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29 ABSTRACT

30 Introduction: Survivors of acute pancreatitis (AP) have shorter overall survival and increased 

31 incidence of new-onset cardiovascular, respiratory, liver and renal disease, diabetes mellitus 

32 and cancer compared to the general population, but the mechanisms that explain this are yet 

33 to be elucidated. Our aim is to characterise the precise nature and extent of organ dysfunction 

34 following an episode of AP.

35 Methods and Analysis

36 This is an observational prospective cohort study in a single centre comprising an acute 

37 University hospital and clinical research facility. Participants will be adult patient admitted 

38 with AP. Participants will undergo assessment at recruitment, 3 months and 3 years. At each 

39 time point, multiple biochemical and/or physiological assessments to measure 

40 cardiovascular, respiratory, liver, renal and cognitive function, diabetes mellitus, and quality 

41 of life. Recruitment was from 30th November 2017 to 31st May 2020; last follow-up 

42 measurements is due 31st May 2023. The primary outcome measure is the incidence of new-

43 onset type 3c diabetes mellitus during follow-up. Secondary outcome measures include: 

44 quality of life analyses (SF-36, GIQLI); Montreal cognitive assessment; organ system 

45 physiological performance; multiomics predictors of AP severity, detection of premature 

46 cellular senescence. In a nested cohort within the main cohort, individuals may also consent 

47 to multiparameter MRI scan, echocardiography, pulmonary function testing, 

48 cardiopulmonary exercise testing and pulse-wave analysis.

49 Ethics and dissemination: This study has received the following approvals: UK IRAS Number 

50 178615; South-east Scotland Research Ethics Committee number 16/SS/0065. Results will be 

51 made available to AP survivors, caregivers, funders and other researchers. Publications will 

52 be open-access.

53 Trial registration: ClinicalTrials.gov Identifier (NCT03342716) and ISRCTN 50581876; Pre-

54 results

55

56 Strengths and limitations

57 Strengths

58  Prospective cohort study with molecular mechanistic observations.

59  In-depth clinical and physiological annotation of multiomics data.
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60 Limitations

61  Drop-out rates in long term prospective AP studies is largely unknown.

62  Potential participants with severe AP may lack capacity for consent and recruitment 

63 may therefore be slower in this group.

64

65 Keywords: long-term outcome; acute pancreatitis; organ failure; post-inflammatory 

66 premature senescence

67

68 Word Count: 3709

Page 4 of 25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-040200 on 7 D

ecem
ber 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

4

69 INTRODUCTION

70 Acute pancreatitis (AP) is an inflammatory disease of the pancreas usually triggered by 

71 gallstones or excess alcohol consumption. The incidence of AP ranges from 13 to 45 per 

72 100,00 individuals, is increasing1, and varies between nations. For example, USA, Finland, 

73 Scotland and Germany report higher incidences than England and The Netherlands2-5. AP 

74 triggers a cascade of inflammatory events causing cell damage and release of damage-

75 associated molecular patterns that trigger inflammation and cytokine release, initiating a 

76 systemic inflammatory response resulting in multiple organ dysfunction syndrome (MODS) in 

77 1 in 5 individuals. AP-MODS has a 21% fatality rate during the index episode, and overall in-

78 hospital mortality is 5.2% in Scotland6 7. AP is graded into mild, moderate and severe, based 

79 on local and systemic determinants of severity as per the most recent AP classifications 

80 (Determinant-based Classification8 and Revised Atlanta Classification9). Organ failure in AP 

81 most commonly affects the respiratory, renal and cardiovascular systems, but can involve any 

82 system10. The pattern of organ failure is difficult to predict and a high level of inter-individual 

83 variance is seen, regardless of the aetiology. The molecular mechanisms that explain this 

84 inter-individual variation in local and systemic inflammatory processes in AP remain 

85 unidentified 11. Multiomics analysis of serial time course blood samples has defined molecular 

86 patterns in human AP, called endotypes, but the precise relevance of these endotypes to 

87 clinical and therapeutic decision-making is not yet determined12.

88 Recently published data from a retrospective analysis of patients with AP has shown that 

89 the early development of MODS is associated with an increased mortality rate up to 10 years 

90 after the index presentation13. This strongly suggests that MODS in acute pancreatitis (AP-

91 MODS) has a persistent and deleterious impact on patients’ physiological status, though the 

92 exact nature of this pathology remains to be characterised. Existing studies indicate that most 

93 deaths are the result of cardiovascular, pulmonary, digestive or malignant disease14-17. In 

94 addition, the new onset of diabetes (Type 3c DM) or impaired glucose tolerance, peripheral 

95 neuropathy and exocrine dysfunction have been documented as sources of morbidity in the 

96 years following the index attack of SAP17 18. Patients with alcohol-induced pancreatitis may be 

97 at particularly increased risk of progression to chronic pancreatitis15, however the 

98 development of long term complications is likely to be influenced by multiple, and as-yet 

99 unconfirmed, factors.
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100 The aim of this observational clinical cohort study is to characterise the nature and extent 

101 of the pathophysiological impact of severe AP on organ function over the first 3 years after 

102 the index AP episode and define the long-term deleterious effect of severe AP. This will be 

103 achieved by prospectively measuring organ system function in patients recruited during a 

104 hospital admission with AP and at set time intervals thereafter. We will obtain an in-depth 

105 assessment of patients’ health at presentation, and at 3 months and 36 months after the first 

106 episode of AP using markers of organ function and/or disease in the peripheral blood. In a 

107 nested cohort within the main study cohort, we will conduct cardiorespiratory evaluation 

108 tests (including exercise testing), specialised blood tests of the immune system, tests for 

109 precision medicine, and imaging to assess structure and function of key organ systems. 

110 The results of this study will inform the design of future interventions designed to improve 

111 the long-term prognosis of patients. 

112

113 METHODS

114 Ethical approval

115 The study will be conducted in accordance with the principles of the International 

116 Conference on Harmonisation Tripartite Guideline for Good Clinical Practice (ICH GCP). This 

117 study has been reviewed and been given a favourable opinion by the South-East Scotland 

118 Research Ethics Committee, under the application numbers: REC Number 16/SS/0065; IRAS 

119 Number 178615; and R&D approval Lothian R&D Number 2016/0152. 

120

121 Trials registration

122 This study was prospectively registered with www.clinicaltrials.gov NCT03342716 and with 

123 ISRCTN 50581876.

124

125 Study design

126 This is an observational prospective nested cohort study. The overall cohort is the population 

127 presenting with AP that meets the eligibility criteria. For the nested cohort of the study, a 

128 stratified block design is to be used to recruit equivalent numbers of patients with AP-MODS 

129 versus AP without MODS. 

130
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131 Setting

132 Single centre academic hospital setting – Royal Infirmary of Edinburgh, NHS Lothian and the 

133 Edinburgh Clinical Research Facility, Royal Infirmary of Edinburgh, UK.

134

135 Duration

136 Recruitment started on 30th November 2017 and is scheduled to end on 

137 31st May 2020. The cohort assessment will comprise of 3 study visits. In-depth assessments 

138 of a participant’s health at presentation, at 3 months and at 36 months follow-up study visit 

139 will be obtained. Additional cardiorespiratory evaluation tests, specialised blood tests of the 

140 immune system, tests for precision medicine, and imaging to assess structure and function of 

141 key organ systems will be conducted in a nested cohort of participants.

142

143 Intervention

144 This is a prospective study examining patient outcomes and trends in patients’ physiological 

145 status after an index event. Therefore, no intervention or randomisation is proposed.

146

147 Measurements 

148 Primary endpoint

149  Overall cohort: to define the incidence of new-onset type 3c diabetes mellitus in 

150 patients with AP, compared to the age-matched population of Scotland. 

151  Nested cohort: to define the baseline change in pancreatic fibrosis index measured 

152 by multi-parameter MRI between 3 and 36 months after recruitment. 

153 Secondary endpoints

154 Secondary end-points in the study will be experimental and observational, and will define 

155 explicitly, or be preliminary exploratory studies investigating:

156 i) Genomic predictors of AP severity and resolution of inflammation.

157 ii) miRNA signatures of disease severity and resolution.

158 iii) Metabolomic profiling of AP resolution, and development of local and systemic 

159 complications.

