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 Introduction

Acute pancreatitis (AP) is a common problem worldwide. 
Its spectrum of disease varies from mild, so-called intersti-
tial acute pancreatitis, to severe necrotizing pancreatitis. 
Overall, its mortality rate is increased in patients older than 
age 65 years [1]. AP is among the most common gastroen-
terological causes of hospitalizations [2]. Roberts et al. [3] 
investigated regional and national patterns in the incidence 
and etiology of AP across Europe and found that the inci-
dence of AP ranged from 4.6 to 100 per 100 000 population. 
Overall there was a median increase of 3.4% per annum 
over time and incidence was usually highest in eastern or 
northern Europe. Similarly, in the United States the rate of 
hospitalizations related to AP has increased from 2002 to 
2013 [3,4] but overall mortality decreased [5]. In the 2012 
Burden of Gastrointestinal Disease in the United States, 
AP was reported as the most common reason for 
hospitalization [6].

 Causes

Table  1.1 lists the causes of acute pancreatitis. However, 
biliary disease and alcohol are the two most common 
causes, together accounting for approximately two-thirds 
of cases [7]. Biliary diseases include cholelithiasis, chole-
docholithiasis, microlithiasis (stones <5 mm), and biliary 
sludge, and are likely the most common cause of AP. 
Microlithiasis is more frequently detected by endoscopic 
ultrasound (EUS) than by transabdominal ultrasound [8]. 
It is also the most common diagnosis by EUS in patients 
with idiopathic AP [9].

Biliary causes should be evaluated in all patients who 
present with AP. The initial test is surface ultrasonography, 
which allows excellent visualization of the gallbladder but 

limited views of the common bile duct and pancreas, espe-
cially in obese patients and those with ileus.

Cholelithiasis is felt to be the most common cause of AP. 
Our goal is to determine its presence with the least mortal-
ity. The role of endoscopic retrograde cholangiopancrea-
tography (ERCP) has changed from a diagnostic to a 
therapeutic modality for two reasons: first, because of its 
associated morbidity (4–7%) and mortality (0.06–0.33%) 
(although these figures include therapeutic and not simply 
diagnostic ERCP) [10,11]; and second because of the devel-
opment and widespread availability of magnetic resonance 
cholangiopancreatography (MRCP) and EUS as diagnostic 
modalities. In patients with AP, the primary role of early 
ERCP (<48 hours) is in patients with acute cholangitis, 
where ERCP with endoscopic sphincterotomy (ES) reduces 
mortality and systemic and local adverse events [12].

In patients with AP and suspected biliary obstruction 
that is manifested by a dilated common bile duct and 
 elevated liver function tests, MRCP or EUS is used to con-
firm these findings and establish a diagnosis [12]. EUS or 
MRCP has comparable accuracy to diagnostic ERCP and 
therefore a negative study obviates the need for ERCP. 
A systematic review of randomized controlled trials and 
clinical trials by De Lisi et al. [13] found that EUS had a 
lower failure rate than ERCP and that ERCP was avoided 
in 71% of patients. In the patient with suspected biliary 
AP and negative surface ultrasound, the question is 
whether MRCP or EUS should be utilized. The advantage 
of MRCP is that no contrast agent, anesthesia, or radia-
tion is required. In a study by Makary et al. [14], magnetic 
resonance cholangiography accurately identified 57 of 62 
(94%) of patients with gallstones and correctly identified 
choledocholithiasis in 94%. In a meta-analysis, Wan 
et  al.  [15] compared EUS with MRCP in patients with 
 idiopathic AP and found a diagnostic yield of 64% for EUS 
and 34% for MRCP.
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1 Overview of Acute Pancreatitis4

The improved detection rate of EUS over MRCP should 
not be unexpected as EUS has high resolution (0.1 mm), 
which accounts for its ability to detect small stones (<5 mm), 
so-called microlithiasis that is difficult to detect by 
MRCP  [13]. These small stones are considered to be the 
cause of unexplained pancreatitis in 75% of patients with 
an intact gallbladder [16]. The clinical question in patients 
with AP and elevated liver function tests is whether a com-
mon bile stone is present. Kondo et al. [17] compared EUS, 
MRCP, and computed tomography (CT) for detecting com-
mon duct stones and found 100% using EUS compared 
with 88% using either MRCP or CT. The false negatives for 
MRCP and CT were stones under 5 mm, which EUS would 
be expected to visualize, as it did  [17]. In summary we 
should utilize a low-risk diagnostic test to evaluate AP 
patients with unexplained biliary obstruction. If MRCP is 
negative, EUS is utilized to determine anatomy and need 
for simultaneous ERCP if a stone is detected [18].

Metabolic AP represents the association of hyperlipi-
demia, obesity, and diabetes and is being increasingly rec-
ognized and described  [19]. Obesity increases the risk of 
developing more severe AP, with a higher risk of both local 
and systemic complications and of in-hospital mortality 
compared with lean subjects  [20]. A body mass index 

(BMI) over 25 increases the risk of severe AP while BMI 
over 30 increases risk of mortality [21]. Larger visceral adi-
posity is a strong predictor of severe pancreatitis  [22]. 
Higher BMI increases the risk of both gallstone-related AP 
and non-gallstone-related AP [23].

Type 2 diabetes mellitus and obesity are related. 
Approximately two-thirds of individuals with non-insulin-
dependent diabetes mellitus (NIDDM) are obese, which 
increases their risk of AP  [24]. In addition, hypertriglyceri-
demia (HTG) has been found to be an independent risk factor 
for AP in patients with type 2 diabetes mellitus  [25]. 
Triglyceride (TG) levels provide the most direct evidence of 
HTG-induced AP and should be measured on admission in 
patients with AP, as TG levels can rapidly decrease with fast-
ing. HTG is frequently unrecognized or unappreciated as a 
cause of AP as TG levels are measured later in the course of 
the disease. Amylase level may be normal in patients with AP 
due to high TG concentration (>500 mg/dl) [26] and therefore 
lipase levels should be used as these are unaffected by TG 
level [27].

