokin 1 receptor, CCK1R) and acetylcholine
(muscarinic type 3 receptor, M3R), and for bile acid (G-protein bile
acid receptor 1, GPBAR1). ER receptors are those for second mes-
sengers, released after CCK1R and M3R ligation, which are the ino-
sitol trisphosphate receptor (IP3R) and ryanodine receptor (RYR);
after their ligation, IP3R and RYR release calcium from the ER. Also
represented are the PM calcium channels Orail, transient receptor
potential cation channel 3 (TRPC3), Piezol, and transient receptor
potential vanilloid subtype 4 (TRPV4); the former two coordinate
normal calcium entry through stromal interaction molecules 1 and 2
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(STIM), calcium channels on the ER. Calcium uptake into the mito-
chondria is mediated by the MCU on the IMM for stimulus-metabo-
lism coupling, and while the sodium calcium exchanger removes this
calcium, the MPTP in low conductance mode may assist mitochon-
drial calcium removal. ¢ Normal mitochondrial generation of ATP is
undertaken by the FOFIATP synthase using the H* electrochemical
gradient produced by the electron transport chain in response to cal-
cium entry through the MCU into the electronegative mitochondrial
matrix; cyclophilin D in the matrix is not bound to the FOF1ATP
synthase and the MPTP is closed. d Calcium overload within acinar
cells is caused by excessive intracellular release of calcium from the
ER induced by pancreatitis toxins, for example bile acids, fatty acid
ethyl esters or hyperstimution, provoking excessive calcium entry in
response to low ER concentrations, or is caused by excessive calcium
entry induced by pressure activation of Piezol and TRPV4. Thick red
arrows indicate excessive calcium flux disrupting organellar and regu-
latory functions, resulting in impaired, basolateral secretion; SERCA
and PMCA function are diminished, exacerbating calcium overload.
e Impaired mitochondrial generation of ATP is a result of mitochon-
drial calcium overload, which induces binding of the MPTP regulator
cyclophilin D and disruption of the FOF1ATP synthase forming the
MPTP, which in high conductance mode allows particles up to 1,500
daltons into the matrix, with collapse of the H" electrochemical gra-
dient that normally drives ATP production. Derived from [7, 70-75,
79, 81, 96]
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predictive of disease severity, with the facultative anaerobic
Enterococcidae most frequently associated with severe dis-
ease [100]. Obesity adds further deleterious effects through
adipocyte lipolysis in the pancreas and adipose tissue, lead-
ing to an increase in local and systemic concentrations of tri-
glycerides that are hydrolysed by pancreatic [101, 102] and
adipocyte triglyceride lipase [103]. These and other critical
pathways reviewed elsewhere [7] provide multiple targets
for drug development.

3.2 Severity
3.2.1 Predicted Severity

Prediction of severity is made as early as possible after
admission to determine which patients are likely or not to
develop local and/or systemic complications, and who may
benefit from early, more intensive management. It is dis-
tinct from actual severity, determined once sufficient time
has elapsed to ensure accurate grading, which may take a
number of days or occasionally weeks. Many scoring sys-
tems using clinical and laboratory measures with or without
imaging features have been developed for severity predic-
tion, several designed to differentiate mild from severe acute
pancreatitis, as in the Original Atlanta Classification [104,
105]. More recent studies have grouped the moderately
severe category (RAC) [13] with the mild or severe category
for binary prediction of severity. Of those clinical scores that
can be assessed on admission, accuracy is at best about 70%
in differentiating mild from more severe acute pancreatitis;
accuracy can increase to 80% on the second day of admis-
sion [106]. Delayed prognostication, although not optimal,
remains helpful because this may be when patients reach
specialist service provision in some geographical areas [16].
Machine-learning approaches have been applied to increase
the accuracy of prediction [107], although extensive evalua-
tion of these and other approaches, for example omics tech-
nologies, is required [108, 109]. The simpler the method,
the more applicable it becomes; point-of-care technology is
required for omics applications [110, 111]. The Hungarian
Pancreatic Study Group used machine learning to develop
EASY-APP to predict severe disease (RAC), which during
validation on > 3000 patients had an accuracy of 89%, now
available on the web and built to improve with use [112]. Of
readily available single markers, C-reactive protein > 150
mg/L is useful on the second day of admission [106], indica-
tive of more severe systemic inflammation. Alongside other
indicators, this may be considered sufficient evidence to
undertake CECT to detect local complications, at a suitable
interval after disease onset (see Sect. 4.3). The pancreatitis
activity scoring system (PASS) can have a similar func-
tion to monitor patient progress [113, 114], which may be
more accurate without inclusion of pain medication [115].

Respiratory, cardiac and renal function assessment should
be undertaken frequently to detect organ dysfunction and
institute prompt organ support when required.

3.2.2 Actual Severity

The most widely accepted classification of severity is the
Revised Atlanta Classification (RAC), derived from expert
opinion [13] that identifies: (1) mild acute pancreatitis with
no local complication or organ failure; (2) moderately severe
acute pancreatitis with transient organ failure (< 48 h) and/
or local complications and/or exacerbation of comorbidity;
and (3) severe acute pancreatitis with persistent organ fail-
ure (> 48 h), most often respiratory, with or without local
complication(s) (Fig. 2). Around 65-70% of patients with
acute pancreatitis follow an uncomplicated course [13, 99],
with resolution of symptoms within several days. After dis-
charge patients typically require 3—6 weeks off work, plus
further time dependent on cause and requisite management.
Some 20-25% of patients develop moderately severe acute
pancreatitis that may feature local pancreatic injury with
acute fluid collections and/or necrosis that may become
infected. Such patients experience more prolonged pain,
nutritional deficit, and hospital stays over 2 weeks. After
discharge, these patients will typically require 6-12 weeks
or more off work. Around 10% of patients develop severe
acute pancreatitis, likely to be accompanied by more pro-
longed, severe pain, nutritional deficit and hospital stays
over 4 weeks. A significant component is systemic cytokine
activation associated with acute respiratory and/or cardiac
and/or renal failure, coagulopathy and sepsis. Critical and/
or high-dependency care is required, often with interven-
tion for infected pancreatic necrosis. Death is likely in up
to half of this group [116], resulting in an overall likelihood
of death in all cases of 1-5%, depending on demographics
and service provision [13, 14]. After discharge, surviving
patients will typically have to take 12 or more weeks off or
may never return to work.

The Determinants-based Classification (DBC) [99] is an
alternative scheme derived from published evidence [117]
with four categories: mild—no necrosis or organ failure;
moderate—sterile necrosis or transient (< 48 h) organ fail-
ure; severe—infected necrosis or persistent (> 48 h) organ
failure; critical—infected necrosis and persistent organ
failure. Newer evidence indicates that infected pancreatic
necrosis now has a lesser impact on mortality [118]. A modi-
fied scheme was developed [119] and validated [120] by
the Epidemiologia de la Pancreatitis Aguda en Medicina
Intensiva group, separating transient from persistent organ
failure, each further separated by the presence or absence
of infected necrosis (sterile necrosis was not included).
These categories, almost a hybrid between RAC and DBC,
correlated more closely with mortality and morbidity than
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RAC or DBC in intensive care settings. Another validation
study divided the severe DBC category into two, keeping
the other DBC categories intact (sterile necrosis included)
[121]; while this provides greater insight into the course of
acute pancreatitis, optimal categorisation remains elusive.
It is important to note, however, that whatever classification
is used, actual severity can only be assessed once sufficient
time has elapsed for this.

