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Background: This systematic review assessed the volume and method-
ological quality of randomized controlled trials (RCTs) in relation to man-
agement of acute pancreatitis (AP).
Materials and Methods: The PubMed, MEDLINE, and CENTRAL
databases were systematically searched for RCTs published across 3 time
periods: <1996 (P1), 1996–2008 (P2), and >2008 (P3). RCT quality was
assessed using the Cochrane Risk of Bias (RoB) 2 tool and sample size re-
calculation, and for spin (interpretation of nonstatistically significant re-
sults as relevant, making the study appear to be positive).
Results: Overall, 263 RCTs with 23,232 patients with AP were included.
The average number of RCTs per year increased from 1.4, 6.0, to 10.6 in
P1, P2, and P3, respectively. The RoB assessment showed low, some, and
high concerns in overall RoB in 21%, 56%, and 24% of all RCTs. Selective
reporting bias improved over time. Sample size calculation reporting sig-
nificantly increased through the 3 time periods (17%, 38%, and 47%;
P < 0.001). Spin was identified in 68 RCTs (26% of all RCTs).
Conclusion: The quantity and quality of published RCTs relating AP
management has increased over time, however significant shortcomings
of methodological quality persist. Significant improvements in the conduct
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and reporting of randomized trials in AP are required to improve the evi-
dence base in this field.
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T he incidence and hospital admission rates for acute pancreati-
tis (AP) have continued to increase over the last 30 years.1–3

AP represents a significant health and cost burden necessitating on-
going improvements in its clinical management. Randomized con-
trolled trials remain the key modality to accrue new evidence and
drive improvements in clinical management and outcomes of AP.4,5

Progress in the quality of evidence available has been made
in certain management domains for AP, including for nutritional
support,6 antibiotic use,7 and treatment of necrotizing pancreati-
tis,8 but ongoing shortage of level 1 evidence exists in AP analge-
sia and other domains of AP management.9,10 As increasing num-
bers of trials are initiated in AP, it is prudent to formally assess the
quantity of trials published to date across management domains,
and their methodological quality, to inform and improve the con-
duct and reporting of future trials.

We considered the domain and subject matter of the trials and
assessed their quality through 3 parameters: (a) risk of bias, (b)
sample-size reporting, and (c) use of spin. A review of the quality
of RCTs conducted in pancreatic cancer surgery using the
Cochrane risk of bias (ROB) tool showed a trend toward reduced
risk of bias over time.11 Reviews of RCTs investigating other bio-
medical domains have previously shown inadequate and often inac-
curate reporting of sample size calculations.12 The presence of spin
(the “use of specific reporting strategies, from whatever motive, to
highlight that the experimental treatment is beneficial, despite a sta-
tistically non-significant difference for the primary outcome, or to
distract the reader from statistically non-significant results”13) is an-
other detriment to reporting of trial results. This quality parameter
has been formally assessed in other medical disciplines with up to
75% trials being affected by spin; however, spin has not been previ-
ously analyzed for RCTs of AP management.14,15

Detailed guidelines exist for the design of RCTs and validated
assessment tools for the reporting of methodological quality.16 The
aim of this studywas to systematically review the quantity and qual-
ity of RCTs relating to the management of AP over time. Quality of
trials was assessed using the RoB-2 tool and reviewing the com-
pleteness of sample size reporting and Spin. By doing so, we expect
to identify gaps in evidence that will guide future research in AP.

MATERIALS AND METHODS
A systematic review was conducted in accordance with

PRISMA 2020 guidelines (Appendix 1, http://links.lww.com/
MPA/B231).17 MEDLINE, Embase, and CENTRAL were
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searched up to September 2022. No restrictions were placed on
the date of publication. The search strategy comprised medical
subject heading (MeSH) terms and text words (tw) combined with
Boolean operators “AND” and “OR.” The final search strategy
was as follows: “Acute pancreatitis”OR “Acute”AND (“pancrea*
inflammation”). An a priori protocolwas developed; however, this
review did not meet the requirements for prospective registration
in PROSPERO.

