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Background/objectives: Reports about the implementation of recommendations from acute pancreatitis
guidelines are scant. This study aimed to evaluate, on a patient-data basis, the contemporary practice
patterns of management of biliary acute pancreatitis and to compare these practices with the recom-
mendations by the most updated guidelines.
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Methods: All consecutive patients admitted to any of the 150 participating general surgery (GS), hep-
atopancreatobiliary surgery (HPB), internal medicine (IM) and gastroenterology (GA) departments with a
diagnosis of biliary acute pancreatitis between 01/01/2019 and 31/12/2020 were included in the study.
Categorical data were reported as percentages representing the proportion of all study patients or
different and well-defined cohorts for each variable. Continuous data were expressed as mean and
standard deviation. Differences between the compliance obtained in the four different subgroups were
compared using the Mann-Whitney U, Student's t, ANOVA or Kruskal-Wallis tests for continuous data,
and the Chi-square test or the Fisher's exact test for categorical data.
Results: Complete data were available for 5275 patients. The most commonly discordant gaps between
daily clinical practice and recommendations included the optimal timing for the index CT scan (6.1%, c2

6.71, P ¼ 0.081), use of prophylactic antibiotics (44.2%, c2 221.05, P < 0.00001), early enteral feeding
(33.2%, c2 11.51, P ¼ 0.009), and the implementation of early cholecystectomy strategies (29%, c2 354.64,
P < 0.00001), with wide variability based on the admitting speciality.
Conclusions: The results of this study showed an overall poor compliance with evidence-based guide-
lines in the management of ABP, with wide variability based on the admitting speciality.
Study protocol registered in ClinicalTrials.Gov (ID Number NCT04747990).
© 2022 IAP and EPC. Published by Elsevier B.V. All rights reserved.
What is already known on this topic. Acute pancreatitis is still
associated with considerable adverse outcomes, with published
overall mortality reaching up to 7%. When compliance studies have
been performed on single national cohorts, their results have
generally been unsatisfactory.

What this study adds. This study highlights discordant gaps
between daily clinical practice and recommendations from
pancreatitis guidelines, including the use of prophylactic antibi-
otics, early oral feeding or enteral feeding, and the implementation
of early cholecystectomy strategies to minimise the rate of hospital
readmission and recurrent episodes of pancreatitis.

How this study might affect research, practice or policy.
Having regard to the overall poor compliance with guidelines
highlighted by this study, these results will be analysed to provide
the basis for introducing a number of bundles in ABP patients'
management to be disseminated during the following years.
1. Introduction

Acute pancreatitis (AP) is still associated with considerable
adverse outcomes, with published overall mortality reaching up to
2% in Western countries [1e4] and 7.5% in Asia [5]. Many scientific
societies have issued practice guidelines over the past decades to
guide surgeons and physicians in managing AP [6e11]. However,
reports about the real-world implementation of evidence-based
recommendations coming from AP guidelines are scant [12e17].

Implementation of guidelines is more difficult the more inter-
ventional is the key recommendation and when the recommen-
dation depends on factors not readily controlled by the admitting
specialists [18]. Acute biliary pancreatitis (ABP) can benefit from
reduced risk of further attacks through early definitive surgical or
endoscopic intervention. Patients with mild ABP should undergo
definitive treatment of the biliary tract during the same hospital
admission or within two weeks of discharge [19]. Adherence to this
pathway improves patient outcomes, reduces overall hospital stay
and healthcare costs and, most important, decreases the incidence
of recurrent ABP [20,21].

The identification of the areas of sub-optimal care due to the
lack of compliance with current guidelines can be used to finally
provide the basis for introducing a number of bundles in the
management of patients with ABP to be implemented during the
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following years. With this in mind, the MANCTRA-1 (coMpliAnce
with evideNce-based cliniCal guidelines in the managemenT of
acute biliaRy pancreAtitis) study aimed to evaluate the contem-
porary practice patterns of management of ABP, to compare these
practices with the recommendations by the 2019 WSES guidelines
for the management of severe acute pancreatitis [6], the 2018
American gastroenterological association institute guideline on
initial management of acute pancreatitis [7], the 2015 Japanese
guidelines for the management of acute pancreatitis [11], the 2013
International Association of Pancreatology (IAP)/American
Pancreatic Association (APA) evidence-based guidelines for the
management of acute pancreatitis [9] and the practice update on
the management of pancreatic necrosis [22], and to demonstrate
areas of sub-optimal compliance with current guidelines on ABP.
2. Methods

This is a retrospective, international, observational study
developed and presented according to Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE, ClinicalTrials.
Gov NCT04747990) [23,24]. Only patients who met the Revised
Atlanta Classification (RAC) criteria [25] for a diagnosis of ABP were
included in the study. Data were analysed by predetermined sub-
groups to allow comparison of the practice of GS, HPB, GA, and IM
departments.
2.1. Endpoints and outcome measures

The primary endpoint of this study was to investigate the actual
compliance with international guidelines, for which the outcome
measure was the percentage of compliance with eight selected
items and 14 statements that were found to be in commonwith the
guidelines [6,7,9,11,22].

The secondary endpoints identified possible variations in the
compliance stratified by the admitting speciality, and explored any
statistically significant difference in the incidence of adverse events
through the analysis of the mortality rate and 30-day hospital
readmission due to recurrent ABP.

http://ClinicalTrials.Gov
http://ClinicalTrials.Gov
http://ClinicalTrials.Gov
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2.2. Ethical considerations

This study was performed under the principles of the Declara-
tion of Helsinki and Good Epidemiological Practices, and was
approved by the ethical committees of all participating centres.

2.3. Study population

All consecutive patients aged �16 years admitted to any of the
participating general surgery (GS), hepatopancreatobiliary surgery
(HPB), and/or internal medicine (IM) or gastroenterology (GA) de-
partments with a clinical and radiological diagnosis of ABP between
01/01/2019 and 31/12/2020 were evaluated for inclusion. Patients
with AP having an aetiology other than gallstones and pregnant
patients were excluded.

2.4. Compliance standards

A comprehensive literature review informed the generation of
potentially relevant guideline items to be analysed. Compliance
was determined by comparing the collected patient data with
selected recommendations from five current evidence-based
guidelines [6,7,9,11,22], and was calculated by the number/per-
centage of patients who were managed according to each recom-
mendation. Compliance standards were based on the following
guideline domains: criteria of admission to ICU, indication and
timing for contrast-enhanced CT scan, use of inflammatory and
sepsis markers as prognostic factors for severe ABP and infected
necrosis, role of prophylactic antibiotics (defined as the prescrip-
tion of any antibiotics without a confirmed infectious aetiology,
such as fever and/or elevated WBC count in the absence of a posi-
tive culture or imaging strongly suggestive of infected necrosis),
nutritional support in ABP, management of the biliary tract in ABP
when cholangitis and common bile duct obstruction occur, man-
agement of pancreatic necrosis, and early cholecystectomy for mild
ABP.

