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Abstract

Objectives—Diagnosing chronic pancreatitis remains challenging. Endoscopic ultrasound (EUS)
is utilized to evaluate pancreatic disease. Abnormal pancreas function test is considered the “non-
histologic” gold standard for chronic pancreatitis. We derived a prediction model for abnormal
endoscopic PFT (ePFT) by enriching EUS findings with patient demographic and pancreatitis
behavioral risk characteristics.

Methods—Demographics, behavioral risk characteristics, EUS findings, and peak bicarbonate
results were collected from patients evaluated for pancreatic disease. Abnormal ePFT was defined
as peak bicarbonate <75 mEg/L. We fit a logistic regression model and converted it to a risk score
system. The risk score was validated using 1,000 bootstrap simulations.

Results—A total of 176 patients were included; 61% were female with median age 48
(interquartile range 38, 57). Abnormal ePFT rate was 39.2% (69/176). Four variables formulated
the risk score: alcohol or smoking status, number of parenchymal abnormalities, number of ductal
abnormalities, and calcifications. Abnormal ePFT occurred in 10.7% with scores 4 or less versus
92.0% scoring 20 or greater. The model c-statistic was 0.78 (95% CI: 0.71, 0.85).

Conclusion—Number of EUS pancreatic duct and parenchymal abnormalities, presence of
calcification, and smoking/alcohol status were predictive of abnormal ePFT. This simple model
has good discrimination for ePFT results.
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Introduction

Diagnosing chronic pancreatitis (CP) as a cause of chronic abdominal pain often presents a
dilemma as histology is not readily available and diagnostic studies are imperfect. Current
diagnostic studies include radiologic imaging with abdominal computed tomography (CT)
scan and magnetic resonance imaging (MRI) with magnetic resonance
cholangiopancreatography (MRCP), pancreatic function tests, and fecal elastase. Endoscopic
procedures including endoscopic retrograde cholangiopancreatography (ERCP) and
endoscopic ultrasound (EUS) are often considered. EUS is safer and potentially more
sensitive than ERCP for detecting CP and should be performed before ERCP in the
diagnostic evaluation.1-2 Typically 9 parenchymal and ductal EUS criteria are evaluated in
the diagnosis of CP with varying number of criteria chosen as the threshold for diagnosis of
CP. With evidence that some EUS features may be physiologic and not pathologic especially
in the presence of alcohol and cigarette use, the optimal threshold is unclear.2:3 More
recently, the Rosemont classification weights various EUS criteria for CP based on expert
opinion.* The diagnostic accuracy of EUS features alone has come under considerable
scrutiny.®

Secretin pancreatic function test (PFT) is the gold standard for detecting exocrine pancreatic
insufficiency commonly observed in chronic pancreatitis.6~10 Traditional PFT using the
Dreiling tube is a long, cumbersome procedure that can be difficult and uncomfortable for
the unsedated patient. An endoscopic PFT (ePFT) has been developed with proven good
correlation to the standard Dreiling PFT.8-10 A shortened ePFT test with timed aspirates
from 15 to 45 minutes is highly accurate having 94% agreement with the full 1-hour test.8:11
This shortened ePFT can be combined with EUS to simultaneously assess gland morphology
and secretory function.12

The aims of this retrospective study were to derive a CP prediction model using
demographics, pancreatitis-specific behavioral risk factors, and EUS criteria, and to develop
a diagnostic CP risk score using ePFT as the gold standard for CP.

Materials and Methods

Patient Population

Patients undergoing both EUS and ePFT either simultaneously or within 3 months of each
other for suspected CP from April 2006 to October 2011 were eligible for study inclusion
from 2 academic medical institutions (Cleveland Clinic Foundation, Brigham and Women’s
Hospital). Patients were excluded from the study if they had a prior history of acute
pancreatitis within 6 months of the procedures. The study protocol was approved by the
Human Research Committee of the Partners Healthcare System.

The following demographic, behavior, EUS, and ePFT data were collected on all patients:
age, gender, race; smoking and alcohol consumption; EUS parenchymal findings
(hyperechoic foci, hyperechoic strands, lobularity, cysts), EUS ductal changes (hyperechoic
duct wall, irregular duct margin, dilated main pancreatic duct [MPD], visible side branches,
calcifications); peak bicarbonate concentration in secretin stimulated pancreas fluid.
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Smoking included any past or current smoking. Alcohol use was divided into >20 grams a
day or less13.

EUS

Endosonography was performed using a curvilinear echoendoscope (Olympus GF-UC30P,
GF-UCT 140-AL5; Olympus America, Center Valley, PA) for all cases. Sedation with
intravenous midazolam, fentanyl, remifentanil, and/or propofol was used according to the
judgement of the endoscopist and/or anesthesiologist. The pancreas was systematically
examined with the pancreatic head visualized from the duodenal bulb to the pancreatic body
and tail seen from the stomach. The standard 9-EUS criteria for diagnosis of CP were
recorded based on changes in the pancreatic body and tail 14-16

Endoscopic Pancreatic Function Test

Performance of ePFT was standardized at both institutions. The modified ePFT was
performed by administering 0.2mcg/kg secretin intravenously at time 0 minute. Gastric
contents were completely aspirated and the suction channel of the endoscope was cleared by
aspirating and discarding at least 2cc of duodenal fluid. Pancreas fluid (usually 5-10cc) was
then aspirated from the 2" to 3 portion of the duodenum at 15, 30, and 45 minutes
following secretin injection into a specimen container (Specimen Trap, Centurion, Howell,
MI). All endoscopic biopsies and/or polypectomies were performed after the final pancreatic
fluid collection to avoid contamination of the fluid specimen.

