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Abstract

Purpose: The goal of this study was to evaluate the
pancreatic  parenchyma in celiac patients with
transabdominal ultrasonography (US) and ultrasound
elastography (UE). The aim of this study is to identify the
difference of pancreatic elastography values and pancreatic
dimension between the different four pediatric coeliac
patient groups with respect to their development curve
standart deviation (SD) scores.

Materials and Methods: This study is single-center,
prospective study. We included 5-18 years old patients
diagnosed with Celiac Disease (CD). Pancreatic dimension
and parenchymal elastography measurements of 106
patients eligible for the study were performed by a single
radiologist. Height, weight, body mass index (BMI), fecal
clastase values, age at diagnosis, duration of illness and
medical history of the patients were evaluated. The
patients were divided into four groups with respect to their
development curve SD scores.

Results: Our study group included 106 CD patients, 72
female and 34 male children were included in our study.
The age at diagnosis of the patients was 100.4£97.5
months, and the disease duration was 4.112.5 years. The
patients were examined in 4 groups. There was no
difference in pancreatic elastography values between four
groups. There was no difference in the dimensions of the
pancreatic head between these groups. It was observed
that the anteroposterior diameters of the body and tail
increased as SD values increased. There was no difference
between fecal elastase values.

Conclusion: Pancreas dimensions were higher in celiac
patients with a higher kilogram SD score. However, no
significant difference in pancreatic elastography values was
observed when the kilogram SD score was used.
Keywords: Celiac disease, child, pancreas, elastography,
fecal elastase

Oz
Amag: Calismamizda Colyak Hastalarinda (CH) pankreas
patankimi transabdominal ultrasonografi (USG) ve

clastografi ile degerlendirildi. Calismada CH’lerde pankreas
clastografi ve pankreas boyutunun 6l¢timi ile hastalarin
gelisim egrilerinin karsilastirilmast amaclanmugtir.

Gereg ve Yontem: Calismamiz tek merkezli, prospektif
tasatlanmis olup Colyak Hastaligt tanili, 5-18 yas arast
hastalar dahil edilmistir. Calismaya uygun olan 106
hastanin  pankreas boyutlart ve parankim elastografi
Slgtimleri tek radyolog tarafindan yapildi. Hastalarin boy,
kilo, viicut kitle indeksi (V. Ki), fekal elastaz degerleri, tani
yaslari, hastalik streleri ve Ozgecmisleri degerlendirildi.
Hastalar gelisim egrileri standart deviasyon SD skoruna
gore dort gruba ayrildi.

Bulgular: Calismamiza 106 CH dahil edilmis olup
bunlarin 72’si kiz, 34’4 erkek idi. Hastalarin tani yaglar
ortalama 100,41£97,5 ay, tani stireleri ise 4,112,5 yil olarak
hesapland:. Hastalar gelisim egrilerinin SD skorlarina gore
(<-28D, -1, -2SD, -1,08D, >0 SD gruplart) 4 grupta
incelendi. Gruplar arasinda pankreas elastografi degetleri
arasinda anlamli farklilik saptanmadi. Yine bu gruplar
pankreas bas kismi boyutlarinda  farkhihk
saptanmadi.  Gozlemlendigi kadariyla gévde ve kuyruk
kismi 6n-arka caplart ile SD skoru artttkca pozitif
korelasyon izlendi (sirast ile pankreas govde; 9,75%1,4,
8,915, 10,2%£1,8, 10,7£1,9 mm, pankreas kuyruk;
7,75%0,9, 7,2%+1,4, 8,14+1,4, 8,4*1,4 mm). Fekal elastaz
degerleri arasinda da bir fark saptanmadi.

Sonug: Colyak hastalarinda kilogram SD skoruna gore
yapilan degerlendirmede SD skoru yiiksek olan hastalarin
pankreas boyutlarinin daha biyiik oldugu saptandi. Ancak
kilogram SD skoruna gére pankreas elastografi degerleri
arasinda anlaml bir faklilik saptanmadi.