160 iv)  Premature cellular senescence as a pathological consequence of AP-MODS.
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161 v) Alteration in immune cell subsets and phenotype as a long-term response to AP-

162 MODS.

163 vi) Cardiovascular and respiratory dysfunction as a legacy of endothelial injury during 

164 AP-MODS.

165 Summary of clinical data to be collected

166 All participants in the overall and nested cohorts will have the following data collected:

167 i) Demographic and Clinical Background Information. 

168 ii) Information regarding the acute presentation. 

169 iii) Organ function assessment at recruitment, 3- and 36-months follow-up study 

170 visit: 

171 a. Overall cohort: 

172 i. Full peripheral venous blood profiling, including cardiac biomarkers, 

173 standard biochemistry profiling, and samples retained for miRNA 

174 profiling, cytokines, telomere length, metabolomic profiling, 

175 proteomic profiling, transcriptomic profiling, genomic profiling, 

176 leukocyte subset analysis by flow cytometry. 

177 ii. Biochemical markers of organ function in urine and samples retained. 

178 iii. Pancreatic exocrine function test in stool (faecal elastase). 

179 iv. Nutritional assessment.

180 v. Oral glucose tolerance test at 3- and 36-month follow-up study visit 

181 (with the exception of insulin dependent diabetics who will have 

182 random blood glucose measured only).

183 vi. 12 lead electrocardiogram (ECG), blood pressure.

184 vii. Peripheral SpO2.

185 viii. Sway balance app non-invasive muscle function tests, 6-minute walk 

186 test.

187 ix. Self-administered Patient Questionnaire

188 1. Gastrointestinal Quality of Life Index (GIQLI).

189 2. SF-12 Quality of Life.

190 3. Montreal Cognitive Assessment.

191 b. Nested cohorts:
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192 i. Pulse wave analysis (with salbutamol inhaler); transthoracic 

193 echocardiography. 

194 ii. Spirometry and gas transfer. 

195 iii. Cardiopulmonary exercise (CPEX) testing. 

196 iv. Multiparameter magnetic resonance imaging (MRI) assessment of 

197 liver and pancreas. 

198 Venous blood, urine and stool sampling

199 Blood samples will be obtained from each study participant at each of the three study visits 

200 for organ function and specialist assays. A urine sample and a stool sample will be obtained 

201 at each of the 3 visits. 

202 Nutritional assessment

203 Participants will have their height and weight measured in order to calculate their Body Mass 

204 Index (BMI), as well as bioimpedance analysis +/- upper arm anthropometry to assess 

205 percentage body fat and lean tissue mass. Participants will also be asked to keep a 24-hour 

206 food diary to assess whether their calorie and protein intake is sufficient for their nutritional 

207 needs at all 3 study visits. 

208 Oral glucose tolerance test 

209 At the 3- and 36-month follow-up study visits an oral glucose tolerance test will be performed. 

210 Participants attending the research site for physiological testing will be asked to attend in a 

211 fasted state. On arrival participants will have the baseline blood sample taken (using the same 

212 venepuncture as other tests above as appropriate), be given a standard 75g anhydrous 

213 glucose in cold water or Polycal ® (113mL) which is more palatable and will be followed by 

214 150mL water (total volume should be 250-300mL). After 120 minutes, a second blood sample 

215 will be taken (using the same venepuncture as other tests above as appropriate) to measure 

216 blood glucose. 

217 An oral glucose tolerance test will not be performed in participants with insulin dependent 

218 diabetes. Instead a random glucose sample will be taken at these visits. 

219 Non-invasive muscle function testing, Sway balance test, 6-minute walk test

220 Manual Muscle Testing will be performed once per visit to assess muscle strength. This will 

221 follow structured protocols used to assess muscle strength in survivors of critical illness19. The 
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222 strength of muscles involved in shoulder abduction, elbow flexion, wrist extension, hip 

223 flexion, knee extension and ankle dorsiflexion will be graded according to the Medical 

224 Research Council (MRC) muscle strength scoring system. 

225 Participants will undergo an assessment of balance and postural stability at each visit. Testing 

226 will follow a validated protocol using the SWAY Balance mobile testing system20 21. 

227 Participants will be asked to hold a mobile device against their chest whilst completing a series 

228 of stances: standing with both feet together, standing with one foot behind the other, and 

229 standing on each leg in turn21. Each stance is held for 10 seconds with the eyes closed. The 

230 SWAY Balance application will generate a balance score, based on detection of alterations in 

231 position during each stance. 

232 A six-minute walk test will be done, according to standard protocols22. 

233 Multiparameter magnetic resonance imaging (Liver & Pancreas)

234 A multiparameter MRI scan will be performed on each visit for the nested cohort to measure 

235 lipid, iron load and fibrosis in liver and pancreas according to protocols in development at 

236 CRIC (Clinical Research Imaging Centre). The total duration of scan will be approximately 30 

237 minutes.

238 Cardiovascular Analysis

239 Nested cohort participants will undergo pulse wave analysis (PWA) at the radial artery using 

240 a non-invasive tonometer to measure wave reflection, pulse pressure and derived arterial 

241 stiffness with the augmentation index at 75 bpm and the administration of two puffs of 

242 inhaled salbutamol (200 micrograms each puff) via a spacer device. Transthoracic 

243 echocardiography will be performed to measure longitudinal shortening of the myocardium.

244 Pulmonary Function Testing and Gas Transfer

245 Spirometry will be undertaken in accordance with guidance from the British Thoracic Society 

246 for the nested cohort group23. All measurement will be made with participants seated. FEV1 

247 and FVC will be recorded as the best of 3 consistent readings, and compared to the predicted 

248 normal values for the participant’s height, age, gender and ethnicity. Flow volume 

249 measurements will also be obtained. Lung volumes will be measured using the steady state 

250 method23. Gas Transfer/Diffusion Capacity will be measured using the single breath carbon 

251 monoxide transfer factor method23. 
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252 Cardiopulmonary Exercise Testing (CPEX)

253 CPEX testing will be carried out on day 2 of patient assessment at all visits for nested cohort 

254 participants. Participants will be asked not to smoke for 8 hours prior to the test, and to 

255 abstain from other strenuous exercise on the same day.

256 Supervised CPEX testing will be conducted following a standardised incremental protocol on 

257 a magnetically braked cycle ergometer. Work-load ramp will be determined using a standard 

258 formula24. Testing will be continued until symptomatic limitation, volitional termination, 

259 failure to maintain required cadence or if other early termination conditions are met25. Breath 

260 by breath O2 and CO2 analysis will be performed using a fully calibrated metabolic cart. 12-

261 lead ECG and O2 saturations will be monitored continuously in the pre-test, test and recovery 

262 phase. Non-invasive blood pressure will be recorded at rest and at 3-minute intervals during 

263 test and recovery phase. The anaerobic threshold (AT) will be independently determined by 

264 two assessors using the V-slope method.

265

266 Recruitment

267 All adult patients that meet the inclusion criteria at the participating sites will be recruited 

268 where possible. Patients admitted with an elevated serum amylase will be identified and 

269 members of the clinical research team will screen these patients for a diagnosis of AP using 

270 the TRAKCare patient management system (InterSystems, Massachusetts, USA). Potential 

271 participants will be approached by a member of the direct care team to confirm if they are 

272 willing to discuss the research with a member of the research team. If the individual agrees, 

273 they will be contacted by a member of the research team during their inpatient stay. If 

274 potential participants are discharged before they can be approached, they will not be 

275 included in the study

276 Inclusion criteria 

277 The following inclusion criteria will apply to all patients: 

278 i) Confirmed clinical or radiological diagnosis of acute pancreatitis with an elevated 

279 serum amylase greater than 300 U/L. 

280 ii) For the potential clinical diagnosis of acute pancreatitis an appropriate clinical 

281 history based on compatible clinical features, will be required (i.e. abdominal 

282 pain, nausea and/or vomiting), supported by the finding of elevated serum 
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283 amylase greater than 300 U/L. For the radiological diagnosis, if applicable, 

284 computerised tomography (CT) and/or ultrasound scan (USS) evidence of acute 

285 pancreatitis will be accepted.

286 Exclusion criteria 

287 i) Patients under 16 years of age.

288 ii) Prisoners. 

289 iii) Any patient that lacks capacity to consent.