Eligibility Criteria
All randomized controlled trials (RCTs) assessing the treat-

ment of acute pancreatitis (AP) were included. RCTs investigating
the prevention of AP, or the treatment of chronic pancreatitis or
pancreatic malignancies were excluded. Manuscripts in languages
other than English, trial protocols, non-RCTs, quasi-RCTs, and
conference abstracts were also excluded. Four reviewers screened
the titles and abstracts of all retrieved references for inclusion,
such that each record was reviewed independently by at least 2 re-
viewers. Disagreements were resolved by consensus with a third
independent reviewer. The full texts of all articles with consensus
agreement for inclusion by at least 2 reviewers were retrieved and
assessed.

Data Collection
Data extraction was conducted using a prespecified

proforma that was hosted on Google Forms (available on request).
The following predefined data were acquired: year of publication,
journal, general topic, region of publication, grading of AP sever-
ity, tool used for AP severity grading, sample size, spin tech-
niques, sample size calculation variables, analysis population,
and quality features as described below.

Assessment of Risk of Bias
The Cochrane Risk-of-Bias 2 (RoB-2) tool as described by

the current version of the Cochrane handbook was used to assess
the methodological quality of the included trials.18 The tool eval-
uates bias in the following dimensions: randomization process, al-
location of participants, maintenance of participants, measure-
ment of outcome, and reporting of results. Four reviewers assessed
risk of bias, and each study was reviewed independently by at least
2 reviewers. Disagreements were resolved by consensus with a
third independent reviewer.

“Spin” Analysis
We use the definition of spin proposed by Boutron and col-

leagues as “use of specific reporting strategies, fromwhatever mo-
tive, to highlight that the experimental treatment is beneficial, de-
spite a statistically nonsignificant difference for the primary end
point, or to distract the reader from statistically nonsignificant re-
sults.”13 This definition was used to evaluate the presence of spin
in the title, abstract, or main text of the trial. There are 8 intentional
strategies with spin, which seeks to highlight the benefits of treat-
ment by emphasizing: (1) nonsignificant trends in the primary end
point; (2) secondary end points; (3) subgroup analyses; (4) sec-
ondary analysis of primary end point, such as by changing the
analysis population or measuring the treatment effect; (5)
intragroup comparisons, including before and after treatment;
(6) a lack of any mention of a treatment's unclear safety profile;
(7) safety alone in the absence of any significant results for pri-
mary end point; and (8) for any other situations deemed as spin
by the reviewers, denoted as “other.” Spin was independently
assessed by multiple authors with conflicts being resolved by con-
sensus opinion.
© 2024 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2025 Wolters Kluwer 
Sample Size Recalculation
Two reviewers (N.J. and G.L.) recalculated the sample size

for each RCT that provided complete and correct descriptions of
the sample for sample size calculation and statistical analysis of
the end points. Recalculation of the reported sample sizes was
done using the software G*Power version 3.1.9.7.19 If multiple
comparisons were conducted, a Bonferroni correction was ap-
plied. If attrition was estimated, it was included in the sample size
recalculation. The sample size calculation of an RCTwas consid-
ered accurate when the reported sample size could be reproduced
to ±2 persons per trial arm of the sample size as declared by the
trial authors. Sample size calculations that failed to report the fol-
lowing details were considered incomplete: 1- or 2-tailed test and
choice of statistical test(s).

Statistical Analysis
The RCTs were divided into terciles according to date of pub-

lication: before 1996 (period 1 [PI]), 1996–2008 (P2), and 2008 on-
ward (P3). In calculations requiring yearly averages for each period,
1965 was taken as the first year of P1 as this was the publication
year of the oldest trial in this dataset. The 3 periods were selected
on the basis of milestones in the conduct and reporting of RCTs:
the publication of the CONSORT statement in 199616 and the in-
corporation of the mandatory registration of prospective clinical tri-
als into the Declaration of Helsinki in 2008.20

Categorical data were presented as number and percentage
and analyzed using χ2 test, and ordinal tests of association were
used for analysis of proportions as appropriate. Continuous data
were presented as medians, quartiles, and ranges. R version
4.2.0 (R Foundation for Statistical Computing, Vienna, Austria)
was used for analyses. The following packages on R were used
in analysis: tidyverse, finalfit, and ggplot. Two-sided P < 0.050
was considered significant.