Anahtar kelimeler: Colyak hastaligi, cocuk, pankreas,
clastografi, fekal elastaz

arasinda
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INTRODUCTION

Celiac disease (CD) is a systemic autoimmune disease
characterized by both intestinal and extra-intestinal
manifestations, resulting in the destruction of
intestinal villi caused by antibodies produced against
"gluten" in the diet of individuals'. CD prevalence is
between 0.5% and 1% worldwide?. CD may be
asymptomatic, oligosymptomatic or present with
extraintestinal symptoms®. Exocrine pancreatic
insufficiency (EPI) has been recorded in children
with uncured CD* Although the underlying
pathophysiology is not fully understood, many
factors are suspected. Disrupted excretion of
pancreatic hormons, amino acid insufficiency due to
malabsorption giving rise to a decrease in pancreatic
enzyme production, and protein malnutrition
reasoning textural changes in the pancreas are some
of the physiopathological pathways*. Postmortem
autopsy studies give definitive results to directly show
the changes that occur in the pancreas of patients
with CD. Furthermore, fecal elastase, which shows
pancreatic exocrine function may help indirectly.
Nevertheless, the last study using magnetic resonance
imaging (MRI) to assess pancreatic parenchymal
textural did not detect a morphological anomaly in
EPI patients and therefore concluded that EPI is a
functional default in pancreatic enzyme excretion®.
On the other hand, there are endoscopic
ultrasonography and ultrasound elastography (UE)
studies trying to demonstrate the structural change of
the pancreatic parenchyma®. In literature one of the
other uses of elastography is chronic pancreatitis
(CP). Chronic inflammation of the pancreas in CP
with fibrosis is resulting in irreversible structural
damage and impairment of exocrine and endoctine
functions. The evaluation of tissue stiffness is the
option to assess the diagnosis of CP’. And especially
one of the studies conducted that elastography is not
only a tool for diagnosing pancreatic diseases, it may
also use for screening general population®.

Some CD patients exhibit growth retardation. Not
only diet, but also changes in the pancreas are
thought to contribute to this condition in these
patients. It is possible to demonstrate the structural
changes in pancreas radiologically in CD. Structural
changes, changes in pancreatic volume and stiffness
can be evaluated by ultrasonography (US). US is a
non-invasive test, would be appropriate for this
purpose. It can be done in elastography along with
US. Whether there is a change in the size and stiffness
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of the pancreas in celiac patients and the relationship
between this change and growth parameters has not
been evaluated before. Therefore, the goal of this
study was to assess the pancreatic parenchyma in CD
patients using transabdominal US and UE.

MATERIALS AND METHODS

Sample

In this study, patients diagnosed with CD who were
followed up in Pediatric Gastroenterology outpatient
clinic in Adana City Training and Research Hospital
were evaluated. 148 patients, whose patient sample
was determined by power analysis and selected by
randomized sampling method, were included in the
study. The study designed as prospectively. The
patients selections were done by the pediatric
gastroenterology specialist according to the exclusion
and inclusion criteria of the study. Sixteen patients
were excluded from the study because they were
under 5 years old; nine patients were excluded
because they did not comply during US, and 7
patients were excluded because they had pancreatic
atrophy. The radiologist evaluating the measurements
was blinded to the patients' medical history. Ten
patients were excluded from the study because of the
withdrawal of the consent. We exclude all the
conditions that may affect the pancreas. A total of
106 patients were evaluated.

Procedure

Weight, height, BMI, age and duration of diagnosis,
and fecal elastase values of each patient were
recorded from the electronical files of each patient.
All electronical files are reliable and accessible by id
number. Ethical approval was obtained from Adana
City Training and Research Hospital Ethic
Committee (Date: 27.01.2021, Approval number:
1292/75). This study acted consistently with the
ethical principles outlined in the Declaration of
Helsinki. The study was explained in detail and the
participants were included in the study after acquiring
written informed consent from their families.

Ultrasonography and 2D shear wave
elastography

Radiological evaluation and measurements were
made by single radiologist, a radiologist with at least
10 years of experience. All the radiological
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evaluations and measurements were analysed by the
same radiologist and recorded. Pancreatic ultrasound
scanning was performed on all participants using a
high-resolution ultrasound device (Philips EPIQ7)
and a 1-5 MHz high-resolution probe (Philips Health
Care, Bothell, WA).