3.3 Acute Pancreatitis in Children

Much of the natural history and management of paediatric
acute pancreatitis aligns with that in adults, and while there
is a lower annual incidence at 10—15 per 100,000, this is
also rising. A lower incidence was recorded by the Brit-
ish Paediatric Surveillance Unit [21], likely the result of
incomplete case ascertainment. The diagnostic criteria are
the same, for example as defined by the INSPPIRE paediat-
ric working group [122, 123], excepting that transabdominal
ultrasound is the preferred imaging technique; in infants and
toddlers, irritability, vomiting and/or abdominal distension
may also suggest acute pancreatitis [124]. Further investiga-
tions parallel those in adults, with CECT to be conducted
5-7 days after disease onset to identify pancreatic and/or
peri-pancreatic necrosis. An MRI pancreas with MRCP may
delineate pancreatic duct abnormalities while minimising
risks of radiation exposure. Some attempts have been made

AOVE: UNCOMPLICATED ACUTE
PANCREATITIS WITH NO NECROSIS
OR ORGAN FAILURE

BELOW: SEVERE ACUTE
PANCREATITIS WITH NECROSIS
AND PERSISTENT ORGAN FAILURE

Fig.2 Contrasts of severity in uncomplicated acute pancreatitis
(‘mild’ in the Revised Atlanta Classification [13]) versus severe acute
pancreatitis that features persistent failure of respiratory, cardiac or
renal function and, typically, pancreatic necrosis; SIRS = systemic
inflammatory response syndrome; MODS = multi-organ dysfunction
syndrome. Upper panel shows a cartoon of acute pancreatitis with
inflammatory swelling and circulating inflammation represented by
neutrophils, but no local complications and no significant impact on
respiratory, cardiac or renal function. Lower panel shows cartoon of
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to formulate severity criteria in children including age, white
cell count, serum albumin, calcium, urea, lactate dehydro-
genase and fluid collections, but with no consensus [125].
One of the major limitations resulting from the lower inci-
dence of acute pancreatitis in children is the concomitantly
lower incidence of severe acute pancreatitis, so collaboration
amongst specialised centres looking after paediatric pan-
creatitis cases is recommended.

The distribution of aetiologies is different from adults,
with lifestyle being less prominent. Many medications are
associated with pancreatitis in children, the most reported
being asparaginase, azathioprine, 6-mercaptopurine, sodium
valproate/valproic acid, tetracyclines, aminosalicylic acid,
steroids, sulfasalazine and non-steroidal anti-inflammatory
drugs (NSAIDs) [126]. Other causes of pancreatitis are
cholelithiasis, anatomical anomalies (pancreas divisum, long
common channel, duodenal diverticulum, biliary obstruc-
tion), alcohol, metabolic conditions (hypertriglyceridaemia,
hypercalcaemia, methylmalonic acidaemia), trauma (acci-
dental, child abuse or ERCP induced), infection, hereditary
causes (PRSS1, SPINKI, CFTR, CPAI, see Sect. 2.3.1),
autoimmune, and idiopathic [127].

3.4 Acute Pancreatitis in Pregnancy

The incidence in pregnancy is between 1 in 500 to 1 in
5000 pregnancies [128—131], higher than in the general

SIRS/MODS

acute pancreatitis with marked glandular change and necrosis in the
pancreatic body, also found in some patients with moderately severe
acute pancreatitis (‘moderate’ in the Revised Atlanta Classfication);
in severe acute pancreatitis extensive circulatory inflammation with
profuse neutrophilia extends the disease impact systemically, with
exacerbation through vicious circles of damage [7], inducing dys-
function and failure of lungs, heart and/or kidneys that persists > 48 h
(‘severe’ in the Revised Atlanta Classification)
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population. Hormonal changes alter bile flow and com-
position, generating a pro-lithogenic state, resulting in a
higher proportion of cases attributable to gallstones than
in the general population, with alcohol and hypertriglyc-
eridaemia as other principal causes [132]. Hypertriglyceri-
daemia accounts for up to a third of all cases in pregnancy
in some Chinese series [133, 134], likely in part because
oestrogen alters lipid metabolism; preventative measures
are desirable in those identified with high triglyceride
levels [135]. Hypertriglyceridaemia-associated acute pan-
creatitis has been linked to oestrogen therapy for fertil-
ity treatment [136] and the oral contraceptive pill [137];
one cohort study of 31,494 women found a relative risk
of 1.57 for acute pancreatitis in those receiving hormone
replacement therapy [138]. As in non-pregnant patients,
hypertriglyceridaemia-associated acute pancreatitis tends
to be more severe than from other aetiologies, and in the
context of pregnancy leads to greater maternal and fetal
mortality [133]. Although the role and indications for cae-
sarean section and termination of pregnancy are undefined,
preliminary evidence suggests early intervention is prefer-
able [133].

3.5 Acute Pancreatitis in the Elderly

The incidence of gallstones increases with age [139], with
biliary pancreatitis the most common aetiology in elderly
patients [140]; overall, acute pancreatitis increases in inci-
dence with age [1]. Cholecystectomy is the management of
choice to prevent recurrence, except in the frail for whom
endoscopic sphincterotomy is an alternative [141]. Frailty
and comorbidity increase the likelihood of less favourable
outcomes from acute pancreatitis [142]. The rate of idi-
opathic acute pancreatitis was reported to be as high as
30-40% in elderly patients in the late twentieth century
[143, 144]. This high rate of idiopathic pancreatitis remains
in more recent series, despite the availability of modern
imaging and advanced endoscopy [145]. Polypharmacy
may account for some of these cases, as drug-induced
pancreatitis often goes unrecognised. Importantly, there
is a significant risk of malignancy in this age group. Pan-
creatitis secondary to obstruction of the pancreatic duct
from both benign and malignant tumours is more likely to
be mild and recurrent [146, 147], as ductal obstruction is
usually partial. The treatment of choice is surgical resec-
tion or palliative stenting. Autoimmune pancreatitis is also
more common in the elderly, with a male preponderance
[148, 149], so measuring serum IgG4 should be consid-
ered. Significantly, up to 50% of patients with autoimmune
pancreatitis are diagnosed with a distant malignancy (often
gastric, lung or prostate carcinoma) at the time or within
1 year of their admission with pancreatitis, leading to the

suggestion that autoimmune pancreatitis can represent a
paraneoplastic syndrome [150]. Malignancies including
myeloma [151], parathyroid cancer [152, 153], leukaemia
[154] or small-cell lung cancer [155] can cause acute pan-
creatitis via hypercalcaemia.