HTG may be primary or secondary to medications or 
conditions such as alcohol abuse, pregnancy, and hyper-
thyroidism. There is a group of drugs that cause AP by ele-
vating serum TGs. These drugs have been reviewed by 
Elkouly et al. [28] and commonly include clomifene, estro-
gen products, nadolol, tamoxifen, furosemide, and propo-
fol among others [28]. In addition, HTG is part of so-called 
metabolic pancreatitis, comprising obesity, diabetes, and 
HTG; obesity predisposes to gallstones and thus patients 
with HTG must be evaluated for cholelithiasis. The level of 
TG causing AP has been thought to be 1000 mg/dl or 
greater. However, a prospective cohort study by Pedersen 
et al. [29] showed that nonfasting mild to moderate HTG 
(TG 177 mg/dl or 2 mmol/l) is associated with a high risk 
of AP. HTG is associated not only with an increased risk for 
AP [30] but also with worse prognosis of AP, with signifi-
cantly increased renal and respiratory failure and 
shock  [31]. These authors also found an increased inci-
dence of systemic inflammatory response syndrome (SIRS) 
in TG-associated AP. TG levels in patients who developed 
organ failure were found to be initially much higher than 
in patients who did not develop organ failure [32]. HTG-
associated AP accompanied by another etiology (e.g. alco-
holism) was found to have a significantly higher frequency 
of persistent organ failure than with HTG alone. Thus, 
cofactors may induce and increase the severity of AP. In 
addition, the rate of persistent organ failure increases pro-
portionally with increasing levels of HTG [33].

Recurrent AP occurs in approximately one-third of 
patients with HTG-associated AP. The goal of therapy is 
twofold: (i) lowering of the TG level and (ii) removal of pre-
cipitating events or coexistent disease. The precipitating 
events include alcohol abuse, obesity, uncontrolled diabetes 

Table 1.1 ABC causes of acute pancreatitis.

A Alcohol, autoimmune

B Biliary, including gallstones, microlithiasis and sludge

C Congenital: pancreas divisum; Crohn’s disease via 
inflammation, or ampullary or duodenal obstruction

D Drugs, toxins (including, smoking, tobacco and marijuana 
use)

E Post-ERCP pancreatitis, eosinophilic pancreatitis

F Formations: primary cancers (pancreatic ductal 
adenocarcinoma, especially in patients >50 years), 
lymphomas, carcinoids, metastatic cancers, small cell lung 
cancers, renal cancers, melanoma

G Genetic mutations and polymorphisms: cystic fibrosis, 
transmembrane conductance regulator (CFTR), cationic 
trypsinogen (PRSS1), serine protease inhibitor Kayal type 1 
(SPINK1), and claudin-2 (CTRC)

H Hypertriglyceridemia and hypercalcemia: 
hypertriglyceridemia may be associated with metabolic 
pancreatitis (i.e. elevated glucose, obesity); hypercalcemia 
associated with hyperthyroidism or iatrogenic infusion

I Infection: viruses such as cytomegalovirus, mumps and 
Epstein–Barr virus; ascariasis and Clonorchis sinensis; 
bacterial tuberculosis

J Juxta-ampullary diverticula: likely mechanism is 
obstruction

K Kinetic injury and other trauma, including seat belt 
injuries

ERCP, endoscopic retrograde cholangiopancreatography. 
Source: adapted from Barkin et al. [7].
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mellitus, and pregnancy. Precipitating medication that 
may increase TG levels (i.e. birth control) should be discon-
tinued. Vipperla et al. [30] found that a precipitating cause 
was present in 78% of patients with HTG-associated AP. 
Peak TG levels exceeding 3000 mg/dl independently  predict 
recurrence of AP, while lower rates of recurrent AP are 
associated with reduced serum TG levels [34]. An attempt 
should be made to normalize TG levels in all patients with 
HTG in order to decrease their risk of recurrent AP. Statins 
reduce the risk of AP in patients with normal or mildly 
increased levels of TGs [35].

Genetic mutations, with or without the presence of an 
environmental factor, can cause AP. The most common 
mutations involve PRSS-1, CFTR, SPINK-1, and CTRC, 
which control trypsin activity in the pancreas. We are find-
ing new mutations in the genes that can result in AP and 
have learned that some mutations require an environmen-
tal cofactor to cause AP [36]. A genetic cause of idiopathic 
(unexplained) AP should be sought in patients aged below 
35 years and in those with acute recurrent idiopathic pan-
creatitis (ARIP)  [37]. In the past, genetic searches were 
limited to patients who had a family history of pancreatitis, 
but Jalaly et al. [37] found that a positive family history of 
pancreatitis did not predict pathogenic genetic variation 
testing. This is likely explained by the fact that pancreatitis 
in the family members included in this study was caused 
by the usual factors (i.e. alcohol, biliary disease). It is 
important to identify a genetic cause of AP in order to 
counsel the patient about avoidance of other triggers of AP 
(e.g. smoking) and to initiate surveillance for the develop-
ment of exocrine and endocrine insufficiency and pancre-
atic cancer  [36], as well as considering family planning 
issues (Table 1.2).

Cystic fibrosis occurs in 1 in 2500 persons of northern 
European descent  [38]. Genetic mutations in the CFTR 
gene, the cause of cystic fibrosis, are increased in patients 
with idiopathic acute and chronic pancreatitis as well 
patients with recurrent acute pancreatitis compared with a 
control group. Gastroenterologists see adult patients with 
so-called atypical cystic fibrosis. This group presents with 
unexplained acute or chronic pancreatitis and/or exocrine 
pancreatic insufficiency (EPI). Clinical clues to the presence 

of atypical cystic fibrosis are the presence of asthma, ina-
bility to conceive (due to congenital absence of the vas def-
erens), and/or chronic sinusitis. Cystic fibrosis risk factors 
for chronic pancreatitis include other genetic abnormali-
ties predisposing to pancreatitis and pancreas divisum. 
Genetic testing in adult patients in the twenty-first century 
is in a state of flux as many new genetic mutations are 
being found to be associated with AP [39].