Elastography reveals the morphological changes in
the tissue and contributes to the gray scale ultrasound
examination findings in the differential diagnosis of
tissue lesions. In some diseases, it provides additional
information, such as revealing the severity of
progression and evaluating response to medical
treatment’. Elastography is becoming increasingly
common in medical practice and its clinical value is
increasing day by day. Furthermore, elastography has
great potential in the field of research because it is a
new method. The ElastPQ technique generates shear
waves within the organ using a force impulse of
acoustic radiation.

All participants were asked to be in a fasting state for
at least 6-8 hours before the ultrasonographic
examination. Those who could not hold their breath,
had flatulence in the abdomen, whose pancreas could
not be fully visualized or who were extremely obese
were excluded from the study. First, the
transabdominal US probe was placed in the epigastric
region and the pancreas was visualized.

The pancreas was evaluated while the participants
were in the supine position. Pancreatic echogenicity
and anteroposterior lengths of the pancreatic head,
body, and tail were measured by B-mode gray-scale
ultrasound, which provides a clear view of the entire
pancreas. Pancreatic echogenicity was considered
normal in those with iso, or mild echogenicity
compared to the liver parenchyma. Those more
echogenic than liver were considered fatty changes
and were not included in the study. Then, the
participants were instructed to hold their breath, and
measurements were taken from the pancreatic head
with point share wave elastography (pSWE). A fixed
Region of interest (ROI) of 5x5 millimeters was used
in pSWE. The obtained data wete recorded as m/sec.
Five consecutive measutements were taken from the
pancreatic head. The median value was considered a
sample of the velocity in each part of the pancreas.
Only procedures with a performance ratio of at least
60% were accepted dependable. The ROI selection
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region was chosen as the zone of the head, body or
tail of the pancreas most clearly visualized in B-mode
imaging that is not near to a gas or liquid components
such as a blood vessel or stomach.

Statistical analysis

SPSS 23.0 package program was used in the analysis
of the data. Categorical measures were presented as
numbers and percentages, and continuous measures
as mean and standard deviation (median and min-
maxi, where appropriate). Chi-square and Fishet's
exact tests were used to match categorical variables.
For continuous measurements, compliance with the
normal distribution was checked with the Shapiro-
Wilk test. The Mann-Whitney U test was used to
match the variables between two groups, and the
Kruskal Wallis test was used to match the variables
between more than two groups. Post Hoc Bonferroni
method was used to analyze the source of variation
between groups (<-2SD -1, -2SD -1.0SD >0SD).
Spearman correlation test was used to define the
relationship  between elastase, pancreas body
elastography and disease duration. A P value less than
0.05 was considered significant in all analyses.

RESULTS

In our study, 42 patients were excluded. Of the 106
patients included in the study, 72 females and 34
males. The duration of CD was 4.1£2.5 years.
Detailed data are shown in Table-1.

When patients were classified according to their
kilogram SD (-2SD, -1, -2SD, -1.0SD,>0SD), there
was a significant difference in their initial BMI and
height SDs, with values increasing as the SD score
increased. Again, as the SD score increased, an
increase in pancreatic head and body thickness was
observed. There was no difference in the
elastography values of the pancreatic head between
the groups Table 2 contains a detailed evaluation.

When the correlation between the duration of the
disease and elastase and elastography values was
evaluated, a positive correlation was found between
the duration of the disease and elastography values.
And a negative correlation between duration of the
disease and elastase values. But all these correlations
were not statistically significant (Table 3).
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Table 1. Demographic data, height, weight, BMI, and pancreas measurements of the patients

Variable Frequency (n) Percent (%)

Gender

Male 34 32.1

Female 72 67.9

Diet compliance

No 31 29.2

Yes 75 70.8
MeantSD Median (Min-Max)

Age of diagnosis (month) 100.4£97.5 89 (12-211)

Duration of disease (year) 4.1£2.5 3.9 (0.2-11.7)

Initial BMI 16.19£3.3 15.46 (11.85-34.52)

Final BMI 17.9244.22 17.15 (12.12-31.47)

Weight SD -0.92+1.25 -0.85 (-4.47-(+2.39))

