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Genetic Susceptibility to Chronic Inflammatory Intestinal Diseases and Pancreatic Ductal Adenocarcinoma:
A Pathway Analysis of Genome-wide Association Studies
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Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA, 2 Division of Cancer Epidemiology and Genetics, National
Cancer Institute, Bethesda, Maryland, USA, 3 Lunenfeld-Tanenbaum Research Institute, Health System and University of Toronto, Toronto, Ontario, Canada, 4
Information Management Services, Inc., Silver Spring, Maryland, USA, 5 Behavioral and Epidemiology Research Group, American Cancer Society, Atlanta, Georgia, USA,
6
Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, Massachusetts, USA, 7 Department of Biostatistics, Harvard T.H. Chan School of
Public Health, Boston, Massachusetts, USA, 8 Department of Gastrointestinal Medical Oncology, The University of Texas M. D. Anderson Cancer Center, Houston,
Texas, USA, 9 Department of Health Sciences Research, Mayo Clinic, Rochester, Minnesota, USA, 10 Department of Epidemiology, Yale University School of Public
Health, New Haven, Connecticut, USA, 11 Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, Massachusetts, USA, 12 Channing Laboratory,
Department of Medicine, Brigham and Women’s Hospital and Harvard Medical School, Boston, Massachusetts, USA, 13 Department of Oncology, The Sidney Kimmel
Comprehensive Cancer Center at Johns Hopkins and the Department of Pathology, The Johns Hopkins University School of Medicine, Baltimore, Maryland, USA

Background: Chronic inflammation is known to play a role in pancreatic carcinogenesis. Registry-based epidemiologic studies suggest
associations between chronic inflammatory intestinal diseases and pancreatic ductal adenocarcinoma (PDAC).
Methods: We examined the association between genomic regions (20 kb upstream and 20 kb downstream) surrounding germline
variants for Crohn’s disease, ulcerative colitis, inflammatory bowel disease (Crohn’s disease and ulcerative colitis combined) and
celiac disease identified in published genome-wide association studies (GWAS) and PDAC risk in 8384 cases and 11955 controls of
European descent using summary statistic GWAS data from the Pancreatic Cancer Cohort Consortium (PanScan) and the Pancreatic
Cancer Case Control Consortium (PanC4). We employed the summary adaptive rank truncated product (sARTP) method to test the
overall association of the combined genomic regions for each respective disease.
Results: Categorization of the genomic regions for ulcerative colitis, Crohn’s disease, and inflammatory bowel disease were
associated with PDAC at P-values < 0.05 (0.0030, 0.037, and 0.0018, respectively). After excluding the regions around the previously
identified GWAS loci for PDAC (500 kb upstream and 500 kb downstream), only the inflammatory bowel disease genomic regions
remained borderline significantly associated with PDAC (P-value = 0.047). The top genes contributing to the inflammatory bowel
disease association after excluding the regions around known PDAC GWAS signals were ACTR2 and LINC00339 (P-value < 0.001).
Genomic regions for celiac disease were not associated with PDAC (P-value=0.31).
Conclusions: Our results from a large consortium provide modest support for the hypothesis that genomic regions surrounding
germline risk variants for gastrointestinal inflammatory diseases (based on published GWAS loci) are associated with PDAC.
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A Phase 1 Safety Study of SBP-101, a Polyamine Metabolic Inhibitor, for Pancreatic Ductal Adenocarcinoma
1

2

3

4

5

6

6

Niall C. Tebbutt , Dusan Kotasek , Mitesh J. Borad , Erkut Hasan Borazanci , Sheri Lynn Smith , Ajit K. Shah , Michael J. Walker ,
6
6
Michael T. Cullen , Suzanne Gagnon ;
1

Heidelberg Repatriation Hospital, Olivia Newton-John Cancer and Wellness Centre, Heidelberg, Australia; 2Adelaide Cancer Centre, Kurralta Park, Australia; 3Mayo
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Background: SBP-101 (diethyl dihydroxyhomospermine), a polyamine (PA) analogue of spermine, inhibited growth in 6 human
pancreatic ductal adenocarcinoma (PDA) cell lines and 3 murine xenograft tumor models. A Phase 1 dose escalation study assessed
the safety, tolerability and pharmacokinetics (PK) of SBP-101 in previously treated patients with locally advanced or metastatic PDA.
Methods: In a modified 3x3 dose escalation scheme, daily subcutaneous injections of SBP-101 were dosed at 0.05, 0.1, 0.2, 0.4 or 0.8
mg/kg, Monday-Friday for 3 weeks, followed by 5 weeks of observation (1cycle), for 1 or 2 cycles. Safety and tolerability were
evaluated by clinical and laboratory assessments. PK was evaluated on Days 1 and 18 of cycle 1. Efficacy was assessed by RECIST
criteria and overall survival.
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Results: Twenty-nine patients were enrolled in 5 cohorts: (1: N = 3; 2: N = 5; 3: N = 4; 4: N = 7; 5: N = 10). Twenty-six had ≥2 prior
chemotherapy regimens. Drug-related toxicity in cohorts 1-4 was minimal, although one patient in cohort 4 developed focal
pancreatitis at the site of the tumor at 2.3 months. Most common adverse events (AEs) were abdominal pain, constipation,
decreased appetite, dehydration, diarrhea, fatigue, nausea and vomiting. Most were grades 1 or 2 or considered unlikely or not
related. No drug-related bone marrow suppression or peripheral neuropathy was seen at any dose. No DLTs occurred in cohorts 1-4.
Three patients in cohort 5 developed serious adverse events considered dose limiting toxicities: bacterial sepsis with metabolic
acidosis (N = 1), hepatic and renal failure with elevated lipase (N = 1) and superior mesenteric vein thrombosis with metabolic
acidosis (N = 1). Plasma Cmax and AUC0-t increased linearly with dose. Stable disease occurred in 2 patients each in cohorts 3 and 4,
and in 4 patients in cohort 5. Median survival in cohort 3 was 5.9 months.
Conclusions: SBP-101 was well tolerated in this study at dose levels 1-4; 0.8 mg/kg exceeded the maximum tolerated dose (MTD).
Best tumor response and survival occurred with 0.2 mg/kg/day. The low incidence of AEs below the MTD and absence of bone
marrow toxicity or peripheral neuropathy suggest the potential for SBP-101 as an addition to front line treatment for PDA and justify
a combination study. Clinical trial information: NCT02657330
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Epichaperome Assembly Leads to Trametinib Resistance in Pancreatic Cancer
Suhasini Joshi, PhD
CAPER Scholarship Recipient - Memorial Sloan Kettering Cancer Center
Pancreatic cancer (PC) is a devastating disease with an extremely poor prognosis. It is characterized by many mutations, among
which the most common one, KRAS, plays a key role in disease initiation and progression. Introduction of therapies that target the
Ras initiated Raf/MEK/ERK pathway however were disappointingly unsuccessful in PC, and addition of the MEK inhibitor trametinib
to gemcitabine failed to provide clinical benefit in untreated metastatic PC patients. This is in stark contrast to advanced melanoma
where addition of MEK inhibitors to BRAF inhibitor (vemurafenib, dabrafenib) regimens was superior in improving progression-free
survival when compared to BRAF inhibitor alone. A major reason behind MEK therapy failure in PC is activation of intrinsic
mechanisms such as feed-back induction in Akt signaling, activation of phosphatidyinositol-3OH kinase and increased EGFR
expression, all contributing to trametinib resistance. These resistance mechanisms have a unifying factor, in that they are enacted by
a remodeling of the signalosome, which in turn is enabled by the formation of recently discovered large protein platforms we
termed epichaperomes.
Using cell line- and PDX-derived xenografts, we observed significant increase in epichaperome assembly in response to trametinib in
PC, which prompted us to investigate whether trametinib in combination with an epichaperome inhibitor offer better therapeutic
efficacy over trametinib alone. To inhibit epichaperome networks, we employed PU-H71, a recently described epichaperome
inhibitor, and currently undergoing clinical investigation in patients with advanced cancers. We observed significant reduction in
tumor growth (p<0.05) in the PU-H71 and trametinib combination group, whereas no anti-tumor effects were observed in tumors
treated with trametinib alone. Biochemical analysis performed in tumors revealed that trametinib-induced epichaperome assembly
falls apart when PU-H71 is introduced to the trametinib regimen. We believe that defining this mechanism will direct us to design
innovative strategies to overcome the frequently occurring problem of chemoresistance in cancer.

#4

Differentiation Therapy with ICG-001 Antagonizes the CBP/beta-catenin Interaction and thus Sensitizes Pancreatic
Cancer to Gemcitabine

KKY Lai, P Manegold, Y Wu, JL Teo, HJ Lenz, YS Genyk, K Wu, DP Lin, Y Chen, C Nguyen, Y Zhao, SJ Pandol, M Kahn
CAPER Scholarship Recipient - City of Hope Beckman Research Institute & Comprehensive Cancer Center, USC Norris Comprehensive
Cancer Center, and Cedars-Sinai Medical Center Pancreatic Research Program
Background: Canonical Wnt signaling is known to promote tumorigenesis in pancreatic ductal adenocarcinoma (PDAC), a cancer
driven principally by mutant K-Ras. However, the detailed molecular mechanisms by which the Wnt effector beta-catenin regulates
such tumorigenesis remain largely unknown. We have previously demonstrated that beta-catenin’s differential usage of the Kat3
transcriptional coactivator cyclic AMP-response element binding protein-binding protein (CBP) over its highly homologous
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coactivator p300 increases self-renewal and suppresses differentiation in other types of cancer. Aim/methods: To investigate Wntmediated carcinogenesis in PDAC, we have used the specific small molecule CBP/beta-catenin antagonist, ICG-001, to examine its
effects in human pancreatic cancer cells and in both an orthotopic mouse model and a human patient-derived xenograft (PDX)
model of PDAC. Results/conclusion: We find that K-Ras activation increases the CBP/beta-catenin interaction in pancreatic cancer;
and that ICG-001 specific antagonism of the CBP/beta-catenin interaction sensitizes pancreatic cancer cells and tumors to
gemcitabine treatment. These therapeutic effects were associated with the suppression of K-Ras and survivin and the elimination of
drug-resistant cancer stem/tumor-initiating cells.
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Survival Trends for Resectable Pancreatic Cancer Using a Multidisciplinary Conference
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Introduction: Patients with resectable pancreatic ductal adenocarcinoma (PDA) have improved survival compared to unresectable
PDA. It has been shown that multidisciplinary pancreas cancer conferences (MDPC) implementation results in selection of
candidates for surgery with higher stage PDA compared to patients not presented at MDPC. In addition, patients are taken to
surgery earlier through MDPC management. Rates of survival after MDPC management is limited. We aim to determine survival of
resectable pancreas cancer of patients that underwent pancreatic resection after consensus from a MDPC and assess the
parameters on survival time.
Methods: A total of 64 patients in a MDPC group underwent upfront surgical resection from May 2013 to August 2016 at an
experienced surgical PDA center. Patients were followed prospectively till November 2017 and rates of survival from the date of
surgical resection were recorded. Survival analysis was performed using Kaplan Meier for age, tumor size, tumor differentiation, TStage and lymph node status. Log-rank tests were used to compare the difference on survival time. Independent predictors of
survival were determined using Cox model. Proportional hazard assumptions were checked and a p-value <0.05 was considered
statistically significant.
Results: 64 patients were identified with successful resection of PDA. The majority (61) had a Whipple’s procedure, and 3 had
pancreatectomy. The average age of the Whipple’s group was 69.1 years ± 10.1. 1-year survival was 78.13%, 2-year survival was
46.30% and 3-year survival was 27.27%. Overall, survival times after surgery were different according to age group (p=0.01), tumor
size (p=0.002), tumor differentiation (p=0.05), T-Stage (p=0.008) and lymph node status (p=0.001) as summarized in Figure 1. Tumor
size (p=0.002) and lymph node status (p=0.008) remained statistically significant after multivariate Cox regression model with all the
variables included. The largest tumor size (≥50mm) had almost 53 fold mortality risk compared to patients with smaller size
(<20mm). Patients with N1 lymph node status had more than 3 fold mortality risk compared to patients with N0 lymph node status
(Table 1).
Conclusions: Survival trends following resected PDA were followed after consensus from an experienced MDPC. Log-rank test
revealed that age, tumor size, tumor differentiation, T-stage, and lymph node involvement can influence the survival pattern in the
years following surgery. Tumor size and lymph node involvement were the only significant predictors of mortality. This study
suggests that patients with PDA with tumor size ≥ 50 mm and/or lymph node involvement have poor survival despite being surgically
resectable. Consideration for alternative management such as down-staging with neoadjuvant therapy should be investigated.
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Is Diabetes Being Ignored in Patients with Pancreatic Cancer?
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Aslam Syed MD , Payal Thakkar PharmD , Heitham Abdul-Baki MD , Shyam Thakkar MD
1
2
Division of Gastroenterology, Allegheny Singer Research Institute, Allegheny Health Network, Pittsburgh, PA
Introduction: Many risk factors have been implicated in pancreatic cancer, including age > 55, male gender, obesity, tobacco use,
pancreatitis and diabetes mellitus (DM). It has been reported in literature that as high as 80% of patients with pancreatic cancer
have glucose intolerance or frank diabetes. We aim to evaluate if physicians are diagnosing, reporting, and managing diabetes in
patients with pancreatic cancer.
Methods: A population-based study, using an IBM platform called Explorys was used to collect de-identified patient data. Over 50
million patients, spanning nationally in over 40 healthcare systems’ electronic medical records (EMR) is in this cloud-based, HIPPAenabled platform. Data was obtained using ICD-9 code criteria with search terms “diabetes mellitus” and “malignant tumor of the
pancreas.” Further, patients were also included if they were on anti-diabetic medications, including metformin, sulfonylureas, and
insulin. These search terms were observed to ensure diagnosis of DM after pancreatic cancer as a first occurrence. Subsequently,
HbA1c levels were observed in correlation to rates of mortality within this cohort.
Results: We found a total of 50,080 patients in the Explorys database with diagnosis of pancreatic cancer. Of those, 20,160 (40.3%)
had concomitant diagnosis of DM in their EMR. We found African-Americans had a higher rate of DM development when compared
to Caucasians (50.2% vs. 39.9%, p<0.001). Majority of the diabetic patients were aged 60-89, with predominance between 70-79
(Table 1). We found as levels of HbA1c increased, rates of mortality did as well (Table 2). Patients with HbA1c levels between 4-6.4%
were found to have a lower mortality rate than those with HbA1c levels in the range between 6.5 – 8% (44.8% vs. 46.6%, p=0.0293)
and 9 – 12% (44.8% vs. 47.6%, p=0.00672).
Conclusions: It has been reported in literature that as high as 80% of patients with pancreatic cancer have concomitant diagnoses of
DM. We found drastically different percentages; these variations may be due to several factors. Firstly, it is very possible clinicians
are underdiagnosing diabetes, especially in patients with pancreatic cancer. It is possible because of the high mortality of these
patients, their other diagnoses, including DM, are being overlooked. Secondly, if DM is being diagnosed, physicians are not
adequately reporting it in a patients’ EMR. Moreover, patients with DM with HbA1c levels greater than 6.5% have a higher rate of
mortality as compared to patients with HbA1c levels below 6.5%. Clinicians need to be aware of the high incidence of DM in patients
with pancreatic cancer, so proper diagnosis and management can be implemented to possibly decrease mortality. Increased
awareness should be also be in elderly patients between 60-89, as well as the African-American population where prevalence was
highest.