Recalculation of Sample Size
Relative deviation (%) of the reported and recalculated sam-

ple sizes was calculated via:

sample sizeðrecalculatedÞ � sample sizeðreportedÞ½ �=
sample sizeðrecalculatedÞ � 100

Evidence Mapping
The methods of Hüttner and colleagues21 were used for evi-

dence mapping. Bubble plots were created, mapping all RCTs by
reported severity of pancreatitis against type of intervention. The
sample size of the trials is represented by bubble size, and the geo-
graphical regions are color coded.

RESULTS

Trial Characteristics
In total, 5380 publications were identified by the systematic

search of 3 databases. After removing duplications and full-text
review, 263 RCTs were eligible for inclusion (Fig. 1). The median
number of patients included was 64 (range, 11–508). The median
numbers of participants were similar across periods (66.5, 58, and
67; P = 0.09). The number of RCTs increased with time (42, 72,
then 149). The average number of publications per year for each
period also increased: 1.4, 6.0, and 10.6 (Fig. 2).

Most RCTs were conducted in Asia with (n = 124, 47%),
Europe (92, 35%), and North America (n = 40, 15%). The remain-
ing 7 RCTs were conducted in South America (n = 5) and
Australia/New Zealand (n = 2). The proportion of RCTs
www.pancreasjournal.com e83
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FIGURE 1. PRISMA flow diagram showing selection of articles for review. Figure made using an online reference tool from Haddaway et al.
“PRISMA20 20: an R package and Shiny app for producing PRISMA 2020-compliant flow diagrams, with interactivity for optimised digital
transparency and open synthesis.” Campbell Systematic Reviews, 18, e1230. https://doi.org/10.1002/cl2.1230.
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conducted in Asia increased over time from 7.1% to 26% to 68%
(Table 1). In contrast, the percentage of RCTs conducted in
Europe decreased from 71% to 53% to 16%. In North America,
the proportion of RCTs decreased from 31% to 19% and then to
11% during the same periods (P < 0.001).

The RCTs were published in 120 different journals. The
journals that published the most RCTs were Pancreas (n = 19),
FIGURE 2. Time trends in the number of RCTs in AP management.

e84 www.pancreasjournal.com
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World Journal of Gastroenterology (n = 15), Annals of Surgery
(n = 10), and Pancreatology (n = 10).

The topics of the RCTs were in a wide range of management
domains, including nutrition (n = 71, 28%), pharmacological
treatment (55, 22%), surgical or endoscopic management of ne-
crosis (37, 14%), antibiotic treatment or prophylaxis for infection
of necrosis (27, 11%), and fluid management (16, 6%). RCT
© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Trial Characteristics Across P1 (Before 1996), P2
(1996–2008), and P3 (After 2008)

P1 P2 P3 Total P

Region of publication
Europe 30 38 24 92 P < 0.001
Asia 3 19 102 124
North America 9 14 27 40
South America 0 1 4 5
Australia and New Zealand 0 0 2 2

Severity
Mild 1 3 20 24 P < 0.001
Moderately severe/moderate 0 3 5 8
Severe 10 44 79 133
Combination of 2 grades 5 3 16 24
All/Not specified 26 19 29 74

Topic
APAntibiotic prophylaxis/
treatment

6 10 11 27 P = 0.037

AP feeding 1 30 40 71
AP fluid management 0 1 15 16
Infection control 7 7 23 37
Herbal medicine 0 2 9 11
Pharmacological treatment
of AP

19 11 25 55

Other 9 11 26 46

AP indicates acute pancreatitis.

Pancreas • Volume 54, Number 2, February 2025 Volume and Quality of Trials in Acute Pancreatitis
topics significantly changed over time (P = 0.037; Table 1), with
AP fluid management RCT'S increasing and antibiotic treatment/
prophylaxis RCT's decreasing over time.