Height SD -1.02+1.17 -0.97 (-4.57-(+ 1.44))

Elastase(ug/g) 388.1£245.8 293 (32.4-720)

Pancreas head (mm) 13.84+2.6 13.3 (9-23)

Pancreas body (mm) 9.8+1.7 10 (6.5-15.1)

Pancreas tail (mm) 7.9%1.35 8 (5-11)

Pancreas body elastography (m/sn) 0.64£0.16 0.62 (0.34-1.15)

BMI, body mass index; SD, standard deviation

Table 2. Pancreatic thicknesses, elastography values, and other detailed comparisons

Variable <-2SD -1,-2SD -1,0SD >0SD
n(%) n(%) n(%) n(%) p
Gender
Male 9 (37.5) 10 (41.7) 7 (20.6) 8 (33.3) 0.332
Female 15 (62.5) 14 (58.3) 27 (79.4) 16 (66.7)
Diet compliance
No 11 (45.8) 8 (33.3) 6 (17.6) 6 (25) 0.122
Yes 13 (54.2) 16 (66.7) 28 (82.4) 18 (75)
MeantSD MeantSD MeantSD MeantSD
Median Median Median Median
(Min-Max) (Min-Max) (Min-Max) (Min-Max)
Age of diagnosis 86.7+35.9 85.4134.9 114.2£162.2 109.4148.7 0.308
(month) 83 (24-150) 79 (23-153) 87 (12-211) 107.5 (36-187)
Duration of disease 4.812.9 4.2%2.3 3.842.5 4.15%2.5 0.596
(year) 4.3 (0.9-11.8) 3.9 (0.65-10.4) 3.6 (0.26-11.2) 3.7 (1.05-10.9)
Initial BMI 14.4+14 14.9%+1.5 16.1+2.4 19.4+4.6 <0.001
14.1(11.9-17.3) 14.8 (12.8-18.3) 15.7 (12.9-25.6) 18.3 (14.1-34.5)
Final BMI 19.6+3.3 17.314.3 17.7+3.8 17.6£5.4 0.344
20.4(14.1-23.6) 16.1(12.9-27.0) 17.8(12.8-25.4) 16.9(12.1-31.5)
Lenght SD -2.110.87 -1.4£0.9 -0.67£0.9 -0.04£0.96 <0.001
-2.1 (-4.6- -0.6) | -1.49 (-2.53- 0.46) | -0.67(-2.26- 1.38) | 0.02 (-1.83- 1.44)
Elastase(ug/g) 431.94253.9 377.6£258.5 391.44+259.8 333.7+221.6 0.909
432.6 (127-720) | 286 (37-720) 285 (115-720) 283.9 (324-861)
Pancreas head (mm) 13.4%2.1 12.742.0 14.3£2.7 14.6%3.0 0.061
13.2 (10.1-18) 12.8 (9-18.4) 13.8 (9.5-23) 14.1 (10.4-22.1)
Pancreas body (mm) 9.7511.4 8.9+1.5 10.2+1.8 10.7£1.9 0.007
9.7 (6.7-12.1) 9 (6.5-12.1) 10.2 (6.5-14.2) 10.9 (7.4-15.1)
Pancreas tail(mm) 7.75+0.9 72114 8.14+1.4 8.411.4 0.024
8 (6-10.1) 7.05 (5-10.1) 8.1 (5.1-11) 8.1 (6.2-11)
Pancreas body 0.57x0.1 0.61£0.17 0.67£0.13 0.67£0.19 0.054
elastography(m/sec) 0.56 (0.37-0.87) | 0.57 (0.34-1.15) 0.67 (0.43-0.93) 0.66 (0.4-1.14)

BMI, body mass index; SD, standard deviation; Details are shown according to kilogram SD groups.
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Table 3. Evaluation of the correlation between
duration of the diseases and elastase and elastography
values.