#7

Post-acute Pancreatitis Non-splanchnic Vascular Complications and Mortality: A Population-based
Epidemiologic Study
Daniel B. Karb
CAPER Scholarship Recipient – University Hospitals, Cleveland Medical Center
Background: Acute pancreatitis (AP) is a common systemic inflammatory disorder that is associated with splanchnic vascular
thrombosis in up to 25% of patients. However, the epidemiology of non-splanchnic vascular complications (NSVC) of AP is not
known. We sought to describe the epidemiology of NSVC of AP using a population-based electronic database.
Methods: We queried a commercial database (IBM Explorys), an aggregate of Electronic Health Record (EHR) data from 23 US
healthcare systems from 1999 to 2017. We identified aggregated patient cohorts of patients with NSVC following the diagnosis of
AP, based on Systemized Nomenclature of Medicine-Clinical Terms (SNOMED-CT). These included acute myocardial infarction (MI),
deep vein thrombosis (DVT), pulmonary embolism (PE), disseminated intravascular coagulation (DIC), stroke, vena cava thrombosis,
thrombotic thrombocytopenic purpura (TTP), and renal vein thrombosis. For each complication, number of occurrences at prespecified intervals after the diagnosis of AP was calculated: 7 days, 30 days, 90 days, 180 days, 1 year, and 5 years. Odds ratios were
also calculated in comparison to a control group (i.e. patients without AP).
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Results: Of 29,940,320 individuals, 193,240 patients were diagnosed with AP pancreatitis between 2012 and 2017. Of these, 18,910
(9.8%) patients experienced NSVC within 1 year of AP diagnosis, and 24,860 (12.9%) within 5 years.
Compared with controls (all patients 2012-2017), MI, PE, DIC, vena cava thrombosis, TTP, and renal vein thrombosis were more likely
to occur at 30 days, 90 days, and 1 year after the diagnosis of AP. By 90 days, this list included DVT, and by 1 year, stroke (Table 1).
For each NSVC, up to 50% of the 5 year total occurred within 7 days of AP diagnosis (Figure 1).
Mortality for controls vs. acute pancreatitis from 2012-2017 was 2.4% and 7.8%, respectively (p < 0.0001). Overall mortality among
those experiencing NSVC within 1 year of AP diagnosis was 19.0%. At 1 year after AP diagnosis, the following non-splanchnic vascular
complications were associated with statistically significant (p < 0.05) increased mortality vs. controls: MI (18.3% vs. 12.8%), DVT
(20.8% vs. 12.1%), PE (18.5% vs. 12.3%), DIC (48.4% vs. 39.0%), stroke (12.1% vs. 9.0 %), and TTP (25.0% vs. 13.6%).
Conclusions: Patients with AP are at an increased risk of developing NSVC, with up to 50% of the complications occurring within 7
days of AP diagnosis. NSVC are associated with increased mortality. Future studies should explore benefits of preventative strategies
in the AP population.

#8

Regional Variations of Clinical Characteristics in Acute Pancreatitis from a Large, International, Multi-center
Prospective Study (APPRENTICE Study Group)
Bassem Matta, Amir Gougol, Pedram Paragomi, Xiaotian Gao, Gong Tang, Rakesh Kochar , Mahesh Kumar Goenka , Rupiyoti
Talukdar, Aiste Gulla, Jose A. Gonzalez-Gonzalez , Tyler Stevens , Haq Nawaz, Vikesh K. Singh, Ayesha Kamal, Miguel Ferreira, Carlos
Ocampo , Sorin T. Barbu, Silvia C. Gutierrez , Narcis O. Zarnescu, Jeffrey Easler, Konstantinos Triantafyllou , Mario Pelaez-Luna,
Shyam Takkar, Gregory A. Cote, Enrique de-Madaria , Bechien U. Wu , Peter J. Lee, Phil J. Greer , Ioannis Pothoulakis, Venkata
Akshintala , Dhiraj Yadav, and Georgios I. Papachristou
CAPER Scholarship Recipient - University of Pittsburgh
Introduction: Clinical characteristics of acute pancreatitis (AP) across different regions of the world have not been well elucidated.
We aim to describe etiology, demographics, management, and outcomes of AP across different geographic areas using an
international multi-center prospective cohort of AP.
Methods: Acute pancreatitis patient registry to examine novel therapies in clinical experience (APPRENTICE); is an international
collaboration of different centers throughout the world. Data was collected prospectively using online standardized detailed
questionnaires, and recorded via REDCap (Research Electronic Data Capture). Twenty one international centers: 5 from Europe, 3
from India, 5 from Latin America (LA), 8 from North America (NA) were included. Enrollment, and quality of data were monitored
centrally at University of Pittsburgh.
Results: Patients enrolled between 7/2015 and 9/2017, yielding 1,612 total cases (Europe 409, India 365, LA 325, NA 512). Mean
cohort age was 50, highest among Europeans at 59 years (Table 1). Males comprised 52.5%, while in India accounted for 74.8%.
Obesity was more common in NA at 43.3% compared to an average of 28%. Biliary pancreatitis was the leading etiology across
groups (45.3%), with a higher proportion in LA (78.1%). Alcoholic pancreatitis accounted for the majority of cases in India (44.4% vs.
overall average of 20.9%). Narcotic use was most common in NA at 92.5% compared to 50.8% across all geographic areas. ERCP
rates in biliary pancreatitis were highest in NA (60% vs. average 28.7%), and cholecystectomy during the same admission was more
common in LA (58.2% vs. average 38.5%) (Table 2). Our cohort encompassed 65.1% mild, 22.1% moderate, and 12.1% severe cases
of AP. Severe AP was most common in India 22.6% (vs. population mean 12.1%), where organ failure as well as pancreatic necrosis
were mostly commonly present (28.8% and 34.4% respectively). Pancreatic debridement and/or drainage among subjects with
pancreatic necrosis within 6 months of AP attack was more frequent in India (54.6% vs. 32.7% average). Shorter hospital stay was
noted in NA; 7.2 days vs. overall mean of 11 days. Mortality among severe AP was highest in Europe at 47.9% in contrast to 23.5%
cohort average.
Conclusions: Our results underscore important variations in demographics, etiology, management trends, and outcomes of AP
across different parts of the globe. European population seems to be older with markedly higher mortality. Alcoholic pancreatitis is
more predominant in India where drainage, surgical debridement are more common. Biliary pancreatitis accounts for the large

9

majority of cases in LA. Obesity is more common in NA. Narcotic use appears to be quasi universal in NA, where mortality is the
lowest. Additional investigational studies are needed for clarifying factors responsible for these differences.
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Transiently High Pancreatic Ductal Pressures Induce Pancreatic Inflammation and Tight Junction Alterations
through Calcineurin Signaling
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Pittsburgh and the Children’s Hospital of Pittsburgh of UMPC

Post-ERCP pancreatitis (PEP) is thought to be provoked by pancreatic ductal hypertension. However, the underlying mechanisms
remain elusive. In this study, we investigated the effects of hydrostatic pressures on the development of pancreatitis. Based on the
assessment of pancreatic ductal pressures in a previously reported mouse model of PEP, we devised a novel model of pancreatitis by
inflicting a short duration of high hydrostatic pancreatic ductal pressures. Pancreatitis severity, inflammatory signals, and tight
2+
junction integrity were assessed 24 h after the induction. Ca signals were measured in pancreatic acinar cells isolated 15 min after
2+
the induction. The activation of the Ca -activated phosphatase calcineurin within the pancreas was dynamically tracked in vivo over
24 h. Application of hydrostatic pressures of 100 and 150 mmHg for 10 min consistently induced pancreatitis, manifested by
substantial pancreatic inflammation and the loss of tight junction integrity. Transiently high pressures caused both dysregulation of
2+
Ca handling in isolated pancreatic acinar cells and activation of pancreatic calcineurin. Genetic or pharmacological inhibition of
calcineurin protected against pressure-induced pancreatic inflammation and the loss of tight junction integrity. Transiently high
pancreatic ductal pressures play a crucial role in the pathogenesis of PEP. Calcineurin signaling is a critical downstream mediator of
high pancreatic ductal pressure-induced pancreatic injury. Calcineurin inhibitors could serve as an effective preventative for this
obstructive form of acute pancreatitis.
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With Asparaginase Exposure, Pancreatic Acinar Cell Asparagine Synthetase is Upregulated to Mitigate
Cellular Injury
Amitava Mukherjee, PhD
CAPER Scholarship Recipient - University of Pittsburgh
The anti-leukemia drug asparaginase causes pancreatitis in 6-10% of patients, and this iatrogenic complication is a major issue for
event-free survival. Thus, there is a crucial need to decipher the mechanisms underlying asparaginase-associated pancreatitis.
Asparaginase functions primarily to deplete asparagine. The endogenous counter regulatory enzyme responsible for replenishing
Asn is asparagine synthetase (ASNS). We hypothesized that ASNS is necessary for maintaining acinar cell homeostasis. In mice and in
humans, we confirmed that, compared to other organs, ASNS is predominantly expressed in the pancreas. Asparaginase exposure in
mouse (266-6) and rat (AR42J) pancreatic acinar cell lines and primary mouse acinar cells led to a time- and concentrationdependent increase in ASNS expression. A similar pattern of ASNS upregulation occurred with exposure of cells to media deficient in
either asparagine or glutamine. The induction of ASNS was unique to asparaginase as a trigger for pancreatic injury since other
pancreatitis stimuli failed to cause an increase in ASNS expression. Furthermore, shRNA knockdown of ASNS led to pancreatic acinar
cell injury and compounded the cell injury with asparaginase exposure. Conversely, overexpression of ASNS protected acinar cells
from injury at baseline and with asparaginase exposure. These observations suggest that pancreatic ASNS maintains acinar cell
homeostasis and that its upregulation mitigates asparaginase-induced pancreatic cell injury. Therefore, therapies that selectively
augment pancreatic ASNS could be used to alleviate asparaginase-associated pancreatitis.
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Chloroquine Ameliorates Acute Pancreatitis through Inhibition of Neutrophil Extracellular Traps (NETs)
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Background and Aims: Neutrophil extracellular traps (NETs) occur when activated neutrophils release their DNA, histones, and other
intracellular granule components. NETs have been implicated in acute pancreatitis, worsening pancreatic inflammation and
promoting pancreatic duct obstruction. The autophagy inhibitor chloroquine (CQ) inhibits NET formation; we investigated the effect
of CQ on NET formation in murine pancreatitis.
Methods: L-arginine and choline deficient ethionine supplemented (CDE) diet models of acute pancreatitis were studied in wild type
-/and PAD4 mice (which are incapable of forming NETs). Isolated neutrophils were induced to form NETs and visualized with
fluorescence microscopy. Biomarkers of NET formation, including cell-free DNA, and citrullinated histone H3 (CitH3) were measured
in murine serum. CQ treatment (0.5 mg/ml PO) was initiated following induction of pancreatitis.
-/-