Up to 22% of patients with AP, after extensive evaluation, 
have an unidentified cause of their AP. In these patients 
with so-called idiopathic pancreatitis, we must explore all 
possible causes of AP as they have an increased propensity 
to develop recurrent pancreatitis and possibly chronic pan-
creatitis and pancreatic cancer. In addition, once a cause is 
identified, invasive diagnostic testing can be limited. 
Genetic abnormalities are frequently not sought in these 
patients. Jalaly et al. [37] evaluated 197 patients with ARIP, 
including 134 who underwent genetic testing, and found 
88 pathogenic genetic variants in 64 (48%). Pathogenic 
genetic variants were identified in 58% of patients with 
ARIP and in 63% of patients with unexplained first episode 
of AP aged below 35 years. These were independently asso-
ciated with pathogenic genetic variants in their adjusted 
analyses [37]. In addition, the authors found that a family 
history of pancreatitis did not predict pathogenic variants 
on genetic testing as these patients may have contracted AP 
from the usual causes.

Current smoking compared with lifelong nonsmoking is 
associated with AP (relative risk, RR, 2.14) after adjust-
ment for age, sex, BMI, and alcohol consumption. This 
association is stronger (RR 3.19) in heavy smokers (20–30 
cigarettes/day). This association was independent of alco-
hol consumption  [40]. Barkin et  al.  [7] reported that 
 cannabis use is a likely cause of AP, and that abstinence 
eliminates recurrent episodes.

Drug-induced AP must be considered in all patients with 
idiopathic AP. We have information on very few drugs 
where patients have undergone positive rechallenge, even 
more so on drugs with consistent latency. Most of our 
information is from case series and reports  [41]. It is 
 estimated that up to 5% of AP is caused by drugs [42]. The 
drug may be a single etiology or a cofactor (i.e. acting with 
a gene or another drug). Unfortunately, there are no clues 
except history to drug-induced AP as it is not accompanied 
by evidence of a drug reaction (i.e. rash, lymphadenopathy 
and/or eosinophilia)  [42]. Table  1.3 lists the drugs most 
likely to cause AP; however, multiple other drugs have 
been associated with AP [43].

Pancreatic neoplasms, both primary and metastatic, 
can present with AP. The relationship between an under-
lying pancreatic cancer and AP is well recognized  [44]. 
This association has been found both in western and 
 eastern populations  [45]. The risk of an underlying 

Table 1.2 Indications for genetic testing in patients with acute 
pancreatitis.

Idiopathic acute pancreatitis in patients aged <35 years
Acute recurrent idiopathic pancreatitis
Family history of idiopathic chronic pancreatitis or recurrent 
acute pancreatitis
Individuals whose families have an identified gene mutation 
associated with hereditary pancreatitis

Source: adapted from Hasan et al. [38].

Acute Pancreatitis
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 pancreatic  cancer is greatest in the first year after AP and 
then decreases, and such a cancer should be sought in 
patients aged over 40 years who have AP [44]. On imag-
ing, the appearance of AP may obscure the small underly-
ing pancreatic cancer, or the method itself may be 
insufficiently sensitive. A clue to the existence of an 
underlying pancreatic cancer is the presence of pancre-
atic duct dilation. In a systematic review, Wan et al. [15] 
compared EUS with MRCP in patients with idiopathic 
acute pancreatitis and showed that EUS had a diagnostic 
yield of 64% compared with 34% for MRCP. Therefore, 
EUS is the recommended method when screening for an 
underlying neoplasm in patients aged over 50 years, even 
if a likely cause of their AP is present (i.e. alcohol and 
gallstones). To quote Munigala et  al.  [44]: “It is usually 
inappropriate to assume a causative correlation between 
any metabolic disorder or drug with the first  episode of 
AP.” To cast blame on  alcohol or gallstones for AP in 
patients with an underlying pancreatic cancer results in 
delayed diagnosis. This is also applicable to patients who 
present with a pseudocyst [46].

 Laboratory Diagnosis

The diagnosis of AP is based on the presence of a chief com-
plaint of epigastric abdominal pain in an appropriate indi-
vidual who has a propensity for an etiology of AP and the 
finding of a laboratory test greater than threefold the upper 
limit of normal. Early imaging on admission or in the emer-
gency room using CT is only indicated if diagnostic criteria 
are not fulfilled or there are findings that call the diagnosis 
of AP into question. Unfortunately, upper abdominal pain 
and tenderness is a frequent presentation of a plethora of 

disease states. Abdominal tenderness from AP may, in addi-
tion to epigastric location, also be present in the right upper 
quadrant. Findings of an acute abdomen may be present 
and, if so, CT imaging should be considered. The pain may 
radiate into the back and be associated with nausea and 
vomiting as well as fever  [47]. The second consideration 
should be whether the patient has a potential etiology for AP 
(e.g. biliary disease, alcohol, trauma; see Table 1.1). Its pres-
ence increases our diagnostic certainty.