290 The additional two exclusions below apply only to those patients being considered for the 

291 nested cohort study:

292 iv) Patients not able to undergo MRI scanning for technical reasons will be excluded 

293 (e.g. those with cochlear implants, implanted pacemaker) 

294 v) Patients with a known allergy to salbutamol 

295

296 Co-enrolment to other research studies, including drug, interventional and long-term follow-

297 up studies, will be permitted if this has been agreed and documented by the Chief 

298 Investigators of co-enrolling studies.

299

300 Statistical analysis plan

301 Full details of the statistical analysis will be documented in the statistical analysis plan 

302 developed prior to any analysis.  Any deviations from this will be documented.  We will 

303 present the data descriptively, where data is categorical numbers and percentages will be 

304 presented and where data is continuous number, mean, standard deviation, median, 25th 

305 centile, 75th centile, min and max will be presented. Annual incidence of type 3c diabetes 

306 will be given as a percentage with an accompanying 95% confidence interval. For the nested 

307 cohort we will present the change in fibrosis index over time graphically  with accompanying 

308 descriptive statistics.

309

310 Sample size calculation

311 Overall sample size calculation has been performed to illustrate how well we will be able to 

312 estimate the annual incidence of type 3c diabetes in patients with acute pancreatitis with 
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313 varying sample sizes26 27. With a sample of 323 we would have 80% power to be able to show 

314 a difference from the incidence of diabetes mellitus in the general population (6%) if we 

315 observed an incidence in the cohort of 10% or greater. Moreover, this sample size will support 

316 the evaluation of the secondary endpoints, allowing us to adjust for any confounding factors.

317 Nested cohort sample size has been calculated to detect the difference in the 

318 3-months to 36-month change in pancreatic fibrosis index between those with AP with MODS 

319 and those with AP without MODS based on Banerjee et al. estimates of fibrosis index using 

320 multiparameter MRI28. Based on a sample size of 20 participants per group, using a two-sided 

321 two-sample test with a 5% level of significance and 80% power, we would be able to detect 

322 an effect size of 0.909 (where the effect size is the absolute difference in means divided by 

323 common standard deviation). To allow for potential dropouts in this part of the study (death, 

324 withdrawal) a minimum sample size of 25 individuals will be recruited for the nested cohort.

325

326 Data management

327 Data will be collected either directly onto an electronic case report form on REDCap (Research 

328 Electronic Data Capture) tools hosted at University of Edinburgh29 30 or onto paper data 

329 collection sheets which will be entered onto the electronic form at site. All participants will 

330 be allocated a unique study number which will be used in all electronic and paper data 

331 collection tools. The study link-anonymised data will be stored on secure password-

332 protected, regularly backed-up, computerised storage in accordance to secure data 

333 protection principles of the University of Edinburgh/CRF at study sites. 

334 Personal contact details and the CHI (Community Health Index) number are required for 

335 follow-up and tracking electronic health records, and will initially be kept on paper at 

336 participating sites in a secure storage area with restricted access. These details will ultimately 

337 be stored on an encrypted database within NHS Lothian. Personal contact details and CHI 

338 numbers will not be entered onto the study database. 

339 The Chief Investigator (DJM) will have access to the data during all stages of the study. The 

340 analysis will be performed in secure premises at the University of Edinburgh and NHS Lothian 

341 by the Chief Investigator and the assigned statistician. The Chief Investigator will have control 

342 of and act as the custodian for the data generated by the study.

343
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344 Participants 

345 Consent 

346 Potential study participants will be provided with a written information sheet and a written 

347 consent form. In addition, participants will meet with a member of the clinical research facility 

348 (CRF) team to receive a full explanation of the nature and purpose of the study, with the 

349 opportunity to ask questions. It will be made clear that the individual may withdraw from the 

350 study at any time without giving a reason and with no consequence to their current or future 

351 care.  Recruitment and informed consent will be performed by the investigator/member of 

352 the CRF team at the participating site. If individuals wish to participate, they will sign a consent 

353 form, countersigned by the investigator/CRF researcher. In addition, consent will be obtained 

354 to inform the participants’ GP and Consultant in charge of their care.

355 Patient decision period

356 Potential participants who have been invited to participate will be given a period of up to 2 

357 days (minimum 1 hour) to read the relevant information sheets, to contact a member of the 

358 study team to get further information and ask questions, before they are invited to participate 

359 in a conversation and commence the process of fully-informed consent.

360 Withdrawal of participants

361 Participants will be withdrawn from the clinical research study in the following circumstances: 

362 i) In cases of withdrawal of informed consent, where capacity exists. 

363 ii) In cases of withdrawal of consent by the participant’s representative for adults 

364 with incapacity. 

365 Participants who wish to withdraw from the study will be given the option to permit ongoing 

366 use of data and samples that have already been collected, and/or future recording and usage 

367 of routinely collected clinical data and results. This will be clearly documented on the patient 

368 consent form. Patients that become uncontactable will have any previously collected data 

369 included in the study unless consent is withdrawn as above.

370 Benefits to participants

371 No direct benefit is expected for the participants. We envisage that the results of this study 

372 will benefit other patients with AP in the future, and society as a whole by advancing scientific 

373 knowledge on this condition. We believe that this study may lead to new strategies in the 
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374 treatment of AP which will prevent or ameliorate the impact of organ dysfunction. This will 

375 help to maximise the health, and life expectancy, of patients with AP. 

376 Potential burden to participants

377 The participants will be subjected to peripheral venous blood sampling which may cause 

378 discomfort or pain. In order to minimise these effects, blood sampling will be performed by 

379 appropriately trained and experienced members of the research team, in adherence to the 

380 local guidelines for blood sampling. Where possible, and only if the specific study 

381 venepuncture time-points coincide, clinical care samples will be taken at the same time to 

382 reduce the number of venepunctures that any one participant sustains. 

383 The collection of urine and stool samples is not expected to cause any harm or discomfort; 

384 however, some minimal inconvenience may be caused. In order to address this, a convenient 

385 time for the participants and the clinical care team will be chosen, and a full explanation of 

386 the purpose of these tests will be provided. The participants' dignity and privacy will be 

387 respected at all times. 

388 The six-minute walk-test is not anticipated to cause any harm or discomfort to participants. 

389 Pulse wave analysis is not expected to cause any significant adverse effects. Inhaled 

390 salbutamol may cause a very slight peripheral tremor, but no other expected harm or 

391 discomfort. 

392 CPEX testing is associated with a very low risk of serious complications; however, this is 

393 related to the severity of co-morbid disease such as coronary artery disease (CAD)25. For those 

394 participants with identified CAD, the opinion of a cardiologist will be sought on the suitability 

395 of the participant for this test. 

396 Assessment of pulmonary function using spirometry is not known to be associated with any 

397 significant adverse events31. Participants may experience some discomfort or dizziness during 

398 the test due to the requirement for complete exhalation32. Spirometry is associated with 

399 increased myocardial strain, and a rise in intrathoracic, intraabdominal and intraocular 

400 pressures, and consequently will not be performed on participants with the following: recent 

401 head/neck, thoracic or abdominal surgery, recent myocardial infarction, retinal detachment, 

402 resting pulse greater than 120bpm, pregnant, severe heart failure or arrhythmia, 

403 pneumothorax, aortic or cerebral aneurysm33. 
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404 MRI scans are not expected to pose risks to the majority of participants, in the absence of 

405 known contraindications. Participants will be assessed prior to the scan for any potential 

406 contraindications to the procedure such as mechanical heart valves, pacemakers, metallic 

407 prostheses and cochlear implants34.

408

409 ETHICS AND DISSEMINATION 

410 This study has been reviewed as IRAS Number 178615 by the South-East Scotland Research 

411 Ethics Committee under the application numbers (REC Number) 16/SS/0065 and has been 

412 given a favourable opinion. NHS Scotland R&D approval have been granted. The study 

413 sponsor is NHS Lothian/University of Edinburgh ACCORD. The trial is registered at 

414 ClinicalTrials.gov (NCT03342716).

415 Results of the study will be presented at local, national and international medical meetings. 

416 The findings of the study will be published in peer-reviewed medical/scientific journals and 

417 made open-access on acceptance. If appropriate, the results of the study will be disseminated 

418 via press releases by the University of Edinburgh. Information may also be disseminated to 

419 the general public via public engagement and community outreach programmes.

420

421 Patient and Public Involvement statement: Patients who have had an episode of AP and who 

422 participate in the APPLe (acute pancreatitis patient liaison group) were invited to input and 

423 contributed to the concepts and the trial design.

