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Abstract
Background and objectives  The global incidence of 
hospitalisation due to acute pancreatitis (AP) has been 
rising in the recent decades. In the USA alone, there was a 
13.2% increase between 2009 and 2012 compared with 
2002–2005. There remains a lack of approved treatments 
to prevent disease progression, leaving many liable to 
developing complications that include multisystem organ 
failure (OF) and death. This therapeutic deficit raises 
questions about the scale of the current burden of illness 
(BOI) associated with severe forms of AP. The aim of the 
systematic literature review (SLR) was to assess clinical, 
humanistic, and economic outcomes associated with 
moderately severe AP (MSAP) and severe AP (SAP) in the 
USA and the European Union-5 (EU-5).
Methods  Systematic searches were conducted in 
MEDLINE and Embase to identify studies published in 
English (between 2007 and 2017) that reported on the BOI 
of MSAP and/or SAP. Manual searches of ‘grey’ literature 
sources were also conducted.
Results  The SLR identified 19 studies which indicated 
that 15%–20% of patients with AP progress to more 
severe forms of the disease, up to 10.5% of those with 
SAP require surgery for complications, and up to 40% die 
during hospitalisation. By contrast, there appears to be a 
lack of data on the extent to which SAP affects patients’ 
quality of life.
Conclusion  The available evidence clearly demonstrates 
that the current management for MSAP and SAP in the 
USA and EU-5 does not adequately meet patients’ needs. 
Early identification and intervention for AP is crucial, given 
the evidence of high rates of morbidity and an associated 
economic burden that is considerable. Since many 
patients with the condition present to hospitals at a point 
when multisystem OF or death is highly likely, there is a 
particularly urgent need for effective treatment options to 
prevent disease progression.

Introduction
Acute pancreatitis (AP) involves acute inflam-
mation of the pancreas and, sometimes, adja-
cent tissues. The occurrence of the condition 
has been increasing during the last 40 years, 
with incidence rates ranging from 20 to 80 

per 100 000 per annum and varying across 
countries.1 The proportion of Japan’s popu-
lation, for example, diagnosed in 2011 was 
estimated at 49.4 per 100 000, representing 
a 1.8-fold increase over the previous decade.2 
A lower incidence estimate of AP hospital 
admissions has been reported in Europe. In 
Scotland, the incidence of AP hospital admis-
sions was estimated at 33.1 per 100 000 per 
year between 2009 and 2012.3 This, coupled 
with the rising global epidemiological burden 
of AP, helps to account for why the condition 
is a major consumer of healthcare resources 
and a significant driver of costs. AP accounted 
for 275 000 hospital admissions and US$2.6 
billion in direct treatment costs in 2009 in the 
USA, where it is one of the leading gastroin-
testinal diseases.4

AP can rapidly progress into moderately 
severe AP (MSAP) or severe AP (SAP),5 and 
there is a lack of standard care of treatment 
for AP or SAP.6 Therefore, early clinical 
recognition of AP is crucial to managing 
disease progression—evidence shows that 
after the initial 48–72 hours, the progression 
of disease may be fully established, leading to 
multisystem organ failure (OF). Historically, 
however, inconsistencies in defining and cate-
gorising the severity of AP have presented 
a challenge in this regard and have compli-
cated the delivery of appropriate care to 
patients with this potentially life-threatening 
condition. Against this background, the 
revised Atlanta classification (RAC) of AP was 
proposed in 20125 to address confusion and 
related variation in classifying AP severity. The 
RAC defined and classified populations into 
the following three groups, with persistent 
OF being the main determinant of severity: 
mild AP (when no OF or local or systemic 
complications are present); MSAP (when OF 
is present and resolves within 48 hours and/
or local or systemic complications are present 
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but without persistent OF) and SAP (when OF persists 
over 48 hours). This classification considers a biphasic 
natural course of AP, specifically, an early phase in which 
the presence or absence of persistent OF is determined, 
and a late phase in which local or systemic complications 
are investigated.