2.5. Statistical analyses

Categorical data were reported as percentages representing the
proportion of all study patients or different and well-defined co-
horts, when specified, for each variable. Continuous data were
expressed as mean and standard deviation. The primary analyses
were descriptive assessments of surgeons' and physicians' behav-
iours, which were investigated based on the analysis of patients'
data for unambiguous recommendations in the selected domains.
Secondary analyses evaluated differences in results according to
the admitting speciality. Differences between the compliance ob-
tained in the four different subgroups were compared using the
Mann-Whitney U test or Student's t-test for independent samples
(for differences between more than two groups ANOVA or Kruskal-
Wallis test, as appropriate, were used) for continuous data, and the
Chi-square test or the Fisher's exact test, as necessary, for cate-
gorical data. All analyses were conducted under a two-tailed hy-
pothesis. A logistic regression model was used to predict ICU
admission and mortality with the examined factors. All variables
that were significant at the simple regression model were included
in the multiple logistic regression analysis. For all analyses, a
P < 0.05 was considered statistically significant. The Odds Ratio
(OR) or adjusted Odds Ratio (aOR) were reported with a 95% con-
fidence interval (CI) when appropriate. Descriptive and compara-
tive analyses were performed using R Statistical software, version
4.0.3, Stata ® 15.1 (StataCorp, College Station, Texas, USA) and the
jamovi project version 2.3.2 (www.jamovi.com).
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3. Results

3.1. Patient characteristics

Seventy-seven registered centres were excluded as they entered
no patient data or incomplete (<95% preplanned completeness
[24]) data. A total of 5320 patients were included in the database as
they were admitted to any of the 150 participating GS, HPB, GA or
IM departments for ABP in the study period. Complete data were
available for 5275 (99.2%) patients; 4587 (87%) patients had mild
ABP, 490 (9.3%) patients had moderately-severe ABP, and 198 pa-
tients had severe ABP (3.8%) according to RAC (determined within
48 h from the hospital admission).

The baseline characteristics of the study cohort, stratified ac-
cording to RAC, are reported in Table 1. Data were then stratified
according to the admitting speciality (Table 2); 2584 (48.9%) pa-
tients were admitted to a GS department, 304 (5.8%) to an HPB
department, 1730 (32.8%) to a GA department and 657 (12.5%) to an
IM department. A wide variability regarding the baseline charac-
teristics in the different cohorts was observed in terms of age,
number of previous episodes of ABP, Charlson's comorbidity index,
organ failure during the hospitalization, and ICU admission.

The analysis of the risk scores, vital signs (Table 1) and the
laboratory results (Supplementary Table 1) found that HPB and IM
departments admitted patients with a higher clinical burden
compared to GS and GA departments (Supplementary Figs. 1e3).

3.2. Clinical outcomes

Complications of ABP in the general cohort, stratified according
to RAC and the admitting speciality, are reported in Supplementary
Tables 2 and 3

A total of 110 (2.1%) patients in the general cohort developed
gastric outlet obstruction. The highest rate of gastric outlet
obstruction was reported in the HPB cohort (10 patients, 3.3%) (c2

9.72, P ¼ 0.021; GS vs HPB: OR 0.68, 95%CI 0.34e1.35, P ¼ 0.28 and
GA vs IM: OR 0.45, 95%CI 0.24e0.85, P ¼ 0.01). Two hundred sixty-
seven (5.1%) patients in the general cohort were diagnosed with a
pancreatic pseudocyst during the hospital stay, with the majority
pertaining to the HPB cohort (22 patients, 7.2%) (c2 15.77, P¼ 0.001;
GS vs HPB: OR 0.78, 95%CI 0.49e1.24, P ¼ 0.30 and GA vs IM: OR
0.60, 95%CI 0.39e0.93, P ¼ 0.02). Infected necrosis occurred in 243
(4.6%) patients in the general cohort, and the highest rate was re-
ported in the HPB cohort (43 patients, 14.1%) (c2 111.44, P < 0.001;
GS vs HPB: OR 0.27, 95%CI 0.18e0.39, P < 0.0001 and GA vs IM: OR
0.73, 95%CI 0.47e1.15, P ¼ 0.18). Forty-nine (0.9%) patients in the
general cohort developed an abdominal compartment syndrome.
The highest rate of patients with abdominal compartment syn-
drome occurred in the HPB cohort (11 patients, 3.6%) (c2 34.15,
P < 0.001; GS vs HPB: OR 0.23, 95%CI 0.11e0.49, P ¼ 0.0001 and GA
vs IM: OR 0.18, 95%CI 0.06e0.55, P ¼ 0.002).

30-day hospital readmission due to recurrent ABP was reported
in 250 (6.8%) patients, being highest in the GA cohort (192 patients,
11.1%) (c2 66.96, P < 0.001; GS vs HPB: OR 1.17, 95%CI 0.65e2.10,
P¼ 0.58 and GA vs IM: OR 2.21, 95%CI 1.52e3.21, P < 0.0001) (Fig.1).

3.3. ICU admission

Overall, 473 (9.0%) patients required ICU admission (Table 1).
The highest rate of ICU admission was reported in the IM cohort
(115 patients, 17.5%), followed by HPB (46 patients, 15.1%), GS (248
patients, 9.6%), and GA cohort (62 patients, 3.6%) (GS vs HPB: OR
0.59, 95%CI 0.42e0.83, P ¼ 0.002 and GA vs IM: OR 0.17, 95%CI
0.12e0.24, P < 0.0001) (Table 2). After selecting variables associated
with ICU admission with univariate logistic regression

http://www.jamovi.com


Table 1
Baseline characteristics of the general cohort, stratified according to Revised Atlanta Classification (RAC).

Variable Revised Atlanta Classification

General
cohort
N ¼ 5275

Mild Acute
Pancreatitis
N ¼ 4587

Moderately-severe Acute
Pancreatitis
N ¼ 490

Severe Acute
Pancreatitis
N ¼ 198

P
Value

Age - Mean ± SD 63 ± 19 62 ± 19 72 ± 17 65 ± 17 <0.001
Female sex - N. (%) 2728 (52%) 2417 (53%) 223 (46%) 88 (44%) 0.001
COVID Status Positive - N. (%) 116 (2.2%) 65 (1.4%) 35 (7.1%) 16 (8.1%) 0.001
Body Mass Index (BMI) - Mean ± SD 27.3 ± 5.4 27.4 ± 5.3 26.4 ± 5.3 28.8 ± 5.7 <0.001
No previous episodes of acute pancreatitis - N. (%) 3769 (71%) 3339 (73%) 315 (64%) 115 (58%) <0.001
Charlson's Comorbidity Index - Mean ± SD 3.37 ± 5.64 3.24 ± 5.92 4.46 ± 2.88 3.72 ± 3.52 <0.001
No history of diabetes - N. (%) 4270 (81%) 3785 (83%) 353 (72%) 132 (67%) <0.001
History of COPD 1 - N. (%) 605 (11%) 484 (11%) 81 (17%) 40 (20%) <0.001
History of hypertension - N. (%) 2545 (48%) 2089 (46%) 330 (67%) 126 (64%) <0.001
History of atrial fibrillation - N. (%) 543 (10%) 407 (8.9%) 100 (20%) 36 (18%) <0.001
History of ischaemic heart disease - N. (%) 621 (12%) 475 (10%) 114 (23%) 32 (16%) <0.001
No history of chronic kidney disease - N. (%) 4928 (93%) 4342 (95%) 411 (84%) 175 (88%) <0.001
History of disease of the hematopoietic system - N. (%) 176 (3.3%) 140 (3.1%) 31 (6.3%) 5 (2.5%) <0.001
BISAP 2 score on admission <0.001
<¼3 2260 (97%) 1940 (99%) 229 (95%) 91 (72%)
>3 73 (3.1%) 24 (1.2%) 13 (5.4%) 36 (28%)
qSOFA score on admission - Mean ± SD 0.27 ± 0.65 0.17 ± 0.50 0.60 ± 0.90 1.12 ± 1.11 <0.001
Organ failure during the hospitalization - N. (%) <0.001
Cardiovascular 98 (1.9%) 3 (<0.1%) 64 (13%) 31 (16%)
Cardiovascular, Renal 32 (0.6%) 0 (0%) 23 (4.7%) 9 (4.5%)
Cardiovascular, Respiratory 26 (0.5%) 0 (0%) 12 (2.4%) 14 (7.1%)
Cardiovascular, Respiratory, Renal 47 (0.9%) 0 (0%) 13 (2.7%) 34 (17%)
Renal 260 (4.9%) 16 (0.3%) 198 (40%) 46 (23%)
Respiratory 169 (3.2%) 3 (<0.1%) 122 (25%) 44 (22%)
Respiratory, Renal 39 (0.7%) 0 (0%) 25 (5.1%) 14 (7.1%)
APACHE II score - Mean ± SD 6.9 ± 4.2 6.4 ± 3.8 9.5 ± 4.5 10.3 ± 5.7 <0.001
ICU admission - N. (%) 473 (9.0%) 198 (4.3%) 143 (29%) 132 (67%) <0.001
Temperature on admission (o C) - Mean ± SD 37.57 ± 50.95 37.58 ± 54.41 37.63 ± 14.76 37.24 ± 4.65 0.996
Systolic blood pressure on admission (mmHg) - Mean ±