424

425 VERSIONING: This paper is based on the full protocol V11, dated 23rd September 2019

426
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Study Protocol for RESORP – Resolution of Organ Injury in Acute Pancreatitis – an observational prospective 
cohort study
SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and 
related documents*

Section/item Item
No

Description

Administrative information

Title 1 Descriptive title identifying the study design, population, interventions, 
and, if applicable, trial acronym - yes

2a Trial identifier and registry name. If not yet registered, name of 
intended registry - yes

Trial registration

2b All items from the World Health Organization Trial Registration Data 
Set

Protocol version 3 Date and version identifier – yes, V11 23/9/19

Funding 4 Sources and types of financial, material, and other support – declared, 
with ref numbers

5a Names, affiliations, and roles of protocol contributors - yesRoles and 
responsibilities

5b Name and contact information for the trial sponsor - yes

5c Role of study sponsor and funders, if any, in study design; collection, 
management, analysis, and interpretation of data; writing of the report; 
and the decision to submit the report for publication, including whether 
they will have ultimate authority over any of these activities - yes

5d Composition, roles, and responsibilities of the coordinating centre, 
steering committee, endpoint adjudication committee, data 
management team, and other individuals or groups overseeing the 
trial, if applicable (see Item 21a for data monitoring committee) - yes

Introduction

Background and 
rationale

6a Description of research question and justification for undertaking the 
trial, including summary of relevant studies (published and 
unpublished) examining benefits and harms for each intervention - yes

6b Explanation for choice of comparators – not applicable

Objectives 7 Specific objectives or hypotheses – clearly stated
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Trial design 8 Description of trial design including type of trial (eg, parallel group, 
crossover, factorial, single group), allocation ratio, and framework (eg, 
superiority, equivalence, noninferiority, exploratory) - done

Methods: Participants, interventions, and outcomes

Study setting 9 Description of study settings (eg, community clinic, academic hospital) 
and list of countries where data will be collected. Reference to where 
list of study sites can be obtained – clearly stated

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility 
criteria for study centres and individuals who will perform the 
interventions (eg, surgeons, psychotherapists) – clearly stated

11a Interventions for each group with sufficient detail to allow replication, 
including how and when they will be administered – not applicable

11b Criteria for discontinuing or modifying allocated interventions for a 
given trial participant (eg, drug dose change in response to harms, 
participant request, or improving/worsening disease) – not applicable

11c Strategies to improve adherence to intervention protocols, and any 
procedures for monitoring adherence (eg, drug tablet return, 
laboratory tests) – not applicable

Interventions

11d Relevant concomitant care and interventions that are permitted or 
prohibited during the trial– not applicable

Outcomes 12 Primary, secondary, and other outcomes, including the specific 
measurement variable (eg, systolic blood pressure), analysis metric 
(eg, change from baseline, final value, time to event), method of 
aggregation (eg, median, proportion), and time point for each 
outcome. Explanation of the clinical relevance of chosen efficacy and 
harm outcomes is strongly recommended– clearly stated

Participant 
timeline

13 Time schedule of enrolment, interventions (including any run-ins and 
washouts), assessments, and visits for participants. A schematic 
diagram is highly recommended (see Figure) – clearly stated

Sample size 14 Estimated number of participants needed to achieve study objectives 
and how it was determined, including clinical and statistical 
assumptions supporting any sample size calculations– clearly stated

Recruitment 15 Strategies for achieving adequate participant enrolment to reach 
target sample size– clearly stated

Methods: Assignment of interventions (for controlled trials)

Allocation:
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Sequence 
generation

16a Method of generating the allocation sequence (eg, computer-
generated random numbers), and list of any factors for stratification. 
To reduce predictability of a random sequence, details of any planned 
restriction (eg, blocking) should be provided in a separate document 
that is unavailable to those who enrol participants or assign 
interventions – not applicable

Allocation 
concealment 
mechanism

16b Mechanism of implementing the allocation sequence (eg, central 
telephone; sequentially numbered, opaque, sealed envelopes), 
describing any steps to conceal the sequence until interventions are 
assigned – not applicable

Implementation 16c Who will generate the allocation sequence, who will enrol participants, 
and who will assign participants to interventions – not applicable

Blinding 
(masking)

17a Who will be blinded after assignment to interventions (eg, trial 
participants, care providers, outcome assessors, data analysts), and 
how – not applicable

17b If blinded, circumstances under which unblinding is permissible, and 
procedure for revealing a participant’s allocated intervention during 
the trial – not applicable

Methods: Data collection, management, and analysis

Data collection 
methods

18a Plans for assessment and collection of outcome, baseline, and other 
trial data, including any related processes to promote data quality (eg, 
duplicate measurements, training of assessors) and a description of 
study instruments (eg, questionnaires, laboratory tests) along with 
their reliability and validity, if known. Reference to where data 
collection forms can be found, if not in the protocol – clearly stated

18b Plans to promote participant retention and complete follow-up, 
including list of any outcome data to be collected for participants who 
discontinue or deviate from intervention protocols – clearly stated

Data 
management

19 Plans for data entry, coding, security, and storage, including any 
related processes to promote data quality (eg, double data entry; 
range checks for data values). Reference to where details of data 
management procedures can be found, if not in the protocol – clearly 
stated

Statistical 
methods

20a Statistical methods for analysing primary and secondary outcomes. 
Reference to where other details of the statistical analysis plan can be 
found, if not in the protocol – clearly stated

20b Methods for any additional analyses (eg, subgroup and adjusted 
analyses) – clearly stated

20c Definition of analysis population relating to protocol non-adherence 
(eg, as randomised analysis), and any statistical methods to handle 
missing data (eg, multiple imputation) – clearly stated
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Methods: Monitoring

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role 
and reporting structure; statement of whether it is independent from 
the sponsor and competing interests; and reference to where further 
details about its charter can be found, if not in the protocol. 
Alternatively, an explanation of why a DMC is not needed – not 
applicable

21b Description of any interim analyses and stopping guidelines, including 
who will have access to these interim results and make the final 
decision to terminate the trial – not applicable

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and 
spontaneously reported adverse events and other unintended effects 
of trial interventions or trial conduct – clearly stated

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and 
whether the process will be independent from investigators and the 
sponsor– clearly stated

Ethics and dissemination

Research ethics 
approval

24 Plans for seeking research ethics committee/institutional review board 
(REC/IRB) approval– obtained

Protocol 
amendments

25 Plans for communicating important protocol modifications (eg, 
changes to eligibility criteria, outcomes, analyses) to relevant parties 
(eg, investigators, REC/IRBs, trial participants, trial registries, journals, 
regulators) – clearly stated

Consent or assent 26a Who will obtain informed consent or assent from potential trial 
participants or authorised surrogates, and how (see Item 32) – clearly 
stated

26b Additional consent provisions for collection and use of participant data 
and biological specimens in ancillary studies, if applicable– clearly 
stated

Confidentiality 27 How personal information about potential and enrolled participants will 
be collected, shared, and maintained in order to protect confidentiality 
before, during, and after the trial– clearly stated

Declaration of 
interests

28 Financial and other competing interests for principal investigators for 
the overall trial and each study site– clearly stated

Access to data 29 Statement of who will have access to the final trial dataset, and 
disclosure of contractual agreements that limit such access for 
investigators– clearly stated
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Ancillary and 
post-trial care

30 Provisions, if any, for ancillary and post-trial care, and for 
compensation to those who suffer harm from trial participation – not 
applicable

Dissemination 
policy

31a Plans for investigators and sponsor to communicate trial results to 
participants, healthcare professionals, the public, and other relevant 
groups (eg, via publication, reporting in results databases, or other 
data sharing arrangements), including any publication restrictions – 
clearly stated

31b Authorship eligibility guidelines and any intended use of professional 
writers– clearly stated

31c Plans, if any, for granting public access to the full protocol, participant-
level dataset, and statistical code– clearly stated

Appendices

Informed consent 
materials

32 Model consent form and other related documentation given to 
participants and authorised surrogates – not included

Biological 
specimens

33 Plans for collection, laboratory evaluation, and storage of biological 
specimens for genetic or molecular analysis in the current trial and for 
future use in ancillary studies, if applicable– clearly stated

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 
Explanation & Elaboration for important clarification on the items. Amendments to the 
protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT 
Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” 
license.
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29 ABSTRACT

30 Introduction: Survivors of acute pancreatitis (AP) have shorter overall survival and increased 

31 incidence of new-onset cardiovascular, respiratory, liver and renal disease, diabetes mellitus 

32 and cancer compared to the general population, but the mechanisms that explain this are yet 

33 to be elucidated. Our aim is to characterise the precise nature and extent of organ dysfunction 

34 following an episode of AP.