While the RAC has facilitated recognition of AP and 
early prediction of its progression to severe forms of 
the disease, there remain key questions about how 
patients with, or at risk of, SAP are best managed. 
Current traditional treatment for SAP, however, has been 
primarily conservative with more active management of 
disease progression being limited by the lack of glob-
ally recognised treatments. Protease inhibitors, such as 
gabexate mesilate, nafamostat mesilate and ulinastatin 
(UTI), have been recommended as treatments for AP 
and/or SAP in China, Japan and India7–11 but not in 
other countries. For example, randomised controlled 
trial (RCT) evidence showed that UTI was associated 
with a lower risk of mortality among patients with SAP 
compared with placebo,12–14 but not among patients 
with AP that was not classified as severe. No product has 
received such formal approval for SAP in the USA and 
Europe. Instead, the focus has remained mainly on the 
management of any known underlying conditions and 
the provision of supportive care (such as intravenous 
fluid, antibiotics, drainage therapy and enteral feeding).

The increasing incidence of AP, the potentially devas-
tating consequences of its progression and the lack of 
licensed pharmacological interventions collectively raise 
questions about the scale of the current burden among 
those with the most severe disease. With such issues in 
mind, we conducted a systematic literature review (SLR) 
that aimed to provide a broad overview of the burden of 
illness (BOI) associated with MSAP and SAP in the USA 
and the European Union-5 (EU-5). A key objective of this 
research was to systematically collate and present relevant 
evidence to provide insights into the clinical challenges 
and outcomes specific to the most severe forms of AP.

Methods
The SLR aimed to develop an overview of the BOI associ-
ated with MSAP and SAP by creating a framework based 
on the following review questions:

►► What are the characteristics of patients diagnosed 
with MSAP and SAP, in terms of age, gender, aetiolo-
gies and comorbidities?

►► What are the incidence and prevalence of MSAP and 
SAP? What proportion of patients with AP presenta-
tion progresses to MSAP or SAP?

►► What are the clinical outcomes including mortality, 
morbidity and complications associated with MSAP 
and SAP?

►► What is the quality of life (QoL) of patients diagnosed 
with MSAP or SAP?

►► What is the economic burden of MSAP and SAP?

►► What real-world interventions are being given to 
patients with MSAP and SAP in the context of the lack 
of approved specific treatments for AP, MSAP or SAP?

Study identification
The SLR followed a prespecified review protocol (online 
supplementary appendix A) and was conducted in 
accordance with the quality standards recommended by 
the Preferred Reporting Items for Systematic Review and 
Meta-Analyses (PRISMA) statement15 and the Cochrane 
Handbook for Systematic Reviews.16

Searches were conducted in MEDLINE (including 
MEDLINE In-Process) and Embase. Only studies that 
met all inclusion criteria were included. MSAP was 
defined as a separate AP severity entity beginning in 
20125; consequently, separate searches for AP and SAP 
were conducted to maximise the chances of identifying 
relevant data on MSAP and SAP and to address the 
heterogeneity in how these two disease groups have been 
defined in the recent literature.

The separate search strategies included a combina-
tion of controlled vocabulary and free-text terms, as 
recommended by the Cochrane Collaboration.17 Full 
details of the searches are described in the online 
supplementary appendix A. Additionally, proceedings 
from the previous 3 years (2015–2017) of key confer-
ences were also manually searched. Bibliographies of 
all relevant SLRs identified during the evidence search 
were also reviewed to identify any relevant missing 
publications.

Studies selection and data extraction
A three-stage screening process was applied to deter-
mine the most relevant studies as defined by the 
protocol. First, title and abstract screening of all unique 
references identified in both literature databases and 
grey sources was reviewed against these selection 
criteria. Studies that reported on multiple outcomes 
were cross-checked to ensure that all relevant data 
sources on a particular outcome were considered for 
inclusion.

Second, owing to the high volume of evidence retrieved, 
additional selection criteria were applied systematically. 
For AP and MSAP studies, only those published after 
2012 (the year of publication of the RAC) were ultimately 
included. For the SAP studies, those published between 
2007 and 2017 were considered for inclusion.

Finally, the full-text versions of all the publications 
considered relevant based on the additional criteria 
were assessed for their suitability for inclusion and full 
data extraction. All publications were reviewed by one 
researcher and 50% of the screening decisions were vali-
dated by a second, senior researcher. Any discrepancies 
were resolved by a third researcher.

