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Abstract
Background: Malnourishment in eosinophilic esophagitis (EoE) often is multifactorial, due to feeding aversion, vomiting, poor diet, and
dysphagia. Exocrine pancreatic insufficiency (EPI) also can lead to malnourishment in children. Our objective was to study EPI as a contributing
cause of malnourishment in children with EoE.
Methods: We performed a retrospective review of records for pediatric patients (age 0-18 years) treated for EoE who underwent an
endoscopic pancreatic function test (ePFT) due to malnutrition between July 2014 and June 2018 at the Eosinophilic Esophagitis Center of the
Arnold Palmer Hospital for Children, Orlando, Florida.
Results: Thirty-six patients with EoE and malnutrition underwent ePFT and 16 were found to have EPI (10 males, average age 5.3 years).
Five patients underwent follow-up ePFTs that showed EPI resolution after statistically significant weight gain (p = 0.035).
Conclusion: Poor growth in patients with EoE should prompt investigation into causes of failure to thrive, and exocrine pancreatic
insufficiency should be considered as a contributing factor.
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Introduction
Eosinophilic esophagitis (EoE) is a chronic, antigen-driven
allergic disease characterized by eosinophil infiltration of the
esophagus and consequent symptoms of esophageal dysfunction
[1]. It was first reported in the late 1970s and is considered
relatively rare. However, the incidence (3.7-12.8/100,000/year)
and prevalence (22.7/100,000) of EoE have increased throughout
the last 20 years [2,3].
Although dysphagia and food impaction are the most common
EoE symptoms in adults, symptoms in children are non-specific
and include food intolerance, failure to thrive (FTT), abdominal
pain, nausea, and emesis [4,5]. Children with eosinophilic
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esophagitis often exhibit poor growth resulting from dysphagia,
food aversion, restricted diet, and chronic vomiting [6]. Most
children experience increased growth velocity once EoE is in
remission; however, a subgroup continues to experience failure to
thrive, despite effective control of EoE [6].

Exocrine pancreatic insufficiency (EPI) is the inability to
digest nutrients due to a severe reduction in digestive enzymes
secreted by the exocrine pancreas. The main clinical symptom of
EPI is steatorrhea, due to an inability to digest fat [7,8]. However,
since exocrine pancreatic enzymes digest all macronutrients
(fat, protein, and carbohydrates)7 that play a key role in nutrient
digestion, EPI also leads to malabsorption, malnutrition, and FTT
001
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in children [9], as well as to poor growth and mortality [10]. EPI
exists in conditions, such as cystic fibrosis (CF), ShwachmanDiamond syndrome (SDS), and chronic pancreatitis (CP) [8,11,12]
and several studies have reported that malnutrition can lead to
EPI 13-15. The purpose of this investigation is to analyze exocrine
pancreatic enzymes in a series of cases of children with EoE and
malnutrition.

Methods

We performed a retrospective review of records for pediatric
patients (age 0-18 years) treated for EoE who underwent an
endoscopic pancreatic function test (ePFT) due to malnutrition
between July 2014 and June 2018 at the Eosinophilic Esophagitis
Center of the Arnold Palmer Hospital for Children. We collected
clinical data, including age, z Scores (z) for weight, height, BMI,
pancreatic enzyme profile, EoE treatment, and histopathology
from esophageal biopsy. Diagnosis of EoE in our population is
defined as symptoms consistent with esophageal dysfunction
and esophageal epithelial eosinophilia >15 eosinophils per highpower field (eos/HPF) in esophageal biopsy while receiving highdose acid suppression as stated in the consensus guidelines for
the period of the study 1. Malnourishment is defined as weight for
height (W/H) ≤-2 standard deviations (SD).

Endoscopic pancreatic function test (ePFT).