The laboratory diagnosis for AP has changed from 
determination of amylase to determination of lipase but 
the criterion is still a threefold increase. Lipase has sev-
eral advantages over serum amylase: sensitivity is higher 
(82–100% vs. 67–100% for total amylase) and a slightly 
better specificity (82–100% vs. 85–98% for amylase) [47]. 
In addition, lipase offers a larger diagnostic window than 
amylase as it remains elevated for a longer period: amyl-
ase elevation lasts for only three to five days [48] whereas 
lipase shows persistent elevation for up to two weeks. 
Other causes of elevated lipase in patients with abdomi-
nal pain include trauma, appendicitis, diabetic ketoacido-
sis, small bowel disease, inflammatory bowel disease, 
ischemia, obstruction, cirrhosis, renal failure, and upper 
gastrointestinal malignancies (esophagus, stomach). It is 
questionable whether HTG may produce falsely low 
lipase levels [27]. There is no advantage of ordering amyl-
ase together with lipase. Unfortunately, laboratory tests 
are not diagnostic of AP and levels do not predict severity 
of AP. There is no benefit in monitoring laboratory diag-
nostic tests (i.e. amylase/lipase) during the course of 
AP [48].

 Imaging

The initial imaging of a patient with suspected AP should 
include chest X-ray and flat and upright abdominal radio-
graphs. Their usefulness is to exclude other causes of 
abdominal pain, and occasionally to visualize findings sug-
gestive of AP (i.e. sentinel loop, colon cutoff sign, and left 
pleural effusions)  [47]. Abdominal surface ultrasound 
should follow radiological imaging. Its best role is for gall-
bladder visualization with determination of the presence 
of cholelithiasis. It can visualize the pancreas in approxi-
mately two-thirds of patients, revealing peripancreatic 
changes of inflammation; however, this is markedly 
decreased when the individual is obese and or if an ileus is 
present.

CT is the gold standard for pancreatic imaging. However, 
when possible, it should not be performed until the patient 
has been rehydrated. This delay will prevent renal injury 
from contrast and allow the clinician to decide if CT is 
needed. The primary reason for early CT scan (<72 hours) 

Table 1.3 Drugs commonly associated with acute pancreatitis.

6-Mercaptopurine
Azathioprine
Valproic acid
Didanosine
Angiotensin-converting enzyme inhibitors
Furosemide
Isoniazid
Metronidazole
Sulindac
Tetracycline
Amiodarone
Lynesterol/methoxyethinylestradiol
Norethindronate/mestranol
Trans-retinoic acid
Interferon-alpha

Source: adapted from Tenner [42].
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is diagnostic uncertainty. Early CT does not improve clini-
cal outcome or influence treatment nor does it improve 
prediction of severe disease over clinical scoring. Optimal 
timing for initial CT assessment is 72–96 hours after onset 
of symptoms [49], which also allows time for necrosis to 
occur. The advantages of CT over magnetic resonance 
imaging (MRI) is its increased availability and decreased 
cost. It has increased sensitivity for definition of small air 
bubbles and calcification within the pancreas [50].

MRI may be equivalent to CT for evaluating severity of 
 disease. MRCP is especially useful for depicting 3–5 mm 
choledocholithiasis. If biliary stone disease remains a con-
sideration after MRCP, EUS is the next procedure and it has 
up to an 80% success rate. In addition, MRCP can visualize 
disruption (partial or complete) of the main pancreatic 
duct [51].

 Risk Stratification

Use of a severity index should allow prediction of the small 
group of patients who are going to develop severe disease, 
characterized by organ system failure, pancreatic necrosis 
with or without infection, and increased mortality. Overall 
mortality for AP is 2% but this increases to 30% in those 
with severe disease [52,53]. However, Di et al. [53] found 
that the test characteristics and clinical utility of these AP 
severity scores remain uncertain. They did not find studies 
that directly assessed influence of these models on patient 
management.

Predicting severity of AP should be simple and allow 
 prediction early in the patient’s course. This is best accom-
plished by the Bedside Index for Severity in Acute Pancreatitis 
(BISAP) or SIRS, which can predict severity within the first 
24 hours. The BISAP includes blood urea nitrogen (BUN) 
greater than 25 mg/dl, impaired mental status (Glasgow 
Coma Scale score <15), SIRS score 2 or above, age over 
60 years, and pleural effusion. One point is given for each 
and a score of more than 3 indicates an increased risk of 
death [54]. A follow-up evaluation by Singh et al. [55] on the 
BISAP score reported that a score of 3 or more was associ-
ated with an increased risk of developing organ failure, 
 persistent organ failure, and pancreatic necrosis.

SIRS is defined by the presence of two or more of heart 
rate above 90 bpm, respiratory rate above 20 breaths per 
minute or Paco2 below 32 mmHg (4.3 kPa), body tempera-
ture below 36 or above 38°C, and leukocyte count less than 
4 × 109/l or more than 12 × 109/l. Its presence during the 
first 24 hours of admission has high sensitivity for predict-
ing severe disease (85%). However, persistent SIRS pre-
dicted the development of persistent organ failure in only a 
minority of patients [56].

On admission, hematocrit above 44% and rise in BUN at 
24 hours may be optional predictive tools. Reducing BUN 
and hematocrit should be utilized to guide fluid resuscita-
tion over the first 12–24 hours and are an accurate predic-
tor of death [57]. We agree with Forsmark and Yadav [58] 
that monitoring serum BUN and hematocrit along with 
SIRS over the first 48 hours is simple and an effective scor-
ing system for predicting severe AP.

 Classification

The revised Atlanta Classification of Acute Pancreatitis classi-
fies severity into mild, moderately severe and severe using 
both clinical and radiographic criteria (Table 1.4) [59]. In mild 
AP, patients usually improve rapidly with supportive care 
(fluid resuscitation) and mortality is rare, except in patients 
with severe comorbidity [60]. Patients with acute mild pan-
creatitis by definition do not have local complications such as 
peripancreatic collection, sterile pancreatic necrosis, and 
exacerbation of a comorbidity, and they do not have a modi-
fied Marshall score of 2 or more that defines the presence of 
organ failure (respiratory, renal, cardiovascular) [59].