SD
132 ± 24 132 ± 21 129 ± 30 125 ± 50 <0.001

Heart rate on admission (bpm) - Mean ± SD 81 ± 16 80 ± 15 88 ± 18 95 ± 21 <0.001
Respiratory rate on admission (breaths/min) - Mean ± SD 16.8 ± 4.0 16.5 ± 3.9 17.6 ± 4.2 19.8 ± 4.7 <0.001
SpO2% - Mean ± SD 96.81 ± 2.45 97.11 ± 2.10 95.28 ± 3.01 93.72 ± 4.21 <0.001

Results are expressed as absolute numbers (%) for categorical variables andMean ± Standard Deviation (SD) for continuous variables; 1 COPD¼ Chronic Obstructive Pulmonary
Disease; 2 BISAP¼ Bedside Index of Severity in Acute Pancreatitis.
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(Supplementary Table 4), in the multivariate logistic regression
analysis the admitting speciality (GS OR 108, HPB OR 940, IM OR
263), immunosuppressive medications (OR 19.0), respiratory rate
(OR 1.21), blood oxygen saturation (OR 0.83), INR (OR 12.6), ALT (OR
1.00), and LDH (OR 1.00) were independent predictors of ICU
admission (Supplementary Table 5).
3.4. Mortality

Overall, 178 (3.4%) patients died in the general cohort
(Supplementary Table 2). The highest mortality rate was reported
in the IM cohort (36 patients, 5.6%), followed by GS (93 patients,
3.6%), HPB (10 patients, 3.3%), and GA (41 patients, 2.4%) cohorts (c2

14.51, P ¼ 0.002; GS vs HPB: OR 1.09, 95%CI 0.56e2.13, P ¼ 0.78 and
GA vs IM: OR 0.41, 95%CI 0.26e0.66, P ¼ 0.0002).

Mortality rates were similar among the GS, HPB, GA and IM
cohorts in the subgroup analyses of mild ABP (P¼ 0.434), and acute
cholangitis with (P ¼ 0.738) or without (P ¼ 0.169) common bile
duct obstruction. IM had the highest mortality rate in severe ABP
(GS 34.3%, HPB 21.1%, GA 33.3%, IM 55.6%, P ¼ 0.043) and infected
pancreatic necrosis (GS 25.7%, HPB 11.4%, GA 18.6%, IM 38.7%,
P ¼ 0.030) (Fig. 2, Supplementary Table 3). Severe pancreatitis (OR
47.6), COVID þ status (OR 4.92), Charlson's comorbidity index (OR
1.16), LDH (OR 1.00) and procalcitonin (OR 1.11) were independent
predictors of mortality (Table 3, Supplementary Table 6).
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3.5. Compliance with evidence-based guidelines for patients with
acute biliary pancreatitis

Compliance with the selected evidence-based recommenda-
tions is shown in Table 4. A compliance rate of 6.1% in patients with
severe ABP (GA: 11.9%, HPB 6.3%, GS 6.1%, and IM 0%; c2 6.71,
P ¼ 0.081; GS vs HPB: OR 1.04, 95%CI 0.12e9.20, P ¼ 0.97 and GA vs
IM: OR 10.70, 95%CI 0.57e200.70, P¼ 0.11) was found regarding the
optimal timing for the index contrast-enhanced CT assessment. In
the general cohort, 55.8% of patients underwent antibiotic pro-
phylaxis. Antibiotics were given in 53.4% of patients with mild ABP
and 83.4% with severe ABP. Patients with mild ABP received anti-
biotics in 59.6% of cases in the GS, 62.2% in the HPB, 38.1% in the GA,
and 66.1% in the IM cohort (c2 221.05, P < 0.00001; GS vs HPB: OR
0.90, 95%CI 0.69e1.19, P ¼ 0.46 and GA vs IM: OR 0.32, 95%CI
0.26e0.39, P < 0.0001).

For patients with infected pancreatic necrosis, a CT-guided fine-
needle aspiration (FNA) was performed in 33.6% of patients in the
general cohort. The highest compliance rate was found in the HPB
cohort (56.8%) (c2 15.15, P ¼ 0.001; GS vs HPB: OR 0.25, 95%CI
0.12e0.53, P ¼ 0.0003 and GA vs IM: OR 0.72, 95%CI 0.28e1.82,
P ¼ 0.48).

Regarding early (within 24 h) oral feeding, the compliance rate
with the recommendation was 44.7% in the general cohort. The
highest compliance was found in the GA cohort (52.3%) (c2 98.14,
P < 0.00001; GS vs HPB: OR 1.25, 95%CI 0.98e1.60, P ¼ 0.07 and GA
vs IM: OR 2.47, 95%CI 2.04e2.99, P < 0.00001). For patients with
mild ABP, the compliance rate in the general cohort was 47.7%. The



Table 2
Baseline characteristics of the four cohorts, stratified according to admitting speciality.

Variable Admitting speciality

General
Surgery

HPB Surgery Gastroenterology Internal
Medicine

P Value

Age - Mean ± SD 59.7 ± 18.8 61.4 ± 19.6 61.3 ± 18.5 67.3 ± 17.9 MD -14.38, 95%CI (�17.16 to �11.60), P < 0.001 MD -4.02, 95%CI
(�5.94 to �2.11), P < 0.001

Female sex - N. (%) 1403
(54.3%)

155 (51.1%) 839 (48.5%) 331 (50.5%) OR 1.14, 95%CI (0.90e1.44), P ¼ 0.27
OR 0.92, 95%CI (0.77e1.10), P ¼ 0.41

Body Mass Index (BMI) - Mean ± SD 27.4 ± 5.5 27.7 ± 5.8 27.0 ± 4.8 27.5 ± 5.7 MD -0.31, 95%CI (�2.27 to 1.65), P ¼ 0.75
MD -0.005, 95%CI (�1.27 to 1.26), P ¼ 0.99

No previous episodes of acute
pancreatitis - N. (%)

1777
(68.8%)

194 (63.9%) 1342 (77.6%) 466 (71.0%) OR 1.24, 95%CI (0.97e1.60), P ¼ 0.07
OR 1.39, 95% CI (1.14e1.71), P ¼ 0.001

Charlson's Comorbidity Index - Mean
± SD

3.45 ± 7.60 2.79 ± 2.41 3.34 ± 2.63 3.40 ± 2.61 MD -1.30, 95%CI (�1.72 to �0.89), P ¼ 0.04
MD -0.28, 95%CI (�0.56 to �0.01), P ¼ 0.46

No history of diabetes - N. (%) 2093 (81%) 237 (78%) 1392 (80.5%) 531 (80.8%) OR 1.20, 95%CI (0.93e1.60), P ¼ 0.20
OR 0.27, 95% CI (0.22e0.34), P < 0.0001

No history of COPD 1 - N. (%) 2338
(90.5%)

272 (89.5%) 1489 (86.1%) 552 (86.7%) OR 1.11, 95%CI (0.75e1.65), P ¼ 0.57
OR 1.17, 95%CI (0.91e1.50), P ¼ 0.20

No history of hypertension - N. (%) 1423
(55.1%)