The severity of AP in patients recruited for the RCTs was
variable (Table 1). Trials only including patients with severe dis-
ease increased from 24% to 61% between P1 and P2 and then de-
creased to 53% in P3. The Atlanta criteria and revised Atlanta
criteria were only used to classify severity in 51 (19.4%) trials.
FIGURE 3. Evidence map showing the type of intervention by the qualit
and color coded by region of publication.

© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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The known etiology of patients showed a significant association
with region and period of publication (P < 0.001; Supplementary
Table 1, http://links.lww.com/MPA/B232). Hypertriglyceridemia-
induced AP increased in proportion with each time period and
with the greatest occurrence in Asia; however, most patients in-
cluded in the RCTs in all regions had biliary AP.

Evidence Mapping
An evidence map was created with the overall RoB grade

plotted against the topic of the RCTs (Fig. 3). Herbal medicine
has small bubbles and a significant gap indicating a small-
pooled sample size. There are also no trials published in this field
with a low risk of bias. Most trials with a high risk of bias were
published in Asia, which was also found to be a statistically signif-
icant association (P = 0.02; Supplementary Table 2, http://links.
lww.com/MPA/B233). Trials with low risk and some concerns
of bias were more equally dispersed by region of publication.
European studies provided the largest contribution to pooled pop-
ulations of studies with low risk of bias in every field of study ex-
cluding herbal and pharmacological treatment of AP.

Risk of Bias Assessment
Overall, 21% (54/263) of trials were considered to have low

risk of bias, but there were some concerns in 56% (146/263) and
high risk of bias in 24% (63/263). More than half of the trials
(143/263, 54%) clearly reported an adequate method and conceal-
ment of randomization and were therefore classified as being of
low risk, 111 (42%) trials had some concerns, and 9 (3%) had a
high risk of randomization bias. Bias due to deviations from
intended interventions (allocation bias) was determined to be
low in 173 (66%) trials of some concerns in 69 (26%) and high
in 21 (8%) trials. Bias in missing data was low in a vast majority
of RCTs (245/263, 93%), with only 10 (4%) and 8 (3%) trials hav-
ing high risk of bias and some concerns, respectively, due to miss-
ing outcome data. Most trials also had a low risk of bias in the
measurement domain of the ROB-2 tool (220/263, 84%). Some
concerns were raised for this domain in 23 (9%) trials, and 20
(8%) RCTs had high risk of bias in measurement of outcome. Se-
lective reporting was considered low in 79 (30%) trials. Most trials
y of the study. The pooled sample size is represented by bubble size
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FIGURE 4. Time trend in quality of studies by the 3 parts of the study period.

Joseph et al Pancreas • Volume 54, Number 2, February 2025
had some concerns (167/263, 63%) primarily stemming from a
lack of a prespecified analysis plan. Therewere 17 (6%) trials with
high risk of selective reporting. There were no trends for some do-
mains of the ROB-2 assessment: randomization bias (P = 0.41),
bias due to deviations from intervention (P = 0.42), and bias due
to missing outcome data (P = 0.95). However, some domains
showed significant variation with time period of publication. Bias
in measurement of outcome was significantly associated with the
period of publication, with a higher proportion of trials in P3
(86%) having low bias than in P1 (76%) (P = 0.009). Bias from
selective reporting of results was low in 10% (n = 4), 19%
(n = 14), and 41% (n = 61) of trials in P1, P2, and P3, respectively
(P < 0.001) (Figs. 4, 5; Supplementary Table 3, http://links.lww.
com/MPA/B234).
Sample Size Recalculation
Sample size calculations were only reported in 40% trials,

and sufficient data were available to recalculate the sample size
FIGURE 5. Time trend in quality of studies by year of study period.

e86 www.pancreasjournal.com
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in 63% (67/106) of these trials (25% of the 263 trials). Among tri-
als providing the complete data for sample size recalculation, the
median percentage variation between reported and recalculated
sample size was 0%, the lower quartilewas −10.3%, and the upper
quartile was 7.71%. The range was −87.0% to 98.8%.