Moderately severe AP is defined as the presence of tran-
sitory organ system failure (<48 hours) and/or local or sys-
temic complications exacerbating comorbid disease 
without persistent organ failure [59]. Severe AP is charac-
terized by single or multiple organ failure for longer than 
48 hours, determined by analysis of the respiratory, renal 
and/or cardiovascular systems using the modified Marshall 
scoring system. Patients with persistent SIRS for longer 
than 48 hours, or with infected necrosis, are usually in this 
category, although infected necrosis can be present without 
organ failure. (Table 1.5).

Table 1.4 Classification of acute pancreatitis.

Mild Moderate Severe

Organ failure None Transient (resolves within 48 hours) Persistent organ failure (>48 hours) of 
one or more organsLocal complications None Yes, without persistent organ failure

Systemic complications None Yes, without persistent organ failure

Source: adapted from Banks et al. [59].
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 Treatment

The foundation for therapy of patients with AP is fluid 
 restoration, as the major effect of pancreatic inflammation 
is fluid sequestration. The goals of fluid therapy are to 
replenish the lost circulatory fluids to maintain organ sys-
tem  perfusion and oxygenation including the pancreas. 
Unfortunately, our recommendations are not based on 
conclusive scientific information  [61]. Sinha et  al.  [62] 
reported variables that independently predicted increased 
fluid sequestration within the first 48 hours after hospital 
admission; these included younger age (<40 years), alco-
hol etiology, hemoconcentration, and SIRS. Increasing 
 volumes of fluid sequestration were associated with longer 
hospitalizations, persistent SIRS, and persistent organ sys-
tem failure [63]. Buxbaum et al. [64] reported a randomized 
trial of patients with nonsevere AP to aggressive (20 ml/kg 
bolus followed by 3 ml/kg per hour vs. standard therapy 
with 10 ml/kg bolus followed by 1.5 ml/kg per hour) hydra-
tion with Ringer’s lactate solution. They found that a sig-
nificantly higher proportion of patients treated with 
aggressive compared with standard hydration showed clin-
ical improvement. In addition to higher volumes of fluid, 
early fluid resuscitation reduces morbidity among patients 
with AP. Warndorf et al. [65] reported that early resuscita-
tion, defined as the administration of one-third or more of 
the total 72-hour fluid volume within 24 hours of presenta-
tion, was associated with decreased SIRS as well as reduced 
organ failure, lower rate of admissions to the intensive care 
unit (ICU), and reduced length of hospitalization; the fluid 
of choice is Ringer’s lactate [65]. The clinical goals of fluid 
replacement therapy are to achieve hemodynamic stability. 
Clinically, we follow the parameters of heart rate, urine 
output, and blood pressure; in addition, we follow the labo-
ratory markers BUN and hematocrit. Thus, the volumes 
infused are based on the patient’s vital signs, incorporating 
blood pressure, pulse and respiratory rates, age, cardiac 

and renal disease, laboratory values (BUN, creatinine 
and hematocrit), and the presence of SIRS. This so-called 
goal-directed therapy for fluid management is defined as 
titration of intravenous fluids to specific clinical and bio-
chemical targets of perfusion [66].

Fluid therapy is most effective if given early in the course 
of AP. This was shown by an international multicenter 
study which found that early moderate (>500–1000 ml) 
compared to nonaggressive (<500 ml) fluid volume admin-
istration in the emergency room was associated with lower 
rates of local complications; indeed, the groups who 
received aggressive therapy (>1000 ml) also had a signifi-
cantly lower need for intervention [67]. We utilize a combi-
nation of initial bolus and high-volume intravenous 
infusion and assess our goal-directed therapy using the 
patient’s vital signs, hourly urine output, and measure-
ment of BUN, creatinine and hematocrit every six to eight 
hours. When hemodynamic stability is achieved and labo-
ratory values are normal (BUN <20 mg/dl and hematocrit 
<35%), we decrease rates of infusion (Table 1.6).

Prophylactic Antibiotics

The basis for administration of prophylactic antibiotics in 
patients with AP is to prevent infection in those who 
develop necrotizing AP. The mortality in patients with 
necrosis is up to 20% compared with 5% mortality in those 
with edematous or interstitial AP  [68]. Once infection 
complicates necrosis, mortality increases to 30–40%. 
Therefore, prophylactic antibiotics would appear to be a 
reasonable therapeutic approach. However, it has been 
shown to be ineffective in a Cochrane Database systematic 
review by Villatoro et al. [69], who found that there was no 
benefit to antibiotics for preventing pancreatic necrosis 
infection or decreasing mortality.

Subgroup analysis of patients who received imipenem 
showed a significant decrease in pancreatic infection, but 
no significant reduction in mortality. Antibiotics should 
only be administered to patients early in the course of AP 
who have suspected biliary sepsis or show evidence of 

Table 1.5 Predictors of severe acute pancreatitis.

Patient Age, obesity (BMI >30), altered mental status, 
numerous and severe comorbidities including 
coronary artery disease, congestive heart failure, 
chronic obstructive pulmonary disease, diabetes 
mellitus, chronic liver disease, long history of 
alcohol abuse

SIRS Present and persists >48 hours

Laboratory Hematocrit >44% and no decrease with 
hydration
Urea nitrogen >20 mg/dl (>7.1 mmol/l) rising 
and/or no decrease with hydration, and/or 
elevated creatinine >1.8 mg/dl (>159 mmol/l)

Imaging Pleural effusion or infiltrates

Source: adapted from Forsmark et al. [52].

Table 1.6 Fluid therapy for patients with moderately severe or 
severe acute pancreatitis.