Relevant data were fully extracted by one investigator 
using a predesigned template separated by outcome. 
All data was validated by a second investigator and any 
discrepancies were resolved by a third investigator.

https://dx.doi.org/10.1136/bmjgast-2018-000248
https://dx.doi.org/10.1136/bmjgast-2018-000248
https://dx.doi.org/10.1136/bmjgast-2018-000248
https://dx.doi.org/10.1136/bmjgast-2018-000248
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Figure 1  Preferred Reporting Items for Systematic Review and Meta-Analysis diagram of studies evaluating patients with SAP 
and with AP before reclassification. AP, acute pancreatitis; HRQoL, health-related quality of life; SAP, severe acute pancreatitis; 
SLR, systematic literature review.

Synthesis of results
During data extraction and evidence synthesis, it was 
noted that there was marked variation in how AP severity 
had been classified across included studies. This incon-
sistency mainly reflected differences in the time of data 
collection, as well as the introduction of different clas-
sification systems. Accordingly, to enable cross-study 
comparison and accurate presentation of outcomes by 
severity group, the populations included in the studies 
were reclassified as part of the review using the RAC 2012 
criteria, where possible. If the authors had not provided 
such data, their definitions of various forms of AP were 
accepted as reported. When a study presented data for 
more than one severity group, these subgroup results 
were presented separately in the SLR for MSAP and 
SAP. Studies providing data on mixed-severity popula-
tions without stratification of results by severity were not 
included in the synthesis of results.

Results
The AP and SAP searches (electronic and conference 
proceedings) yielded a total of 4925 unique records, of 
which 1024 full-text publications were reviewed. A total 
of 118 unique studies presenting information on the 
outcomes of interest for all AP severity groups across the 
two searches were included (figure 1). After the reclassi-
fication of populations using the RAC 2012 criteria, 19 
studies (reported in 21 publications) that included MSAP 
and/or SAP patient populations were identified and 
further considered in this SLR (figures 1 and 2). Of note, 
52 of the 118 studies exclusively included patients with 
mild AP and 47 included mixed AP severity; those were 
not considered further in this SLR with the exception of 

one study with mixed AP severity3 which provided infor-
mation on the size of the SAP population subgroup. This 
study3 was included in the reporting of epidemiological 
outcomes.

Six18–24 (reported in seven publications) of the 19 
included studies were US based. Of the 13 EU-5 studies, 
five3 25–28 were conducted in the UK, three each in 
Germany29–31 and Italy,32–34 and one each in France35 
and Spain.36 Overall, most studies were of a retrospective 
design (13 studies),3 21–23 25–33 were based on single-centre 
hospitals (13)18–22 24–26 28 29 31 33 35 36 and were principally 
tertiary referral units for which the reporting was exclu-
sively on patients with SAP (10).22 23 25–31 33 The sample 
size of these studies varied considerably, from 2025 (in a 
single-centre UK study) to 2677 (for a study based on the 
UK national intensive care unit (ICU) database).27 Four 
studies19 21 24 36 (reported in five publications) presented 
subgroup information for patients with MSAP and these 
are presented separately.

Characteristics, aetiology and comorbidities of patients with 
MSAP and SAP
Most of the patients with MSAP and SAP in the included 
studies were men (51%–71.4%)21 33 and all were aged 
in their 50s (52.5–65.8)22 32 (tables 1 and 2). Gallstone/
biliary disease and alcohol were the most common aeti-
ological factors in both the USA and EU-5 studies. Most 
specifically, among the SAP studies, gallstone/biliary aeti-
ology was present in 31%29–45%19 of patients in the USA 
and 33%24–61.1%34 of those in the EU-5 studies, whereas 
alcohol aetiology was present in 17%22–33%24 of patients 
in the USA and 8.4%34 in the EU-5. Although, idiopathic 
aetiology was not widely reported in the included studies, 



4 Sarri G, et al. BMJ Open Gastro 2019;6:e000248. doi:10.1136/bmjgast-2018-000248

Open access�

Figure 2  Diagram of included studies evaluating patients with MSAP and SAP after reclassification. *Only studies reporting 
data of MSAP or SAP according to RAC 2012 are included in this manuscript. †Findings relating to AP or mixed AP/SAP 
studies are not summarised in this manuscript. AP, acute pancreatitis; MSAP, moderately severe acute pancreatitis; RAC, 
revised Atlanta classification; SAP, severe acute pancreatitis.

it still accounted for up to 20%24 (USA) and 13.6%36 
(EU-5) of SAP cases. A similar trend in idiopathic aeti-
ology was identified in the studies including patients with 
MSAP.19 21 24 36

Epidemiology
Given the variations in diagnosis and severity assessment 
criteria of AP across studies over previous decades, the 
rapidly evolving features of disease progression, and the 
fact that most studies of patients with SAP were conducted 
in single-centre specialist hospitals, it is difficult to derive 
definitive data on key aspects of the epidemiology of 
MSAP or SAP, particularly in the USA.