4 |npatient Management
4.1 Investigations on Admission

As for any sick patient, vital signs and oxygen saturation
must be assessed; arterial blood gases can be measured, but
oxygen saturation is simpler and quicker in the emergency
room; SARS-CoV-2 testing is done. Prior to diagnosis, oxy-
gen, intravenous fluid resuscitation and pain relief are usu-
ally indicated; importantly, analgesia does not impair the
accurate diagnosis of abdominal pain [156]. Initial inves-
tigations for suspected acute pancreatitis include serum
amylase and/or lipase, triglycerides and lipid panel, full
blood count, renal and liver function tests, glucose, HbAlc,
calcium and TUS (Fig. 3) [157]. Chest x-ray or ultrasound
should be done to identify pleural effusion, an indicator of
more severe disease; this is also important in the assess-
ment of patients with an acute abdomen. Both amylase and
lipase lack specificity as either can be elevated by other
acute conditions including peptic ulceration, cholecystitis,
mesenteric ischaemia and macroamylasemia. If the diag-
nosis remains uncertain, whether amylase and/or lipase are
elevated or not, MRI or CT are indicated to identify features
of acute pancreatitis (swelling of the pancreas, inflammatory
fat stranding, peri-pancreatic fluid collections) or any other
diagnosis. Further tests are dependent on the patient’s pres-
entation, for example, electrocardiography, other blood tests,
and/or other imaging. Most patients with gallstone-induced
acute pancreatitis pass their stones into the duodenum early
during their disease; transient elevation of alanine or aspar-
tate amino transferase is typical. If the patient’s condition
includes pyrexia, with or without rigors, jaundice and bile
duct dilatation on TUS indicating cholangitis, ERC (with-
out pancreatic duct cannulation), sphincterotomy and stone
extraction are appropriate; immediately prior to ERCP, EUS
is advised to determine whether such treatment is neces-
sary [158]. Without cholangitis, a conservative strategy is
preferable [159].

4.2 Initial Therapy
Oxygen, intravenous fluid resuscitation, analgesia and nutri-
tion are fundamental [160] (Fig. 4). A nil-by-mouth regimen

to rest the gut, routine use of prophylactic antibiotics, and
avoidance of early opiate analgesia have been invalidated in
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randomised trials, and do not feature in international guide-
lines [14, 161-165]. Antiviral therapy may be appropriate for
example for SARS-CoV-2 infection [166], and antivenom for
those stung by Tityus trinitatis or other scorpions in endemic
areas [167]. Critical care, for respiratory and/or other organ
support, may be required from the outset in severe cases.

4.2.1 Oxygen

For most patients an oxygen saturation (SpO,) of 94-98%
is an appropriate target range to prescribe, to be given
by trained staff, with regular recording of inspired oxy-
gen, delivery system, flow rate and saturation, linked to a
track-and-trigger early warning system [168]. Lower levels
(88-92%) are appropriate to those at risk of hypercapnic
respiratory failure, as from chronic obstructive pulmonary
disease or morbid obesity. Nasal cannulae or simple face
masks deliver lower while Venturi and reservoir masks
deliver higher concentrations of oxygen; if initial saturation
is < 85%, 15 L/min via a reservoir mask should be started
and reduced if the patient stabilises [168]. Oxygen delivery
should not be stopped for oximetry on room air; arterial
blood gas measurement should be undertaken if there is
deterioration, and if occurring with higher delivery, critical
care advice should be sought.

4.2.2 Intravenous Fluid Resuscitation

Immediate administration of intravenous fluids is pivotal
in acute pancreatitis, as this corrects third-space volume
loss and tissue hypoperfusion, counteracting pancreatic
and systemic microcirculatory impairment consequent on
many inflammatory cascades [169]. Early intravenous fluid
resuscitation within 24 h of disease onset results in lower
rates of persistent systemic inflammatory response syndrome
and organ failure, recommended to be given at 5-10 mL/
kg/h [14]. Aims of fluid resuscitation are to decrease and/or
maintain heart rate to < 120/min and urine output measured
via catheter at > 0.5 mL/kg/h, and if non-invasive continu-
ous arterial pressure measurement is available, maintain
mean arterial pressure of 65-85 mm Hg, with a haemato-
crit at 35-44%. In critically ill patients invasive monitoring
may include determination of stroke volume variation and
intrathoracic blood volume. In mild and moderately severe
cases, organ dysfunction is likely to resolve with intravenous
fluid resuscitation; in severe disease, there is a significant
risk of overly aggressive intravenous fluid therapy. Fluid
overload in the critical care setting is associated with an
increased risk of death, as there are negative effects on all
major organ systems [170]. Assessment of responsiveness
is necessary to continue higher rates when required, but not

(a)

(b)

(c)

Purpose of investigations:
¢ To determine aetiology
* Gallstones
e Alcohol
* Hypertriglcyeridaemia
* Drugs
¢ Endoscopic (ERCP)
e Other causes
# To assess impact
¢ Assess severity
¢ High risk groups

Assessment on admission:
¢ Medical history

¢ Drug history

¢ Alcohol history (AUDIT)
# Sp0,/Pa0o,

¢ Virology (SARS-CoV-2)
¢ Amylase/lipase

¢ Full blood count

¢ Urea and electrolytes
¢ Liver function tests

¢ Triglycerides

Further investigations:

¢ Repeat of admission tests

¢ C-reactive protein

¢ Virology titres

¢ Endoscopic ultrasound

¢ MRI/MRCP

¢ Contrast enhanced CT

¢ 1gG4 and other Ig levels

¢ Genotyping
* Hypertriglyceridaemia
* Idiopathic pancreatitis

¢ Calcium
¢ Glucose

* |dentify complications
¢ To plan management

¢ Treat complications

* Prevent recurrence

¢ Address aftermath

¢ Chest x-ray/US
¢ Transabdominal US * During critical care
+ May require CT/MRI

* Familial pancreatitis
* Cystic fibrosis
¢ Specific as required e.g.

¢ Investigations in follow up

Fig. 3 Rationale and plan of investigation for patients with acute pan-
creatitis to guide treatment. a Determining aetiology is a priority in
initial investigations [e.g., serum triglyceride measurement, planning
early laparoscopic cholecystectomy, contrast-enhanced CT to differ-
entiate perforation from acute pancreatitis after endoscopic retrograde
cholangiopancreatography (ERCP)]. There are many tools to assess if
acute pancreatitis is severe, more likely in the very young, very old
or those with co-morbidities; identification of complications is cen-
tral to planning management and assessing when and how to pre-
vent recurrence. b Early investigations should ensure differentiation
of acute pancreatitis from other emergencies, confirmed by two of
characteristic abdominal pain, amylase or lipase > 3 X upper normal
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limit, and characteristic 3D imaging that may be done if there is diag-
nostic uncertainty. The listed assessments are important in establish-
ing aetiology and severity. ¢ Further tests for aetiology, severity and
the identification and/or assessment of progression of complications.
The extent of testing is dependent on whether an aetiology is evident
from b, and disease severity, as more severe disease requires more
extensive investigation. Specific investigations may include those to
identify or exclude further complications, for example, pulmonary
or mesenteric angiography, further contrast-enhanced CT or MRI or
other tests after discharge from hospital during early or long-term
follow-up
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when there is a risk of overload, and caution is necessary
as clinical assessment has its limitations; passive leg rais-
ing followed by measurement of cardiac parameters may be
an effective method for assessment [171], but this requires
confirmation. Recent trials have tested strategies to prevent
progression to moderate or severe disease. A trial including
40 patients suggested lactated Ringer’s solution is prefer-
able to saline in the initial resuscitation phase of pancreatitis
[172]. The findings of this small trial have been upheld in
systematic reviews [173], but larger trials are required and
ongoing; at present Ringer’s lactate is the preferred solution
for fluid resuscitation in acute pancreatitis. Further research
is necessary to improve strategies for each phase of fluid
therapy, i.e., resuscitation, optimisation, stabilisation and
evacuation (ROSE) [170].