Variable Duration of disease (year)

R* p
Elastase(ug/g) -0.072 0.631
Pancreas body 0.040 0.684
clastography(m/sec)

* Spearman correlation test
DISCUSSION

In the current study, when pancreatic size and
elastography were evaluated, it was observed that size
of the pancreatic body and tail in addition to the
pancreatic head increased as the weight SD values
approached positive values between those with
growth and developmental retardation and those
without. One of the objectives was to evaluate the
effect of changes in pancreatic parenchymal
elastography on growth and development. The
effects of changes in pancreatic parenchyma elasticity
on SD distribution in CD were not statistically
significant. Furthermore, there was no difference
between fecal elastase values. Another important
finding was that there was no significant correlation
between duration of the disease and pancreatic
elastography and fecal elastase values.

Although pancreatic dimensions are not a direct
indicator of functional morphology, changes in
dimension can indirectly provide information about
function. In our study, an increase in pancreatic size
was observed as the kilogram SD score increased.
Fecal elastase directly demonstrates pancreatic
exocrine function'®!. In our study there wasn’t a
difference in fecal elastase values between CD patient
groups. We believe that other factors may have a role
in this result!?. These factors may include diet
compliance or pancreatic exocrine functions not
being affected in these patients.

In the literature, there is no previous study evaluating
transabdominal pancreatic elastography results of
CD patients. The goal of our study was to assess the
elasticity of the pancreatic parenchyma in CD
patients with growth retardation. When we look at
the literature, it is seen that studies on pancreatic
elastography are mostly related to the diagnosis of
cystic fibrosis patients and pancreatic involvement of
cystic fibrosis 114, In a study conducted in children
with Type 1 Diabetes Mellitus showed that the
elastography screening is safe, non invasive, practical
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method for long term screening and follow up of
endocrin function impairment of the pancreas
tissue!>.

There are lots of studies about the uses of
elastography on documentation of elastic features of
particular soft tissues, pancreatic solid tumours

diagnoses 1617,

Since there is not enough data in the literature related
to our study, we did not have the chance to compare
our values with other studies. We hope for
researchers that this multicenter will be the horizon
for new studies with a large sample size. Based on the
results, it was found that pancreatic parenchymal
elasticity did not differ in CD patients. Although CD
is not a disease that directly affects the pancreas,
pancreatic exocrine insufficiency develops in some of
the patients. The incidence of pancreatic exocrine
insufficiency evaluated by wvarious non-invasive
techniques ranges from 11.4% to 56.2%, and the
incidence reported is higher in CD patients who have
diarrhoea despite a gluten-free diet'4!8. Prevalence of
EPI is higher than recorded so it is important to
detect it at an early stage by non-invasive methods
like fecal elastase !°. This raises the question of
whether we, as clinicians, are failing to detect EPL
This kind of disease can not remain detected,
especially in the early stages if symptoms are either
mild or asymptomatic. We know that the
extraintestinal manifestation of CD is increasing 2.
There is no universally accepted theory to explain the
pathophysiology of EPI in CD. Distupted exctetion
of pancreatic stimulating hormones from the
atrophic proximal small bowel is thought to be a
probable cause for EPI. This theory is supported by
immunohistochemical studies that show important
changes in enteric endocrine cells with an important
reduction in secretin cells 2!. In our study, none of the
patients had EPI, but we thought that the pancreas
might be affected secondary to CD in these patients.
This effect would likely not manifest as pancreatitis
but rather as the pancreas being affected to a greater
or lesser extent. Another noteworthy result of our
study was that the pancreas size increased as the SD
score increased. Morphologically, the pancreas
structure is preserved and its elasticity does not
change measurably, but the micro changes in the
pancreatic structure cannot be demonstrated by
measurements. Further studies are needed to clarify
this situation.

Our study has a few limitations. Our study was
conducted in a single center, with a little sample size
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and measurements performed by a single radiologist.
Another limitation was that measurements were
taken exclusively from the pancreatic head. This
region was chosen because it is the thickest part of
the pancreas and is therefore easily visualized and
quantified.

In conclusion, no difference was observed in
pancreatic elastography values between CD patients
according to patients kilogram SD score. However,
pancreatic size increased as the kilogram SD score
increased in CD patients. In CD, especially in patients
with low kilogram SD score, evaluation of pancreatic
size should be evaluated in detail to exclude other
possible conditions that may be related to pancreatic
insufficiency. Although the elastography values were
not significant in our study, there is a need for
multicenter studies with the participation of more
patients.
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