The number of trials that provided a sample size calculation
significantly increased through the 3 time periods 7 (17%) in
P1, 28 (39%) in P2, and 71 (48%) in P3 (P < 0.001). The number
of trials that provided sufficient data to recalculate the sample size
did not change over time (P = 0.86). The accuracy of the recalcu-
lation of sample size did not change over time (P = 0.34).
Presence of Spin
Overall, a quarter of trials (26%, 68/263) contained spin in

at least one section, and only one trial contained spin in all sec-
tions (title, abstract, and main text). Spin was identified in the
title of 8 trials (3%), in the abstracts of 44 trials (17%), and in
the main text of 53 trials (20%). Spin techniques are presented
© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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in Supplementary Table 2, http://links.lww.com/MPA/B233.
There was misleading reporting by emphasizing trends in pri-
mary end point estimates, despite lacking significance, in 22
(8%) trials. There were other issues, including the use of sec-
ondary end point analyses in 27 (10%), no mention of safety
of experimental treatment in 12 (5%), the use of safety as a jus-
tification for nonsignificant results in 6 (2%) trials, inappropri-
ate use of subgroup analyses in 7 (3%) trials, and within-group
comparisons in 4 (2%) being used to justify study hypothesis.
Seventeen (7%) RCTs were also reported to have “other” forms
of spin, which included not defining a primary outcome and
reporting trends in secondary outcomes (Supplementary Table 4,
http://links.lww.com/MPA/B235).
DISCUSSION
This systematic review comprehensively examines the qual-

ity and quantity of RCTs that investigate the management of acute
pancreatitis. The results indicate an improvement of quality pa-
rameters and an increased annual volume of RCT's over time. It
is notable that selective reporting of results has decreased, and
the completeness of sample size calculations has increased. Spin
affected a quarter of all trials. Notably, only 40% (n = 106) of
the RCTs reported an a priori sample size, and of those RCTs,
only 63% (n = 67) provided sufficient data for recalculation. Fur-
thermore, the accuracy of sample size reporting showed no im-
provement with time (P = 0.34). There were other significant
shortcomings in the quality of the literature overall, including a
small median sample size of 63 patients, 55% with risk of bias
concerns, and 24% with high risk of overall bias.

The stagnation in improvement of quality parameters in the
present studymay also reflect the significant changes in geograph-
ical regions where trials were conducted across time. Although
Europe and North America showed some increases in the quantity
of trials published across the time periods, their proportional share
of all trials published overall diminished compared to Asia. Previ-
ous studies have found the quality of trials from Asia to be
concerningly low, one study of surgical trials showed no improve-
ment in any quality parameter during a 10-year study period.22

The Chinese Cochrane Center found that only 207 (6.8%) of
2235 self-described RCTs appeared truly randomized after
interviewing the authors of these trials.23 These are consistent with
evidence mapping showing an overrepresentation of trials bur-
dened by concerning risk of bias within Asia. The growing num-
ber of RCTs conducted in Asia offers the largest opportunity to
substantially improve trial quality and reporting to advance the
management of AP. Furthermore, this region provides an opportu-
nity to evaluate the generalizability of treatments beyond the con-
fines of the Western world. However, it is crucial to acknowledge
that quality concerns are particularly persistent in Asia and efforts
should be taken to improve trial quality in this region.

The quality of RCTs is also influenced by the presence of
“spin” or misleading reporting of statistically insignificant out-
comes. This can lead to distorted or biased interpretation of re-
sults. Overall spin rates for the literature presented in this review
are lower than other fields of study because there was no preselec-
tion of trials with nonsignificant results for analysis.24 As with
previous research in other biomedical disciplines, spin was pre-
dominantly observed in the abstract. In many trials with spin, sig-
nificant secondary end points were emphasized in cases where the
primary end points failed to demonstrate significant changes.24

This is important because abstracts are more frequently read by
clinicians and have a broader circulation, making them a crucial
means of communicating research findings.25 Spin has been iden-
tified as a pervasive detriment to honest reporting of trial results
© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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and should be carefully considered by peer reviewers and editors
to improve the objectivity of trial data in the field.