In our review, only one EU-5 study3 reported on the 
incidence of patients with SAP who required critical care 
admission (data collected between 2009–2012 and found 
this to be 5.9/100 000 per year (table 3). Another study 
from Italy reported that the proportion of AP patients 
progressing into SAP to be 14.2%.34

Mortality
Overall, mortality and morbidity increased with disease 
severity across the studies (tables 4 and 5). Results from 
four studies19 21 24 36 presenting within-study comparisons 
of outcomes by AP severity group provide more reliable 
estimates of differences using a relatively homogeneous 
population (in terms of the study setting, years of data 
collection, AP severity classification systems) compared 
with cross-study comparisons. In three of these studies, 
the risk of death for patients with MSAP was 0%19 24 36 
compared with 21%–40%19 24 for patients with SAP. A 
similar pattern regarding SAP mortality was found across 
the other 14 studies,18 22 23 25–35 with the risk ranging from 
13.6%27 to 41.9%27; EU-5 estimates on mortality were 
higher for SAP than US estimates (41.9%).27 However, 
the available EU-5 estimates on SAP mortality need to be 
viewed with caution because of the lack of reported infor-
mation to allow reclassification of patients according to 
the RAC 2012 criteria.
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Table 4  Summary of clinical outcomes: complications and mortality

IPN
(n studies; 
range)

Surgery due 
to pancreatic 
necrosis

Pancreatic 
pseudocysts

Other long-
term outcomes 
of surviving 
patients

Hospital 
mortality

Long-term 
mortality

USA

 � MSAP (as defined 
by the authors; two 
studies)

1 (9%) NR NR NR 1 (0%) NR

 � SAP (as defined by the 
authors; four studies)

3 (21.1%–32%) NR NR NR 4 (21%–
40%)

NR

EU-5

 � MSAP (as defined by 
the authors; one study)

1 (10%) 1 (16.7%) 1 (0%) NR 1 (0%) NR

 � SAP (as defined by the 
authors; 11 studies)

7 (4.8%–11.4%)
Outlier: 40%

4 (4.8%–10.5%)
Outlier: 25%

1 (2.3%) 2 (4.1%–93%) 12 (17.8%% 
–41.9%)
Outlier: 5%

Mean follow-up 
49 months
1 (12.3%)

EU-5, European Union-5; IPN, infected pancreatic necrosis; MSAP, moderately severe acute pancreatitis; NR, not reported; SAP, severe 
acute pancreatitis; USA, United States of America.

The longer term mortality for patients with SAP (4 years 
postdischarge) was 12.3% as reported by one study.32

Morbidity and complications
A total of 15 studies (11 from the EU-5 and four from the 
USA) reported outcomes relating to morbidity or compli-
cations associated with either MSAP (four studies)19 21 24 36 
or SAP (13 studies)18–20 24 25 27 29–36 (table  4). Reported 
high morbidity across studies included severe systemic 
inflammatory response syndrome (SIRS; estimated to 
occur in 65% of US patients with SAP19; no data reported 
for patients with SAP in the EU-5), multisystem OF 
(US studies: 47.4%–60%18 19; EU-5 studies: generally 
25%–36.4%,31 36 with one small study (n=35)35 reporting 
a significantly lower occurrence of 4.2% among patients 
with SAP) and admission to critical care (US studies: 
80%–93%, EU-5 studies: 60.7%).19 24 35 Limited evidence 
was found for the proportion of patients with SAP with 
infected pancreatic necrosis (IPN; 21.1%–32%)18 19 in 
the USA or those needing surgery due to pancreatic 
necrosis (PN; 4.8%–10.5%)27 34 in the EU-5.