4.2.3 Pain Management

Abdominal pain can be profound in acute pancreatitis, and
for most patients, strong opioid analgesia is appropriate,
reducing the need for supplementary analgesia over other
regimens; analgesia ladders can be used for those with
less severe pain, mindful that early and effective relief is a

priority [174]. NSAIDs are an opiate-sparing alternative for
uncomplicated disease [175], but run the risk of renal injury
in more severe disease. Experimental evidence indicates opi-
ates increase sphincter of Oddi phasic contractions that may
increase pressure within the bile duct [176], but randomised
trials have demonstrated that opiates are as, if not more,
effective than alternatives, and as safe in acute pancreatitis
[177]. Early oral nutrition that does not exacerbate abdomi-
nal pain, as in less severe disease, may reduce pain intensity
and duration, analgesic use, and the risk of oral food intoler-
ance [178]; in more severe disease, recurrence or exacerba-
tion of pain with eating may delay resumption of solid food
intake. The intensity and duration of pain is broadly pro-
portional to disease severity and total opiate administration
[179]. Continuous intravenous opiate infusions may be used
for persisting, severe pain; the relative merits of patient com-
pared to nurse control are unclear, although patient control
is more effective after surgery [180]; input from a local pain
team is desirable. Epidural anaesthesia has not been found in
small trials to present significant advantage over alternatives
[174], but it is hoped that larger trials will assess whether
more is gained than analgesia, for example from increased
pancreatic perfusion [181]. The management of pain and

(a)

(b)

()

Initial treatment:
¢ Fundamentals
* |V resuscitation
* Analgesia
* Psychological support
* Nutritional support
¢ Dependent on severity
* Critical care
¢ Insulin treatment
* Enzyme treatment
* Specialist referral
¢ Sub-group treatment
* For infection
* Anti-virals (COVID-19)
* For high triglycerides
* Antivenom

Specialist treatment:
¢ Expedite referral
¢ Delay intervention
# Endoscopic necrosectomy
# Percutaneous drainage
# Video necrosectomy
¢ Open necrosectomy
* Later the better
* Complex infection
* +/- other organ injury
# Radiological embolisation
¢ Portal anticoagulation
¢ Ductal rupture/fistulae
* Ascites drainage
* GTN/octreotide
* Ductal stenting

Subsequent treatment:
# Prevention of recurrence
¢ Cholecystectomy
* Sphincterotomy
* Alcohol counselling
¢ Drugs for dependence
* Smoking cessation
* Alter medications
¢ Hypertriglcyeridaemia
* Diet, omega 3
e Fibrates, other drugs
¢ Address aftermath
¢ Local complications
* Psychosocial support
* Enzymes/insulin
* Surgery (e.g. tumours)

Fig.4 Generalised treatment strategy for acute pancreatitis at the
admitting hospital, after referral to specialist, tertiary services for
complex pancreatic disease, and subsequently to prevent recurrence
as well as address the aftermath of the disease. a Initial treatment at
the admitting hospital, scaled to the severity of disease. A low index
of suspicion is recommended for 3D abdominal imaging, otherwise
complications are likely to be missed and patients readmitted in a
more compromised state, with delay in referral for specialist opin-
ion and/or transfer. Specific treatments include insulin and/or plas-
mapheresis for hypertriglyceridaemia and antivenom for scorpion
or snake bites in endemic areas throughout the world. b There are
many options required for the specialist management of complex
acute pancreatitis, many of which are itemised. Necrosectomy is bet-
ter delayed for some 4 weeks but may have to be brought forward if
there is uncontrollable sepsis or other organ injury. Embolisation is

required for pseudoaneurysms; contrarily, anticoagulation is indi-
cated for recent thrombosis at or near the portal venous confluence.
Pancreatic ductal stenting together with glyceryl trinitrate (GTN, to
relax the smooth muscle of the sphincter of Oddi) and octreotide (to
reduce secretion) may assist healing of pancreatic ductal rupture.
¢ Measures to prevent recurrent acute pancreatitis are displayed as
these save lives, reduce morbidity, reduce healthcare costs, and halt
or slow progression of disease. Local complications of complex acute
pancreatitis include recurrent pseudocyst formation, recollection of
abscesses, ductal strictures, progression to chronic pancreatitis—all
of which can be causes of recurrent pain and/or sepsis, and for which
patients should be kept under review. Appropriately thorough investi-
gation of acute pancreatitis may have identified benign or malignant
neoplasms, for which surgical resection +/— chemotherapy may be
most appropriate
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other physical and psychological issues are interdependent,
exacerbated by anxiety; patients require comprehensive,
understandable information about their illness, counselling
about their progress, confidence in the staff, prompt attention
to their needs, and timely interventions to address complica-
tions [165]. Analgesia should not be used as an alternative
for adequate discussion with patients about their illness and
expectations, feedback, and judicious guidance about opioid
requirements to avoid long-term dependency. Psychologi-
cal support should be offered to build a relationship with
patients and help with anxiety, especially for adolescents and
young adults. Most patients who have had acute pancreatitis
should not leave hospital continuing on strong opiates.

4.2.4 Nutrition

Acute pancreatitis induces a hypermetabolic state, with
lipolysis, protein catabolism, insulin resistance and loss
of body mass, all of which are far more marked in severe
disease, and exacerbated by inadequate nutrition and infec-
tion [182]. Early oral refeeding should be encouraged as
soon as tolerated, and if not, liquid food supplements or
enteral tube feeding given within a day or two of admission,
not likely necessary for mild acute pancreatitis [183]. The
nasogastric rather than nasojejunal route is easier, but some
patients may require the latter when intolerant of the former,
as from delayed gastric emptying. Oral or enteral feeding
is associated with lower pro-inflammatory responses, and
reduces the likelihood of bacterial translocation across the
gastrointestinal permeability barrier, compared to parenteral
nutrition, with its attendant risks of catheter placement and
infection [184]. Enteral tube feeding, however, is limited
in patients who are haemodynamically unstable, display
gastrointestinal intolerance, or have frequent interruptions
required for investigations or interventions; delays then
develop in the provision of nutritional support. Attempts
to maximise enteral nutrition should be avoided in patients
who are not volume replete, because of the risk of inducing
gut injury through non-occlusive mesenteric ischaemia [185,
186]. Inadequate nutrition has prompted the use of combined
enteral and parenteral nutrition, the latter begun before, dur-
ing or after enteral intake is considered insufficient. Current
trials and meta-analyses do not, however, provide definitive
evidence of superiority for this combined approach [187].
The treatment of hypertriglyceridaemia-associated acute
pancreatitis aims to reduce serum triglyceride levels, while
supporting the patient in the same way as for other causes
of acute pancreatitis [188]. Unlike for other aetiologies,
however, this may include gut rest with no oral intake, to
expedite clearance of circulating triglycerides. The meta-
bolic/endocrine team should be involved, the choices being
intravenous insulin alongside fluid resuscitation or plasma-
pheresis for more severe or obstinate HTG [189], monitoring
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high triglyceride levels; optimal therapeutic strategies are
currently under investigation in randomised trials [82, 190].
Resumption of oral/enteral intake should include fibrates,
and if not possible, parenteral nutrition with minimal lipid
content [191]. Subsequently, maintenance therapies can be
instituted (see section 4.4.6, Prevention of Recurrence).