Pancreatic Fluid Analysis

Pancreatic fluid samples were frozen at =20 C and stored until analysis; all measurements
were conducted within two weeks of sample collection. A separate in house laboratory
validation study demonstrated no significant difference in pancreatic fluid electrolyte
concentrations when stored for two weeks at —20 C (data not shown). Samples were thawed
at room temperature, and an aliquot was passed through a serum filter (ML0550, MarketLab,
Caledonia, MI) to remove particulates and fibrin microthrombi prior to analysis.

Laboratory analysis of fluid collected during ePFT was standardized at both institutions.
Electrolyte (sodium, potassium, chloride, bicarbonate) measurements were conducted in
CLIA-certified Clinical Chemistry Laboratories under standard operating procedures for
plasma on an AU2700 (Olympus America, Center Valley, PA) automated chemistry
analyzer. Sodium, potassium, and chloride were measured by indirect ion-selective
electrodes, and total bicarbonate was measured by the two-step phosphoenolpyruvate
carboxylase - malate dehydrogenase enzymatic-photometric method.1” Samples with results
greater than the upper assay limit were diluted into the linear range with water. The highest
bicarbonate concentration from the three samples was considered the peak bicarbonate value
and a cutoff of 75 mEg/L was used to define abnormal (<75 mEg/L) or normal (=75 mEq/
L).16

Statistical Analysis

Model development—In order to identify the strongest predictors among potentially
correlated EUS findings, data explorations were conducted using a logistic regression
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approach. Based on reiterative statistical testings and clinical plausibility evaluations,
composite variables were created to optimally fit a predictive model. These variables were
tested in continuous, multiple categorical, or dichotomous formats.

Risk score validation—The final logistic regression model coefficients were converted
into an easy to use risk score system by dividing each variable coefficient (numerator) by the
smallest variable coefficient (denominator) in the model and rounding it into integer point.18
Each patient’s risk score was calculated by summing up the total number of pertinent points.
Validation of this risk score was conducted by 1,000 bootstrap simulations.1® The bootstrap
simulations draw random samples with replacement from the study population, fit a
regression model, and generate a c-statistic with each of the random samples. Overall, the
1,000 bootstrap simulations generated 1,000 random samples and c-statistics. The c-statistic
values were ranked from the lowest to the highest, and the value at the 2.5" and 97.5t
percentiles were used as the 95% confidence interval (CI) estimates for the model
discrimination.

All analyses were conducted using Statistical Analysis Software (SAS; version 9.01, SAS
Institute Inc., Cary, NC) and p-value <0.05 was considered significant.

Patient Characteristics and Univariate Analysis

As shown in Table 1, a total of 176 patients were included in the study with 61% female;
median age was 48 years (interquartile range [IQR] 38, 57). Four patients were excluded due
to acute pancreatitis within 6 months of EUS and ePFT. Overall 39.2% (69/176) of patients
had abnormal ePFT. Age, gender, and race were not associated with abnormal ePFT.

The behavior variables, smoking and alcohol consumption, were associated with abnormal
ePFT (p<0.05]. EUS parenchymal findings of hyperechoic foci and lobularity also predicted
abnormal ePFT in 47% and 59% of patients, respectively (p<0.04). For EUS ductal criteria,
irregular MPD, dilated MPD, dilated side branches, and calcification were all highly
associated with abnormal secretory function (p<0.001) with abnormal ePFT prevalence rates
ranging from 74% to 91%. The academic centers were compared as shown in Table 2; there
were 114 patients from one academic center and 62 from the second center. The
characteristics of patients from the two hospitals were similar in demographics, ePFT, and
EUS findings.

EUS-ePFT Prediction Model and Risk Score

The logistic regression model identified four variables that predict ePFT: alcohol or smoking
status, number of parenchymal abnormalities, number of ductal abnormalities, and
calcifications (Table 3). Hyperechoic duct wall, as well as age, gender, race, were excluded
in the multivariate analysis due to the insignificant associations with the outcome of the
interest at the univariate level.

The highest weighted predictor of abnormal ePFT in the multivariate model was the
presence of 2 or 3 ductal abnormalities (irregular MPD, dilated MPD, and/ or dilated side
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branches) with a risk score of 11. Presence of calcifications had an independent score of 9
with the presence of 3 or 4 parenchymal abnormalities (cysts, strands, hyperechoic foci, and/
or lobularity) yielding a score of 8. Patients with both alcohol and smoking behavior had an
independent score of 4 while those with either alcohol or smoking had a score of 2. The
model c-statistic was 0.78. The 1,000 bootstrap simulations validated the model with 95%
Cl10.71, 0.85.