Although the morbidity of MSAP was not found to be 
as high as in patients with SAP, limited evidence (mainly 
from US studies) showed that the condition was often still 
associated with poor outcomes. For instance, 48%19 had 
SIRS, 26.1%21 had OF and up to 23%21 were admitted 
to the ICU. Similarly, since some studies did not provide 
sufficient information to allow reclassification of patients 
according to RAC 2012, estimates from the EU-5 studies 
should be interpreted with caution.

Humanistic outcomes
Limited evidence was identified on the humanistic burden 
of SAP from one US retrospective study22 and no studies 
reporting on such outcomes were identified for MSAP. 
The US retrospective study22 included surviving patients 
with SAP who required ICU admission (at a median of 42 
months follow-up) and showed that QoL (as measured 

by the 36-item Short Form survey) appeared to be accept-
able compared with that of their healthy peers.

Economic outcomes
Twenty-three studies (12 from the USA and 11 from 
the EU-5)19 22 24–27 29 30 33 36–48 reporting on economic 
outcomes related to SAP and MSAP were identified in 
this review. One study in patients with SAP reported the 
mean inpatient costs of US$136 730 per patient (cost 
year not reported (NR)) for those who were transferred 
to the ICU and did not survive, compared with US$88 
434 for those who did survive.22

In the USA, patients with MSAP stayed in the hospital 
for a range of 624–1219 days; this duration was much 
shorter than for those with SAP (16.5–40 days).22 This 
wide span for the SAP group reflects differences in 
severity classification and the type of complications 
involved. More specifically, patients with longer hospital 
stays were those with the most severe forms of disease. 
This included patients with peri-PN or PN, IPN (15–21 
days in hospital)38 45 compared with those without these 
complications: (4 days)44; multisystem OF (19–30 days),42 
compared with those without (7–9 days)); isolated renal 
or pulmonary failure (24.7 and 28.8 days, respectively)37 
and those requiring admission to the ICU (38–40 days).22

In general, studies from the USA evaluating ICU length 
of stay (LOS) reported similar results: 2.5–4 days19 24 for 
MSAP and 4.5–14 days19 24 for SAP. The one exception 
was one a retrospective study involving patients with SAP 
in which those who survived hospital admission for AP 
had an ICU LOS of 15 days and those who did not stayed 
in the ICU for 28 days.22 This reflects the variations in 
disease severity and the associated number of complica-
tions across studies.

There was a similar trend in the length of ICU stay 
across the EU-5 studies (MSAP: 7.6 days (study not 
systematically identified)36 and SAP: 3.827–28.4 days; 
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both studies not systematically identified).36 In patients 
with SAP, most studies reported hospital LOS ranging 
from 21 to 51 days (all studies not systematically iden-
tified).25 29 30 47 48 More specifically, patients with ≥100 
mL extrapancreatic necrosis volumes and those rated as 
severe on the CT severity index had the highest hospital 
LOS (39.2 and 59.8 days, respectively; study not system-
atically identified).46 However, a few studies reported 
shorter LOS in patients who survived admission to the 
ICU (15 days),27 presurgery patients for IPN (12.6 days)33 
and patients admitted to the ICU in a tertiary referral 
centre (4 days; study not systematically identified).26

Need for interventions for patients with MSAP and SAP
In US studies, the proportion of patients with MSAP 
given supportive interventions currently available for AP 
(eg, nutritional support, drainage, mechanical ventila-
tion (MV)) was 3.7224–51%19; however, as expected, the 
proportion was higher for those with SAP (47%–90%).19 21

The use of supportive interventions in the EU-5 studies 
followed the same trend as the USA, with patients with 
SAP being more likely to require different interven-
tions (such as MV, vasoactive support, percutaneous 
or transgastric drainage or renal replacement therapy 
(5%–94.7%)26 36 compared with patients with MSAP 
(0%–16.7%).36 Among patients with SAP, those who 
required such interventions most frequently were those 
with PN (89.5%)30 and those who developed complica-
tions during admission to the ICU (81.8%–94.7%).36 
However, no significant differences were found in 
surgery rates between studies of patients with SAP 
(5%–26.7%)25 26 and studies of patients with mixed AP/
SAP (data not presented).

Discussion
To our knowledge, this SLR provides a unique overview 
of the BOI associated with severe forms of AP, spanning 
epidemiological, clinical, humanistic and economic 
outcomes. It surpasses the scope of previous overviews on 
AP by taking an in-depth look at the BOI associated with 
MSAP and SAP, as defined by the RAC. In doing so, the 
results of this SLR not only highlight the high burden 
associated with SAP and with most outcomes for MSAP 
but also underline the key differences in the outlook of 
the two conditions.