35 Methods and Analysis

36 This is an observational prospective cohort study in a single centre comprising a University 

37 hospital with an acute and emergency receiving unit and clinical research facility. Participants 

38 will be adult patient admitted with AP. Participants will undergo assessment at recruitment, 

39 3 months and 3 years. At each time point, multiple biochemical and/or physiological 

40 assessments to measure cardiovascular, respiratory, liver, renal and cognitive function, 

41 diabetes mellitus, and quality of life. Recruitment was from 30th November 2017 to 31st May 

42 2020; last follow-up measurements is due 31st May 2023. The primary outcome measure is 

43 the incidence of new-onset type 3c diabetes mellitus during follow-up. Secondary outcome 

44 measures include: quality of life analyses (SF-36, GIQLI); Montreal cognitive assessment; 

45 organ system physiological performance; multiomics predictors of AP severity, detection of 

46 premature cellular senescence. In a nested cohort within the main cohort, individuals may 

47 also consent to multiparameter MRI scan, echocardiography, pulmonary function testing, 

48 cardiopulmonary exercise testing and pulse-wave analysis.

49 Ethics and dissemination: This study has received the following approvals: UK IRAS Number 

50 178615; South-east Scotland Research Ethics Committee number 16/SS/0065. Results will be 

51 made available to AP survivors, caregivers, funders and other researchers. Publications will 

52 be open-access.

53 Trial registration: ClinicalTrials.gov Identifier (NCT03342716) and ISRCTN 50581876; Pre-

54 results

55

56 Strengths and limitations

57 Strengths

58  Prospective cohort study with molecular mechanistic observations.

59  In-depth clinical and physiological annotation of multiomics data.
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60 Limitations

61  Drop-out rates in long term prospective AP studies is largely unknown.

62  Potential participants with severe AP may lack capacity for consent and recruitment 

63 may therefore be slower in this group.

64

65 Keywords: long-term outcome; acute pancreatitis; organ failure; post-inflammatory 

66 premature senescence

67

68 Word Count: 3709
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69 INTRODUCTION

70 Acute pancreatitis (AP) is an inflammatory disease of the pancreas usually triggered by 

71 gallstones or excess alcohol consumption. The incidence of AP ranges from 13 to 45 per 

72 100,00 individuals, is increasing1, and varies between nations. For example, USA, Finland, 

73 Scotland and Germany report higher incidences than England and The Netherlands2-5. AP 

74 triggers a cascade of inflammatory events causing cell damage and release of damage-

75 associated molecular patterns that trigger inflammation and cytokine release, initiating a 

76 systemic inflammatory response resulting in multiple organ dysfunction syndrome (MODS) in 

77 1 in 5 individuals. AP-MODS has a 21% fatality rate during the index episode, and overall in-

78 hospital mortality is 5.2% in Scotland6 7. AP is graded into mild, moderate and severe, based 

79 on local and systemic determinants of severity as per the most recent AP classifications 

80 (Determinant-based Classification8 and Revised Atlanta Classification9). Organ failure in AP 

81 most commonly affects the respiratory, renal and cardiovascular systems, but can involve any 

82 system10. The pattern of organ failure is difficult to predict and a high level of inter-individual 

83 variance is seen, regardless of the aetiology. The molecular mechanisms that explain this 

84 inter-individual variation in local and systemic inflammatory processes in AP remain 

85 unidentified 11. Multiomics analysis of serial time course blood samples has defined molecular 

86 patterns in human AP, called endotypes, but the precise relevance of these endotypes to 

87 clinical and therapeutic decision-making is not yet determined12.

88 Recently published data from a retrospective analysis of patients with AP has shown that 

89 the early development of MODS is associated with an increased mortality rate up to 10 years 

90 after the index presentation13. This strongly suggests that MODS in acute pancreatitis (AP-

91 MODS) has a persistent and deleterious impact on patients’ physiological status, though the 

92 exact nature of this pathology remains to be characterised. Existing studies indicate that most 

93 deaths are the result of cardiovascular, pulmonary, digestive or malignant disease14-17. In 

94 addition, the new onset of diabetes (Type 3c DM) or impaired glucose tolerance, peripheral 

95 neuropathy and exocrine dysfunction have been documented as sources of morbidity in the 

96 years following the index attack of SAP17 18. Patients with alcohol-induced pancreatitis may be 

97 at particularly increased risk of progression to chronic pancreatitis15, however the 

98 development of long term complications is likely to be influenced by multiple, and as-yet 

99 unconfirmed, factors.
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100 The aim of this observational clinical cohort study is to characterise the nature and extent 

101 of the pathophysiological impact of severe AP on organ function over the first 3 years after 

102 the index AP episode and define the long-term deleterious effect of severe AP. This will be 

103 achieved by prospectively measuring organ system function in patients recruited during a 

104 hospital admission with AP and at set time intervals thereafter. We will obtain an in-depth 

105 assessment of patients’ health at presentation, and at 3 months and 36 months after the first 

106 episode of AP using markers of organ function and/or disease in the peripheral blood. In a 

107 nested cohort within the main study cohort, we will conduct cardiorespiratory evaluation 

108 tests (including exercise testing), specialised blood tests of the immune system, tests for 

109 precision medicine, and imaging to assess structure and function of key organ systems. 

110 The results of this study will inform the design of future interventions designed to improve 

111 the long-term prognosis of patients. 

112

113 METHODS

114 Ethical approval

115 The study will be conducted in accordance with the principles of the International 

116 Conference on Harmonisation Tripartite Guideline for Good Clinical Practice (ICH GCP). This 

117 study has been reviewed and been given a favourable opinion by the South-East Scotland 

118 Research Ethics Committee, under the application numbers: REC Number 16/SS/0065; IRAS 

119 Number 178615; and R&D approval Lothian R&D Number 2016/0152. 

120

121 Trials registration

122 This study was prospectively registered with www.clinicaltrials.gov NCT03342716 and with 

123 ISRCTN 50581876.

124

125 Study design

126 This is an observational prospective nested cohort study. The overall cohort is the population 

127 presenting with AP that meets the eligibility criteria. For the nested cohort of the study, a 

128 stratified block design is to be used to recruit equivalent numbers of patients with AP-MODS 

129 versus AP without MODS. 

130
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131 Setting

132 Single centre academic hospital setting – Royal Infirmary of Edinburgh, NHS Lothian and the 

133 Edinburgh Clinical Research Facility, Royal Infirmary of Edinburgh, UK.

134

135 Duration

136 Recruitment started on 30th November 2017 and is scheduled to end on 

137 31st May 2020. The cohort assessment will comprise of 3 study visits. In-depth assessments 

138 of a participant’s health at presentation, at 3 months and at 36 months follow-up study visit 

139 will be obtained. Additional cardiorespiratory evaluation tests, specialised blood tests of the 

140 immune system, tests for precision medicine, and imaging to assess structure and function of 

141 key organ systems will be conducted in a nested cohort of participants.

142

143 Intervention

144 This is a prospective study examining patient outcomes and trends in patients’ physiological 

145 status after an index event. Therefore, no intervention or randomisation is proposed.

146

147 Measurements 

148 Primary endpoint

149  Overall cohort: to define the incidence of new-onset type 3c diabetes mellitus in 

150 patients with AP, compared to the age-matched population of Scotland. 

151  Nested cohort: to define the baseline change in pancreatic fibrosis index measured 

152 by multi-parameter MRI between 3 and 36 months after recruitment. 

153 Secondary endpoints

154 Secondary end-points in the study will be experimental and observational, and will define 

155 explicitly, or be preliminary exploratory studies investigating:

156 i) Genomic predictors of AP severity and resolution of inflammation.

157 ii) miRNA signatures of disease severity and resolution.

158 iii) Metabolomic profiling of AP resolution, and development of local and systemic 

159 complications.

160 iv)  Premature cellular senescence as a pathological consequence of AP-MODS.
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161 v) Alteration in immune cell subsets and phenotype as a long-term response to AP-

162 MODS.

163 vi) Cardiovascular and respiratory dysfunction as a legacy of endothelial injury during 

164 AP-MODS.

165 Summary of clinical data to be collected

166 All participants in the overall and nested cohorts will have the following data collected:

167 i) Demographic and Clinical Background Information. 

168 ii) Information regarding the acute presentation. 