4.3 Subsequent Investigations

Further investigations are required to confirm the need to
treat complications—notably infection, necrosis, pancreatic
endocrine and exocrine insufficiency, and to prevent recur-
rence. C-reactive protein is a useful biomarker to gauge
the level of systemic inflammatory response syndrome
that may be accompanied by organ dysfunction, but eleva-
tion may take at least 48 h, so measurement is best delayed
until the day after admission. C-reactive protein can also
be used to monitor progress, with further elevation paral-
leling pancreatic and/or peri-pancreatic necrosis, infection
and/or organ failure; interleukin-6 [106], procalcitonin and
lactate dehydrogenase are alternatives [192]. Elevation of
C-reactive protein to > 150 mg/L, persistently elevated white
cell count, organ dysfunction and/or other clinical deterio-
ration are indications for an abdominal contrast enhanced
CT (CECT). Unless for initial diagnosis, this should not
normally be done until a week has elapsed from the onset
of acute pancreatitis to plan management, as necrosis may
take several days to become detectable; by then, CECT indi-
cates severity [193], likely already apparent. Radiological
classification of acute pancreatitis is primarily either acute
interstitial oedematous pancreatitis with or without hetero-
geneous pancreatic enhancement and peripancreatic fatty
changes, or acute necrotising pancreatitis. Clinical suspi-
cion of local complications may warrant earlier imaging,
although subsequently delay may be required for anticipated
intervention. Acute necrotic collections (< 4 weeks from
presentation) and walled-off necrosis are differentiated
from pancreatic pseudocysts that appear > 4 weeks from
presentation, with a clear wall containing no solid mate-
rial. Evaluation of findings on CECT has been formalised in
the Balthazar CT severity score [194] and its modifications
[195], which assess the pancreas, fluid collections, pleural
effusion, necrosis and vascular complications. CECT is also
useful to evaluate progress following interventions such as
percutaneous drainage or necrosectomy.

Further tests follow clinical indications, for example to
identify or exclude specific complications such as pulmo-
nary angiography for pulmonary embolus, stool culture and
sensitivity for Clostridium difficile or other infective diar-
rhoea, specific tests to identify underlying mechanisms of
hypertriglyceridaemia, haemolysis, cholestasis or hypercal-
caemia, and endoscopic or percutaneous biopsies to identify
tumours.
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If no aetiology is established, imaging with MRCP and
MRI may identify anatomical abnormalities, early chronic
pancreatitis, or tumours, while EUS is an alternative that
may also identify microlithiasis. Genetic screening for
PRSS1, SPINKI and CFTR is appropriate for a second or
subsequent attack when there is no other obvious cause, but
current health service provision does not cover analysis of
all known genetic variants associated with pancreatitis. Fae-
cal elastase may be used to assess exocrine insufficiency
[196], but this test is not accurate, and can be misleading. In
patients with recurrent acute pancreatitis, fat-soluble vitamin
(A, D, E, K) levels may provide evidence of malabsorption
and the requirement for replacement therapy of both vita-
mins and pancreatic enzymes. If autoimmune pancreatitis
is suspected from imaging demonstrating a halo around the
pancreas, generalised pancreatic enlargement and/or irregu-
lar pancreatic or intrahepatic bile ducts, then raised levels of
y-globulin, IgG or particularly IgG4 subclass may be sup-
portive of this diagnosis, as may the presence of non-specific
autoantibodies (smooth muscle, antinuclear, anti-lactoferrin,
anti-carbonic anhydrase). A pancreatic biopsy via endo-
scopic ultrasound or laparoscopy may be considered, with
detection of IgG4-positive plasma cell infiltration strongly
indicative of autoimmune pancreatitis; findings may include
interlobular fibrosis, acinar atrophy, tissue infiltration, and
obliterative phlebitis.

4.4 Therapy for Complications
4.4.1 Critical Care

This is a demanding aspect of the treatment of patients with
severe acute pancreatitis, whose lives are particularly in dan-
ger. Organ failure featuring respiratory, cardiac and/or renal
dysfunction that is persistent (lasting 48 h or more) requires
substantial respiratory, cardiac and/or renal support [13, 14,
116]. Endotracheal intubation with mechanical ventilation
is most likely to be required; hypotension despite resuscita-
tion necessitates inotropes; and for acute kidney injury with
persistent oliguria or anuria, renal replacement therapy using
haemofiltration and/or haemodialysis is the mainstay. Com-
plications of these invasive treatments include ventilator-
induced lung injury, inotrope-induced ischaemic injury and
haemodynamic instability from renal replacement therapy;
care in the use of sedation, early weaning and conservative
fluid regimens may reduce such complications [197]. Cor-
rection of haemodynamic instability, avoidance of NSAIDs
and nephrotoxic antibiotics, and careful management of fluid
and electrolyte balance remain necessary. Sedation, with
analgesia and nutritional support as previously described,
are given with close monitoring of essential organ func-
tion, early identification of intra-abdominal complications
by CECT, and appropriate management of infection and

necrosis as described below. Often the critical illness of
severe acute pancreatitis features persistent organ failure
together with intra-abdominal necrosis and infection. There
is continued endeavour to define this group of patients from
among all those with critical illness, for the development of
effective, targeted therapies [198] (see Sect. 6).

4.4.2 Treatment of Infection

Randomised clinical trials have not shown sufficient advan-
tage for prophylactic antibiotics during hospital admission
for acute pancreatitis [14], yet recent surveys in 22 countries
indicate global overuse [199]. Patients who develop moder-
ately severe and severe acute pancreatitis, however, are at
increased risk of infective complications, in association with
either persistent organ failure or local complications. As dis-
cussed above (Sect. 3.1), bacterial translocation across the
injured gut and a defective gastrointestinal permeability bar-
rier is a consequence of the systemic inflammatory response.
Despite enteral nutrition, bacterial translocation may still
occur, an important although not the only route of infective
complications, notably infecting necrosis; early infection is
associated with increased mortality [200]. Prompt recogni-
tion, for example gas bubbles in necrosis on CECT, source
control that may necessitate percutaneous drainage, appro-
priate antibiotics, physiological stabilisation, and optimal
further interventional approaches are fundamental [201].
Nevertheless, during the first 4 weeks of acute pancreatitis
inflammation, fluid collections and necrosis are diffuse, such
that major interventions are less likely to be effective and
can increase patient instability. The mainstay of treatment
may need to be antibiotics appropriate to Gram-negative
intra-abdominal infection, for example piperacillin-tazo-
bactam or tigecycline or a third-generation cephalosporin
with metronidazole [201]; the choice depends in part on the
availability of samples for culture and patient response, best
determined in consultation with clinical microbiologists. In
the most severe disease, fungal infection is characteristic,
may be brought on by extensive antibacterial treatments,
and requires early and prolonged treatment with antifungals
[202].