Results: We first confirmed the role of NETs in the pathophysiology of acute pancreatitis by demonstrating that PAD4 mice, had
decreased pancreatitis severity and improved survival compared to wildtype controls. Neutrophils from mice with pancreatitis were
susceptible to NET formation and CQ decreased the enhanced propensity to form NETs. CQ significantly reduced pancreatitis
associated serum cell-free DNA (100.83 ± 11.37 vs 122.64 ± 12.7 ng/ml, p = 0.0011) and citH3 (6228 ± 471 vs 2071 ± 564 pg/ml, p <
0.0001). CQ treatment also reduced local (trypsin, amylase) and systemic (HMGB1, IL-6) inflammatory markers. CQ treatment
significantly improved survival in both L-arginine (median survival not reached vs 15 days, p = 0.0001) and CDE models (median
survival not reached vs 4 days, p = 0.016) of murine pancreatitis.
Conclusions: Inhibition of NETs with CQ decreases the severity of acute pancreatitis and improves survival. Translating these findings
into human trials for treatment of patients with severe acute pancreatitis is warranted.
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Chymotrypsin Protects Against Cerulein-induced Pancreatitis in Mice
Zsanett Jancso, PhD
CAPER Scholarship Recipient – Boston University
Background and Aims: Intra-pancreatic activation of the digestive proteases trypsin and chymotrypsin is an early event in
experimental pancreatitis in rodents. Human genetic and biochemical studies demonstrated that chymotrypsin regulates trypsin
activity through degradation but animal model evidence has been lacking. The aim of the present study was to evaluate the effect of
chymotrypsin deletion on cerulein-induced pancreatitis in the mouse.
Methods: We used CRISPR-Cas9 to disrupt the Ctrb1 gene in C57BL/6N mice. We induced acute pancreatitis by 10 hourly injections
of cerulein at a supramaximal stimulatory dose. We assessed pancreatitis responses by histology and measuring pancreas edema,
serum amylase, and pancreas and lung myeloperoxidase (MPO).
Results: Compared to C57BL/6N controls, CTRB1-deficient mice reacted to the cerulein insult with significant elevations in intrapancreatic trypsin activity, plasma amylase, pancreas edema, pancreas and lung MPO, and acinar cell necrosis. Conclusions. The
observations demonstrate that intra-pancreatic chymotrypsin protects against cerulein-induced pancreatitis by reducing harmful
trypsin activity.
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Diabetes Mellitus Aggravates Severity of Acute Pancreatitis via Endoplasmic Reticulum Stress in
Streptozotocin-induced Diabetic Mice
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Background & Aims: Diabetes mellitus and alcohol abuse are risk factors for onset and severity of human acute pancreatitis (AP). We
sought to evaluate whether diabetes aggravates the severity of AP and the effect of alcohol on diabetic pancreas as well as the role
of endoplasmic reticulum stress (ERS) in experimental diabetes-related AP.
Methods: Diabetic mice were induced by intraperitoneal (IP) injections of streptozotocin (STZ; 50 mg/kg) for 5 consecutive days,
nd
while controls received sodium citrate (pH 4.5, 50 mmol/l) injections. On the 22 day after STZ or sodium citrate injection, mice
received IP injections of caerulein (50 μg/kg/h × 8), ethanol (2 g/kg/h × 2), or saline and were sacrificed at 12 h thereafter. The
severity of AP was assessed by biochemical and immunological markers as well as blinded pancreatic histopathology. Pancreatic ERS
markers were measured by western blotting.
Results: STZ-induced diabetes manifested as significant elevation of blood glucose levels (23.4±0.6 vs 9.1±0.5 mmol/l) and reduction
of serum insulin levels (0.13±0.03 vs 1.41±0.19 μg/l) compared with sodium citrate controls (both P<0.001). Repeated caerulein
injections caused moderate necrotising AP with marked increase of pancreatic histopathology scores, serum amylase, lipase,
pancreatic myeloperoxidase and interleukin-6 levels compared to saline controls. Diabetes exacerbated pancreatic histopathology
score (7.3±0.5 vs 4.4±0.5), serum amylase (8903±630 vs 7848±644 U/dl), lipase (860±70 vs 366±43 U/l), pancreatic myeloperoxidase
(8.6±0.7 vs 6.0±1.1 mU/μg) and serum IL-6 levels (264±154 vs 17±4 pg/ml), compared to caerulein group (all P<0.05). Ethanol
injections caused unmarked changes of pancreatic and serological parameters for AP. Diabetes combined ethanol injections caused
significant increase of pancreatic histopathology score (2.9±0.3 vs 1.7±0.4), serum amylase (6676±604 vs 4593±637 U/dl). In both
models, diabetes aggravated pancreatic ERS markers: increased Bip and CHOP levels and decreased XBP1s levels.
Conclusion: Diabetes aggravates AP severity and ethanol causes AP in diabetic mice. ERS is a pathologic mechanism of diabetesrelated AP.
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Prevalence and Risk Factors for New Onset Diabetes Mellitus after Sentinel Episode of Acute Pancreatitis: A
Population Based Study
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Introduction: New onset diabetes mellitus (DM) is being recognized as an important complication of AP. The incidence of DM
following AP has not been established in population-based studies, and risk factors for its development have not been identified. We
sought to measure the proportion of DM after AP, and identify risk factors for DM after sentinel episode of AP, utilizing a large
population-based database.
Methods: A commercial database (Explorys Inc, Cleveland, OH), an aggregate of Electronic Health Record (EHR) data from 26 major
integrated healthcare systems in the US from 1999 to May 2018 was queried. A patient cohort was identified of eligible patients
with a first ever diagnosis of AP and a new diagnosis DM in the last 5 years (May 2013-May 2018). The proportion of individuals with
DM was determined at different time points following AP up to 5 years. AP and DM diagnoses were based on Systemized
Nomenclature of Medical terminology (SNOMED-CT) codes and hemoglobin A1c levels. Individuals with chronic pancreatitis, prior
diagnosis of diabetes, and pancreatic cancer were excluded. Univariate analyses were performed to identify risk factors for diabetes
post AP.
Results: Of the 15.5 million individuals in the database, 104,040 individuals with a first ever diagnosis of AP were identified between
2013 and 2018 after applying the exclusion criteria. Of these, 11.7% developed DM at 1 year following the sentinel episode of AP
and 15.9% developed DM after 5 years (Figure). Of the patients that developed new-onset DM three-quarters were on an antidiabetic regimen and half were on insulin. Using 1-year post-AP as a reference point, several risk factors were identified. These
included obesity, family history of DM, active smoking, hypertension, male gender, hyperlipidemia, and Non-Caucasian race (Table).
Alcohol and older age were found to be protective.
Conclusions: An alarmingly higher proportion of patients develop diabetes after AP when compared with general population. Several
risk factors were identified. Mechanistic studies are needed to explore prevention strategies.

Percentage of patients with newly
diagnosed diabetes mellitus

New Onset Diabetes Mellitus Following Sentinel
Episode of Acute Pancreatitis
17.00%
16.00%
15.00%

14.50%

14.00%
13.00%
12.00%
11.00%
10.00%

15.90%

11.70%
1 year
3 years
5 years
Length of time after Sentinel Episode of Acute Pancreatitis

Figure: Graph showing increasing proportion of patients with diabetes mellitus after sentinel episode of acute pancreatitis
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Table: Factors that showed statistically significant association when compared with patients with AP that did not develop new-onset
diabetes
Male vs Female
>65 vs <65 years
Non-Caucasian vs Caucasian
Hypertension
Dyslipidemia
Obesity
Tobacco
Alcoholic
Family History of DM

OR
1.118
0.948
1.508
1.433
1.893
1.347
1.165
0.788
1.208

95% CI
1.096 - 1.141
0.927 - 0.968
1.471 - 1.546
1.397 - 1.469
1.848 - 1.939
1.319 - 1.376
1.141 - 1.19
0.759 - 0.818
1.155 - 1.264