161 (53.1%) 884 (51.1%) 255 (40.1%) OR 1.08, 95%CI (0.86e1.38), P ¼ 0.48
OR 1.64, 95%CI (1.37e1.97), P < 0.0001

No history of atrial fibrillation - N. (%) 2348
(90.9%)

266 (87.5%) 1548 (89.5%) 551 (86.5%) OR 1.42, 95%CI (0.98e2.04), P ¼ 0.04
OR 1.63, 95%CI (1.26e2.11), P ¼ 0.0002

No history of ischaemic heart disease -
N. (%)

2276
(88.1%)

255 (83.9%) 1553 (89.8%) 556 (87.3%) OR 1.42, 95%CI (1.00e1.97), P ¼ 0.03
OR 1.59, 95%CI (1.22e2.07), P ¼ 0.0005

No history of chronic kidney disease -
N. (%)

2426
(93.9%)

282 (92.8%) 1614 (93.3%) 583 (91.5%) OR 1.19, 95%CI (1.00e1.97), P ¼ 0.44
OR 1.76, 95%CI (1.29e2.39), P ¼ 0.0003

No history of disease of the
hematopoietic system - N. (%)

2503
(96.9%)

291 (95.9%) 1672 (96.7%) 609 (95.6%) OR 1.38, 95%CI (0.75e2.51), P ¼ 0.29
OR 2.27, 95%CI (1.53e3.36), P < 0.0001

No organ failure during the
hospitalization - N. (%)

2284
(88.4%)

238 (78.4%) 1524 (88.1%) 556 (84.7%) OR 2.11, 95%CI (1.56e2.84), P < 0.0001
OR 6.01, 95%CI (4.45e7.26), P < 0.0001

ICU admission - N. (%) 248 (9.6%) 46 (15.1%) 62 (3.6%) 115 (17.5%) OR 0.59, 95%CI (0.42e0.83), P ¼ 0.002
OR 0.17, 95%CI (0.12e0.24), P < 0.0001

qSOFA score on admission - Mean± SD 0.11 ± 0.6 0.85 ± 1.1 0.11 ± 0.5 0.33 ± 0.7 MD -0.90, 95%CI (�1.22 to �0.58), P < 0.001
MD -0.22, 95%CI (�0.35 to �0.09), P < 0.001

BISAP 2 score on admission - Mean ±
SD

1.08 ± 1.1 1.61 ± 1.4 1.02 ± 0.9 1.39 ± 1.1 MD -0.97, 95%CI (�0.21 to �0.73), P < 0.001
MD -0.90, 95%CI (�1.07 to �0.73), P < 0.001

Glasgow-Imrie score - Mean ± SD 1.45 ± 1.2 2.50 ± 1.7 1.38 ± 1.1 1.86 ± 1.4 MD -1.97, 95%CI (�2.63 to �1.31), P < 0.001
MD -0.10, 95%CI (�0.59 to 0.38), P ¼ 0.67

Ranson's score - Mean ± SD 1.79 ± 1.4 2.74 ± 1.7 1.68 ± 1.2 1.96 ± 1.3 MD -1.68, 95%CI (�2.27 to �1.10), P < 0.001
MD -1.12, 95%CI (�0.56 to 0.31), P ¼ 0.56

APACHE II score - Mean ± SD 6.18 ± 4.3 6.07 ± 4.6 7.35 ± 3.2 8.97 ± 5.3 MD 1.16, 95%CI (�1.29 to 3.62), P ¼ 0.33
MD -0.59, 95%CI (�1.94 to 0.75), P ¼ 0.38

Temperature on admission (o C) -
Mean ± SD

37.1 ± 9.3 36.8 ± 1.1 36.7 ± 2.2 36.7 ± 0.8 MD 0.45, 95%CI (�0.13 to 1.05), P ¼ 0.12
MD -0.09, 95%CI (�0.19 to �0.01), P ¼ 0.07

Systolic blood pressure on admission
(mmHg) - Mean ± SD

127.7 ± 25.2 129.1 ± 24.4 134.1 ± 21.7 133.2 ± 23.6 MD -2.93, 95%CI (�8.15 to 2.28), P ¼ 0.26
MD -0.92, 95%CI (�1.44 to 3.29), P ¼ 0.44

Heart rate on admission (bpm) - Mean
± SD

84.9 ± 15.6 86.2 ± 18.3 80.2 ± 15.1 82.6 ± 16.5 MD -2.60, 95%CI (�5.42 to 0.23), P ¼ 0.07
MD -2.10, 95%CI (�3.80 to �0.40), P ¼ 0.01

Respiratory rate on admission
(breaths/min) - Mean ± SD

18.7 ± 3.4 18.8 ± 4.5 16.9 ± 4.2 17.2 ± 3.8 MD -0.003, 95%CI (�0.67 to 0.66), P ¼ 0.99
MD -0.78, 95%CI (�1.15 to �0.42), P < 0.001

SpO2% - Mean ± SD 96.8 ± 2.3 95.9 ± 2.9 97.2 ± 2.2 96.2 ± 3.1 MD 1.44, 95%CI (1.04e1.83), P ¼ 0.004
MD 1.09, 95%CI (0.82e1.36), P < 0.001

Revised Atlanta
Classification - N. (%)

Mild 2268
(87.8%)

239 (78.7%) 1520 (87.9%) 556 (84.7%) OR 1.96, 95%CI (1.45e2.63), P < 0.0001
OR 1.31, 95%CI (1.01e1.69), P ¼ 0.03

Moderate 212 (8.2%) 47 (15.4%) 169 (9.8%) 66 (10.1%) OR 0.48, 95%CI (0.34e0.68), P < 0.001
OR 0.96, 95%CI (0.71e1.30), P ¼ 0.83

Severe 103 (4.0%) 18 (5.9%) 41 (2.4%) 35 (5.3%) OR 0.65, 95%CI (0.39e1.10), P ¼ 0.11
OR 0.43, 95%CI (0.27e0.68), P ¼ 0.0003

Results are expressed as absolute numbers (%) for categorical variables andMean ± Standard Deviation (SD) for continuous variables;OR¼ Odds Ratio;MD¼Mean Difference;
95%CI ¼ 95% Confidence Interval; 1 COPD¼ Chronic Obstructive Pulmonary Disease; 2 BISAP¼ Bedside Index for Severity in Acute Pancreatitis.
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highest compliance was reported in the GA cohort (55.8%) (c2
88.37, P < 0.00001; GS vs HPB: OR 1.06, 95%CI 0.81e1.39, P ¼ 0.64
and GA vs IM: OR 2.51, 95%CI 2.05e3.08, P < 0.00001).

For patients with severe ABP, enteral nutritionwas used in 33.2%
of patients in the general cohort. The highest compliance rate was
found in the HPB cohort (63.1%) (c2 11.51, P ¼ 0.009; GS vs HPB: OR
0.25, 95%CI 0.09e0.73, P ¼ 0.01 and GA vs IM: OR 1.24, 95%CI
0.43e3.53, P¼ 0.69). For patients with infected pancreatic necrosis,
the compliance rate in the general cohort was 39.3%. The highest
compliance was found in the HPB cohort (61.3%), followed by the
IM (38.8%), GS (37.2%) and GA (25.4%) cohorts (c2 14.59, P ¼ 0.002;
906
GS vs HPB: OR 0.36, 95%CI 0.17e0.74, P ¼ 0.005 and GA vs IM: OR
0.60, 95%CI 0.23e1.55, P ¼ 0.29).