4.4.3 Management of Necrosis

Timely identification of local complications is important to
determine continued need for hospitalisation with a view to
localised intervention; all clinical, laboratory and imaging
data available should be used to assess this need. If local
complications are missed and patients discharged, they may
require readmission in a worse condition, which is physically
and psychologically deleterious. Should severe pain and/or
inability to eat solid food continue for 3 or more days, or
laboratory measures, for example C-reactive protein > 150
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mg/L or any scoring system, be indicative of more than mild
acute pancreatitis, continued effective analgesia and/or nutri-
tional support are likely to be needed, and CECT should be
undertaken some 7 days after disease onset. Local complica-
tions found on CECT (Fig. 5) require review by a specialist
tertiary centre to guide further management, assessing the
need to transfer patients for specialist intervention [203].
Management of local complications, such as pancreatic
necrosis or fluid collections, or later pseudocysts, should
be undertaken in a specialist centre and follow a selective
step-up approach, with drainage of necrosis or fluid achieved
endoscopically or percutaneously [204-206]. These
approaches should be considered before attempting mini-
mally invasive or more hazardous open surgery, exception-
ally mandated by necrosis of adjacent organs. As discussed,
local complications are almost always diffuse in the early
days of acute pancreatitis, so intervention is better delayed
until these are walled off and more suitable for drainage,
preferably over 4 weeks, with appropriate patient counsel-
ling. The presence of infection, as may be evident from the
presence of gas on CECT, and critical illness are relative
indications to expedite drainage and/or necrosectomy, but

Fig.5 Contrast-enhanced computerised tomography scans of patients
with acute pancreatitis, with application of specialist interventions for
pancreatic necrosis. a Uncomplicated acute oedematous pancreatitis
(OP) is seen with perfusion of the pancreatic parenchyma, surrounded
by inflammation. b Acute necrotising pancreatitis (NP) with loss of
most of the parenchyma, excepting a small portion in the head and
separate small portion of the tail of the gland. This scan was taken 2
weeks into the attack and the necrosis with associated inflammation
is diffuse and poorly localised. ¢ More than 4 weeks after the onset
of acute pancreatitis in the same patient as in b, the necrotic collec-
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randomised trial evidence favours delayed intervention
[207]. While endoscopic necrosectomy often requires sev-
eral repeated procedures, it has the advantage of internal
drainage without external irrigation, allowing patients to
be discharged at an earlier date for repeat outpatient proce-
dures, reducing health service usage and costs [208-210]. In
contrast, minimally invasive or open necrosectomy requires
continued external irrigation to flush away build-up of septic
material, prolonging hospital stays, and imposing additional
burdens on patients and hospital staff.

4.4.4 Management of Diabetes Mellitus

Elevated blood glucose is indicative of more severe acute
pancreatitis. Development of impaired glucose tolerance can
be as high as 60% 5 years following a first attack of acute
pancreatitis [211]; unsurprisingingly, the greatest risk is in
those who develop necrosis. Those requiring necrosectomy
are among those who lose the most pancreatic parenchyma
and therefore the most islets. Development of clinical dia-
betes has been estimated around 15% and 40% following
mild or severe acute pancreatitis, respectively [212]. Due

(b)

(d)

tion (NC) has become localised and walled off close to the posterior
wall of the stomach, making it suitable for endoscopic drainage. (d)
In the same patient as in b, infection has supervened, identified by
the presence of radiolucent black gas bubbles within the collection,
which was treated by endoscopic necrosectomy (EN). The endoscopi-
cally inserted self-expanding metal stent between the stomach and
necrotic cavity is visible as a radiopaque white ring; flushing the cav-
ity endoscopically every 7-10 days was necessary to empty and allow
collapse of the cavity, following which the stent was removed



Acute Pancreatitis

1265

to the loss of pancreatic parenchyma, insulin production
is reduced, when multiple daily insulin injections may be
appropriate. For those with recurrent hypoglycaemia despite
optimised regimens, continuous subcutaneous insulin pump
therapy with or without continuous glucose monitoring is
an alternative, guided by specialists in diabetes care [213].

4.4.5 Pancreatic Enzyme Replacement Therapy

Pancreatic exocrine insufficiency can be identified in > 50%
of patients during their inpatient stay with acute pancreati-
tis, although this frequency falls during follow-up, persist-
ing in a minority, including > 50% of those with pancreatic
necrosis [214] (Fig. 6). The normal adult human pancreas
secretes between one and two million units of lipase daily,
with many proteases, carbohydrate hydrolases, lipid hydro-
lases and nucleases [215], whereas acute pancreatitis inhibits
secretion [214]. Pancreatic enzyme replacement therapy is
likely to be beneficial in moderately severe and severe acute
pancreatitis with oral/enteral feeding until faecal elastase-1
testing is repeatedly normal (> 200 pg/g); this therapy is
recommended routinely for such patients, and long term
for patients with > 50% necrosis. The presence of exocrine
pancreatic insufficiency suggested by steatorrhoea warrants
pancreatic enzyme replacement therapy after acute pancrea-
titis of any severity, and indefinitely should faecal elastase-1
remain < 100 pg/g (this therapy does not have to be stopped
for faecal elastase-1 testing) [214]. A minimum standard
dose for adult patients of one of the licensed preparations
(Creon, Nutrizyme, Pancrease HL and Pancrex V in the UK)
is 50,000 (lipase) units with a meal and half that with a

100 -+
80 A

60 -

40 T

% Prevalence of EPI

20 A

snack, increased if steatorrhoea is insufficiently ameliorated.
The total daily dose should be tailored to oral/enteral intake
and in children should be adjusted based on a combination
of body weight and intake, not exceeding a maximum daily
dose of 10,000 IU/kg to achieve satisfactory growth and nor-
mal fat-soluble vitamin levels.

4.4.6 Prevention of Recurrence

The most effective method of preventing recurrent biliary
pancreatitis is cholecystectomy. The recent PONCHO trial
from the Dutch Pancreatitis Study Group confirmed chol-
ecystectomy during the index admission to be cost effective
[216], as found by others [217]. ERCP and sphincterotomy
alone can halve the risk of recurrent pancreatitis in those
unfit for surgery, but does not reduce the risk to the same
extent as cholecystectomy [141], and increases the risk of
subsequent cholecystitis from compromise of sphincter of
Oddi function. If extensive investigation for aetiology is neg-
ative, resulting in an idiopathic diagnosis, cholecystectomy
may still be justified; recurrence after cholecystectomy in
idiopathic acute pancreatitis is lower than with conservative
management [218].

After a first attack of acute pancreatitis, at least 20% of
patients have a recurrence, approaching half of whom sub-
sequently develop chronic pancreatitis, notably in males who
continue to smoke and/or consume alcohol [219]. Prevention
of recurrent acute alcoholic pancreatitis necessitates absti-
nence (defined as < 24 g alcohol per 2 months). An Icelandic
study demonstrated that recurrent attacks were observed in
one-third of persistent drinkers, while there were none in

Inpatient 1-12 mo

Mild 171 57
Severe 100 183

Fig.6 Prevalence of exocrine pancreatic insufficiency (EPI) dur-
ing inpatient stay and over 5 or more years after mild or severe acute
pancreatitis. Data are derived from a systematic review of multiple
studies during follow-up after an attack of acute pancreatitis [214].
Separate data are given on mild and severe acute pancreatitis as two
categories of Original Atlanta Classification [104], and combining as

12-36 mo

36-60 mo >60 mo

285 93 32

371 155 206

severe acute pancreatitis data on the moderate and severe categories
in studies that used the Revised Atlanta Classification [13]. Stud-
ies were either prospective observational or interventional, the latter
assessing the effectiveness of pancreatic enzyme replacement therapy.
The number of patients with either mild or severe acute pancreatitis
for whom there were data are given underneath the histogram
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abstainers during 5 years of follow-up [220]. If a little is
allowed, a lot may be consumed, so advice must be for absti-
nence; if active counselling is provided, randomised trial
[221] and observational [222] evidence indicates abstinence
is more likely to be achieved. Specialist alcohol services
can assist, including managing withdrawal during admis-
sion, counselling and selection of patients for medication to
reduce dependence [223]. Similar lifestyle advice applies to
smoking, which increases the risks of recurrent and chronic
pancreatitis [224, 225] and pancreas cancer [226].