169 iii) Organ function assessment at recruitment, 3- and 36-months follow-up study 

170 visit: 

171 a. Overall cohort: 

172 i. Full peripheral venous blood profiling, including cardiac biomarkers, 

173 standard biochemistry profiling, and samples retained for miRNA 

174 profiling, cytokines, telomere length, metabolomic profiling, 

175 proteomic profiling, transcriptomic profiling, genomic profiling, 

176 leukocyte subset analysis by flow cytometry. 

177 ii. Biochemical markers of organ function in urine and samples retained. 

178 iii. Pancreatic exocrine function test in stool (faecal elastase). 

179 iv. Nutritional assessment.

180 v. Oral glucose tolerance test at 3- and 36-month follow-up study visit 

181 (with the exception of insulin dependent diabetics who will have 

182 random blood glucose measured only).

183 vi. 12 lead electrocardiogram (ECG), blood pressure.

184 vii. Peripheral SpO2.

185 viii. Sway balance app non-invasive muscle function tests, 6-minute walk 

186 test.

187 ix. Self-administered Patient Questionnaire

188 1. Gastrointestinal Quality of Life Index (GIQLI).

189 2. SF-12 Quality of Life.

190 3. Montreal Cognitive Assessment.

191 b. Nested cohorts:
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192 i. Pulse wave analysis (with salbutamol inhaler); transthoracic 

193 echocardiography. 

194 ii. Spirometry and gas transfer. 

195 iii. Cardiopulmonary exercise (CPEX) testing. 

196 iv. Multiparameter magnetic resonance imaging (MRI) assessment of 

197 liver and pancreas. 

198 Venous blood, urine and stool sampling

199 Blood samples will be obtained from each study participant at each of the three study visits 

200 for organ function and specialist assays. A urine sample and a stool sample will be obtained 

201 at each of the 3 visits. 

202 Nutritional assessment

203 Participants will have their height and weight measured in order to calculate their Body Mass 

204 Index (BMI), as well as bioimpedance analysis +/- upper arm anthropometry to assess 

205 percentage body fat and lean tissue mass. Participants will also be asked to keep a 24-hour 

206 food diary to assess whether their calorie and protein intake is sufficient for their nutritional 

207 needs at all 3 study visits. Trace element, including zinc, selenium and B12 levels and other 

208 relevant micronutrients will be measured in peripheral venous blood.

209 Oral glucose tolerance test 

210 At the 3- and 36-month follow-up study visits an oral glucose tolerance test will be performed. 

211 Participants attending the research site for physiological testing will be asked to attend in a 

212 fasted state. On arrival participants will have the baseline blood sample taken (using the same 

213 venepuncture as other tests above as appropriate), be given a standard 75g anhydrous 

214 glucose in cold water or Polycal ® (113mL) which is more palatable and will be followed by 

215 150mL water (total volume should be 250-300mL). After 120 minutes, a second blood sample 

216 will be taken (using the same venepuncture as other tests above as appropriate) to measure 

217 blood glucose. 

218 An oral glucose tolerance test will not be performed in participants with insulin dependent 

219 diabetes. Instead a random glucose sample will be taken at these visits. 

220 Non-invasive muscle function testing, Sway balance test, 6-minute walk test
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221 Manual Muscle Testing will be performed once per visit to assess muscle strength. This will 

222 follow structured protocols used to assess muscle strength in survivors of critical illness19. The 

223 strength of muscles involved in shoulder abduction, elbow flexion, wrist extension, hip 

224 flexion, knee extension and ankle dorsiflexion will be graded according to the Medical 

225 Research Council (MRC) muscle strength scoring system. 

226 Participants will undergo an assessment of balance and postural stability at each visit. Testing 

227 will follow a validated protocol using the SWAY Balance mobile testing system20 21. 

228 Participants will be asked to hold a mobile device against their chest whilst completing a series 

229 of stances: standing with both feet together, standing with one foot behind the other, and 

230 standing on each leg in turn21. Each stance is held for 10 seconds with the eyes closed. The 

231 SWAY Balance application will generate a balance score, based on detection of alterations in 

232 position during each stance. 

233 A six-minute walk test will be done, according to standard protocols22. 

234 Multiparameter magnetic resonance imaging (Liver & Pancreas)

235 A multiparameter MRI scan will be performed on each visit for the nested cohort to measure 

236 lipid, iron load and fibrosis in liver and pancreas according to protocols in development at 

237 CRIC (Clinical Research Imaging Centre). The total duration of scan will be approximately 30 

238 minutes.

239 Cardiovascular Analysis

240 Nested cohort participants will undergo pulse wave analysis (PWA) at the radial artery using 

241 a non-invasive tonometer to measure wave reflection, pulse pressure and derived arterial 

242 stiffness with the augmentation index at 75 bpm and the administration of two puffs of 

243 inhaled salbutamol (200 micrograms each puff) via a spacer device. Transthoracic 

244 echocardiography will be performed to measure longitudinal shortening of the myocardium.

245 Pulmonary Function Testing and Gas Transfer

246 Spirometry will be undertaken in accordance with guidance from the British Thoracic Society 

247 for the nested cohort group23. All measurement will be made with participants seated. FEV1 

248 and FVC will be recorded as the best of 3 consistent readings, and compared to the predicted 

249 normal values for the participant’s height, age, gender and ethnicity. Flow volume 

250 measurements will also be obtained. Lung volumes will be measured using the steady state 
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251 method23. Gas Transfer/Diffusion Capacity will be measured using the single breath carbon 

252 monoxide transfer factor method23. 

253 Cardiopulmonary Exercise Testing (CPEX)

254 CPEX testing will be carried out on day 2 of patient assessment at all visits for nested cohort 

255 participants. Participants will be asked not to smoke for 8 hours prior to the test, and to 

256 abstain from other strenuous exercise on the same day.

257 Supervised CPEX testing will be conducted following a standardised incremental protocol on 

258 a magnetically braked cycle ergometer. Work-load ramp will be determined using a standard 

259 formula24. Testing will be continued until symptomatic limitation, volitional termination, 

260 failure to maintain required cadence or if other early termination conditions are met25. Breath 

261 by breath O2 and CO2 analysis will be performed using a fully calibrated metabolic cart. 12-

262 lead ECG and O2 saturations will be monitored continuously in the pre-test, test and recovery 

263 phase. Non-invasive blood pressure will be recorded at rest and at 3-minute intervals during 

264 test and recovery phase. The anaerobic threshold (AT) will be independently determined by 

265 two assessors using the V-slope method.

266

267 Recruitment

268 All adult patients that meet the inclusion criteria at the participating sites will be recruited 

269 where possible. Patients admitted with an elevated serum amylase will be identified and 

270 members of the clinical research team will screen these patients for a diagnosis of AP using 

271 the TRAKCare patient management system (InterSystems, Massachusetts, USA). Potential 

272 participants will be approached by a member of the direct care team to confirm if they are 

273 willing to discuss the research with a member of the research team. If the individual agrees, 

274 they will be contacted by a member of the research team during their inpatient stay. If 

275 potential participants are discharged before they can be approached, they will not be 

276 included in the study

277 Inclusion criteria 

278 The following inclusion criteria will apply to all patients: 

279 i) Confirmed clinical or radiological diagnosis of acute pancreatitis with an elevated 

280 serum amylase greater than 300 U/L. 
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281 ii) For the potential clinical diagnosis of acute pancreatitis an appropriate clinical 

282 history based on compatible clinical features, will be required (i.e. abdominal 

283 pain, nausea and/or vomiting), supported by the finding of elevated serum 

284 amylase greater than 300 U/L. For the radiological diagnosis, if applicable, 

285 computerised tomography (CT) and/or ultrasound scan (USS) evidence of acute 

286 pancreatitis will be accepted.

287 Exclusion criteria 

288 i) Patients under 16 years of age.

289 ii) Prisoners. 

290 iii) Any patient that lacks capacity to consent.

291 The additional two exclusions below apply only to those patients being considered for the 

292 nested cohort study:

293 iv) Patients not able to undergo MRI scanning for technical reasons will be excluded 

294 (e.g. those with cochlear implants, implanted pacemaker) 

295 v) Patients with a known allergy to salbutamol 

296

297 Co-enrolment to other research studies, including drug, interventional and long-term follow-

298 up studies, will be permitted if this has been agreed and documented by the Chief 

299 Investigators of co-enrolling studies.

300

301 Statistical analysis plan

302 Full details of the statistical analysis will be documented in the statistical analysis plan 

303 developed prior to any analysis.  Any deviations from this will be documented.  We will 

304 present the data descriptively, where data is categorical numbers and percentages will be 

305 presented and where data is continuous number, mean, standard deviation, median, 25th 

306 centile, 75th centile, min and max will be presented. Annual incidence of type 3c diabetes 

307 will be given as a percentage with an accompanying 95% confidence interval. For the nested 

308 cohort we will present the change in fibrosis index over time graphically with accompanying 

309 descriptive statistics, and where appropriate include details of the index episode including 
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310 aetiology, severity and pre-existing medical background as covariates wherever possible. 