P Value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

# 15

Impaired Dietary Fat and Triglyceride Absorption in Subjects with Chronic Pancreatitis Compared to Healthy
Subjects
Naylor Brownell, MD
CAPER Scholarship Recipient – Children’s Hospital of Philadelphia
Background: Chronic pancreatitis (CP) is a chronic inflammatory disease of the pancreas, leading to fibrosis and destruction of
pancreatic parenchyma. Patients often develop both endocrine pancreatic insufficiency (type 3c diabetes) and exocrine pancreatic
insufficiency (EPI), resulting in fat malabsorption and subsequent malnutrition. The onset of pancreatic insufficiency is gradual, and
there are no practical, clinically-valid tests to detect fat malabsorption in patients with EPI.
Methods: This was a cross-sectional cohort study comparing tests of fat malabsorption in subjects with CP versus healthy subjects.
Subjects between the ages of 30-70 years of age with CP were recruited, as well as healthy volunteers with no history of a disease
affecting fat absorption. Subjects in the CP group underwent testing for EPI with fecal elastase-1 measurements (µg/g stool). Both
groups underwent tests of fat malabsorption, including the gold standard coefficient of fat absorption (CFA) and the exploratory
tests, the malabsorption blood test (MBT) and stool bomb calorimetry. The MBT is based on the relative absorption of
triheptadecanoin, a triglyceride, to pentadecanoic acid (PA), a free fatty acid. It uses the ratio of heptadecanoin (HA) to PA in the
serum as a unit of measure. In addition, nutritional status including anthropometrics and serum fat-soluble vitamin concentrations
were assessed. Differences between group means were assess using student’s unpaired t-tests.
Results: A total of 47 participants, n=24 with CP (age 33-66 years, mean age 51 ± 10; 46% female; 50% Caucasian) and n = 23 healthy
volunteers (age 30-61 years, mean age 43 ± 10; 65% female; 52% Caucasian) completed the study. BMI measurements between the
two groups were not significantly different: 25.7 ± 4.0 for healthy subjects, versus 23.9 ± 3.6. Of the subjects with CP, 63% had a
fecal elastase <200. The mean CFA for the CP group was lower than the healthy group (87.2 ± 17.3 vs 95.5 ± 3.6, p< 0.05) and below
the cutoff for EPI (<90%). The CP group had significantly lower HA:PA ratios than the healthy group, suggesting impaired triglyceride
absorption (0.46 ± 0.26 vs. 0.76 ± 0.17, p<0.001). There were no significant differences in serum fat-soluble vitamin concentrations
between the groups.
Conclusion: Subjects with CP overall demonstrated more fat malabsorption compared to healthy volunteers. The MBT results
revealed impaired triglyceride absorption in the CP group compared to the healthy subjects, suggesting exocrine pancreatic
insufficiency.
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The Diagnostic Criteria and Clinical Significance of Hypertriglyceridaemia-related Acute Pancreatitis
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Background: The diagnostic criteria for hypertriglyceridaemia (HTG)-related acute pancreatitis (AP) remain unclear, while there is
emerging evidence that HTG-related AP is associated with more severe clinical outcomes.
Methods: We analysed 1233 first episode AP patients admitted within 48 hours of abdominal pain onset. Patients were considered to
have HTG-related AP when the fasting serum triglyceride (TG) levels were ≥ 5.65 mmol/l. Features of designated groups defined by
West China Criteria (TG < 5.65 mmol/l, non-HTG; 5.65-11.2 mmol/l, HTG-related-AP; ≥ 11.3 mmol/l, HTG-induced-AP) and groups
that were stratified by Endocrine Society Clinical Practice Guidelines (ESCPG) were compared.
Results: Patients with HTG-related AP have a significantly higher incidence of persistent organ failure (POF), newly diagnosed
diabetes mellitus (DM) and mortality compared with those with non-HTG-related AP. There were no differences when HTG-related
AP alone versus HTG-related AP concomitant with other aetiologies. Delayed hospital presentation was associated with significant
worse clinical outcomes. Based on West China Criteria there was a significant increase in POF, newly diagnosed DM and mortality in
patients with TG levels ≥11.3 mmol/l, while only newly diagnosed DM was observed when TG levels were 5.65-11.2 mmol/l,
compared with non-HTG related AP. There were no significant differences in the clinical outcomes between those with no HTG and
mild HTG compared with those with moderate HTG, nor between those with severe and very severe HTG (ESCPG grades).
Conclusions: This study supports the use of a fasting TG serum level of ≥ 11.3 mmol/l to diagnose HTG-induced-AP and ≥ 5.65 mmol/l
for HTG-related-AP.
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Patient-Derived Pancreas-on-a-Chip to Study Cystic Fibrosis-Related Diabetes
Kyu Shik Mun, Kavisha Arora, Maisam Abu-El-Haija, Jaimie D Nathan, Joseph J Palermo and Anjaparavanda P Naren
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Objectives: Cystic fibrosis (CF) is a genetic disorder caused by dysfunction of CFTR. CFTR is highly expressed on the apical membrane
of the pancreatic ductal epithelial cells (PDECs). Pancreatic islets are located in close proximity to the pancreatic duct and play a
critical role in the regulation of blood glucose levels through secretion of insulin and glucagon. In this study, our aim was to develop
pancreas-on-a-chip that allows co-culture of patient-derived PDECs and islet cells to mimic pancreatic structure and function in vitro.
The pancreas-on-a-chip will help us to study CF-related diabetes (CFRD).
Methods: PDECs and islet cells were isolated from pediatric patients undergoing total pancreatectomy with islet
autotransplantation (TPIAT) as shown in the Figure. Discarded explant pancreatic remnant cell pellet was used to isolate PDECs and
islets according to standard research protocols approved by the Department of Pathology at Cincinnati Children’s Hospital
(IRB:2014-6279).
CFTR function of PDECs was monitored using fluid secretion, short-circuit current, and iodide efflux assays following stimulation of
cAMP with forskolin. For insulin secretion, islet cells were stimulated by concentrated glucose (450 mg/dL) and secreted insulin
concentration was measured using ELISA.
Pancreas-on-a-chip was fabricated using photolithography technique and used to co-culture PDECs on the top chamber and islet
cells on the bottom chamber. Insulin secretion from islet cells was monitored during stimulation or inhibition of the top chamber of
PDECs to study cell-cell interaction.
Results: Using RNAseq analysis and immunofluorescence microscopy we verified isolated PDECs were primarily epithelial in origin.
5
Isolated islet cells were all positive for dithizone staining. The monitoring of CFTR function of PDECs typically requires over 1x10
cells on filter using short-circuit current assay. However, for pancreas-on-a-chip, we successfully monitored CFTR function with less
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than 10,000 cells, using an iodide efflux assay. With only use of 10 to 15 islets in the chip, we were able to detect insulin secretion.
We observed that the amount of secreted insulin from islet cells decreased by 40% with closing of CFTR channels of PDECs on the
top chamber using the CFTR inhibitor.
Conclusion: We have developed pancreas-on-a-chip utilizing cultured patient-derived PDECs and islet cells. Moreover using the chip,
CFTR function and insulin secretion were monitored with high sensitivity from a small number of cells. We have successfully cocultured PDECs and islet cells on the pancreas-on-a-chip and observed an effect of CFTR channel function on the insulin secretion of
islet cells. Elucidation of this relationship will help further our understanding of CFRD.
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Long-Term Use of RELiZORB by Children and Adults with Cystic Fibrosis (CF) Receiving Enteral Tube Feeding
(ETF) Increases Omega-3 Fatty Acid Levels and Improved Nutritional Parameters
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Presented by Devrim Eren
Purpose: Exocrine pancreatic insufficiency (EPI) and malabsorption of fats lead to reduced caloric intake, inability to maintain or gain
weight, and increased gastrointestinal symptoms. As a result, ETF is used in patients with CF with poor nutritional status. In addition
to total fat malabsorption, low levels of long-chain polyunsaturated fatty acids (FAs), such as DHA and EPA (omega-3 FAs), have been
shown to be decreased in patients with CF and may play a role in the pathogenesis of inflammation in CF. RELiZORB (Alcresta
Therapeutics) was developed to hydrolyze fat in EF prior to ingestion. In an initial trial in patients with CF on EF, REliZORB was shown
to decrease GI symptoms and significantly increase DHA and EPA levels in plasma. The current study evaluated improvement of FA
status in erythrocyte membranes; a marker of long term FA uptake. The objectives of the present study were to evaluate the safety,
tolerability, and fat absorption using a long-term measure of fat uptake reflected as DHA+EPA levels in erythrocyte membranes
known as the omega-3 index in children and adults with CF with use of RELiZORB for 90 days with their overnight ETF
(NCT02750501).
Methods: Subjects ages 5-33 (n=39) enrolled in a multicenter, open label study. The study included a 7-day run-in period, followed
by a 90-day treatment period during which RELiZORB was used with overnight ETF. PERTs were used with solid foods, but not with
overnight ETF. Safety assessments were taken during study. The primary endpoint was change over time in RBC uptake of DHA+EPA,
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change from baseline in plasma levels of FAs, vitamins and weight were also assessed. Blood samples were obtained at study entry,
baseline, and treatment days 30, 60 & 90. GC-MS was used to analyze plasma FAs profiles.
Results: 36 subjects completed the study as per protocol (22 males). The mean age was 13.6 years, BMI was 17.7 and mean duration
of EF use was 6.5 years. Mean formula volume was 749 mL with a frequency of 5.6 uses/week. RELiZORB use was safe, well tolerated
with no unanticipated adverse events. Fat absorption significantly improved as shown by increased RBC levels of DHA+EPA,
improved ω-6/3 ratio (key marker of inflammation), and increased plasma levels of DHA+EPA as early as day 30 (baseline: 59.5 vs.
133.7 μg/mL, p<0.001) and BMI remained stable throughout the 90-day treatment period.
Conclusions: RELiZORB use was found to be safe, well tolerated and resulted in increased levels of DHA and EPA in erythrocyte
membranes and plasma. This is the first prospective study to show ETF can improve FA abnormalities in CF. Since improvement in
omega-3 levels have been shown to help pulmonary and inflammatory status in CF, RELiZORB may have important long term
therapeutic benefits in patients with CF that may go beyond just improvements in simple anthropometric parameters like weight
and BMI. This study was sponsored by Alcresta Therapeutics, Inc.
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Dextran-40 Infusion after Total Pancreatectomy with Islet Autotransplantation in Children
Hawa Ali, Melena D. Bellin, Marie Cook, Sarah J. Schwarzenberg, Varvara Kirchner, Srinath Chinnakotla
University of Minnesota
Introduction: Total pancreatectomy with islet autotransplantation may be considered for children with severe chronic pancreatitis.
Infusion of the islets into the portal vasculature presents a risk for thrombosis and generates an instant blood mediated
inflammatory reaction (IBMIR) that can be damaging to islets. Intravenously administered dextran has an anti-thrombotic effect that
may be protective against portal vein thrombosis, and low molecular weight dextran sulfate has been shown to decrease IBMIR in an
in vitro model of intraportal islet infusion. We evaluated the safety and outcomes of children treated with dextran-40 continuous
infusion for ~48 hours after TPIAT at our institution.
Methods: Records were reviewed for children undergoing TPIAT between 7/1989 and 1/2017 (N= 124) for use of dextran-40, portal
vein thrombosis, complications of TPIAT including bleeding requiring packed red blood cell (PRBC) transfusion or reoperation
following the initial TPIAT surgery, and outcomes for insulin use, islet graft function, and hemoglobin A1c at 1 year after TPIAT. All
patients received heparin with the initial islet infusion, continued for 1 week after TPIAT unless clinical concern (bleeding)
necessitated earlier discontinuation. Categorical variables were compared with chi-square and continuous variables with student ttests.
Results: 72 patients (58%) were treated with dextran-40 infusion which was continued for <1 to 3 days (majority 2 days). No child
undergoing TPIAT prior to 2011 received dextran-40. Children treated with dextran-40 were younger (11.8 ±4.2 vs 13.5 ±3.7 years,
p=0.02) and less often had prior pancreatic surgery for chronic pancreatitis (5.6% vs 34%, p<0.001) than those not treated with
dextran-40, likely reflecting the use of TPIAT earlier in disease in the modern era. Islet mass transplanted was similar between
groups (218,983 ±124,332 vs 205,422 ±165,290 islet equivalents (IEQ) p=0.60), but with greater IEQ/kg in the dextran group
(5,331±3,111 vs 4,016±3,204 IEQ/kg, p=0.02). No child in either group experienced portal vein thrombosis. The dextran group was
no more likely than the non-dextran group to need a PRBC transfusion (72% vs 59%, p=0.17) or reoperation for bleeding (4.1% vs
2.9%, p=0.75). A similar proportion of patients in both groups were off insulin at 1 year (37% of dextran group vs 45%, p=0.39). Graft
failure at 1 year was less common in the group treated with dextran (4.5% vs 20.4% in non-dextran group, p=0.007); however, Cpeptide testing was not utilized prior to 2006 and so this may be a consequence of failure defined by insulin requirements rather
than C-peptide levels for most in the non-dextran group. HbA1c was similar in both groups at 1 year (6.48 ±1.29% vs 6.74±1.95%,
p=0.47).
Conclusions: In our experience, dextran-40 after TPIAT was safe and did not increase the risk of a severe bleeding event. No child
experienced a portal vein thrombosis. There were fewer cases of graft failure in the dextran-treated group, although it is uncertain
whether this is associated with dextran or the confounding effect of treatment era.
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Cost-effectiveness of Pancreatic Cancer Screening in High-risk Individuals: An Economic Analysis
Juan E. Corral, Ananya Das, Marco Bruno, Michael B. Wallace
CAPER Scholarship Recipient – Mayo Clinic, Florida
Background: Screening high-risk individuals (HRI) with magnetic resonance (MRI) or endoscopic ultrasound (EUS) can detect
resectable pancreatic cancer (PC) and may reduce cancer-related mortality. There is controversy whether systematic screening is
cost-effective or not.
Objective: Perform an economic analysis to identify the different clinical and cost determinants of PC screening in HRI.
Methods: Three strategies were compared: no screening, EUS-based screening and MRI-based screening. A Markov model was
created with yearly interventions starting at age 40. Patients were considered HRI according to the Cancer of the Pancreas
Screening (CAPS) consortium recommendations. Average lifetime risk for developing PC, survival and cost of care data were
obtained from SEER Cancer Prevalence and Cost of Care Projections database and from Center for Medicare Services data. Screening
effectiveness (i.e. adenocarcinoma and high-risk dysplasia cases detected) was obtained from a recent systematic review. EUS and
MRI sensitivity, specificity and probabilities of developing complications after surgical or medical treatment were obtained from
published literature. Only direct costs were considered. Outcomes were adjusted for utility indices with discounting.
Results: Baseline analysis of a cohort with five-fold relative risk (RR) of PC higher than the general U.S. population showed that MRI
screening is the cheapest strategy and yielded highest QALYs. While this was valid for conditions with relative risk of PC < 20 (i.e.
familial pancreatic cancer with 1 or 2 first degree relatives (FDR) affected, HNPCC syndrome, FAP and BRCA2 mutations), for those
with the highest relative risk (> 3 FDR, hereditary pancreatitis, Peutz-Jeghers, and CDKN2A mutations (p16)), EUS became the