Prevention of recurrent episodes of hypertriglyceridae-
mia-associated acute pancreatitis aims to reduce serum tri-
glycerides at least below 1000 mg/dL (11.3 mmol/L), pref-
erably below 500 mg/dL (5.65 mmol/L). First-line therapy
includes life-style changes (weight management, exercise,
low-fat diet, alcohol cessation), omega-3 fatty acids, and
lipid-lowering mediation (fibrates and niacin, with/without
statins) [40]. In treatment-resistant hypertriglyceridaemia,
plasmapheresis may help reduce recurrence [227]. There is
an increasing range of licenced therapies for rarer forms of
hypertriglyceridaemia: alipogene tiparvovec for lipoprotein
lipase deficiency; mipomersen (antisense oligonucleotide
against apolipoprotein B messenger ribonucleic acid) or evi-
nacumab (monoclonal against angiopoietin-like protein 3) or
lomitapide (microsomal triglyceride transfer protein inhibi-
tor) for homozygous familial hypercholesterolaemia; volane-
sorsen (antisense oligonucleotide against apolipoprotein C3)
or pradigastat (diacylglycerol acyltransferase-1 inhibitor) for
familial chylonomicronaemia syndrome) [228, 229].

When a drug is considered the cause of, or to have con-
tributed to, acute pancreatitis, cessation of the drug is appro-
priate. Later resumption of the drug will depend on the avail-
ability of alternatives, the clinical indication, the severity
of acute pancreatitis, any data on the frequency and sever-
ity of acute pancreatitis known to be induced by the drug,
and, assuming intrinsic toxicity, options for reduced dosage.
Thus, asparaginase for acute lymphoblastic leukaemia may
induce acute necrotising pancreatitis and resumption would
be better avoided unless there is a high risk of relapse [230],
whereas interferon alpha causes relatively mild acute pancre-
atitis—and that very infrequently—so a trial of resumption
may be appropriate [231]. Biomarkers that might be used to
identify drug-induced pancreatic injury are in their infancy,
and, at present, assumed to be congruent with biomarkers
of pancreatic injury from other causes. Amylase and lipase
lack specificity and in humans do not indicate the severity
of pancreatic injury, so there is a need for alternatives [232].

Patients with pancreas-sufficient cystic fibrosis are at risk
of acute pancreatitis, a risk that can be reduced by CFTR
modulator therapy as with ivacaftor and/or tezacaftor
[233], although CFTR modulator therapy with ivacaftor
or lumacaftor-ivacaftor that restores exocrine function in
pancreas-insufficient cystic fibrosis may increase the risk of
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acute pancreatitis [234]. In patients with disabling recurrent
idiopathic pancreatitis with or without associated mutations,
for example in CFTR or SPINK-1, consideration should
be given to more invasive measures, although surgery is
unlikely to be appropriate unless there is clear morphologi-
cal evidence of chronic pancreatitis. Endoscopic interven-
tions may be tried if significant ductal changes are identified,
for example with ductal stenting, but such measures are less
successful than surgery when appropriate [235]; total pan-
createctomy and islet autotransplantation is another option
[236].

Recommended first-line treatment for autoimmune pan-
creatitis is oral prednisolone (2 mg/kg, max 60 mg daily)
tapered slowly by 5-10 mg, aiming to keep the patient on
a maintenance dose (5-7.5 mg/day) for some 6 months and
then close follow up. During treatment patients should be
monitored closely for biochemical, clinical or radiological
progress and side effects such as hypertension and diabetes
[237]. Escalating immunomodulatory treatment with aza-
thioprine, 6-mercaptopurine or rituximab are alternatives
for steroid-resistant or relapsing disease [238].

5 Addressing the Aftermath of Acute
Pancreatitis

The mortality rate of acute pancreatitis has decreased over
the last five decades, but the incidence of acute pancreatitis
has risen continuously in those countries for which there
are data, such that improvements in diagnosis and treatment
do not appear to have had a major impact on population
mortality or the burden of morbidity [1]. There are several
very significant impacts that indicate it is not appropriate
to consider acute pancreatitis a self-limiting disease. For
those surviving severe acute pancreatitis, the impact can be
devastating, including debilitating sequelae of critical illness
[239], pancreatic exocrine [214] and endocrine insufficiency
[240], loss of employment, and poor quality of life, a context
in which prevention of recurrence or progression to chronic
pancreatitis requires active, positive, long-term, specialist
management [22]. Alcohol addiction, hypertriglyceridae-
mia and smoking are stubborn to change; yet, randomised
evidence shows the benefit of proactive management with
counselling [221]. Moderately severe acute pancreatitis
with necrosis may also result in substantial morbidity from
local complications, after repeated interventions to achieve
debridement. Even in patients with mild acute pancreatitis,
there is a significant incidence and long-term prevalence
of pancreatic exocrine [241] and endocrine insufficiency
[242]. In such patients, the first attack of acute pancreati-
tis may be sentinel to progression [243], including a long-
term increased risk of pancreatic cancer at ~ 1%, clustered
in those with progressive disease [244]. One-fifth of those
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who suffer acute pancreatitis develop recurrent attacks, and
of this fifth, at least one-third develop chronic pancreatitis
[1]. In long-term follow-up, quality of life, for example as
measured with Short Form 36, EQ-5D-5L [245] and PAN-
PROMISE [246], and underlying biological determinants
remain to be explored, which may enable management to be
adjusted to improve outcomes, and/or demonstrate efficacy
in clinical trials.

6 Clinical Trials

Many randomised trials of treatments have been undertaken
to improve outcomes from acute pancreatitis, a number of
which have been discussed above as individual trials [159,
172, 178, 185, 205, 208, 209, 217, 221, 247, 248] or meta-
analyses [6, 54, 156, 173-175, 177, 183, 187, 214, 218, 249,
250]. These have helped shape intravenous fluid adminis-
tration, analgesia, nutrition and critical care for acute pan-
creatitis, and treatment of infection, necrosis, pancreatic
endocrine and exocrine insufficiency. There is, however, no
internationally accepted, licenced, specific drug for acute
pancreatitis, evident in international guidelines [14, 40, 124,
158, 161-165, 251]. Nevertheless, there are lessons to be
learnt (see Table 1), for example from the phase 3 lexipafant
trial about which there was so much hope two decades ago,
underpowered to detect a significant change in the primary
endpoint of new-onset organ failure [252]. The disappointing
phase 3 ACCESS trial of eritoran in severe sepsis targeting

toll-like receptor 4 included heterogenous infective patholo-
gies [253]. Meta-analyses suggest potential merit in intrave-
nous heparin, glutamine, -3 fatty acids and/or traditional
Chinese medicine in severe acute pancreatitis [254—259], but
the majority of included trials have been compromised by
the absence of allocation concealment and double-blinding,
awaiting well-designed, large-scale, double-blind, placebo-
controlled, multicentre trials with patient inclusion appropri-
ate to primary outcome.