311 Quality of assessment will be included as a potential confounder.

312

313 Sample size calculation

314 Overall sample size calculation has been performed to illustrate how well we will be able to 

315 estimate the annual incidence of type 3c diabetes in patients with acute pancreatitis with 

316 varying sample sizes26 27. The incidence of type 3c DM was chosen for the purposes of 

317 establishing a prospective cohort size because it is specific, measurable, clinically relevant and 

318 offers a practice-changing opportunity for intervention. With a sample of 323 we would have 

319 80% power to be able to show a difference from the incidence of diabetes mellitus in the 

320 general population (6%) if we observed an incidence in the cohort of 10% or greater. 

321 Moreover, this sample size will support the evaluation of the secondary endpoints, allowing 

322 us to adjust for any confounding factors.

323 Nested cohort sample size has been calculated to detect the difference in the 

324 3-months to 36-month change in pancreatic fibrosis index between those with AP with MODS 

325 and those with AP without MODS based on Banerjee et al. estimates of fibrosis index using 

326 multiparameter MRI28. Based on a sample size of 20 participants per group, using a two-sided 

327 two-sample test with a 5% level of significance and 80% power, we would be able to detect 

328 an effect size of 0.909 (where the effect size is the absolute difference in means divided by 

329 common standard deviation). To allow for potential dropouts in this part of the study (death, 

330 withdrawal) a minimum sample size of 25 individuals will be recruited for the nested cohort.

331

332 Data management

333 Data will be collected either directly onto an electronic case report form on REDCap (Research 

334 Electronic Data Capture) tools hosted at University of Edinburgh29 30 or onto paper data 

335 collection sheets which will be entered onto the electronic form at site. All participants will 

336 be allocated a unique study number which will be used in all electronic and paper data 

337 collection tools. The study link-anonymised data will be stored on secure password-

338 protected, regularly backed-up, computerised storage in accordance to secure data 

339 protection principles of the University of Edinburgh/CRF at study sites. 
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340 Personal contact details and the CHI (Community Health Index) number are required for 

341 follow-up and tracking electronic health records, and will initially be kept on paper at 

342 participating sites in a secure storage area with restricted access. These details will ultimately 

343 be stored on an encrypted database within NHS Lothian. Personal contact details and CHI 

344 numbers will not be entered onto the study database. 

345 The Chief Investigator (DJM) will have access to the data during all stages of the study. The 

346 analysis will be performed in secure premises at the University of Edinburgh and NHS Lothian 

347 by the Chief Investigator and the assigned statistician. The Chief Investigator will have control 

348 of and act as the custodian for the data generated by the study.

349

350 Participants 

351 Consent 

352 Potential study participants will be provided with a written information sheet and a written 

353 consent form. In addition, participants will meet with a member of the clinical research facility 

354 (CRF) team to receive a full explanation of the nature and purpose of the study, with the 

355 opportunity to ask questions. It will be made clear that the individual may withdraw from the 

356 study at any time without giving a reason and with no consequence to their current or future 

357 care.  Recruitment and informed consent will be performed by the investigator/member of 

358 the CRF team at the participating site. If individuals wish to participate, they will sign a consent 

359 form, countersigned by the investigator/CRF researcher. In addition, consent will be obtained 

360 to inform the participants’ GP and Consultant in charge of their care.

361 Patient decision period

362 Potential participants who have been invited to participate will be given a period of up to 2 

363 days (minimum 1 hour) to read the relevant information sheets, to contact a member of the 

364 study team to get further information and ask questions, before they are invited to participate 

365 in a conversation and commence the process of fully-informed consent.

366 Withdrawal of participants

367 Participants will be withdrawn from the clinical research study in the following circumstances: 

368 i) In cases of withdrawal of informed consent, where capacity exists. 

369 ii) In cases of withdrawal of consent by the participant’s representative for adults 

370 with incapacity. 
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371 Participants who wish to withdraw from the study will be given the option to permit ongoing 

372 use of data and samples that have already been collected, and/or future recording and usage 

373 of routinely collected clinical data and results. This will be clearly documented on the patient 

374 consent form. Patients that become uncontactable will have any previously collected data 

375 included in the study unless consent is withdrawn as above.

376 Benefits to participants

377 No direct benefit is expected for the participants. We envisage that the results of this study 

378 will benefit other patients with AP in the future, and society as a whole by advancing scientific 

379 knowledge on this condition. We believe that this study may lead to new strategies in the 

380 treatment of AP which will prevent or ameliorate the impact of organ dysfunction. This will 

381 help to maximise the health, and life expectancy, of patients with AP. 

382 Potential burden to participants

383 The participants will be subjected to peripheral venous blood sampling which may cause 

384 discomfort or pain. In order to minimise these effects, blood sampling will be performed by 

385 appropriately trained and experienced members of the research team, in adherence to the 

386 local guidelines for blood sampling. Where possible, and only if the specific study 

387 venepuncture time-points coincide, clinical care samples will be taken at the same time to 

388 reduce the number of venepunctures that any one participant sustains. 

389 The collection of urine and stool samples is not expected to cause any harm or discomfort; 

390 however, some minimal inconvenience may be caused. In order to address this, a convenient 

391 time for the participants and the clinical care team will be chosen, and a full explanation of 

392 the purpose of these tests will be provided. The participants' dignity and privacy will be 

393 respected at all times. 

394 The six-minute walk-test is not anticipated to cause any harm or discomfort to participants. 

395 Pulse wave analysis is not expected to cause any significant adverse effects. Inhaled 

396 salbutamol may cause a very slight peripheral tremor, but no other expected harm or 

397 discomfort. 

398 CPEX testing is associated with a very low risk of serious complications; however, this is 

399 related to the severity of co-morbid disease such as coronary artery disease (CAD)25. For those 
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400 participants with identified CAD, the opinion of a cardiologist will be sought on the suitability 

401 of the participant for this test. 

402 Assessment of pulmonary function using spirometry is not known to be associated with any 

403 significant adverse events31. Participants may experience some discomfort or dizziness during 

404 the test due to the requirement for complete exhalation32. Spirometry is associated with 

405 increased myocardial strain, and a rise in intrathoracic, intraabdominal and intraocular 

406 pressures, and consequently will not be performed on participants with the following: recent 

407 head/neck, thoracic or abdominal surgery, recent myocardial infarction, retinal detachment, 

408 resting pulse greater than 120bpm, pregnant, severe heart failure or arrhythmia, 

409 pneumothorax, aortic or cerebral aneurysm33. 

410 MRI scans are not expected to pose risks to the majority of participants, in the absence of 

411 known contraindications. Participants will be assessed prior to the scan for any potential 

412 contraindications to the procedure such as mechanical heart valves, pacemakers, metallic 

413 prostheses and cochlear implants34.

414

415 ETHICS AND DISSEMINATION 

416 This study has been reviewed as IRAS Number 178615 by the South-East Scotland Research 

417 Ethics Committee under the application numbers (REC Number) 16/SS/0065 and has been 

418 given a favourable opinion. NHS Scotland R&D approval have been granted. The study 

419 sponsor is NHS Lothian/University of Edinburgh ACCORD. The trial is registered at 

420 ClinicalTrials.gov (NCT03342716).

421 Results of the study will be presented at local, national and international medical meetings. 

422 The findings of the study will be published in peer-reviewed medical/scientific journals and 

423 made open-access on acceptance. If appropriate, the results of the study will be disseminated 

424 via press releases by the University of Edinburgh. Information may also be disseminated to 

425 the general public via public engagement and community outreach programmes.

426

427 Patient and Public Involvement statement: Patients who have had an episode of AP and who 

428 participate in the APPLe (acute pancreatitis patient liaison group) were invited to input and 

429 contributed to the concepts and the trial design.