dominant strategy.(Table 1)
Sensitivity analyses showed that the model is impacted by cost and imaging performance, but still cost-effective within the range
reported in published literature. Threshold analysis in the baseline scenario showed that if MRI cost is > $1600, EUS becomes more
cost-effective. Once patients reached 76 years ‘no screening’ was the favored strategy.
In the Monte Carlo simulation over the lifetime of the baseline cohort; 443 (12% resectable), 130 (40% resectable) and 127 (51%
resectable) patients developed PC under no screening, EUS and MRI screening strategies, respectively. A relative risk reduction of
70% and a number needed-to-screen of 32 (95% CI, 27-38) were seen in both imaging strategies. The screening strategies were costeffective in the vast majority of simulation trials over a wide range of willingness to pay. (Figure 1)
Conclusions: Screening HRI for pancreatic adenocarcinoma is cost-effective favoring MRI over EUS in moderate risk cases but EUSbased screening in those with highest relative risk. Screening should be offered starting at age 40 until 75 years old.
Figure: Acceptability curves show that screening strategies were cost-effective in the vast majority of trials over a wide range of
willingness to pay.
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Isolated Pancreatic Amylase Deficiency in Children
Puanani Hopson DO, Samit Patel MD, Devendra Mehta MD, Karoly Horvath MD
CAPER Scholarship Recipient – Arnold Palmer Hospital for Children, University of Florida, Orlando Health
Objectives and Study: Dissociation in the intrauterine and postnatal expression of the 3 lines of pancreatic enzymes has been well demonstrated.
Among the enzyme productions amylase activity appears the last. Based on previous studies no pancreatic amylase could be detected for the first
two months after birth in duodenal aspirates from full-term or preterm infants. Isolated amylase deficiency has been described beyond infancy.
The goal of this study was to assess the prevalence of isolated amylase deficiencies in children 0-18 years of age.
Methods: Retrospective chart review. The database of over 900 endoscopic pancreatic function tests (ePFT) were searched for cases when the
amylase activity was less than 3 percentile of normal and the other two enzyme groups (lipase and proteases) had normal activities.
Results: Ninety children between age 0.28 and 15.7 years had isolated amylase deficiency. There were 12 patients among them who had 2 or more
ePFTs. The main indications of the ePFT were failure to thrive (46), diarrhea (22) and nausea/vomiting (21). All except for 3 were born at term and
42 of them were breast-fed and was diagnosed with FTT later. Interestingly, the most frequent endoscopic finding was allergic proctitis (31).
Among the 12 patients with repeat ePFT 7 had normal ePFT at the next endoscopy, 5 had sustained abnormal activity suggesting permanent
deficiency. The initial amylase activity changed from 5.02 ±3.2 to 19.7±9.35 in average 1.41 year later.
Conclusions: In 90 children malabsorptive symptoms were associated with isolated amylase deficiency. While it is generally accepted that low
amylase activity is “physiologic” in infant < 6 months of age, 81 of the children were >6 months of age. The results of the repeat ePFTs suggests that
maturational delay in amylase activity may occur >6 months of age and that selective amylase deficiency should be considered in the differential
diagnosis in children with FTT and diarrhea.
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Use of Lactated Ringers Appears to be Associated with Shorter Length of Stay in Pediatric Acute Pancreatitis
Compared to Normal Saline or Hypotonic Fluids
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In 2012, The International Association of Pancreatology (IAP) and the American Pancreatic Association (APA) released guidelines for
the management of acute pancreatitis (AP). The guidelines recommended the use of lactated ringers as the fluid of choice for the
initial resuscitation in adult patients. No such guidelines currently exist in the pediatric population, and other professional societies
since that time have been more equivocal about the fluid that they recommend. It is currently unclear if a particular fluid would be
preferable in the initial resuscitation of pediatric AP. To begin answering that question, we performed a Pediatric Health Information
System (PHIS) database analysis of first time AP presentations in patients less than 19 years of age. As many of the decisions on how
to approach pediatric AP are derived from the adult literature, we chose to look at the time between the years of 2013 (after the
publication of the IAP/APA guidelines) and 2017 using ICD-9 and ICD-10 codes to identify appropriate patients. We chose to look at
3 separate fluid types: Lactated Ringers (LR), Normal Saline (NS), and Hypotonic Fluid (HF), and defined the groups as those who
received exclusively their respective fluid type during the first 48 hours of admission. A total of 1780 unique patients were identified,
with the overwhelming majority (1459) receiving only NS, and 108 patients who received only LR, and 213 who received only HF. The
patients who received HF were statistically younger than the NS group (p=0.009). The relative proportion of the patients who
received LR increased over time from 2013 to 2017. We utilized Bonferroni adjusted p-values for multiple testing due to the pairwise
testing of each group to compare the different fluid choices based on Length of Stay (LOS). Those that received LR had a significantly
shorter LOS compared to those who received NS (p<0.0001) as well as those who received HF (p<0.0001). Those that received HF
had a significantly shorter LOS than those who received NS (p<0.0001). Our conclusion from this analysis is that LR is associated with
the shortest length of stay and NS appears to be associated with a longer length of stay when compared to the other fluid choices.
However, it is unclear from this analysis if other variables aside from fluid choice alone contribute to this difference. Further
investigation with a randomized control trial that accounts for different variables will be required to help determine the ideal fluid
choice for pediatric AP patients.
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1 Working Group IAP/APA Acute Pancreatitis Guidelines. IAP/APA evidence-based guidelines for the management of acute
pancreatitis. Pancreatology. 2013 Jul-Aug;13(4 Suppl 2):e1-15.
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Severe Pancreatitis is Rare in Pediatric Patients: Results from a Retrospective Review
Megha Mehta, MD Christina Baldwin, MD Meghana Sathe, MD David Troendle, MD
University of Texas Southwestern Medical Center, Dallas TX
Introduction: There is limited literature on pediatric acute pancreatitis (AP) and the disease remains poorly understood in the
pediatric population. Several large retrospective studies have reviewed characteristics of pediatric AP; however, each study reported
varying distributions of age, etiology and severity of AP. Recently, consensus severity classifications for pediatric AP were established
(JPGN 2017;65:984-90); these classifications have not yet been applied to a study. We review our single-center experience with
pancreatitis over a one year period to further characterize pediatric AP.
Methods: This is a retrospective IRB approved study of patients (ages 0 to 21 years) diagnosed with AP at our institution in 2014.
Subjects were recruited by screening for elevated lipase and/or amylase levels, or ICD-10 diagnosis codes for pancreatitis (ICD-10
K85 or K86). Demographic information, etiologies and standard severity classifications were collected and descriptive statistical
analyses were performed.
Results: A total of 121 cases of AP in 101 patients were identified. The mean age ± standard deviation was 12.1 ± 4.6 years and
60.4% were female. Most were Hispanic or non-Hispanic white (35.6% and 36.6% respectively), and 14.9% were non-Hispanic
African-American. The median weight-for-age percentile was 71.5%le (IQR 32.8-93.4); 43.6% were overweight or obese. Sixty-six
percent of patients had no prior history of AP. Common etiologies included: biliary/obstructive (23.1%), of which 50% had
choledocholithiasis or cholelithiasis; medication/toxicity (21.5%); idiopathic (21.5%); and systemic (17.4%).
The majority of cases were mild (82.6%) and 13.2% were moderate-severe, of which most had pancreatic fluid collections and/or
transient organ dysfunction (56.3% and 50% respectively). Severe cases were rare, occurring in only 4.1% episodes; all had
respiratory failure and 60% had cardiac and renal organ dysfunction. None of the patients with severe episodes had prior history of
AP compared to 51% of patients with mild episodes and 62.5% of patients with moderate-severe episodes.
Conclusion: In our study the majority of AP episodes were mild and only 4% were severe. Pancreatic fluid collections and transient
organ dysfunction were the most common manifestations of moderate-severe pancreatitis, while respiratory failure was present in
all patients with severe pancreatitis. Interestingly, none of the patients with severe pancreatitis had a prior history of AP. This is the
first study to our knowledge to utilize the recently established consensus severity criteria for AP.
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Is there a Doctor in the House?: An Unusual Barrier to Pediatric Pancreatitis Treatment in the United States
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Background: Exocrine pancreatic diseases diagnosed in U.S. children consist largely of cystic fibrosis, but recent studies have shown
an increase in the incidence of pancreatitis (1 in 10000). Treatment is relegated mainly to medical management due to limited
knowledge of disease etiology and long-term outcomes. Repeated hospitalizations and medications have a significant financial,
developmental and emotional cost for patients and families. Referrals to specialty centers may expand treatment options, but
location and comprehensiveness of services are not well recognized. We characterize the level and type of pediatric pancreatic
disease services in the United States, and illustrate the need for a publicly available resource for families and referring physicians.
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Methods” An internet search and social media survey were utilized to collect data about facilities that advertise and/or provide
pediatric-specific pancreas services in June 2018. Levels of service were characterized via discussion with patient families and
providers to determine search and survey terminology. The following terms were used in the study with the prefixes “Children’s”
and “Pediatric”:
• General: “Pancreatitis”
• Level I: Medical management
o “Pancreatology”
• Level II: Minimally invasive diagnostics/therapy
o “Advanced Endoscopy”
o “Endoscopy”
o “Endoscopic Ultrasound”, “EUS”
o “ERCP”
• Level III: Surgival intervention
o “TPIAT”, “Total Pancreatectomy with Islet Autologous Transplantation”, “TPAIT” “Total Pancreatectomy with
Autologous Islet Cell Transplantation”
o “Pancreatectomy”
Searches were simultaneously conducted using Google® search engine on a Windows 10® laptop (Firefox® Browser) and an Apple
iPhone 7® (iOS 11.3, Safari® Browser). Level II and III terms were used to survey a 540 member childhood pancreatitis social media
interest group about the location of hospital(s) where their child had undergone procedures.
Results: 22 facilities were identified as offering “Pediatric” or “Children’s” services in at least one of the levels listed, with 10
contributed by social media survey and 12 found on internet search. Results for “Pancreatology” were not associated with any
specific facility. 86% (19/22) of facilities offered any one of the Level II services listed. 23% (5/22) of facilities offered Level III
services. “Advanced Endoscopy” was found at 59% of facilities (13/22). “EUS” was found at 45% of facilities (10/22), whereas
“ERCP” was found at 73% of facilities (16/22). Geographic distribution of facilities was South 32% (7/22), Northeast 18% (4/22),
West 27% (6/22), and Midwest 23% (5/22). Level II services were found in every region but were concentrated in 14 states. Level III
services were found in 2 facilities in the Midwest but only 1 facility in each other region. Only 2 of the 5 Level III facilities were found
to offer at least one Level II service at the same location.
Conclusion: Though few facilities offer pediatric pancreatitis disease treatment in the United States, almost half of them were not
immediately recognized through internet searches. When combined with social media, any services were found in only 15 of the 50
states, and no single facility appeared to offer every service. Better communication is needed to clearly identify centers and
facilitate rapid referrals for patients and families in need of various levels of care.
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Impact of Second-Hand Smoke on Acute Pancreatitis in Children
A. Jay Freeman, MD, MSC
CAPER Scholarship Recipient – Emory University / Children’s Healthcare of Atlanta
Background: The incidence of pediatric pancreatitis is increasing, but little is known about environmental exposures and other
potential risk factors beyond a few identifiable genetic mutations. Smoking increases the risk for pancreatitis in adults in a dosedependent manner, and has been shown to affect pancreatic tissue in animal models. However, the effects of passive smoke
exposure on acute pancreatitis (AP) have not been well investigated in children.
Methods: We conducted a retrospective chart review of all pediatric patients admitted for AP to Children’s Healthcare of Atlanta
between January 1, 2010 through January 1, 2016. Variables collected included demographic data, etiology of pancreatitis, number
of AP episodes within the last five years with length of hospital stay (LOS) and smoking exposure queried both electronically and by
telephone interview. Statistical analyses included student t-test, chi-square test, Kruskal-Wallis test, Dunn post-hoc test, random
effects model, and mixed effects model where appropriate.
Results: A total of 559 patients between 0-21 years of age were identified with an ICD-9/10 code for AP, of which 134 fulfilled
inclusion criteria. From those 134 subjects, there were 322 hospital admissions, 90 subjects reporting no smoke exposure (none), 33
reporting at least one family member smoked outside or the child frequently visited a secondary residency where smoking occurred
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(outside), and 11 reported exposure to indoor smoking at their primary residence (inside). Ninety (67%) were female, 49 (37%) were
Caucasian, 41 (31%) had only one episode of AP (non biliary, infectious or drug induced) and among those with multiple admissions
24 (18%) had an identifiable genetic mutation associated with an increased risk for pancreatitis (CFTR, SPINK1, PRSS1 and CTRC).
Among all subjects, average (SE) LOS was 6.6 (8) and average number of episodes in the last five years was 2.3 (2.6) with 34% having
five or more episodes during that time. Average LOS was statistically different between the three groups; 7.8, 6.1 and 13.2 days for
none, outside and inside respectively (p=0.004). Average number of admission in the past five years were also higher among those
with inside smoke exposure; 2.0, 2.5 and 5.5 respectively (p=0.038). Average number of episodes in the past five years was also
different by underlying etiology when comparing non-genetic, genetic not-CFTR and CFTR; 1.8, 3.8 and 8.7 respectively (p=<0.001).
The odds-ratio (OR) for having at least five admissions for AP in the past 5 years among those with inside smoke exposure was 6.0
(p=0.009) compared to the none group. The OR for having at least five admissions for AP in the past 5 years among those with a
CFTR mutation was 22.7 (p=0.001) and 5.5 (p=0.005) if another mutation was identified compared to non-genetic causes of
pancreatitis.
Conclusions: Children exposed to second-hand smoke within the house have an increased risk for longer LOS and number of hospital
admissions for AP compared to children who were not exposed. Patients with an identifiable CFTR mutation are also at higher risk
for increased hospital admissions compared to those with other genetic risk factors or no identifiable risk factors.