In acute pancreatitis prevention is easier to achieve than
cure, as shown by the success of post-ERCP acute pancrea-
titis prophylaxis trials [249]. Small-scale randomised tri-
als established non-ionic, iso-osmolar contrast agents as
superior to hyperosmolar, ionic contrast agents [260, 261].
Prophylactic pancreatic stent placement has a role in high-
risk cases [262] and prophylactic administration of NSAIDs
(indomethacin or diclofenac) administered per rectum signif-
icantly reduce the risk of post-ERCP pancreatitis, if adminis-
tered 30—-60 min prior to the procedure [247, 263]. A recent
network meta-analysis found rectal diclofenac to be the best
performing rectal NSAID, although there is insufficient evi-
dence to conclude whether combinations of prophylaxis may
be more effective [249].

Significant endeavour has focussed on addressing issues
presented by local complications specific to acute pancrea-
titis, with important incremental advances pioneered by the
Dutch Pancreatitis Study Group, notably in the timing and
technique of necrosectomy (see Sect. 4.4.3). They and others
have demonstrated the benefits of reduced trauma of access

Table 1 Drug targets and the development of drug treatments with potential application for acute pancreatitis

Target Mechanism Compounds Preclinical Phase1 Phase2 Phase3
Parenchymal
ORAI1 Store-operated calcium entry (SOCE) Auxora [249] >
TRPC3 Diacylglycerol-sensitive, SOCE JW-65 [269] —
PIEZO1 Mechanosensitive ion channel Dooku1 [270] —
TRPV4 Mechanosensitive ion channel HC-067047 [271] —
MicroRNA26a Suppresses SOCE channels MIRNA MiMIC [77]  c—m—
PPID' Regulates opening of the MPTP? Cyclosporin [73] >
PPP3CA® Activates NFAT and other pathways  Tacrolimus [272] >
Immunological
TNFa® Orchestrates immune responses Multiple [266] >
IL-1R° Master regulator of inflammation Multiple [273] >
IL-6 Pleiotropic immune activity Tocilizumab [274] >
KMO? Innate and adaptive immunity KNS366 [275] —
NLRP3® Mediates innate immune responses Inzomelid [276] >
PAFR® Proinflammatory mediator Lexipafant [253] >
PRRs'® Mediate damage responses Eritoran [254] >

" PPID = cyclophilin D (phase 3 not in acute pancreatitis); 2 MPTP = mitochondrial permeability transition pore; > PPP3CA =
calcineurin; * NFAT = nuclear factor of activated T cells (phase 3 not in acute pancreatitis); > TNFa = tumour necrosis factor alpha
(phase 3 not in acute pancreatitis); ® IL = interleukin (phase 3 for IL-1B and IL-6 not in acute pancreatitis); 7 Kynurenine-3-
monodoxygenase; 8 NLRP3 = NOD-, LRR- and pyrin domain-containing protein 3; ° PARF = platelet activating factor receptor
(phase 3 in acute pancreatitis negative); '° PRRs = pattern recognition receptors (Eritoran binds to toll-like receptor 4, a PRR;

phase 3 in severe sepsis negative).
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Table 2 Current double-blind, placebo-controlled, multicentre randomised trials of drug treatments for acute pancreatitis registered as actively
recruiting in the ClinicalTrials.gov and International Clinical Trial Registry websites as of July 2022.

RAPID-I

PAMORA-AP

CARPO
Agent Auxora 3 daily 4-h infusions
Mechanism Orai calcium channel inhibitor
Centres Multicentre USA
Inclusion Two SIRS? cirteria plus other features®
Patients 216 290
Groups 2 mg or 1 mg or 0.5 mg/kg vs. placebo

1° outcome® Time to solid food tolerance

Infliximab single infusion

Anti-tumour necrosis factor-a
Multicentre UK

Onset in 2 days before day of admission

5 mg/kg vs. 10 mg/kg vs. placebo
Cumlative CRP? on days 2, 4 and 14

Methylnaltrexone 5-day infusion
Peripherally acting p-opioid RA!
Multicentre Denmark

Onset within 48 h with SIRS?
90

0.15 mg/kg vs. placebo

PASS® 48 h after randomisation

'RA = receptor antagonist

2SIRS = systemic inflammatory response syndrome

3Either abdominal guarding, abdominal rebound, haematocrit > 44% (men), haematocrit > 40% (women), fluid collection on computed tomog-

raphy or pleural effusion on computed tomography
“Primary outcome

SCRP = C-reactive protein

SPASS = Pancreatitis Activity Scoring System

with a minimal access step-up approach [204], or better still,
an endoscopic approach that is easier for patients and more
cost-effective [208-210], as well as the benefits of delaying
intervention to reduce the need for the same [207].

A Cochrane review of pharmacological interventions for
acute pancreatitis found no effect on short-term mortality
or consistent benefits from any treatment [6], borne out by
the absence of any internationally licensed medication. The
authors recommended wide entry criteria in future trials,
measuring health-related quality of life and costs as out-
comes, with follow-up for at least 3 months. Currently there
are only three randomised, double-blind, placebo-controlled,
multicentre trials testing the efficacy of intravenous drugs
in acute pancreatitis registered as actively recruiting on the
ClinicalTrials.gov website (see Table 2); review of the Inter-
national Clinical Trial Registry identifies none further with
this design. Such design is less prone to bias, more likely to
satisfy regulatory requirements, and ensures effective, early
drug delivery. The first is evaluating the new agent Auxora,
an Orai Ca?* channel inhibitor [248], in a phase IIb trial in
the USA (CARPO, NCT04681066) targeting calcium entry
and intracellular overload, a central disease mechanism high-
lighted in Sect. 3.1. CM4620 (Auxora) is also being trialled
in children and young adults for acute pancreatitis attributed
to asparaginase (NCT04195347). The second is a phase IIb
trial testing the biologic infliximab in the UK (RAPID-I,
NCT03684278), targeting tumour necrosis factor-o [264,
265]. RAPID-I has wide entry criteria, includes health-
related quality of life and costs as outcomes, with follow-up
of 3 months. The third is a Danish trial of the peripherally
acting p-opioid receptor antagonist methylnaltrexone, which
counteracts inhibitory effects of opiates on gut function and
immune responses, without affecting analgesia [266]. It is
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to be hoped these trials will be completed soon and that
the international impetus for such trials will grow. New or
repositioned drugs targeting pivotal disease mechanisms
(see Table 1) are vital in this pursuit, as is reduced door-to-
needle time, unlike in a recently reported negative trial of
thymosin alpha 1 that featured a recruitment window of 7
days [267]. Establishing pipelines of double-blind, placebo-
controlled, multicentre trials of drugs will bring the prospect
of success closer, an imperative for affected patients.

7 Conclusion and Future Perspectives

Acute pancreatitis is a common disease affecting all ages,
with aetiologies displaying great variation with geography.
Initial management remains supportive, with specific phar-
macological, endoscopic, radiological and/or surgical inter-
ventions limited to the management of complications or, for
a small minority of aetiologies, prevention of recurrence.
Care should taken to determine accurately the cause of pan-
creatitis, as misidentification will lead to recurrent disease
and worse outcomes. Sustained endeavour is required to pur-
sue clinical trials of new and repurposed drugs with broad
generalisability in acute pancreatitis, so that, sooner rather
than later, there are internationally licensed drug therapies
for acute pancreatitis.
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