430
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431 VERSIONING: This paper is based on the full protocol V11, dated 23rd September 2019
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Study Protocol for RESORP – Resolution of Organ Injury in Acute Pancreatitis – an observational prospective 
cohort study
SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and 
related documents*

Section/item Item
No

Description

Administrative information

Title 1 Descriptive title identifying the study design, population, interventions, 
and, if applicable, trial acronym – yes, line 1

2a Trial identifier and registry name. If not yet registered, name of 
intended registry – yes, line 53

Trial registration

2b All items from the World Health Organization Trial Registration Data 
Set

Protocol version 3 Date and version identifier – yes, line 431

Funding 4 Sources and types of financial, material, and other support – declared, 
line 445

5a Names, affiliations, and roles of protocol contributors – yes, p1 and 
p16

Roles and 
responsibilities

5b Name and contact information for the trial sponsor – yes, line 419

5c Role of study sponsor and funders, if any, in study design; collection, 
management, analysis, and interpretation of data; writing of the report; 
and the decision to submit the report for publication, including whether 
they will have ultimate authority over any of these activities – yes, 441

5d Composition, roles, and responsibilities of the coordinating centre, 
steering committee, endpoint adjudication committee, data 
management team, and other individuals or groups overseeing the 
trial, if applicable (see Item 21a for data monitoring committee) – not 
applicable

Introduction

Background and 
rationale

6a Description of research question and justification for undertaking the 
trial, including summary of relevant studies (published and 
unpublished) examining benefits and harms for each intervention – 
yes, p4

6b Explanation for choice of comparators – not applicable

Objectives 7 Specific objectives or hypotheses – clearly stated, line 100
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Trial design 8 Description of trial design including type of trial (eg, parallel group, 
crossover, factorial, single group), allocation ratio, and framework (eg, 
superiority, equivalence, noninferiority, exploratory) – line 126

Methods: Participants, interventions, and outcomes

Study setting 9 Description of study settings (eg, community clinic, academic hospital) 
and list of countries where data will be collected. Reference to where 
list of study sites can be obtained – clearly stated, line 122

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility 
criteria for study centres and individuals who will perform the 
interventions (eg, surgeons, psychotherapists) – clearly stated, p10 
and 11

11a Interventions for each group with sufficient detail to allow replication, 
including how and when they will be administered – not applicable

11b Criteria for discontinuing or modifying allocated interventions for a 
given trial participant (eg, drug dose change in response to harms, 
participant request, or improving/worsening disease) – not applicable

11c Strategies to improve adherence to intervention protocols, and any 
procedures for monitoring adherence (eg, drug tablet return, 
laboratory tests) – not applicable

Interventions

11d Relevant concomitant care and interventions that are permitted or 
prohibited during the trial– not applicable

Outcomes 12 Primary, secondary, and other outcomes, including the specific 
measurement variable (eg, systolic blood pressure), analysis metric 
(eg, change from baseline, final value, time to event), method of 
aggregation (eg, median, proportion), and time point for each 
outcome. Explanation of the clinical relevance of chosen efficacy and 
harm outcomes is strongly recommended– clearly stated, p6

Participant 
timeline

13 Time schedule of enrolment, interventions (including any run-ins and 
washouts), assessments, and visits for participants. A schematic 
diagram is highly recommended (see Figure) – clearly stated, line 136

Sample size 14 Estimated number of participants needed to achieve study objectives 
and how it was determined, including clinical and statistical 
assumptions supporting any sample size calculations– clearly stated, 
line 314

Recruitment 15 Strategies for achieving adequate participant enrolment to reach 
target sample size– clearly stated p10

Methods: Assignment of interventions (for controlled trials)

Allocation:
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Sequence 
generation

16a Method of generating the allocation sequence (eg, computer-
generated random numbers), and list of any factors for stratification. 
To reduce predictability of a random sequence, details of any planned 
restriction (eg, blocking) should be provided in a separate document 
that is unavailable to those who enrol participants or assign 
interventions – not applicable

Allocation 
concealment 
mechanism

16b Mechanism of implementing the allocation sequence (eg, central 
telephone; sequentially numbered, opaque, sealed envelopes), 
describing any steps to conceal the sequence until interventions are 
assigned – not applicable

Implementation 16c Who will generate the allocation sequence, who will enrol participants, 
and who will assign participants to interventions – not applicable

Blinding 
(masking)

17a Who will be blinded after assignment to interventions (eg, trial 
participants, care providers, outcome assessors, data analysts), and 
how – not applicable

17b If blinded, circumstances under which unblinding is permissible, and 
procedure for revealing a participant’s allocated intervention during 
the trial – not applicable

Methods: Data collection, management, and analysis

Data collection 
methods

18a Plans for assessment and collection of outcome, baseline, and other 
trial data, including any related processes to promote data quality (eg, 
duplicate measurements, training of assessors) and a description of 
study instruments (eg, questionnaires, laboratory tests) along with 
their reliability and validity, if known. Reference to where data 
collection forms can be found, if not in the protocol – clearly stated. 
Line 166

18b Plans to promote participant retention and complete follow-up, 
including list of any outcome data to be collected for participants who 
discontinue or deviate from intervention protocols – clearly stated, line 
317

Data 
management

19 Plans for data entry, coding, security, and storage, including any 
related processes to promote data quality (eg, double data entry; 
range checks for data values). Reference to where details of data 
management procedures can be found, if not in the protocol – clearly 
stated, line 333

Statistical 
methods

20a Statistical methods for analysing primary and secondary outcomes. 
Reference to where other details of the statistical analysis plan can be 
found, if not in the protocol – clearly stated, p11

20b Methods for any additional analyses (eg, subgroup and adjusted 
analyses) – clearly stated, p11
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20c Definition of analysis population relating to protocol non-adherence 
(eg, as randomised analysis), and any statistical methods to handle 
missing data (eg, multiple imputation) – clearly stated, p11

Methods: Monitoring

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role 
and reporting structure; statement of whether it is independent from 
the sponsor and competing interests; and reference to where further 
details about its charter can be found, if not in the protocol. 
Alternatively, an explanation of why a DMC is not needed – not 
applicable

21b Description of any interim analyses and stopping guidelines, including 
who will have access to these interim results and make the final 
decision to terminate the trial – not applicable

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and 
spontaneously reported adverse events and other unintended effects 
of trial interventions or trial conduct – clearly stated, p14

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and 
whether the process will be independent from investigators and the 
sponsor– not applicable 

Ethics and dissemination

Research ethics 
approval

24 Plans for seeking research ethics committee/institutional review board 
(REC/IRB) approval– obtained, line 416

Protocol 
amendments

25 Plans for communicating important protocol modifications (eg, 
changes to eligibility criteria, outcomes, analyses) to relevant parties 
(eg, investigators, REC/IRBs, trial participants, trial registries, journals, 
regulators) – clearly stated, line 421

Consent or assent 26a Who will obtain informed consent or assent from potential trial 
participants or authorised surrogates, and how (see Item 32) – clearly 
stated, line 351

26b Additional consent provisions for collection and use of participant data 
and biological specimens in ancillary studies, if applicable– clearly 
stated, line 371

Confidentiality 27 How personal information about potential and enrolled participants will 
be collected, shared, and maintained in order to protect confidentiality 
before, during, and after the trial– clearly stated, line 332

Declaration of 
interests

28 Financial and other competing interests for principal investigators for 
the overall trial and each study site– clearly stated, line 448
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Access to data 29 Statement of who will have access to the final trial dataset, and 
disclosure of contractual agreements that limit such access for 
investigators– clearly stated, line 345

Ancillary and 
post-trial care

30 Provisions, if any, for ancillary and post-trial care, and for 
compensation to those who suffer harm from trial participation – not 
applicable

Dissemination 
policy

31a Plans for investigators and sponsor to communicate trial results to 
participants, healthcare professionals, the public, and other relevant 
groups (eg, via publication, reporting in results databases, or other 
data sharing arrangements), including any publication restrictions – 
clearly stated, line 421

31b Authorship eligibility guidelines and any intended use of professional 
writers– not applicable

31c Plans, if any, for granting public access to the full protocol, participant-
level dataset, and statistical code– not applicable yet.

Appendices

Informed consent 
materials

32 Model consent form and other related documentation given to 
participants and authorised surrogates – not included

Biological 
specimens

33 Plans for collection, laboratory evaluation, and storage of biological 
specimens for genetic or molecular analysis in the current trial and for 
future use in ancillary studies, if applicable– clearly stated, line 154 
and following

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 
Explanation & Elaboration for important clarification on the items. Amendments to the 
protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT 
Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” 
license.
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