Regarding ERCP/ES within 72 h from hospital admission, this
was performed in 46% of patients with ABP and cholangitis overall.
The highest compliance rate was found in the HPB cohort (70.3%)
(c2 88.37, P < 0.00001; GS vs HPB: OR 0.21, 95%CI 0.11e0.40,
P < 0.00001 and GA vs IM: OR 2.16, 95%CI 1.22e3.82, P ¼ 0.008).
ERCP/ES within 72 h was performed in 60.1% of patients with ABP
and common bile duct obstruction overall. The highest compliance
rate was reported in the GA cohort (80.6%) (c2 40.26, P < 0.00001;
GS vs HPB: OR 0.34, 95%CI 0.14e0.83, P ¼ 0.02 and GA vs IM: OR



Fig. 1. Graphical representation of the clinical outcomes, stratified according to the admitting speciality.

Fig. 2. Graphical representation of the mortality rates, stratified according to the admitting speciality in different subgroups (overall population, mild pancreatitis, severe
pancreatitis, infected pancreatic necrosis, cholangitis, common bile duct obstruction with cholangitis).
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4.12, 95%CI 1.79e9.48, P ¼ 0.0009). In patients with ABP and
common bile duct obstructionwith cholangitis, this was performed
in 56.7% overall. The highest compliance rate was reported in HPB
(78.6%) (c2 8.46, P ¼ 0.037; GS vs HPB: OR 0.24, 95%CI 0.09e0.65,
P ¼ 0.005 and GA vs IM: OR 5.00, 95%CI 1.99e12.57, P ¼ 0.0006).

For patients with infected pancreatic necrosis, percutaneous or
endoscopic drainage as the first-line treatment was adopted in
33.7% of the patients. The highest level of compliance was reported
in the HPB cohort (39.5%) (c2 6.33, P ¼ 0.096; GS vs HPB: OR 0.42,
95%CI 0.20e0.89, P ¼ 0.02 and GA vs IM: OR 0.72, 95%CI 0.28e1.82,
P ¼ 0.84).
907
Patients withmild ABP underwent laparoscopic cholecystectomy
during index admission in 29% of the cases in the general cohort. The
highest level of compliance was reported in the GS cohort (39.8%)
(c2 354.64, P < 0.00001; GS vs HPB: OR 1.51, 95%CI 1.13e2.01,
P ¼ 0.005 and GA vs IM: OR 0.28, 95%CI 0.22e0.35, P < 0.00001).

Funnel plots in Fig. 3 display the proportion of compliance (in
percentage) to the four most evidence-based guidelines items in
the respective cohorts by each participating centre. Fig. 3A shows
that, in the case of antibiotic prophylaxis, as the patients' number
increases, the compliance rates tend to be significantly higher. No
outlier, instead, emerged in the case of the compliance to early oral/



Table 3
Multiple logistic regression model, outcome Mortality.

Variable Odds Ratio(OR) 95% Confidence Interval (CI) P-value

Revised Atlanta Classification
Mild acute pancreatitis e e

Moderately severe acute pancreatitis 8.45 0.33e164 0.195
Severe acute pancreatitis 47.6 1.52e1.387 0.031

Age 0.98 0.94e1.02 0.384

COVID Status
Negative e e

Positive 4.92 1.17e22.6 0.032
Untested 2.19 0.52e9.41 0.282

Previous episodes of pancreatitis
No e e

Not known 3.33 0.18e33.5 0.347
Yes 0.79 0.22e2.71 0.713

Charlson's comorbidity index 1.16 1.04e1.28 0.004

Clinical history of diabetes
Diabetes with organ dysfunction e e

Diabetes without organ dysfunction 0.32 0.05e2.14 0.237
No 0.20 0.03e1.22 0.075

Clinical history of chronic pulmonary disease

No e e

Yes 1.25 0.34e4.28 0.725

Clinical history of hypertension

No e e

Yes 1.13 0.30e4.59 0.855

Clinical history of atrial fibrillation
No e e

Yes 0.61 0.08e3.43 0.604

Clinical history of ischaemic heart disease
No e e

Yes 2.57 0.64e10.3 0.176

Organ failure during the hospital staya

No e e

Yes 0.60 0.03e16.8 0.756

Systolic blood pressure 0.98 0.95e1.00 0.114
Heart rate on admission 1.01 0.97e1.05 0.582
Respiratory rate on admission 1.05 0.95e1.13 0.204
Blood oxygen saturation on admission 0.94 0.82e1.07 0.324
WBC on admission 0.58 0.32e0.96 0.059
Neutrophils on admission 1.65 1.00e2.97 0.076
INR on admission 0.48 0.07e2.28 0.397
C-Reactive Protein on admission 1.00 0.99e1.01 0.707
LactateDeHydrogenase on admission 1.00 1.00e1.00 0.043
Procalcitonin on admission 1.11 1.01e1.21 0.016
Lactate on admission 1.46 0.98e2.17 0.059
Cholangitis
No e e

Yes 0.86 0.18e3.58 0.847

Infected necrosis
No e e

Yes 4.05 0.96e16.9 0.052

Abdominal compartment syndrome
No e e

Yes 2.79 0.35e23.1 0.329

Necrotising cholecystitis
No e e

Yes 4.24 0.56e28.5 0.144

þThe following variables have been excluded from the model due to multicollinearity issues: Admitting Speciality, Gastric outlet obstruction, Pseudocyst, Timing of surgical
necrosectomy, Bleeding, Bowel ischaemia, Bowel fistula, Antibiotic prophylaxis, Antifungal prophylaxis, Use of somatostatin analogs.

a This variable has been recoded to two categories.
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enteral feeding (Fig. 3B) and the compliance to the step-up
approach (Fig. 3D) respectively in the cohorts of patients with se-
vere ABP and infected necrosis, where the compliance does not
significantly differ according to the patients' number. Conversely,
concerning the compliance to laparoscopic cholecystectomy at
908
index admission (Fig. 3C), we observed many outliers with an un-
usually low compliance to the guidelines as the patients' number is
greater than 100, while in the same patients’ range there was no
outlier with an opposite tendency (i.e. significantly higher
compliance).



Table 4
Compliance with the selected evidence-based recommendations.

Statement Admitting speciality

Target population General
cohort

General
Surgery

HPB
Surgery

Gastroenterology Internal
Medicine

P Value

Patients with organ failure should be admitted to an
intensive care unit (ICU)a

Patients with severe acute biliary
pancreatitis

133
(66.8%)

70
(66.7%)

13
(73.7%)

22 (52.4%) 28
(77.8%)

P ¼ 0.101
OR 0.79, 95%CI
(0.26e2.40),
P ¼ 0.68
OR 0.29, 95%CI
(0.10e0.81),
P ¼ 0.02

All patients with severe acute pancreatitis need to be
assessed with CE-CT b

Patients with severe acute biliary
pancreatitis

142
(71.9%)

77
(73.3%)

13
(73.7%)

26 (64.3%) 26
(77.8%)

P ¼ 0.651
OR 1.10, 95%CI
(0.36e3.36),
P ¼ 0.87
OR 0.60, 95%CI
(0.22e1.61),
P ¼ 0.31

Optimal timing for the index CE-CT assessment is 72e96 h
after onset of symptoms b

Patients with severe acute biliary
pancreatitis

12
(6.1%)

6 (5.7%) 1 (6.3%) 5 (11.9%) 0 (0%) P ¼ 0.081
OR 1.04, 95%CI
(0.12e9.20),
P ¼ 0.97
OR 10.70, 95%
CI (0.57
e200.70),
P ¼ 0.11

C-reactive protein (CRP) level≥ 150mg/l at third day can be
used as a prognostic factor for severe acute pancreatitis
�

All patients with acute biliary
pancreatitis

4055
(76.8%)

1994
(77.2%)

250
(82.2%)

1194 (69.1%) 617
(94.1%)

P < 0.00001
OR 0.73, 95%CI
(0.54e0.99),
P ¼ 0.04
OR 0.14, 95%CI
(0.10e0.20),
P < 0.00001

Routine prophylactic antibiotics are not recommended for
all patients with acute pancreatitis