# 26

The Effect of Tobacco Use and Disability Status on Surgical Outcomes Following Total Pancreatectomy with Islet
Autotransplantation
Barite Gutama, BA, Victor Vakayil, MBBS, MS, K. Louise Berry, RN, Marie Cook NP, Sarah Schwarzenberg MD, Martin Freeman MD,
Mary Melton PhD LP, Matthew Armfield MD, Ty Dunn MD, Srinath Chinnakotla MD, Varvara Kirchner MD, Timothy Pruett MD,
Gregory Beilman, MD, James Harmon Jr. MD, PhD, Melena Bellin MD, MS
University of MInnesota
Introduction: Total pancreatectomy with islet autotransplantation (TPIAT) is a major surgical procedure performed for severe
chronic pancreatitis, with variable outcomes for opioid and insulin use. Social or lifestyle factors such as smoking have been
associated with worse outcomes after other major surgical procedures such as bariatric surgery. The potential impact of these
factors on TPIAT outcomes is yet to be evaluated. We hypothesize that specific lifestyle factors such as smoking and disability can
lead to worse outcomes at 1 year.
Methods: We prospectively collected data from 234 patients undergoing TPIAT at University of Minnesota Medical Center from
2011 to 2016 including baseline lifestyle factors such as self-reported tobacco smoking history, prior alcohol or drug abuse, disability
status due to pancreatitis, and outcomes including insulin use and opioid use at 1 year after TPIAT. We stratified patients based on
their insulin and opioid dependence at 1 year after TPIAT, and performed a univariate analysis followed by multivariable logistic
regression. To evaluate the independent effect of these factors on TPIAT outcomes, we adjusted for pertinent clinical and statistical
confounders (P < 0.1) such as age, sex, body mass index, pre-transplant diabetes, islets transplanted, prior ERCP, and prior surgical
history.
Results: Opioid use at 1 year was known in 200 participants and insulin use in 207 participants; of these, 121 (60.5%) were off
opioids and 71 (34%) were off insulin at 1 year after TPIAT. On univariate analyses, history of smoking significantly increased the
odds of opioid dependence at 1 year (OR 3.3, 95% CI 1.6-6.7, P = 0.001) while disability status at baseline showed similar trends with
opioid dependence (OR 1.8, 95% CI 0.9-3.6, P = 0.08) but failed to attain statistical significance. A history of smoking or disability
status was not significantly associated with insulin use at 1 year post TPIAT (Smoking: OR 1.5, P = 0.243; Baseline Disability: OR 1.5, P
= 0.240). Few patients reported a history of treatment for alcoholism (N=1), any current alcohol use (N=5), or prior history of illicit
drug use (N=3). On multivariate modeling, former smoking status was independently associated with an increased likelihood of
opioid use at 1 year after TPIAT (OR 2.6, 95% CI 1.1-5.9, P = 0.029) while neither former smoking status, nor disability status was
identified to be independently associated with insulin use.
Conclusions: A major goal of TPIAT is pain relief and withdrawal from opioid medications. Our results suggest that a history of
tobacco smoking may be associated with a greater risk for opioid dependence at 1 year after TPIAT.
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Comparison of Clinical Scoring Systems and Biomarkers for Early Prediction of Severe Acute Pancreatitis
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Background & Aims: Early prediction severity of acute pancreatitis (AP) remains challenging. We aimed to analyse the predictive value of
conventional clinical scoring systems and biomarkers on admission for severe AP.
Methods: Demographic, clinical and laboratory data of all AP patients admitted to West China Hospital of Sichuan University within 48 h of
abdominal pain onset were collected from July 2009 to June 2013. Clinical severity scores including the Systemic Inflammatory Response Syndrome
(SIRS), Bedside Index for Severity in Acute Pancreatitis (BISAP), Glasgow, Acute Physiology and Chronic Health Examination (APACHE) II, Sequential
Organ Failure Assessment (SOFA) and National Early Warning Score (NEWS) were calculated using data from the first 24 h since admission. Outcome
measures included persistent organ failure (POF), infection (bacteraemia, infected pancreatic necrosis, or pneumonia) and mortality. Predictive
accuracy of the scoring systems was measured by the area under the receiver-operating characteristic curve (AUC).
Results: There were 2145 patients with AP (mean age 45, 66.2% males), of which there were 958 (44.6%) mild, 718 (33.5%) moderate and 469
(21.9%) severe cases according to the Revised Atlanta Classification. The AUCs of clinical scoring systems in predicting POF, infection and mortality
were 0.812(95% confidence interval [CI] 0.795 - 0.828) to 0.864(95%CI 0.849 - 0.879), 0.741(95%CI 0.722 - 0.760) to 0.783 (95%CI 0.765 - 0.800),
0.825(95%CI 0.809 - 0.841) to 0.916(95%CI 0.903 - 0.927), respectively, with BISAP had the overall highest AUCs. The sensitivity and specificity of
BISAP in predicting POF were 79.7% and 82.2%, infection were 73.2% and 73.2% and mortality were 96.7% and 71.6%, respectively. The accuracy of
biomarkers for all the outcomes were not as good as the scoring systems.
Conclusion: The predictive accuracy of the clinical scoring systems for POF and mortality was better than individual conventional biomarkers.
Neither scoring systems nor biomarkers can accurately predict infection. BISAP should be routinely used for early severity prediction in AP before
novel accurate predictors are in use.
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Derivation and Validation of a Prediction Model for the Early Diagnosis of Acute Pancreatitis in the
Emergency Department
David X. Jin, MD, MPH
CAPER Scholarship Recipient – Brigham and Women’s Hospital, Harvard University
Background: Early computed tomography (CT) imaging is common in acute pancreatitis (AP) despite guidelines recommending
against routine usage.
Aim: To derive and validate a clinical prediction model that identifies AP risk prior to emergency department (ED) imaging.
Methods: ED patients presenting 9/1/2013-8/31/2015 with serum lipase ≥3x upper limit of normal (ULN) were identified
retrospectively. Those with intra-abdominal metastatic disease, trauma, or altered mentation were excluded. An AP diagnosis was
established by expert review of hospitalization and post-discharge courses in the electronic health record. Inter-rater agreement was
measured by Cohen’s kappa (ĸ). Candidate predictors were demographics, comorbidities, lifestyle factors, symptoms, and laboratory
studies at presentation. Using a derivation set, multivariable logistic regression modeled covariates on the occurrence of AP.
Discrimination accuracy was measured in an independent validation set using area under the receiver operator characteristic curve
(AUC). Calibration was assessed with the Hosmer-Lemeshow test (HL).
Results: In 319 patients with lipase ≥3x ULN at presentation, 182 (57%) had AP (inter-rater ĸ=0.90, 95% CI 0.76 – 1.00). The most
common non-AP diagnosis was enteritis/colitis (26%). The final model (AUC=0.91, HL p=0.07) included number of prior AP episodes
(OR 3.2, 95% CI 1.7-7.5); history of gallstones (6.8, 1.3-45.3); abdominal surgery in the prior 2 months (0.16, 0.03-0.87); time from
onset to presentation (0.89, 0.78-0.97); pain localized to the epigastrium (13.9, 4.9-46.1), of progressively worsening severity (4.7,
1.3-19.2), and rated as moderate (10.1, 1.8-68.9) or severe (36.1, 9.2-197.0); and lipase ≥20x ULN (6.2, 1.6-28.3). At a predictive
threshold of 99%, the model had a specificity and PPV of 100%, while capturing 40% of patients with AP.
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Conclusion: In ED patients with serum lipase ≥3x ULN, this novel prediction model helps identify AP risk prior to CT. Prospective
studies should confirm diagnostic accuracy and assess impact on unnecessary imaging.
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Pain Scores during Acute Pancreatitis Episodes and their Association with Risk of Readmission
Sameer Berry MD, MBA; Daniel Lew MD; Catherine Bresee MS; Stephen Pandol MD
CAPER Scholarship Recipient – Cedars-Sinai Medical Center
Pain is a significant component of acute pancreatitis (AP), contributing to decreased quality-of-life and increased healthcare
utilization. Keeping patients hospitalized primarily for pain-control contributes to unnecessary cost and complications - as pain
sometimes can be controlled at home. No studies have looked at Likert 0-10 pain scores and their association with readmission.
Knowledge of which patients are at risk of readmission can help target appropriate patients for stronger analgesics at discharge or
consideration of an extra hospital day.
Aim: To evaluate if pain improves throughout hospitalization for patients with AP, and to determine the impact of pain scores on (1)
30-day all-cause readmission and (2) readmission specifically for AP.
Methods: We performed a retrospective review of all adult admissions with a primary diagnosis of AP at a tertiary care center from
2016-2018. Length-of-stay (LOS), readmissions, and pain scores (Likert 0-10 scale) were extracted from the EMR. For each patient,
the average and maximum of each hospital day’s pain scores (days 1, 2, 3, day before discharge, and discharge day) were used to
measure changes in pain from admission to discharge using mixed model regression; separating cohorts between those who were
readmitted within 30-days (all-cause). A separate analysis was also conducted on patients with any subsequent hospitalization
specifically for AP.
Results: During the study period, 498 cases had a principle admission for AP. Across all patients, over their entire hospitalization, the
average daily pain score was 4.6±2.0, the maximum daily pain score was 8.8±2.1, and LOS was 122±97 hours. Across all patients,
from admission to discharge, there was a small decrease in average daily pain (1.8±2.2, p<0.0001) and a small decrease in maximum
daily pain (2.3±3.1, p<0.0001).
Of the 498 cases in our cohort, 34.1% (170/498) had at least one readmission for any cause within 30 days. Among patients who
were readmitted (30-day all-cause) there was no improvement in average or maximum daily pain scores from admission to
discharge (2.7±2.2 p=0.6777 and 2.2±2.8 p=0.7277). Average daily pain scores (4.6±2.1) and maximum daily pain scores (8.6±2.3)
over the entire hospitalization were not predictive of 30-day all-cause readmission (p=0.9183 and p=0.2277). There was no
difference in LOS between these two sets of patients (127±89 vs. 119±101, p=0.3974). Higher average and maximum pain scores on
the day before discharge (4.2±2.5, p=0.7181| 6.6±3.0, p=0.2337) and on discharge day (3.7±2.5, p=0.4658 | 6.0±3.2, p=0.8069) were
not associated with an increased risk of 30-day all-cause readmission.
However, patients with subsequent readmissions specifically for AP (14.9%, 74/498) had higher average daily pain scores during
their first admission (5.0±1.8) than patients with no further AP hospitalizations (4.1±2.1, p=0.0012). Maximum daily pain scores
during the first admission were also significantly higher among patients with subsequent AP hospitalizations (9.0±1.6) compared to
those with a single AP hospitalization (8.4±2.4, p=0.0197). LOS for the first admission was not different between these two sets of
patients (125±106 vs. 116±78, p=0.4611).
Conclusion: We demonstrated that pain is not improved through hospitalization for acute pancreatitis, with less than a 2-point
decrease from admission to discharge. Interestingly, higher pain scores the day before discharge and on discharge day were not
associated with an increased risk of 30-day readmission. The mean cost per hospital day for AP is approximately $1,670. Given that
higher pain during the last 48 hours of hospitalization is not associated with an increased risk of readmission, further studies may be
important in clarifying whether not to delay discharge solely due to pain in patients who otherwise meet discharge criteria.
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Timing and Sequence of Organ Failure in a Large Prospective Cohort of Patients with Acute Pancreatitis
Amir Gougol, Pedram Paragomi, Bassem Matta, Phil Greer, Xiaotian Gao, Adam Slivka, David C. Whitcomb, Dhiraj Yadav, Georgios I.
Papachristou
CAPER Scholarship Recipient – University of Pittsburgh
Introduction: Organ failure (OF) is the main determinant of poor clinical outcomes in Acute Pancreatitis (AP). Current literature on
the dynamics of OF is limited. In this study, we aimed to characterize the timing and sequence of OF, the factors associated with OF
onset, and their impact on AP-related mortality.
Methods: Clinical data were prospectively recorded in an ongoing observational study at the University of Pittsburgh (SAPS/PROOF).
OF was defined based on modified Marshal score ≥2 for at leat one of the respiratory, renal, or cardiovascular systems. Timing of OF
calculated as the interval between pain onset and initiation of OF. Pearson chi-square, and non-parametric tests were used to
compare categorical and continuous variables, respectively.
Results: In total, 558 AP patients have been prospectively enrolled. Median age was 51, 50% were male, median BMI 28, and biliary
was the etiology in 41%. Persistent OF (lasting > 48 hours) developed in 115 patients at a median of 48 hours [inter-quartile range
(IQR), 24-96] after pain onset. The majority of patients (63%) developed OF within 72 hours of pain onset (early onset), 23% between
the 3rd and 7th day (intermediate), and 14% after day 7 (late onset; table). The incidence of OF peaked between 24-48 hours and
declined after 72 hours for all three systems (figure). Seventy one patients (62%) developed multisystem (>1 system involved) OF
(MOF); the median interval between OF onset and development of MOF was 24 hours (IQR, 0-48). Among patients with MOF, renal
was the first organ to fail in 61% at a median of 24 hours (IQR, 24-72), followed by respiratory in 36% at 48 hours (IQR, 24-96);
cardiovascular system failed first in only 1 patient. Overall, 24 patients with OF (21%; all with MOF) succumbed to death at a median
of 31 days (IQR, 8-56). Comparing the three groups based on OF onset (early, intermediate, and late onset), patients with early onset
OF were more likely to have positive SIRS score on admission (p=0.01). Infection identified more commonly in patients with late
onset OF (p<0.01). Mortality rate was increased in MOF patients with all three organs involved (23/24; p<0.01) and in those with late
onset OF (47%, p<0.01). Mortality was not influenced by which organ failed first.
Conclusion: In a large prospective AP cohort, the median time of OF onset was 48 hours from pain onset with renal being the most
common organ to fail first. The majority of OF (63%) started within 72 hours (early onset). Positive SIRS on admission was associated
with higher risk of early onset OF. Late onset OF (after day 7) was associated with higher rates of infection. Mortality was more
common in patients with all three organs involved and in those with late onset OF, but was not influenced by which organ failed
first.
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Organ Failure Without Necrosis is Uncommon in Acute Pancreatitis and has a Better Prognosis
Amir Gougol, Pedram Paragomi, Ioannis Pothoulakis, Peter J Lee, Bassem Matta, Xiaotian Gao, Adam Slivka, David C. Whitcomb,
Dhiraj Yadav, and Georgios I. Papachristou
CAPER Scholarship Recipient – University of Pittsburgh
Introduction: Organ failure (OF) and pancreatic necrosis (PNec) frequently occur together, and they are determinants of mortality in
acute pancreatitis (AP). However, little is known about the prognostic significance of OF in the absence of PNec. Objective of this
study was to characterize the clinical profile and prognosis of this subgroup.
Methods: AP Patients admitted to the University of Pittsburgh were prospectively enrolled (SAPS/PROOF study). Subjects with
available contrast-enhanced CT (CECT) scan performed at least 48 hours after the pain onset were included in the analysis. Revised
Atlanta classification definitions were utilized for OF and PNec. Charlson comorbidity index (CCI) was calculated for pre-existing
comorbid conditions. Outcomes of interest included duration of OF, length of stay (LOS), multisystem organ failure (MOF), and
death.
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Results: In total 558 AP patients were prospectively recruited. One hundred and thirty AP patients developed OF (115 persistent, 15
transient); of which 82 underwent a CECT, thus were included in the final analysis. PNec occurred in 66 patients. Compared with
patients with PNec (OFcN), subjects without necrosis (OFsN) had similar baseline characteristics except drinking history and Charlson
Comorbidity Index score (Table). OFsN patients had a shorter LOS, less progression to persistent OF and multiple OF, and a lower
mortality rate compared to patients with OFcN (Table).
Conclusions: Among AP patients with OF, only 20% did not develop concomitant necrosis. This subgroup had a significantly better
prognosis than patients with both PNec and OF. Mechanistic studies are needed to explore treatment strategies.
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Superior Mesenteric Artery Syndrome as a Cause for Acute Recurrent Pancreatitis
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Background: Superior mesenteric artery (SMA) syndrome is a condition characterized by compression of the third portion of the
duodenum secondary to narrowing of the space between the aorta and the SMA, also known as the aorto-mesenteric space. The
SMA is enveloped in fat and lymphatics and the decrease in these structures is thought to reduce the aorto-mesenteric angle and
distance, leading to obstruction at the level of the duodenum.
Case: A 17 year old male with a complicated history of placental abruption at birth, cerebral palsy, developmental delay, failure to
thrive, chronic lung disease, seizure disorder for which he is on levetiracetam and has a vagal nerve stimulator, gastrostomy tube
dependent with fundoplication, and recurrent pancreatitis presented to our medical care facility. He came in with one day of pain,
increased gastrostomy output, and amylase and lipase elevations, concerning for pancreatitis.
He has had a thorough negative workup in the past for his recurrent pancreatitis that included a normal genetic testing for
PRSS1, SPINK1, CFTR, and CTRC, normal liver enzymes, normal triglycerides and calcium levels, abdominal ultrasounds and an MRCP
revealing normal biliary and pancreatic duct anatomy, normal IgG subsets, and no history of abdominal trauma. Multiple
medications had been changed or discontinued to see if they were contributing to the episodes, but his episodes only persisted and,
in fact, became more frequent.
At the onset of this admission, a limited abdominal ultrasound was obtained and the visualized portions of the pancreas
were normal without any focal fluid collection or abscess appreciated. Parents noted over the last 6 months he had about 6 back to
back episodes of pancreatitis, requiring repeat admissions. Prior to those, he had only 3 episodes over the span of 3 years. On
further discussion, parents noted that each time he began with an episode of pancreatitis he had large gastrostomy tube output that
looked yellow and, at times, also green. His course in the hospital usually involved symptomatic treatment with pain management
and hydration. As his pain improved and his pancreatitis resolved, they noticed that the gastrostomy output would decrease and
they slowly were able to advance his feeds.
Over the prior months, he was noted to have severe malnutrition and continued weight loss thought to be secondary to his
frequent NPO time while recovering from his pancreatitis and his slow advancement to goal feeds at home. Parents reported that it
usually took several weeks at home to advance feeds to full goal rate as he would gag and not tolerate them.
As his hospital stay continued, he was started on TPN in efforts to improve his severe malnutrition, but then during the very
same admission he developed yet another episode of pancreatitis which began with his usual sequela of pain and increased
gastrostomy output so further imaging was perused. CT of the abdomen did reveal marked dilation of the stomach and proximal
duodenum with distal decompression, concerning for SMA syndrome. It was noted that the pancreas itself was difficult to evaluate
due to the significant mass effect upon it from the duodenum and stomach.
The patient was made NPO and his gastrostomy was allowed to drain by gravity and by manual aspiration. His gastrostomy
tube was then replaced with a GJ tube via fluoroscopy and then feeds were advanced while TPN was weaned off. Pain resolved, his
lipase quickly normalized, and his pain resolved.
Discussion: Parents recalled that every time the patient was admitted with pancreatitis it was always preceded with bilious gastric
output from his gastrostomy. This was likely his presentation of small bowel obstruction from his worsening SMA syndrome. As
suggested on his imaging, this mass effect from marked dilations of the duodenum and stomach was causing compression to the
pancreas and likely the reason for his recurrent pancreatitis in the setting of these obstructive symptoms. Conversely, his
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pancreatitis would resolve once his output improved to the point that parents would use this as a marker of his resolving
pancreatitis.
Conclusion: The mass effect onto the pancreas seen with significant proximal duodenum and stomach dilation can lead to acute
recurrent pancreatitis in patients with SMA syndrome.
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Utilization of Tube Feedings in Acute Pancreatitis Patients at a Large U.S. Referral Center
Pedram Paragomi, MD Jorge Machicado, Amir Gougol, Pedram Paragomi, Ioannis Pothoulakis, Stephen O'Keefe, Adam Slivka, David
C. Whitcomb, Dhiraj Yadav, Georgios I. Papachristou
CAPER Scholarship Recipient – University of Pittsburgh
Background: Clinical trials on timing of onset, delivery route, and type of formula of tube feedings (TF) in acute pancreatitis (AP)
have not been sufficiently powered to change practice patterns. The only consensus in recent guidelines is that TF should be
administered through either a NG or NJ route. Furthermore, TF duration, need for endoscopic tube replacements, and healthcare
visits due to TF complications, have not been studied. Thus, we aimed to describe the use and resource utilization of TF in AP
patients at a large US referral center.
Methods: Of 423 AP patients prospectively enrolled at the University of Pittsburgh Medical Center from 2004-2014, 139 (33%)
received TF. Data on TF including timing of onset, delivery route, type of formula, duration, complications, and resource utilization
due to complications (repeated endoscopies, ER visits, hospitalizations), was assessed in 100/139 (72%) patients with complete data
available. Bivariate comparisons were performed using Chi-square for categorical data and Mann-Whitney U test for continuous
data.
Results: Patients who received TF (n=139) were more likely to be male (62 vs. 44%), obese (53 vs. 40%), have alcohol etiology (19 vs.
9%), and moderately severe (34 vs. 19%) or severe AP (62 vs. 3%) than those who did not receive TF (n=284) (all p<0.05). Among 100
AP patients with complete TF data, TF were started at a median of 5 days (IQR, 3-8) from initial admission, because of moderately
severe or severe AP in 98% of patients. The majority of patients had NJ feedings through either an endoscopically placed NGJ (51%)
or NJ (44%) tube. Only 5% underwent bedside NG tube placement, but all transitioned to NJ feedings later. An oligomeric formula
(92%) was preferred over other formulas. Feeding tube complications led to at least one endoscopic feeding tube replacement in
42% of patients, and to an unexpected healthcare visit in 29% of those discharged on TF (16/55 patients). The median time for
endoscopic tube replacement was 25 days (IQR, 10-32). The median duration of TF was 39 days (IQR, 19-58). Duration was longer in
those who underwent pancreatic intervention (62 days; IQR, 41-103) compared to those who did not (36 days; IQR, 18-55) (p=0.01).
Conclusion: Delayed nasojejunal TF (at day 5 of admission), with an oligomeric formula, and administered for 6 weeks, was the
preferred nutrition strategy in AP patients in this large US prospective cohort. Almost half required at least one endoscopic tube
replacement and almost a third had an unexpected healthcare visit due to a feeding tube complication. Further studies should
define the optimal utilization of TF and ways to reduce TF-related complications.
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Pancreatic Enzyme Replacement Therapy: Are We Gaining, Maintaining, or Waning?
Tamneet Singh, MD; David Valadez, MD; Muhammad Haris, MD; Chris Moreau, BSBME, Sandeep Patel, DO; Hari Sayana, MD; Laura
Rosenkranz, MD
The University of Texas Health Science Center at San Antonio
Background: Pancreatic enzyme replacement therapy (PERT) is used for the treatment and symptom management of exocrine
pancreatic disorders. PERT is typically prescribed for pancreatic insufficiency of myriad etiologies, and has been studied as an
adjunct for managing pancreas-associated abdominal pain. PERT aids in the breakdown of fats, starches, and proteins via
supplemental amylase, lipase, and protease contained in microspheres which are released in the duodenum. Proper therapy should
promote absorption, resulting in weight stabilization or gain. Improper therapy may result in malabsorption and malnutrition
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leading to decreased BMI. Factors such as dose, duodenal pH, and sphere size are well known to affect the quality of PERT therapy
in each patient, but association with other factors is less understood. We explore the utilization of PERT and its effect on BMI in the
context of multiple factors in a 4-provider single center Pancreas Clinic over a 2-year period.
Metholds: An IRB-approved retrospective analysis was conducted for all patients age 18-89 in whom PERT was prescribed for any
reason by the physician. Data from January 2016 to May 2018 was reviewed, and a total of 75 patients met the study inclusion
criteria. All patients were seen at the Pancreas Clinic at UT Health in San Antonio, TX. Parameters of BMI, PERT Brand, and PERT
Dose were reviewed at initial visit and upon follow-up at (or near) 6 months, 1 year, and 2 years. Demographics such as age, gender,
and ethnicity were noted. Elements of health history including cholecystectomy, alcohol and tobacco use, prior ERCP, and
pancreatic disease diagnosis were also recorded. Numerous patients were lost to follow up, so data was grouped and recalculated at
each time point (Figure 1). A low fat, 1700 calorie diet was recommended for all patients by our providers during clinic visits.
Results: Of the 75 initial patients who were prescribed PERT, 74 returned to clinic at least once. At study onset, the average age was
58. 74% of patients had prior cholecystectomy, 61% had prior gallstones, and 51% had at least 1 prior ERCP. 24% reported a history
of alcohol use and 30% were previous smokers. 84% had a history of pancreatitis of any type, and 81% were diagnosed with chronic
pancreatitis. Only 1 patient had pancreatic cancer and was excluded. Females dominated the gender demographic at 71%.
Ethnicity was 47% White, 35% Hispanic, 5% Black, 2% Other, and 11% Unknown. 71% were prescribed Creon, 14% were prescribed
Pertzye, and 15% were prescribed ZenPep. While there was no statistical difference between drug brands, doses >24000 USP were
associated with weight gain at 1 year follow (p=0.04). There was a greater propensity for weight loss in the white ethnic group than
any other.