In our center, we use ePFT to evaluate children for EPI as
a cause of malnutrition, rather than indirect testing (such as
fecal elastase) that has poor sensitivity for EPI, especially in
children with selective enzyme deficiencies [16]. ePFT is a
direct pancreatic function test performed during endoscopy
that includes the collection of pancreatic fluid after pancreatic
stimulation using secretin [16-18]. Synthetic human secretin
(ChiRhoClin, Burtonsville, MD) is used as the hormonal stimulant
and has been shown to be equivalent to biologic secretin [19-21].
After anesthesia induction, secretin (0.2mcg/kg) is given as an
intravenous bolus over one minute. The endoscope is advanced
to the duodenum and pancreatic fluid collection is obtained via
an aspiration catheter inserted through the endoscopy channel
and placed in close proximity to the ampulla of Vater. Four 1mL
samples of pancreatic fluid are collected between 4-10 minutes
after secretin administration. The collected pancreatic fluids are
placed on dry ice and sent to the laboratory to be stored at -80⁰C
until analysis. Analysis includes measurement of pH, protein, and
enzyme activity of amylase, lipase, chymotrypsin, trypsin, and
elastase. The peak pancreatic enzyme activity of the 4 collected
specimens is used for reporting [16].

Enzyme assays

Our Pediatric Gastroenterology Translational Laboratory
performed the pancreatic enzyme analysis. Given the limited
data in the literature for standardized pancreatic enzyme
values, we relied on the laboratory-defined reference ranges for
pancreatic enzyme activity in our reference population via a rank
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and percentile calculation of more than 400 samples. Normal
pancreatic enzyme activity for each enzyme individually was
defined as activity above the third percentile.

The amylase activity (normal > 10.3 μmol/min/mL) was
measured using Amylase LiquiColor reagent from STANBIO
Laboratory (Boerne, TX, USA). The α-amylase in the sample
hydrolyzes substrate, 4,6-ethylidene-G7p-nitrophenol (ETG7PNP), to generate 2-4 glucose (G) units with p-nitrophenol
(PNP) fragments, then α-glucosidase (included with the reagent)
hydrolyzes G2PNP and G3PNP to yield glucose and colored PNP
product. The amount of the colored product is proportional to the
activity of amylase. The amylase activity is calculated as the release
of PNP (μmol) per minute, per milliliter of sample (μmol/min/
mL). Proteases were measured using chromogen-linked peptides
as substrates: BAPNA (Benzoyl-DL-arginine-p-nitroaniline HCl)
for trypsin (normal > 306.9 nmol/min/mL), Succinyl-Ala-Ala-ProPhe-p-nitroanilide for chymotrypsin (normal > 2.7 μmol/min/
mL) and Succinyl-Ala-Ala-Ala-p-nitroanilide for elastase (normal >
10.5 nmol/min/mL) (Sigma, St. Louis, MO). The reaction releases
p-nitroanilide, a yellow color product, which was quantitatively
measured at 405nm. Lipase activity (normal > 134.9 μmol/min/
mL) was determined by using Sekisui Lipase Color kit (Lexington,
MA) and the reaction was monitored kinetically at 550nm as
described in the protocol provided by the manufacturer.

Statistical analysis

Descriptive statistics was the primary analysis utilized. For
those patients who had repeat ePFT we used t-test to compare
change in weight, p value <0.05 was considered significant.

Ethical considerations

This retrospective study was performed in accordance
with a protocol approved by the Arnold Palmer Medical Center
Institutional Review Board.

Results

Thirty-six patients with EoE underwent ePFT due to
malnutrition and 16 were found to have generalized or partial
EPI. The study population included 10 males and 6 females, with
average age at diagnosis of 5.3 years (range 1-17 years). Eleven
patients (68%) were diagnosed with simultaneous EoE and EPI,
four patients (25%) were diagnosed with EPI after EoE diagnosis,
and 1 patient (6%) was diagnosed with EPI before EoE. Four
patients had generalized pancreatic insufficiency and the rest
had different pancreatic enzyme deficiencies (Table 1). For EoE
management, 2 patients were treated with proton pump inhibitor
(PPI) medications only, 5 patients were treated with elimination
diet, and 9 patients were treated with topical swallowed
corticosteroids (Table 1). Five patients underwent follow-up ePFT
that demonstrated EPI resolution after statistically significant
weight gain (p = 0.035). One patient underwent a repeat ePFT that
demonstrated persistently low trypsin and chymotrypsin, despite
significant improvement in growth parameters.
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Table 1: Characteristics of Patients with EoE and EPI.
Case