1. All patients with acute biliary
pancreatitis under antibiotics

2943
(55.8%)

1611
(62.3%)

203
(66.6%)

677 (39.1%) 452
(68.8%)

P < 0.00001
OR 0.82, 95%CI
(0.84e1.06),
P ¼ 0.13
OR 0.29, 95%CI
(0.24e0.35),
P < 0.00001

2. Patients with mild acute biliary
pancreatitis under antibiotics

2450
(53.4%)

1353
(59.6%)

149
(62.2%)

580 (38.1%) 368
(66.1%)

P < 0.00001
OR 0.90, 95%CI
(0.69e1.19),
P ¼ 0.46
OR 0.32, 95%CI
(0.26e0.39),
P < 0.00001

3. Patients with severe acute
biliary pancreatitis under
antibiotics

165
(83.4%)

89
(84.8%)

15
(78.9%)

31 (73.8%) 30
(86.1%)

P ¼ 0.668
OR 1.19, 95%
(0.31e4.60),
P ¼ 0.80
OR 0.52, 95%
(0.16e1.69),
P ¼ 0.27

4. Patients with infected pancreatic
necrosis under antibiotics

207
(85.2%)

99
(87.6%)

41
(93.2%)

45 (76.3%) 22
(74.2%)

P¼ 0.015
OR 0.37, 95%CI
(0.08e1.72),
P ¼ 0.21
OR 1.26, 95%CI
(0.45e3.48),
P ¼ 0.66

Serum measurements of procalcitonin (PCT) may be
valuable in predicting the risk of developing infected
pancreatic necrosis a

1. Patients with severe acute
biliary pancreatitis

61
(30.8%)

37
(35.6%)

4
(22.2%)

6 (14.6%) 14
(38.9%)

P ¼ 0.701
OR 1.93, 95%CI
(0.59e6.30),
P ¼ 0.27
OR 0.26, 95%CI
(0.09e0.77),
P ¼ 0.02

2. Patients with infected pancreatic
necrosis

72
(29.6%)

48
(42.8%)

7
(18.2%)

9 (15.5%) 8 (26.7%) P ¼ 0.874
OR 3.86, 95%CI
(1.58e9.41),
P ¼ 0.003
OR 0.51, 95%CI
(0.17e1.48),
P ¼ 0.21

(continued on next page)
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Table 4 (continued )

Statement Admitting speciality

Target population General
cohort

General
Surgery

HPB
Surgery

Gastroenterology Internal
Medicine

P Value

A CT-guided fine-needle aspiration (FNA) for Gram stain
and culture can confirm an infected severe acute
pancreatitis and drive antibiotic therapy b

Patients with infected pancreatic
necrosis

82
(33.6%)

29
(25.7%)

25
(56.8%)

17 (28.8%) 11
(35.5%)

P ¼ 0.001
OR 0.25, 95%CI
(0.12e0.53),
P ¼ 0.0003
OR 0.72, 95%CI
(0.28e1.82),
P ¼ 0.48

Early (within 24 h) oral feeding as tolerated, rather than
keeping the patient nil per os, is recommended in
patients with acute pancreatitis

1. All patients with acute biliary
pancreatitis

2358
(44.7%)

1136
(44.0%)

117
(38.7%)

904 (52.3%) 201
(30.5%)

P < 0.00001
OR 1.25, 95%CI
(0.98e1.60),
P ¼ 0.07
OR 2.47, 95%CI
(2.04e2.99),
P < 0.00001

2. Patients with mild acute biliary
pancreatitis

2188
(47.7%)

1047
(46.2%)

107
(44.8%)

848 (55.8%) 186
(33.5%)

P < 0.00001
OR 1.06, 95%CI
(0.81e1.39),
P ¼ 0.64
OR 2.51, 95%CI
(2.05e3.08),
P < 0.00001

Enteral nutrition is recommended to prevent gut failure
and infectious complications in patients with acute
pancreatitis and inability to feed orally.

1. Patients with severe acute
biliary pancreatitis

66
(33.2%)

35
(33.3%)

12
(63.1%)

11 (28.6%) 8 (19.5%) P ¼ 0.009
OR 0.25, 95%CI
(0.09e0.73),
P ¼ 0.01
OR 1.24, 95%CI
(0.43e3.53),
P ¼ 0.69

2. Patients with infected pancreatic
necrosis

95
(39.3%)

42
(37.2%)

27
(61.3%)

15 (25.4%) 11
(38.8%)

P ¼ 0.002
OR 0.36, 95%CI
(0.17e0.74),
P ¼ 0.005
OR 0.60, 95%CI
(0.23e1.55),
P ¼ 0.29

Total parental nutrition (TPN) should be avoided, but
partial parental nutrition integration should be
considered to reach caloric and protein requirements if
enteral rout is not completely tolerated. c

1. Patients with severe acute
biliary pancreatitis on TPN

71
(36.2%)

37
(34.3%)

4
(21.1%)

12 (31.0%) 18
(52.8%)

P ¼ 0.717
OR 1.93, 95%CI
(0.59e6.30),
P ¼ 0.27
OR 0.39, 95%CI
(0.15e1.00),
P ¼ 0.05

2. Patients with infected pancreatic
necrosis on TPN

83
(34.4%)

39
(34.5%)

11
(27.3%)

21 (35.6%) 12
(38.7%)

P ¼ 0.940
OR 1.55, 95%CI
(0.71e3.42),
P ¼ 0.27
OR 0.85, 95%CI
(0.34e2.11),
P ¼ 0.73

Early ERCP/ES should be performed in gallstone-induced
acute pancreatitis when complications of cholangitis
and common bile duct obstruction occur d

1. Patients with acute biliary
pancreatitis and cholangitis (ERCP/
ES performed within 72h)

251
(46.0%)

74
(33.4%)

40
(70.3%)

112 (56.5%) 25
(38.2%)

P < 0.00001
OR 0.21, 95%CI
(0.11e0.40),
P < 0.00001
OR 2.16, 95%CI
(1.22e3.82),
P ¼ 0.008

2. Patients with acute biliary
pancreatitis and CBD obstruction
(ERCP/ES performed within 72h)

248
(60.1%)

107
(48.0%)

19
(74.1%)

107 (80.6%) 15
(51.6%)

P < 0.00001
OR 0.34, 95%CI
(0.14e0.83),
P ¼ 0.02
OR 4.12, 95%CI
(1.79e9.48),
P ¼ 0.0009

3. Patients with acute biliary
pancreatitis and CBD obstruction
and cholangitis (ERCP/ES
performed within 72h)

118
(56.7%)

34
(46.0%)

21
(78.6%)

54 (69.6%) 9 (33.3%) P ¼ 0.037
OR 0.24, 95%CI
(0.09e0.65),
P ¼ 0.005
OR 5.00, 95%CI
(1.99e12.57),
P ¼ 0.0006

In infected pancreatic necrosis, percutaneous or
endoscopic drainage as the first line treatment (step-up
approach) delays the surgical treatment to a more

Patients with infected pancreatic
necrosis

83
(33.7%)

24
(21.4%)

17
(39.5%)

17 (29.3%) 11
(36.6%)

P ¼ 0.096
OR 0.42, 95%CI
(0.20e0.89),
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Table 4 (continued )

Statement Admitting speciality

Target population General
cohort

General
Surgery

HPB
Surgery

Gastroenterology Internal
Medicine

P Value

favourable time or even results in complete resolution
of infection in 25e60% of patients and it is
recommended as the first line of treatment

P ¼ 0.02
OR 0.72, 95%CI
(0.28e1.82),
P ¼ 0.84

Therapeutic intervention for infected pancreatic necrosis
should be performed after 4 weeks of onset, when the
necrosis has been sufficiently walled off

Patients with infected pancreatic
necrosis

29
(37.2%)

9
(27.9%)