Conclusion: Though well-established as an important therapy in exocrine pancreatic diseases, PERT utilization may not always
equate to BMI stabilization or increase, especially when taken in lower doses. Limitations of the study include the predominantly
female population over 50, high Creon percentage, and the high prevalence of procedural interventions.
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Inadequate Access to Care along with Kidney Injury and Insufficient Resuscitation may Explain the Poor
Outcomes in Acute Pancreatitis in African Americans
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University of Illinois at Chicago (UIC) , University of Pittsburgh

Background: Acute pancreatitis (AP) is a major cause of health-care expenses and morbidity. African Americans (AA) are at
increased risk for pancreatitis and there is a significant knowledge gap in health care disparities in AP. The aim is to identify variables
in medical care delivery, which may underlie health care disparities in AP.
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Methods: Adults admitted to the UIC between 2010 and 2015 with index AP were identified through ICD-9 codes. Clinical,
demographic and laboratory data were collected. T-test or Mann-Whitney U test was used for continuous and Fisher’s exact test or
ANOVA was used for categorical data analysis.
Results: The mean age and weight were similar between AAs (n=132) and Caucasians (n=122) (p>0.05). AAs were more likely to live
in underserved neighborhoods (p=0.021) and less likely to be transferred to a higher level of care (p=0.003). There were no
significant differences in past medical and family history, and medication, tobacco and alcohol use between the 2 groups. AAs had
higher blood pressure measurements (p=0.001) and higher creatinine levels at admission compared to Caucasians (1.54 mg/dL vs.
1.14 mg/dL, p=0.02) and received similar amount of intravenous fluids (IVF) (5.3 vs. 4.9 liters, p=0.18). There was a positive
correlation between creatinine levels and intensive care unit admissions (p=0.002). Caucasians had elevated total bilirubin (p=0.016),
alanine and aspartate aminotransferase levels (p=0.002 and p=0.05). There were no significant differences in underlying etiologies
(p=0.18) and disease severity (p=0.62) between two groups.
Conclusion: AAs with AP present with significantly higher creatinine levels and despite evident end-organ damage, do not receive
higher rates of IVF. They come from underserved areas and are less likely to be transferred to a higher level of care. If confirmed,
these findings may provide some basis for health disparities in AP for AAs and guide appropriate management of these high-risk
subjects.
Table 1. Main demographic and clinical characteristics among African Americans (AAs) and Caucasians with
index Acute Pancreatitis (AP) admission
African American
(n=132)