1)  Bolus of Ringer’s lactate: administer 1 liter in the emergency 
room

2)  Infusion of Ringer’s lactate at 5–10 ml/kg per hour until 
clinical hemodynamic stability and laboratory parameters 
are reached

3)  Change intravenous fluid rate to 3 ml/kg per hour once 
parameters are reached

Source: adapted from DiMagno MJ. Clinical update on fluid therapy 
and nutritional support in acute pancreatitis. Pancreatology 
2015;15(6):583–588.
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extrapancreatic infection (i.e. urinary tract infection and/
or positive blood cultures). In addition, antibiotic treat-
ment should be used for suspected or diagnosed pancreatic 
or peripancreatic infections in the later phase (one to two 
weeks) after onset of disease. The role of antibiotics in this 
phase is to allow the organization of the necrosis as well as 
delaying surgery, usually until four weeks, as this is associ-
ated with decreased mortality compared with early inter-
vention. In addition, delay and use of antibiotics may allow 
for application of less invasive drainage procedures. In 
addition, antibiotic therapy alone can effectively treat a 
subgroup of patients with infected necrosis  [70,71]. An 
 initial report by Runzi et al. [71] of nonsurgical treatment 
of 16 patients with severe AP with infected pancreatic 
necrosis (IPN), treated only with an antibiotic regimen 
adapted to bacteriology and nonsurgical therapy, reported 
a 12% (2 of 16 patients) mortality rate. Six recovered with-
out further complications and 10 patients developed single 
or multiple organ failure. This study placed a wedge in the 
concept that all patients with IPN needed immediate open 
pancreatic surgical drainage. The currently accepted man-
agement of patients with IPN is that early in their course 
they can generally be managed nonsurgically with antibi-
otics in the initial stage and that antibiotics alone can also 
be definitive therapy. The second concept is that surgery 
can be delayed, which allows the operative intervention to 
be performed electively and less invasively.

Nutrition

One of our goals in treating patients with AP is early oral 
feeding. This should commence as soon as the patient is 
hungry and ideally when they are not vomiting and have 
improving nausea and abdominal pain. Oral feeding is a 
critical foundation of our therapeutic regimen. It main-
tains small bowel integrity thereby decreasing bacterial 
translocation. Early enteral nasogastric tube feeding does 
not reduce infection or death compared with oral feeding 
at 72 hours. In studies by Bakker et al. [72] and Cote [73], 
over two-thirds of the patients tolerated an oral diet after 
its initiation at 72 hours after randomization, showing that 
starting an oral diet at 72 hours is not harmful to the 
patient. In patients with moderate or severe AP, early oral 
refeeding (defined as when patients are hungry and initi-
ated when clinical and laboratory parameters resolve) is 
safe and may shorten hospitalization compared to conven-
tional oral refeeding [74]. Vaughn et al. [75] in a systematic 
review of early (<48 hours) versus delayed (>48 hours) 
feeding in patients with AP found that adverse events sec-
ondary to early feeding did not increase. In these patients 
with mild to moderate AP, it may also reduce the length of 
hospital stay [75]. Their early nutrition group included oral 
as well as tube feeding.

Oral feeding intolerance, defined as relapse of symptoms 
following oral feeding, occurs in one of six patients with 
AP  [76]. Predictors are complicated or severe disease 
reflected by presence of pleural effusion and/or (peri)pan-
creatic collections. If patients have oral feeding intoler-
ance, enteral nutrition (EN) can be initiated with either 
nasogastric or nasojejunal feeding, as they have similar 
safety and efficacy. This should start early (<48 hours) in 
the course of severe AP, but should be delayed for 72 hours 
in patients with mild to moderate AP to determine if they 
can tolerate oral feeding. Infusion is with polymeric for-
mula. Low rates of infusion possibly decrease bowel per-
meability but our goal should aim to meet patients’ caloric 
demands. EN should be started prior to 48 hours in patients 
with severe pancreatitis, especially those who are intu-
bated. Khalid et al. [77] showed that the benefits of early 
feeding were more evident in the sickest (treated with mul-
tiple vasopressors) ICU patients.

Bakker et al.  [78] reported a meta-analysis of 165 indi-
viduals from eight randomized trials. The cohort was 
divided into those who received EN within 24 hours of 
admission and those who received EN after 24 hours of 
admission. Those receiving EN within 24 hours of admis-
sion had decreased organ failure (42% vs. 16%; odds ratio 
0.42) and reduction in the complications of IPN and/or 
organ failure. There was no difference in mortality, and 
therefore the earlier the initiation of EN, the better for the 
patient with severe AP. However, the benefits of EN begun 
within three days could reduce the risk of secondary infec-
tion and improve the nutritional status of patients with 
AP [78].

Overall, EN should be utilized over parenteral nutrition 
in patients with AP. EN has a multitude of advantages over 
parenteral nutrition, including avoidance of catheter-
related sepsis, lower cost, maintenance of gut barrier func-
tion, and decreased bacterial translocation, a critical 
mechanism in developing infections in AP patients. EN, 
compared with parenteral nutrition, results in reduction in 
the risk of total and pancreatic infectious complications 
and risk of death [79,80].

Post-discharge Cholecystectomy

In addition to treating the acute episode of pancreatitis, we 
need to focus on decreasing the possibility of the patient’s 
readmission, shown by Munigala et al. [81] to be 14%. The 
factors that have been associated with increased readmis-
sion are shown in Table 1.7. Symptoms upon discharge that 
have been shown to be associated with increased rate of 
readmission include inability to tolerate a regular diet and 
need for pain medications [82]. Cholecystectomy on index 
admission for acute biliary pancreatitis reduces rates of 
readmission [82].
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The Dutch Pancreatitis Study Group followed more than 
600 patients after an episode of AP and found that recur-
rent pancreatitis developed in 117 (17%). This was more 
common in those with alcoholic or idiopathic or other 
 etiologies compared with biliary disease. In addition, recur-
rent pancreatitis was more common in smokers and those 
who had experienced necrotizing pancreatitis. They 
reported that smoking was the most important factor for 
recurrent acute pancreatitis (RAP)  [83]. The severity 
of  recurrent compared with initial episodes of AP was 
reported by Lee et al. [84] and Mallick et al. [85]. Lee et al. 
found that RAP was associated with zero mortality 
 compared with 4.7% mortality in initial episodes. Prior AP 
episodes had a decreased risk of severe disease (i.e. multi-
system organ failure) [84]. This observation may be due to 
destruction of acinar cells with their replacement by pan-
creatic fibrosis. Mallick et al. confirmed these observations 
in a group of 632 patients with an initial episode of AP. 
Severe pancreatitis, surgical intervention, and mortality 
were less in patients with RAP compared to patients with 
an initial episode of AP [85].