Risk scores ranged from 0 to 32 with median 8 (IQR 6, 11). Approximately 16% (28/176) of
patients had a score of 4 or less, and the abnormal ePFT rate within this group was 10.7%
(3/28) (Figure 1). Approximately 14% (25/176) of the patients had a score of 20 or higher,
and among these patients abnormal ePFT rates were 92% (23/25) (Figure 1). The score
distributions were similar among patients from the two study centers. The mean (standard
deviation) of the risk score was 10.1 (6.6) versus 9.8 (10.1), p=0.80.

Discussion

We have developed a more refined model for predicting abnormal pancreatic secretory
function incorporating and weighting patient-specific pancreatitis behavioral risk factors and
EUS findings. Our simple risk score allows stratification of patients into various
probabilities of having abnormal pancreatic secretory function with very good
discrimination. This scoring system can be used as an initial triage for further invasive
testing.

Diagnosing CP can be difficult in early to mild forms of the disease despite availability of
both structural and functional tests including MRI pancreas with MRCP, EUS, and PFT. No
single test provides a definitive answer and a STEP-wise approach has been suggested.20
PFTs are time-consuming and have not gained widespread use. Although EUS is arguably
the single most useful test for CP due to its ease of use, excellent patient tolerance, minimal
patient risk and comprehensive imaging of the entire pancreas parenchyma and ductal
system, limitations exist.2! Uncertainty remains over the appropriate EUS threshold for
diagnosing CP. With recognition that the EUS criteria have different predictive potential for
diagnosing CP, the Rosemont classification was developed which weights various EUS
criteria. However, this is based on expert consensus opinion and has not been validated
prospectively.* Furthermore, it is uncertain whether the EUS findings are pathologic, age-
related changes, asymptomatic fibrosis, or normal variants.> At best EUS detects nonspecific
fibrosis in the pancreas which can be observed in chronic pancreatitis, but cannot be
interpreted in a vacuum and needs to be evaluated in the setting of a particular patient profile
and pancreatitis risk behaviors.

Therefore, our goal was to enhance diagnosis of CP by incorporating EUS as well as patient
demographic and pancreatitis behavioral risk factors into a more comprehensive model for
CP. Both alcohol and smoking have been clearly identified as risk factors for CP, which
make it important to include these features in a diagnostic model for CP.22-24 We found that
presence of both alcohol and smoking is worse than the presence of either alone. No specific
demographic factors including age, gender, and race were significantly associated with
abnormal pancreatic function in our study. Consistent with previous studies, calcifications
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was a strong predictor of abnormal ePFT in addition to EUS ductal features of CP.12:25
Because secretin PFT relies on ductal cell secretion, higher correlation of ductal features
with abnormal ePFT is expected. The uniqueness of our study results from not only the
quantification of EUS criteria associated with CP, but also the addition of individual patient
smoking and alcohol use to generate a more refined model for CP. Previous EUS studies
have not objectively weighted the various EUS criteria nor included other variables to
enhance EUS diagnosis of CP.

Our risk score is also practical in guiding the evaluation of suspected CP. If a patient has a
risk score <4, PFT does not need to be performed because the risk of CP is very low.
Similarly, if the patient’s risk score is =20, PFT can be avoided because the patient has a
92% likelihood of having an abnormal result. However, for those patients with scores
between 5 and 19, pancreatic function testing may be performed to further assess for
exocrine insufficiency.

The primary limitation of our study is the use of endoscopic PFT as the gold standard for
diagnosing CP. However, in clinical reality histologic diagnosis of CP is rarely available nor
is EUS-guided biopsy of the pancreas to diagnose CP recommended due to its relatively low
sensitivity and safety concerns.2! Furthermore, secretin PFT is regarded as the non-
histologic gold standard for diagnosis of CP.26 While external validation of our model using
an independent cohort is desirable, our use of bootstrap methods is a widely accepted
method of validation.1® However, our risk score does need validation in a prospective study,
which will allow collection of more complete data including imaging findings that can be
incorporated into our model.

In conclusion, we have developed a simple risk score for the diagnosis of CP which
incorporates smoking and alcohol use in addition to quantitatively weighting EUS criteria
for CP. This novel scoring system may enable more accurate classification of patients with
suspected CP.
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Risk score strata and associated abnormal ePFT rates
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Comparison of patient characteristics from two centers

Table 2

Variable Center 1 Center 2 -
(n=114) (n=62) value
Age, median (IQR) 495 (39,57) | 47 (35,56) | 0.42
Female, n (%) 68 (59.6) 39 (62.9) 0.67
Peak bicarbonate, median (IQR) 78 (62,88) | 84(64,90) | 0.20
Peak bicarbonate < 75, n (%) 48 (42.1) 21 (33.9) 0.38
EUS score, mean (standard deviation) 29(1.5) 26(2.4) 0.24

IQR: interquartile range
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