Caucasians
(n=122)

P-value

Age (years)

49.6

50.8

0.51

Gender (female %)

57.2

45.6

0.05

Weight (kg)

80.2

80.7

0.87

Transferred for higher level of
care (%)

19.1

36.2

0.003

Location of residence (%)

0.021

Southern suburbs

56.8

47.5

Northern suburbs

32.6

29.5

Western suburbs

10.6

23

Diabetes mellitus

26.3

34.2

0.17

Coronary artery disease

13.8

7.4

0.09

End-stage renal disease

6.6

6.7

1

Hypertension

43.5

32

0.07

Family history of pancreatitis (%)

3.3

0.7

0.21

Past medical history (%)

Medication use prior to admission
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(%)
Non-steroidal anti-inflammatory
drugs

3

1.6

0.69

Opioids

16.7

13.1

0.48

Statins

29

27.9

0.9

Illicit drug use (%)

8.3

8.3

1

Number of alcoholic drinks per
week

11 +/- 20

13 +/- 28

0.37

Duration of tobacco exposure
(years)

6 +/- 10.4

4.7 +/- 10.9

0.1

Table 2. Differences in key clinical and biochemical findings among AAs and Caucasians with index AP
African Americans

Caucasians

P-value

Systolic blood pressure at admission (mmHg)

142 +/- 23

133 +/- 22

0.001

Systolic blood pressure at 24 hours (mmHg)

138 +/- 22

125 +/- 22

<0.001

Diastolic blood pressure at admission (mmHg)

81 +/- 14

75 +/- 12

<0.001

Diastolic blood pressure at 24 hours (mmHg)

80 +/- 13

73 +/- 12

<0.001

1.54

1.14

0.02

8.8 +/- 0.8

8.5 +/- 0.8

<0.001

441 +/- 368

230 +/- 66

0.024

Aspartate aminotransferase (units/L)

104.9

107.9

0.05

Alanine aminotransferase (units/L)

93.8

114.6

0.002

Total bilirubin (mg/dL)

1.8

2.4

0.016

Documented infection during admission (%)

7.2

10.1

0.42

Antibiotic use during admission (%)

19.1

30.2

0.03

154 +/-124

376 +/- 619

0.48

Creatinine level (mg/dL)
Calcium (mg/dL)
Lactate dehydrogenase (units/L)

Triglyceride level (mg/dL)
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Table 3. Differences in etiologies, treatment strategies and outcomes among AAs and Caucasians with index AP
African American

Caucasians

Etiologies (%)

P-value
0.18

Gallstones

32.8

41.8

Alcoholic

26

18

Idiopathic

30.5

23.8

Hypertriglyceridemia-induced

1.5

5.7

Post-ERCP

1.5

2.5

Other

7.6

8.2

Disease Severity (%) *

0.62

Mild

68.2

70.5

Moderate

25.8

21.3

Severe

6.1

8.2

IVF within 8 hours of admission (liters)

1.3 +/- 0.6

1.4 +/- 0.8

0.79

IVF within 24 hours of admission (liters)

5.3 +/- 1.9

4.9 +/- 2.1

0.18

15.9

14.8

0.86

Intensive care unit (ICU) length of stay
(days)

1 +/- 3.8

1.1 +/- 3.5

0.89

Hospital length of stay (days)

6 +/- 5.9

6.8 +/- 7.6

0.23

ICU admission rate (%)

* Disease severity based on Revised Atlanta Classification (RAC), IVF; intravenous fluids, ICU; intensive care unit
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Chronic Pancreatitis Quality Indicators: Improving Quality of Care in Chronic Pancreatitis
May Min, MD, Boskey Patel, DO, Samuel Han, MD, Lisa Bocelli, DO, Joan Kheder, MD, Wahid Wassef, MD
CAPER Scholarship Recipient – University of Massachusetts Medical School
Introduction: Chronic pancreatitis is characterized by progressive, irreversible inflammatory changes in the pancreas which lead to
chronic pain, exocrine and endocrine insufficiency, and ultimately a decreased quality of life. The objective of this study is to
examine the role of the Chronic Pancreatitis Quality Indicators (CPQI), a group of 8 measures agreed upon by expert consensus, in
evaluating the quality of healthcare delivered to chronic pancreatitis patients.
Methods: 67 patients previously diagnosed with chronic pancreatitis by endoscopic ultrasound were identified at a single tertiary
academic center. All patients had been evaluated in chronic pancreatitis clinic within the past 12 months. The Pancreatitis Quality of
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Life Instrument (PANQOLI), a validated tool for assessing quality of life in chronic pancreatitis patients, and visual analogue scales
were distributed and collected during clinic visits. All additional data were obtained by retrospective chart review.
Results: A total of 31 patients were ultimately included in the study, as the other 36 patients did not have available PANQOLI scores.
59.1% (13/22) of smokers received formal smoking cessation counseling, 0.0% (0/3) of patients with history of alcohol abuse
received formal alcohol cessation counseling, 22.6% (7/31) underwent genetic testing, 71.7% (22/31) were tested for vitamin D
deficiency, 71.7% (22/31) were tested for diabetes, 87.1% (27/31) were treated with pancreatic enzyme replacement therapy, 67.7%
(21/31) were recommended a heart healthy diet, and 100.0% (31/31) had abdominal imaging. The average number of fulfilled CPQI
was 5.8 ± 1.3. Multivariate regression analysis showed a trend toward higher PANQOLI scores, decreased pain scores, and decreased
ER visits.
Conclusion: The CPQI is the first set of quality measures aimed at improving and standardizing longitudinal care of chronic
pancreatitis patients. Additional longitudinal and multi-center data is needed to determine which, if any of these measures will
impact the outcome measures over time.
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Pancreatic ERCP Training is Inadequate and Infrequently Performed in Independent Practice: Results from a
Prospective Multicenter Study Evaluating Learning Curves and Competence Among Advanced Endoscopy
Trainees
Samuel Han, MD
CAPER Scholarship Recipient - University of Colorado
Background: Pancreatic ERCP remains a cornerstone in the management of pancreatic disease but is technically complex. Our prior
research has shown that advanced endoscopy trainees (AETs) achieve competence in biliary ERCP at different rates. There are
limited data on the composition of current pancreatic ERCP training in advanced endoscopy training programs (AETPs) and exposure
to pancreatic ERCP in the 1st year of independent practice.
Aims:

(i) to establish learning curves in pancreatic ERCP using a large sample of AETPs in the US
(ii) to report practice patterns in pancreatic ERCP among AETs in the 1st year of independent practice

Methods: In Phase I of this prospective multicenter study, AETPs were invited to participate. AETs were graded on every 5th ERCP
and EUS using the EUS and ERCP Skills Assessment Tool (TEESAT); a validated tool that grades both technical and cognitive aspects in
a continuous manner. Learning curves were created using cumulative sum (CUSUM) analysis for overall, technical and cognitive
components of ERCP and shared with AETs and trainers quarterly. Acceptable and unacceptable failure rates were created a priori
with success being defined as a score of 1 or 2. AETs with at least 20 evaluations were included for final analysis. Aggregate learning
curves were generated using generalized linear mixed effects models. In Phase II, AETs logged performance data on all ERCPs
performed during their first year of independent practice.
Results: Of the 62 programs invited, 32 AETPs and 37 AETs participated in this study and 24 AETs were included in the final analysis
(Phase I). Overall, 1339 ERCP exams were graded, a minority (4.6%; n=196) were performed for pancreatic indications. Among
pancreatic ERCPs, stricture (43.3%), stones (22.9%) and recurrent acute pancreatitis (17.9%) were the most common indications and
45% were ASGE grade of difficulty 3. In contrast, significantly fewer biliary ERCPs were ASGE grade of difficulty 3 (7%; p<0.01). AETs
attempted native pancreatic duct cannulation in 50% of graded exams and median time allowed for native papilla cases was 4
minutes. Only 4 AETs had enough data to generate meaningful learning curves. None of the AETs achieved overall technical
competence or in individual endpoints such as cannulation or sphincterotomy. Similar results were noted in aggregate (entire
cohort) CUSUM learning curves which demonstrates that the “average” trainee would achieve cognitive, but not technical,
competence in pancreatic ERCP at the conclusion of an AETP (Figure). 22 of 24 AETs participated in Phase II. AETs performed a total
of 3620 ERCPs in the 1st year of independent practice of which only 7.8% (n=281) were performed for pancreatic indications. The
most common indications were strictures (45.4%), stones (22.9%), and recurrent acute pancreatitis (17.9%). The overall cannulation
rate was 92.2% (range 0-100) and 85.7% (50-100) in native papilla cases.
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Conclusions: Compared to biliary ERCP, AETs receive minimal training in pancreatic ERCP during AETP and continue to perform low
volume pancreatic ERCP in independent practice. These results have significant implications for AETs and AETPs and novel strategies
to increase AET exposure to pancreatic ERCPs are warranted.
Figure: Overall aggregate graphs using cumulative sum analysis demonstrating the mean number of cases (evaluation number
multiplied by 5) needed for competency for an average advanced endoscopy trainee
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Development and Validation of a Risk Stratification Score for Post-endoscopic Retrograde
Cholangiopancreatography (ERCP) Pancreatitis
Venkata S Akshintala, MD
CAPER Scholarship Recipient – Johns Hopkins Hospital
Background: Pancreatitis is the most common serious complication of endoscopic retrograde cholangiopancreatography (ERCP).
Though patient and procedure related risk factors for the development of post-ERCP pancreatitis (PEP) have been described in
several prior prospective studies, a validated risk score is not available. Stratification based on such a risk score will allow
appropriate patient selection and utilization of prophylactic measures to prevent PEP.
Methods: Model derivation and validation was based on data from participants of four large-scale randomized controlled trials
(RCTs), three of these included only high risk patients. PEP was defined as a combination of new or increased abdominal pain and
≥3times elevation of lipase or amylase and hospitalization or prolonging of existing hospitalization for at least 2 days. The predictors
of risk were identified by univariable analysis followed by ridge regression analysis to incorporate shrinkage as a model fitting
procedure. The PEP risk score was developed using regression coefficients obtained from the model. Overall model performance
was evaluated using 10-fold cross validation. Classification and regression tree (CART) modeling was used to determine cutoff values
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for high, intermediate, and low risk strata based on the total PEP score.
Results: A total of 2,994 patients (mean age 54.38 years; 62% females) were included in the model among whom 10.05% developed
PEP. Thirteen variables were identified as important predictors of PEP which were included in the risk score (Table 1). Prophylactic
strategies such as rectal indomethacin and pancreatic duct (PD) stenting were included in the regression model to adjust for
confounding but not in the risk score. The discriminatory power of the model based on the cross validation was 0.90. CART modeling
identified three strata of risk based on scores as low (0-12), intermediate (13-38) and high (39-100). The PEP risk estimate of each
participant undergoing ERCP can be assessed using a log transformation calculator based on the total score derived from regression
coefficients of the model (Figure 1). For example, a 35-year-old female (5 points) undergoing ERCP as an outpatient involving
pancreatic sphincterotomy (15 points) and difficult cannulation (10 points) will have an estimated 40 % risk of developing PEP
(intermediate strata).
Conclusions: This simple risk stratification tool can predict the risk of development of PEP. This will assist the provider to suitably
choose among intravenous hydration, rectal indomethacin and PD stenting. Data from future RCTs and prospective studies can be
used to further train the model, identify interactions between the risk factors and for external validation.
Risk Factor
Age < 50 & Female gender
Inpatient status
History of post-ERCP pancreatitis
Sphincter of Oddi dysfunction
Pancreo-biliary malignancy
Difficult cannulation
Pancreatic sphincterotomy
Acinarization
Pancreatic bush cytology
Guidewire cannulation
>2 guidewire passes to pancreatic duct
Biliary sphincterotomy
Trainee involvement

Points
5
-4
5
13
8
10
15
10
13
15
9
-8
9

Table 1: PEP risk score point allocation based on regression coefficients from the model.

Figure 1: Total PEP score, risk strata and their corresponding risk estimates in percentage based on regression coefficients.
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