Transparency in sample size calculations and reporting is es-
sential in establishing the validity of the results. Sample size infor-
mation inclusion is important in demonstrating the careful planning
undertaken prior to trial commencement. Sample size calculations,
when accurately reported, also indicate that trials are adequately
powered to find statistically significant results. Poor sample size
reporting and accuracy is widespread. In a recent study of sample
size reporting in RCTs conducted in the field of age-relatedmacular
degeneration (AMD), 52% of trials did not report any information
on sample size calculations.15 In an RCT published in the field of
dentistry, the difference between the reported and replicated sample
sizes was found to range from −237.5% to 84.2%.26 Omission of
sample size calculation has been attributed to multiple factors in-
cluding the strict word count limitations of most clinical journals
and budgetary limitations.15

Most systematic reviews assessing the quality of RCTs in
other medical disciplines have demonstrated significant improve-
ment in at least one methodological quality parameter over
time.21,27,28 However, these trends are not absolute and consistent
across all quality parameters. This may indicate true differences in
quality enhancement in different biomedical fields; however, it
may also be a result of multiple quality assessment tools being
used in different reviews. For example, quality assessment of
burns management using the Jadad score showed no significant
association with time; however, the Jadad score only incorporates
blinding of participants, randomization, and handling of losses to
follow-up.29 Other important quality indicators are not analyzed,
and improvements in these parameters could have been
missed.27,29 Unlike the original RoB tool, RoB-2 considers trials
to have low risk of bias in the absence of double blinding, condi-
tional on all intended interventions reflecting care that would rou-
tinely be received outside the context of the trial. This redefinition
of bias assessment and greater subjectivity of the definition influ-
ence risk of bias distribution and complicate comparisons to other
quality assessment systematic reviews.

There are several limitations to this study, which should be
considered. First, the ROB-2 form used for quality assessment
has only moderate inter-assessor validity.30 The relative subjectiv-
ity of certain fields is thought to be responsible for this. Inter-
assessor validity of spin analysis has not previously been verified.
Spin, by its definition, is a relatively subjective measure. This was
mitigated by independent assessment by multiple authors, with
any conflicts resolved by consensus. Consequential alterations to
the Atlanta criteria in 2013 and the heterogeneity of classification
systems used make severity predictions inconsistent.31 Further-
more, only a small number of trials (19.4%) included Atlanta
criteria for classifying the severity of disease. This further contrib-
utes to the heterogeneity of the trials included in this systematic
review. The definition of acute pancreatitis itself varied across
randomized controlled trials (RCTs) included in our systematic
review and further limits the comparability of studies. Moving for-
ward, using a standardized diagnostic criterion for AP from the
best available evidence should be recommended for all RCTs.
This will enhance their comparability and facilitate a more robust
statistical synthesis of evidence in this field. The quality of non-
English publications was not evaluated in this study, which suffers
intrinsically from possible publication bias with studies with neg-
ative results possibly being less frequently published.

Critical appraisal of all areas of published medical research is
important to identify knowledge gaps in the literature and areas
where there is a need to improve methodological quality. This
quality directly relates to the strength of recommendations in prac-
tice guidelines. Evidence mapping of this pooled data can show
www.pancreasjournal.com e87
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time and content trends and may help anticipate future research
priorities.32,33 Critical appraisal of other quality parameters in-
cluding sample size recalculation accuracy and spin highlights
shortcomings. Sample size recalculations were often inaccurate
or incomplete. This may reflect a failure in the peer-review pro-
cess. Journals could provide explicit instructions and examples il-
lustrating guidelines for reporting sample size calculations and de-
tailed information on sample size calculations. Editors and peer
reviewers should be familiar with the prevalence and forms of spin
in their area of research to ensure accurate and balanced interpre-
tation of research findings and dissemination of research.

Although the quantity and quality of RCTs relating to the
management of AP have increased over time, there remain signifi-
cant shortcomings in methodological quality. Misleading reporting
of results was identified in over a quarter of trials, and only 25% of
trials reported reproducible sample sizes. Significant improvements
in the conduct and reporting of randomized trials in AP are required
to improve the evidence base in this field.
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