Age at EoE
Diagnosis

Age at ePFT
Diagnosis

Sex

Z Score
Weight

Z Score
Height

Z Score
BMI

Deficient Pancreatic Enzyme

PEC (eos/HPF)
at Time of
ePFT

1

17

17

M

-2.99

-2.09

-2.09

All†

50

3

8

8

F

-0.67

-2.2

Elastase

45

2

2

M

-3.98

-9.11

6

M

-2.92

-2.32

-1.67

2

M

-2.26

-1.03

-2.02

6

14

M

-1.23

-0.55

2

10

M

-2.52

12

4

4

14

1

1

4

3

5

5

6

2

7

2

8
9

4

10
11

3

13

1

15

2

16

5

2
5
3
2
3

F
F

M

-1.79
-1.02
-4.1

-3.54

M

-1.04

1

M

2

M

5

F
F
F

1.46

-4.17
-2.19

-1.39

3.98

Trypsin, Chymotrypsin

100

Amylase, Lipase, Trypsin,
Chymotrypsin

35

Amylase, Lipase, Elastase

-0.45

Amylase, Elastase, Chymotrypsin

-1.52
-2.89
-2.64

Trypsin, Chymotrypsin
Amylase, Trypsin

26

All†

50

Abnormal CFTR

50

-1.87

-1.39

-1.6

Trypsin, Chymotrypsin

-1.77

-1.62

-0.67

Elastase

-0.63

15
Abnormal CFTR

-0.75

-1.48

40

40

Amylase, Lipase, Elastase

-0.9

-1.58

29

Amylase

-4.26

Comorbidities

All†
All†

Trypsin

50

50
50
22

100

ePFT: Endoscopic Pancreatic Function Test; PEC: Peak Eosinophil Count; CFTR: Cystic fibrosis transmembrane conductance regulator
†
Amylase, Lipase, Elastase, Trypsin, and Chymotrypsin

Discussion
Our study represents the first published report of exocrine
pancreatic enzyme analysis in patients with EoE and malnutrition.
A study by Mukkada et al. 6 reported that 21% of children with
EoE were diagnosed with FTT; however, there is no literature
discussing whether children with FTT have EPI. In our retrospective
observational review, we identified 16 patients with EoE and
decreased exocrine pancreatic enzymes. All of these patients
had clinical evidence of malnutrition. ePFT is performed during
endoscopy for suspected EoE patients in our center if they also
have malnutrition to investigate for EPI. We rely on ePFT because
it is more sensitive than indirect exocrine pancreatic enzyme tests
to investigate for EPI, particularly in a patient already undergoing
EGD testing. One patient in our review had normal test results
for fecal elastase, yet an abnormal ePFT. This is consistent with
studies reporting fecal elastase testing as having poor diagnostic
sensitivity for EPI, especially in children with selective enzyme
deficiencies16.

Evidence that EPI can cause malnutrition is well documented.
Yet, the relationship between malnutrition and the exocrine
pancreas is still unclear [15], despite several previous and recent
studies reporting that malnutrition can cause temporary EPI1014. It is important to note that in six patients, follow-up ePFT
showed resolution of EPI after adequate weight gain. This is likely
consequent to improved nutritional status. However, follow003

up ePFT in one patient demonstrated persistently low trypsin
and chymotrypsin, despite improved growth. Certainly, when a
patient has EPI, one should consider the possibility of a syndromic
etiology. None of the patients in this study had evidence of a
syndromic EPI, such as cytopenia or bone abnormalities, that
would suggest Schwachman-Diamond syndrome. Notably, the
patients in this study who had other comorbidities (e.g., such as
Cases 9 and 11 who had CFTR-related metabolic abnormality) had
EPI resolution, once nutrition status improved.

Study limitations include retrospective data collection, small
sample size, and lack of follow-up ePFT in some patients. Future
prospective studies are needed to accurately explore the role of
EPI in EoE. The etiology of EPI in patients with EoE is unclear. It is
uncertain if one leads to the other or if they exist separately. There
is evidence that malnutrition can cause EPI, and patients with EoE
may become malnourished due to feeding difficulties. Whether
there is any unknown connection between the two entities,
other than malnutrition, remains unanswered. It is possible that
eosinophils infiltrate the pancreas or that the cytokines associated
with EoE cause some degree of enzyme derangement. Likewise,
since the breakdown of proteins is compromised in EPI, this
might introduce intact antigens to the immune system, leading to
EoE. Overall, we conclude that poor growth and malnutrition in
patients with EoE should prompt investigation into other causes
of failure to thrive. Exocrine pancreatic insufficiency should be
considered, since EoE and EPI can coexist.
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