11
(68.4%)

7 (31.8%) 2 (23.1%) P ¼ 0.018
OR 0.25, 95%CI
(0.10e0.67),
P ¼ 0.005
OR 1.92, 95%CI
(0.37e9.88),
P ¼ 0.43

Laparoscopic cholecystectomy during index admission,
rather than after discharge, is recommended in mild
acute gallstones pancreatitis

Patients with mild acute biliary
pancreatitis

1328
(29%)

902
(39.8%)

72
(30.3%)

176 (11.6%) 178
(32.3%)

P < 0.00001
OR 1.51, 95%CI
(1.13e2.01),
P ¼ 0.005
OR 0.28, 95%CI
(0.22e0.35),
P < 0.00001

* Intensive Care Unit; x Contrast-enhanced computed tomography; � C-reactive Protein; ç Bedside Index of Severity of Acute Pancreatitis and Acute Physiology and Chronic
Health Evaluation II; a Procalcitonin; b Fine-needle aspiration; c Total Parental Nutrition; d Endoscopic Retrograde CholangioPancreatography/Endoscopic Sphincterotomy
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4. Discussion

Publication of nationally or internationally developed and
approved guidelines alone is insufficient to modify the practice of
non-specialists and raises the question of how best to spread
guideline recommendations [2,12e17]. We showed that there is
still a lack of compliance to practice guidelines, especially in terms
of optimal timing for the index CT scan, the use of prophylactic
antibiotics, nutritional support, and implementation of early cho-
lecystectomy strategies to minimise the incidence of further epi-
sodes of ABP. Moreover, we have highlighted several substantial
differences in practice patterns between general surgeons, HPB
surgeons, gastroenterologists and internal medicine physicians that
may have impacted the outcomes of patients with ABP. Different
baseline characteristics of the patients admitted to each depart-
ment may have contributed to the outcomes, especially in terms of
ICU admission andmortality. However, regarding the compliance to
the most agreed items of the guidelines, such as the use of pro-
phylactic antibiotics, enteral nutrition, or index cholecystectomy,
we cannot ignore that the compliance level varied according to the
admitting speciality. Moreover, as demonstrated by the analysis of
risk factors for adverse outcomes, the admitting speciality was an
independent predictor of ICU admission in the multivariate logistic
regression analysis. The admitting speciality was also a predictor of
mortality in the univariate analysis, though it lost statistical sig-
nificance in the multivariate analysis. Many factors may contribute
to the high variability in the compliance rate for each selected item.
These factors include hospital facilities, organisational pathways,
and surgeons' skills in laparoscopic surgery for hot gallbladders. In
our study, patient populations on which each item was assessed
have been made as homogeneous as possible to limit the influence
of confounding factors. So, it seems unlikely that substantial dif-
ferences in practice patterns between general surgeons, HPB sur-
geons, gastroenterologists and internal medicine physicians are to
be searched in factors other than the confidence in applying the
guidelines in everyday clinical practice and suboptimal organisa-
tional pathways.

Compliance was satisfactory for some items, including the
indication to perform a CT scan in patients with severe ABP, even if
the compliance turned out to be very low when we looked into the
timing for performing the index CT scan. Our study found that only
911
6.1% of the patients in the general cohort underwent CT scan
72e96 h after onset of symptoms, whereas 28% of the patients were
CT scanned on hospital admission. According to Spanier et al.,
although CT scan is frequently acquired early in the course of AP in
everyday practice, its yield has shown to be low and has no im-
plications in clinical management [26].

Although it is commonly believed that non-compliance with
published guidelines indicates areas in which consensus recom-
mendations are based on insufficient evidence [14], the results of
our study demonstrated lack of compliance in areas where rand-
omised controlled trials have already resolved controversial issues
during the last ten years. Prophylactic antibiotics were frequently
prescribed, with almost 50% of patients in the general cohort and
47% of those in the mild ABP cohort receiving prophylactic antibi-
otics on admission. From the global healthcare perspective, inap-
propriate use of antibiotics is a key driver in antibiotic resistance,
which has risen alarmingly over the last 30 years, and represents a
potent threat to the welfare of humanity in the 21st century [27].
More debated is the role of prophylactic antibiotics for patients
with infected necrosis [28,29]. Several randomised controlled trials
and subsequent meta-analyses failed to demonstrate reduced
infection rates of pancreatic necrosis through the prophylactic use
of antibiotics [30e33]. 83.4% of the patients in the severe ABP
cohort received antibiotic prophylaxis without any proof of infec-
tion, with a range between 86.1% in the IM cohort and 73.8% in the
GA cohort, in keeping with previous national studies [15,16].
Overuse was also seen in mild cases, with 47% of patients with mild
ABP receiving antibiotics in our study, compared to 44% in the study
by Barrie et al. [16] and 48% in the study by Talukdar et al. [34].
Regarding the type of nutritional support implemented in the early
stages of ABP, we found a significant discordance with the current
guideline recommendations [35]. Early re-initiation of oral nutri-
tionwith a non-liquid diet is recommended for mild ABP [7,9], with
some variability concerning refeed timing and type of diet
[10,11,36]. In our study, early oral feedingwas implemented for only
44.7% of patients in the general cohort and 47.7% of patients in the
mild ABP cohort, with wide variability across the different admit-
ting specialities. In the study by Machicado et al. [37], only 27% of
clinicians adhered to early oral nutrition within 24 h, and 41% kept
patients with mild ABP nil per os for over 48 h, whereas, in the
study by Masamune et al. [38], enteral nutrition was given in 31.8%



Fig. 3. Funnel plots with confidence bands displaying the percentage of compliance to four guidelines items by the total number of patients per each centre. Reference for
compliance has been set to 70%. Orange and blue lines represent respectively 95% and 99.8% confidence limits. A) Compliance to the guidelines on antibiotic prophylaxis in the
general cohort (only centres with a patients' number n > 30 were considered). B) Compliance to the administration of early oral feeding in the cohort of patients with severe ABP
(only centres with a patients' number n > 30 were considered). C) Compliance to the laparoscopic cholecystectomy during index admission in the cohort of patients with mild ABP
(only centres with a patients' number n > 30 were considered). D) Compliance to the step-up approach in the cohort of patients with infected necrosis (only centres with a patients'
number n > 5 were considered).
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of severe cases, but majority cases received it after 48 h. Only 33.2%
of patients in the severe ABP cohort and 39.3% of patients with
infected pancreatic necrosis received enteral feeding on admission,
compared to 21% of patients with severe ABP who received enteral
feeding in the study by Tan et al. [36]. Potential explanations for
practice variation may include personal beliefs regarding the
duration of “pancreas rest”, caution for exacerbating pain and other
symptoms, or, more probably, lack of awareness of current evi-
dence. Other factors that might play a role include the diversity of
hospital protocols, delayed translation of evidence into medical
care, or reluctance of surgeons and physicians to comply with
guidelines [37].

In patients with ABP, a Cochrane meta-analysis supported the
use of ERCP in patients with cholangitis and/or common bile duct
obstruction [39], whereas, in patients with no cholangitis, the
American Gastroenterological Association suggests against the
routine use of urgent ERCP [6,7,11]. In our study, only 46% of pa-
tients with ABP and acute cholangitis underwent ERCP and
sphincterotomy within 72 h of admission, whereas 60.1% of pa-
tients with ABP and common bile duct obstruction did.