Evidence on the clinical and economic consequences of 
these more severe forms of AP showcases their significant 
additional burden. Studies including patients with SAP 
typically reported a much higher proportion of patients 
experiencing adverse clinical outcomes compared with 
patients with MSAP, even though there was wide varia-
tion in the results primarily due to the heterogeneous 
patient populations across studies. This also holds true 
for other outcomes including comorbidities and compli-
cations, economic burden and the use of interventions 
targeting complications or supportive care; these trends 
were generally similar in the USA and the EU-5.

The data clearly demonstrates that despite recent 
advances in standardising how severe forms of AP are 
recognised and classified, many patients progress to SAP, 
a condition that is often fatal. That this remains common, 
even in industrialised countries with sophisticated 
healthcare systems, accentuates how little clinicians can 
currently offer patients to prevent or effectively manage 
such disease progression. The lack of such targeted treat-
ment is likely to represent an ever-growing problem given 
current epidemiology trends towards more common 
global occurrence of AP.

Strength and limitations
The major strength of this study is the systematic 
approach of identification and collection of the most 
relevant evidence to facilitate cross-study comparisons. 
This was achieved by reclassifying patients based on 
severity criteria using the most recent international clas-
sification tool (RAC 2012). However, because of the vari-
ations in diagnosis criteria and severity assessment of AP 
across studies, some that did not report data on persis-
tent OF (single or multiple, lasting for ≥48 hours) could 
not be reclassified using the RAC 2012. It is possible 
there was an under-reporting of the occurrence of SAP 
or complications related to SAP in those studies. On the 
other hand, for SAP studies (as defined by the authors) 
published before 2012, there could be an overestimation 
of the occurrence of SAP because their categorisation 
of this condition may have included some patients who 
would now be classified as having MSAP according to 
RAC 2012 criteria. The assessment of the extent to which 
such underestimation or overestimation occurred was 
beyond the scope of the review.

This study was also limited by scarce data on outcomes 
for MSAP, which is not surprising given that this severity 
category was only created in 2012 by the RAC. Further 
research is needed to determine to what extent some of 
the aggressive interventions commonly used for patients 
with SAP (such as surgeries, drainage, renal replacement 
therapy and catheterisation) are necessary for patients 
with MSAP which will result to limiting complications 
related to these interventions and hospital treatment 
costs.

There is also only limited evidence on key epidemio-
logical features of AP because of the lack of data on the 
true population prevalence of MSAP and SAP in this 
study. It is key to identify the proportion of patients who 
initially appear with a mild form and later progress to 
more serious forms of disease (MSAP, SAP) to investigate 
the epidemiology of AP. This is particularly important 
for identifying the population size for potential targeted 
preventive interventions, potential transfer to the ICU 
for specialist treatment and active interventions. Ideally, 
a prospective-based, multicentre study which follows 
patients who present with AP symptoms and further 
develop severe forms of the disease will provide data with 
more generalisable results for the MSAP and AP popula-
tion size. However, data in the literature was scarce.
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There was insufficient data assessing economic 
burden—only limited evidence was found on the inpa-
tient costs for patients with SAP who were transferred to 
the ICU, and no data were found for patients with MSAP. 
Similarly, the evidence was sparse on the humanistic 
consequences of SAP, a crucial requirement for under-
standing the impact of the condition on patients and 
carers.

Lastly, given the variations across studies in terms of 
setting, baseline patient characteristics and diagnostic/
disease severity criteria, meta-analyses of the results were 
not possible.

Conclusion
Early and accurate classification of the severity of AP 
is crucial for managing the disease and preventing its 
progression. Evidence shows that after the initial 48–72 
hours, the progression of AP to SAP may be fully estab-
lished and multisystem OF may be inevitable. Despite the 
advances in scoring systems to more accurately recognise 
AP severity, more than 15%–20% of patients with AP will 
develop SAP and up to 40% of this subgroup will die as a 
result. This and other aspects of the BOI associated with 
SAP, and to a lesser extent, MSAP highlight the limita-
tions of current therapy, particularly the lack of approved 
interventions that target disease progression.
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