Biliary disease is the leading cause of AP in Western 
countries, and therefore cholecystectomy is the optimal 
therapy. However, the timing of laparoscopic cholecystec-
tomy in patients with acute biliary pancreatitis has been a 
contentious issue. The concern of performing same-
admission,  so-called early, cholecystectomy is safety and 
prolonged length of stay. Conversely, issues associated 
with delayed laparoscopic cholecystectomy include when 
it should be performed post AP and determining the risks 
of recurrent AP and the occurrence of biliary events (i.e. 
colic, cholecystitis) in the interim. In addition, this timing 
issue only applies in patients with mild and possibly mod-
erate AP as it is felt that patients with severe disease 
should undergo cholecystectomy once they recover from 
their organ failure. There is no consensus about the tim-
ing of cholecystectomy in patients with pancreatic necro-
sis with or without infection. Da Costa et al. [86] reported 
a randomized controlled trial comparing same admission 
versus delayed  (so-called interval) cholecystectomy for 
patients with mild gallstone pancreatitis. The risk of 

recurrent  gallstone-related complications occurred more 
frequently (17% in the delayed group vs. 5% in the early 
group). A systematic review by Lyu et al. [87] of 1833 patients 
found that gallstone-related complications occurred in 25% 
of patients during the waiting period in the delayed chole-
cystectomy group.

The goal of cholecystectomy is prevention of recurrent 
AP and biliary events. Multiple societies have recom-
mended cholecystectomy be performed during the initial 
admission rather than after discharge to prevent occur-
rence of these events  [61]. Bilal et  al.  [88] reported the 
trends of same-admission cholecystectomy in the United 
States and found a decrease in use of the procedure, from 
48.7% in 2004 to 45% in 2014. Delayed cholecystectomy was 
found to be more common in patients with severe pancrea-
titis, sepsis, three or more Elixhauser comorbidities, and 
admission to small or rural hospitals  [89] and in older 
patients  [90]. Delayed cholecystectomy in these patients 
was likely related to the presence of severe pancreatitis 
with severe comorbidities. In these patients, as always, we 
must balance risks and benefits of early cholecystectomy.

A concern of early cholecystectomy is whether it is associ-
ated with increased operative complications (i.e. conversion 
of laparoscopy cholecystectomy to open cholecystectomy). 
Van Baal et  al.  [91] from the Dutch Pancreatic Group 
reported a systematic review and found no differences in 
operative complications, conversion to open cholecystec-
tomy, or mortality between early (index) cholecystectomy 
and interval cholecystectomy. A follow-up question in 
patients with mild acute biliary pancreatitis who are not 
undergoing early cholecystectomy is whether they should 
undergo ERCP with ES to prevent readmissions from RAP 
and biliary events. Ridtitid et al. [92] found that ERCP/ES 
performed in a delayed cholecystectomy group of AP 
patients was associated with a significantly lower rate of 
acute recurrent biliary pancreatitis (4% vs. 36% of those 
patients not undergoing ERCP/ES). ERCP/ES was associ-
ated with the occurrence of mild pancreatitis (4%) and with 
post-sphincterotomy bleeding (5%). Bakker et  al.  [93] 
reported similar findings: in patients with mild biliary pan-
creatitis who did not have index cholecystectomy but 
underwent ERCP/ES, the procedure significantly decreased 
the occurrence of interval biliary events to 7.4% (compared 
with 18.4% in those who did not undergo ERCP/ES). This 
was primarily due to a reduced risk of biliary pancreatitis. 
Thus, ES is a temporizing measure in patients who are unfit 
for surgery. ES does not protect totally against biliary colic or 
acute cholecystitis [93]. The next issue is whether the patients 
who undergo ERCP/ES should subsequently undergo chol-
ecystectomy, which could further decrease this 7.4% rate of 
biliary events. Zargar et al. [94] reported a randomized trial 
of cholecystectomy versus expectant management in patients 
with biliary AP who had undergone ERCP/ES and found 

Table 1.7 Factors associated with increased readmission rates.

Patient: alcohol and substance abuse
Increased comorbidities (increasing Charlson comorbidity 
index)
Severe pancreatitis: association with pseudocyst, necrotizing 
pancreatitis
Discharge to extended care facility (not home discharge)
Biliary pancreatitis not undergoing cholecystectomy on initial 
admission: note that cholecystectomy on index admission for 
acute biliary pancreatitis reduces rates of readmission

Source: adapted from Munigala et al. [81].
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that cholecystectomy significantly reduced the biliary com-
plications in these high-risk patients. Similar findings were 
reported by Khan et  al.  [95] in a systematic review and 
meta-analysis that compared early cholecystectomy versus 
a “wait-and-watch” strategy after ES in high-risk patients. 
They recommended that patients undergo laparoscopic 
cholecystectomy because it is associated with lower rates of 
subsequent recurrent cholecystitis, cholangitis, and biliary 
colic.