Approximately 10e20% of patients with AP develop pancreatic
necrosis [25], and about one-third of them develop infection of the
necrotic tissue [40]. While sterile necrosis is associated with 5%e
10% of mortality, the mortality rate increases to 20%e30% when
infection occurs [40e45]. Patients with infected pancreatic necrosis
may require radiologic or endoscopic or surgical intervention in up
to 40% of cases [40]. The step-up approach, consisting of percuta-
neous catheter drainage, followed, if necessary, by minimally
invasive necrosectomy, has replaced open surgery as the standard
912
of care [40,46]. More recently, an endoscopic approach has been
demonstrated to be a less invasive technique [47,48] which can also
be performed in a step-up fashion, starting with endoscopic
transluminal drainage, and followed by endoscopic necrosectomy if
the drainage does not result in clinical improvement [49]. In our
study, only 33.7% of patients with infected pancreatic necrosis
underwent a step-up approach as their first treatment, rather than
upfront surgery, and only 37.2% of them underwent treatment after
four weeks of symptom onset, as recommended by guidelines.

Only 29% of the patients with mild ABP underwent cholecys-
tectomy on the same hospital admission, with wide variation be-
tween admitting specialities. The highest compliance rate was
reported in the GS cohort (39.8% vs 32.3%, 30.3%, and 11.6% in IM,
HPB and GA cohorts). Compared to delayed laparoscopic chole-
cystectomy, early laparoscopic cholecystectomy for mild stages
during the index admission, is equally safe and feasible and
significantly reduces the recurrence rate of ABP [20,50e52]. Well-
designed studies also have demonstrated that many episodes of
recurrent ABP occur before an interval cholecystectomy can be
performed, making index admission cholecystectomy the ideal
strategy to reduce morbidity and minimise overall healthcare costs
[53,54]. Notably, in our study, 30-day hospital readmission rates
were higher in GA departments, where laparoscopic cholecystec-
tomy during index admission was performed less frequently than
in GS and HPB cohorts. Our study also revealed that 6.6% of patients
in the general cohort and 6.3% of those in the mild ABP cohort were
readmitted with a recurrence while awaiting interval cholecystec-
tomy, with other studies reporting rates of up to 20% [53,55]. In
contrast to the study by Green et al. [56], where patients weremore
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likely to receive early definitive treatment if they were treated in
regional specialist HPB centres, in our study patients admitted to GS
departments with mild ABP had a higher chance to undergo an
index admission cholecystectomy compared to those admitted to
HPB ones, with the likely explanation being a lack of theatre slots
for benign diseases in high specialised HPB departments. We also
observed that, regarding laparoscopic cholecystectomy at index
admission, there was an unusually low compliance to the guide-
lines as the number of patients admitted at each centre increased
over 100.

Previous studies compared the management of ABP and
adherence to guidelines among academic surgical services, HPB
services, academic medicine, and non-academic medicine in the
same institution and showed that adherence to guidelines for the
management of AP is inadequate, and non-uniformity exists across
different services within the same institution [57]. The study by Aly
et al. [58] showed differences between the reported practice of HPB
surgeons and non-specialists in themanagement of ABP, suggesting
that the specialists may be more aware of the guidelines and the
evidence supporting them. In our study, the analysis of the level of
compliance with items related to the treatment of more complex
ABP cases (e.g. severe or with necrosis) showed that patients
admitted to HPB departments were treated in line with the rec-
ommendations of the guidelines more commonly than those
admitted to the other specialities.

According to Connor et al. [59], for evidence-based guidelines to
be effective, feedback to surgeons and physicians who deal with AP
is necessary. The authors found that by comparing outcomes pre-
and post-audit feedback performed nine months after the imple-
mentation of guidelines, there was a significant increase in the
number of patients who underwent definitive treatment for mild
ABP. Post-audit feedback showed a significant reduction in the
number of CT scans performed for patients with mild AP, and
mortality also decreased. Implementation strategies based on sur-
gical audits, which involve the systematic, critical analysis of the
quality of care for patients with ABP, can facilitate the goal of
improving compliance to guidelines.

4.1. Study limitations

There are several limitations to this study. It is a retrospective
study performed by chart review; therefore, we could not
adequately account for the rationale that each centre may have
used to manage included patients. Although instructions on how to
fill the study eCRF were provided over the whole duration of the
study period via personal emails, websites and ad-hoc tutorials, the
retrospective study design may have exposed the risk of recall bias.
Regarding the choice of early cholecystectomy for mild cases, it
must be accepted that there may well be a cohort of patients that
were not suitable to be treated as per guidelines which may have
affected the given results. The guidelines are variable in quality,
which may influence compliance. In 2010, Loveday et al. [60]
reviewed the quality of 30 guidelines on AP published from 1985 to
2010. The authors found that the quality of the guidelines did not
improve over time. The guidelines endorsed by a professional body
had higher scores than those without official endorsement.
Although, due to obvious chronological reasons, the 2019 WSES
guidelines, the 2018 American gastroenterological association
institute guidelines, the 2015 Japanese guidelines, the 2013 IAP/APA
evidence-based guidelines, and the 2020 AGA practice update on
the management of pancreatic necrosis guidelines were not eval-
uated in this systematic review, the previously published version of
the Japanese guidelines [61]were selected as one of the four most
up-to-date guidelines with high-quality scores. The 2013 IAP/APA
guidelines have also reached high-quality scores in our evaluation
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performed with the AGREE II (Appraisal of Guidelines for Research
& Evaluation) instrument. Another criticism of our study could be
the higher representation of European countries compared to other
continents [24], as it can be argued that the responses could be
skewed due to higher representation from one continent and re-
sults may not be generalisable.

In 2020, the COVID-19 pandemic profoundly impacted the
medical community. The constant increase in the number of pa-
tients requiring treatment became a massive challenge for the
healthcare systems of many involved countries. The outbreak of the
COVID-19 pandemic could have influenced in many ways the daily
clinical practice for patients with ABP, leading to a failure in
adherence to the recommendations provided by the guidelines,
especially those regarding the early and definitive treatment with
cholecystectomy or ERCP and ES. As we argue that, during the
COVID-19 pandemic, the tendency to disregard the guidelines rec-
ommendations has been more marked than usual, we planned a
sub-analysis of the MANCTRA-1 study [24], and we will try to find
out if the care of ABP patients during the COVID-19 pandemic
resulted in a higher rate of adverse outcomes compared to non-
pandemic times due to the lack of compliance to guidelines. How-
ever, some signs of the impact of the COVID-19 pandemic on ABP
patients' outcomes have already been reported in the present paper,
where COVIDþ status was an independent predictor of mortality, in
keeping with the results of the COVID PAN collaborative study [63],
that showed patients with AP and coexistent SARS-CoV-2 infection
are at increased risk of severe AP, worse clinical outcomes, pro-
longed length of hospital stay and high 30-day mortality.

The short delay between the actual date of publication of the
recommendations and the study inclusion period may represent
another limiting factor. Research suggests that, on average, it takes
up to 17 years for only 14% of published evidence to translate into
practice [62]. Currently, implementation strategies which include
the measurement acceptability, appropriateness, costs, and sus-
tainability of the evidence-based intervention, seem to be among
the most reliable strategies for implementing research into prac-
tice. More recently, scientists who work in the field of knowledge
translation reported that to close the gap between research and
practice, research findings must be made more accessible to poli-
cymakers, professional societies and practitioners, as well as
pushing these parties to adopt more timely evidence-based prac-
tices. With this inmind, the results of theMANCTRA-1 studywill be
analysed to provide the basis for introducing a number of bundles
in ABP patients' management to be disseminated during the
following years. Following the introduction of the ABP bundles in
2023, the MANCTRA-2 prospective international study will be
launched in 2025 to assess the potential advancements for ABP
patients' care in those centres that have taken part in the project.

5. Conclusions

The results of this study showed an overall poor compliance
with evidence-based guidelines in the management of ABP, with
wide variability based on the admitting speciality. The most
commonly discordant gaps between daily clinical practice and
recommendations included the optimal timing for the index CT
scan, the use of prophylactic antibiotics, nutritional support, and
the implementation of early cholecystectomy strategies to mini-
mise the rate of hospital readmission and further episodes of ABP.
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