 Long-term Sequelae

The morbidity of a bout of AP persists in some patients after 
recovery. Long-term assessment is addressed in Table  1.8. 
An episode of AP increases a patient’s risk of developing dia-
betes mellitus, progressing to chronic pancreatitis with EPI, 
and is associated with an increased risk of harboring or 
developing pancreatic cancer. Ventre et al. [96] reported that 
patients who had severe AP that required critical care were 
found to have a high risk for developing new-onset diabetes 
mellitus. In addition, as expected, greater pre-hospitalization 
comorbidity, as determined by the Charlson score, nega-
tively influenced survival. Das et  al.  [97] conducted a 
 systematic review of diabetes mellitus prevalence after AP 
and found pre-diabetes mellitus in 16%; this is important, as 
40% of patients with pre-diabetes progress to diabetes over 
5–10 years. Diabetes mellitus was found in 23% and require-
ment for insulin treatment in 15%. Newly diagnosed diabe-
tes (so-called type 3c diabetes) developed in 15% within 
12 months after the first episode of AP. Interestingly, they 
found that there was no effect of disease severity on the risk 
of developing diabetes mellitus. Conversely, in a study of 
patients who had severe pancreatitis, of whom almost three-
quarters underwent open necrosectomy, new-onset diabetes 
mellitus was found in 45%, and pancreatic insufficiency 
requiring pancreatic enzyme replacement was found in 
25% [98].

Shen et  al.  [99] reported a cohort study that included 
almost 3000 patients with their first attack of AP and 
approximately 12 000 individually matched controls. The 
incidence of developing diabetes within the first three 
months after AP was 60.8 per 1000 person-years in the AP 
group compared with 8.0 per 1000 person-years in the 

 control group (hazard ratio, HR, 5.9). The adjusted HR was 
2.54 for developing diabetes mellitus beyond three months. 
Similar to other studies, the results for patients with mild 
AP were similar to those for all AP groups. We should 
therefore be aware that after AP of all severities, the risk of 
developing diabetes mellitus is increased, so-called “diabe-
tes of the exocrine pancreas” [100].

Hollemans et  al.  [101] reported on the follow-up of 
almost 1500 patients with AP at 36 months. They found a 
pooled prevalence of EPI of 27%. Using fecal elastase  levels, 
EPI occurred significantly more often in patients with 
 alcoholic pancreatitis than in those with other etiologies. 
EPI was significantly more common in patients with severe 
than mild AP [101]. The presence of pre-diabetes and/or 
diabetes mellitus in patients after AP should necessitate a 
search for coexistent EPI. In patients after AP, Das 
et al. [102] found a prevalence of concomitant EPI of 40% 
in patients with newly diagnosed pre-diabetes or diabetes.

Machicado et al.  [103] reported the long-term deleteri-
ous effect on physical health-related quality of life using a 
physical- and mental health-related quality of life telephone 
survey. Individuals who had experienced AP had a signifi-
cantly lower physical component survey (PCS) score than 
did controls and this was associated with the presence of 
multisystem organ failure during hospitalization, which is 
similar to other ICU survivors. In addition, at time of follow-
up lower PCS scores were associated with abdominal pain, 
analgesic use, disability, and cigarette use. Thus, support to 
discontinue smoking and alcohol use and to control pain on 
discharge should be a focus of ongoing care.

The long-term (median of 10.5 years) follow-up of pan-
creatic function after the first episode of acute alcoholic 
pancreatitis was reported by Nikkola et  al.  [104]. As 
expected, 35% had one or more recurrent episodes of AP 
during a maximum follow-up of 13 years. New pancreato-
genic diabetes developed in 19%, all of which had recurrent 
AP. Exocrine pancreatic dysfunction occurred in 77 (24%) 
patients, which was associated with abnormal endocrine 
function [104]. In alcoholic patients with RAP, progression 
to chronic pancreatitis occurred in 19% [104] and in 38% 
mainly in alcoholics as reported by Lankisch et al. [105].

The risk of pancreatic cancer after a primary episode of 
AP was reported by Rijkers et al. [106] in 731 patients who 
were followed for a median of 55 months. Pancreatic can-
cer incidence rate (per 1000 patient-years) in the group 
who progressed to chronic pancreatitis was 9.0 compared 
with 1.1 in those did not progress to chronic pancreatitis. 
The median time to developing pancreatic cancer was 
47 months in those with chronic pancreatitis and 12 months 
in those who did not have chronic pancreatitis. One won-
ders if the AP was secondary to the underlying pancreatic 
cancer in this group without chronic pancreatitis. No com-
parative group was utilized in this study [106].

Table 1.8 Long-term sequelae after resolution of acute 
pancreatitis.

Chronic pancreatitis
Exocrine pancreatic insufficiency
Diabetes mellitus
Pancreatic ductal adenocarcinoma
Decreased quality of life
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Sadr-Azodi et  al.  [107] performed a population-based 
cohort study including all Swedish residents diagnosed 
with AP in order to determine the relationship between AP 
and pancreatic cancer. Approximately 70% of patients with 
pancreatic cancer had a history of AP. The risk of pancre-
atic cancer was increased during the first few years after 
the episode of AP and then gradually declined. The risk of 
pancreatic cancer between two months and two years after 
hospitalization for AP was highest in individuals aged 60 
and above without gallstone-related pancreatitis but with 
diabetes mellitus. Those cancers diagnosed within six 
months of AP were more likely to be localized [107].

A follow-up, nationwide, matched cohort study from 
Denmark by Kirkegard et al. [108] found that patients with 

AP had increased risk of pancreatic cancer. Their risk for 
developing pancreatic cancer decreased with time but was 
still elevated at two and five years post episode and this 
included a three-year washout period to reduce the likeli-
hood of including prevalent cases of pancreatic cancer. 
Thus, we must continue to follow up and search for an 
underlying neoplasm in patients with AP who are older 
than 40 years of age, irrespective of the presumed cause of 
their AP. The reason(s) for this association may be similar 
etiologies, including alcohol, smoking, diet, diabetes, and 
obesity [109].

Thus, patients with a history of AP regardless of cause 
should likely undergo screening for pancreatic cancer in 
the five years after their initial episode.
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