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Abstract

AIM: To evaluate the effect of double-balloon enteros-
copy (DBE) on pancreas histology and levels of pancre-
atic enzymes.

METHODS: Conventional upper gastrointestinal endos-
copy was performed on five control pigs. Oral DBE was
performed with an EN-450T5 enteroscope on 20 pigs.
Two experimental groups (10 pigs each) were defined
according to DBE duration: 90 min for Group 1 and 140
min for Group 2. During oral insertion, the balloons
were not inflated in the descending part of the duode-
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num to avoid the minor duodenal papilla. Serum amy-
lase, lipase and C-reactive protein (CRP) levels were
monitored before the procedure and repeated every 30
min until the exploration was finished, as well as 24 h
and 7 d after. After the procedure and for a total of 7
d, the pigs were observed twice a day for signs of de-
creased activity, irritability, vomiting or anorexia. Gross
and microscopic examination of the pancreas was per-
formed on day 7.

RESULTS: All animals tolerated DBE without clini-
cal manifestations of acute pancreatitis. Experimental
groups had higher levels of enzymes than the control
group at 24 h. Throughout the exploration, the amylase
levels increased significantly above the baseline 24 h
after DBE, although the increase was not statistically
significant and did not reach 20% of the baseline. An
increase in lipase and CRP was observed at 24 h after
the procedure, although by day 7, all enzymatic lev-
els had returned to baseline. No differences between
Groups 1 and 2 were found for any enzyme and sam-
pling site during and after the procedure. Similarly, no
correlation between insertion depth and enzyme levels
was observed. Direct /n situ and post-removal inspec-
tion of the pancreas did not show any evidence of
fluid collection, abscesses or hemorrhage. Histological
examination of the pancreas from Groups 1 and 2 re-
vealed the existence of focal areas (0.14-0.26 mm?®) of
ischemic necrosis in 47.4% of the animals. In the pigs
with damaged pancreas, the left lobe (tail) was always
affected. However, this only happened in 83.3% of the
samples from the right lobe (head) and in 33.3% of
the samples from the body of the pancreas. Significant
differences were found between the left lobe (tail) and
the body for the percentage of affected pancreas. Both
the size of the lesions and the percentage of affected
pancreas were higher in the left pancreatic lobe (tail).
The presence of the lesions was not related to the ex-
ploration length.

CONCLUSION: The increase in pancreatic enzymes
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after DBE could be related to focal points of pancreatic
ischemic necrosis due to mechanical stress.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Double-balloon enteroscopy (DBE) has enabled endo-
scopic diagnosis and treatment in the small intestine,
which had been very difficult for many years'. Yama-
moto ¢t al” introduced DBE in 2001 and its usefulness is
already recognized in many countries. DBE is considered
a well-tolerated and safe endoscopic tcchnjquepfsj, but an
increase in pancreatic enzymes and potential pancreatitis
are recognized as complications directly attributed to the
procedure!”™",

The mechanism for post-DBE pancreatitis remains
unclear. Potential explanations might include: (1) pancre-
atic duct obstruction by direct oppression of the papilla
with the inflated balloon™; (2) reflux of intestinal fluid
into the pancreatic duct owing to an increase in intraduo-
denal pressure because of mechanical strain!™"); or (3)
prolonged mechanical injury or ischemia on the pancreas
as a result of repeated stretching and shortening of the
endoscope and overtube!™*"%,

Unfortunately, levels of pancreatic enzymes several
days after the procedure and evaluation of potential le-
sions in the pancreas under normal clinical conditions are
unknown in humans. Also, to the best of our knowledge,
there have been no studies in animal models to clarify the
etiology of pancreatic hyperamylasemia and pancreatitis
post-DBE. This study was aimed at determining the ef-
fects of the DBE technique on the pancreatic enzymes
and histology under nonpathological conditions. To
assess if the timing of DBE influences the pancreatic
enzyme markers, two experimental groups with different
DBE duration (90 or 140 min) were established.

MATERIALS AND METHODS

Animals and protocols
Twenty-five Large White pigs (35-40 kg) were used. The
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day before DBE, animals were fasted, with no liquid re-
strictions, and given a laxative preparation. Animals were
prepared and anesthetized for the endoscopic procedures.
Intravenous saline solution was administrated to secure
basic hydration during the DBE procedure. After 24 h
fasting, each pig was intramuscularly premedicated with
diazepam 0.1 mg/kg, ketamine 10 mg/kg and atropine
0.01 mg/kg. General anesthesia was induced with propo-
fol 2 mg/kg intravenously and maintained with sevofluot-
ane 1.8%-2% delivered via an endotracheal tube. Animals
from the control group (# = 5) underwent conventional
upper gastrointestinal (GI) endoscopy. In the remaining
20 pigs DBE was performed with an EN-450T5 entero-
scope (Fujinon, Japan) by expetienced endoscopists. The
exploration depth was estimated according to the meth-
odology established by May ez a/'".

Two experimental groups (10 pigs each) were defined
according to DBE duration: 90 min for Group 1 and
140 min for Group 2. During the oral insertion of the
scope and overtube, the balloons were not inflated in the
descending part of the duodenum to avoid the major
and minor duodenal papilla. Blood samples were taken
before the procedure and during the exploration at 20
(control group only) 30, 60, 90 and 140 (Group 2 only)
min, and also at 24 h and 7 d after DBE (Groups 1 and 2)
and 24 h and 7 d after GI endoscopy (control group) to
evaluate the serum concentrations of amylase, lipase and
C-reactive protein (CRP). Animals were allowed to feed
24 h after DBE. After the procedure and for a total of 7 d,
the pigs were observed twice a day for signs of decreased
activity, irritability, vomiting or anorexia. On day 7, all the
animals wete euthanized with a pentobarbital overdose
and the pancreases were removed. Each pancreas was
examined 7 situ, palpated, removed from the cadaver and
then sectioned to identify gross alterations. The right lobe
(head) and left lobe (tail), as well as the body of the pan-
creas were preserved in 10% buffered formalin, trimmed
intol ecm X 1 ecm X 1 cm tissue blocks (18-22 blocks
pet pancreas) and processed for histopathology after
hematoxylin and eosin staining. Histology sections were
studied under light microscopy (three fields per block
of tissue) and when lesions were observed, the cross-
sectional areas were measured with the SigmaScan Pro
5.0 program (Systat Software Inc., San Jose, CA, United
States).

Ethical approval

All animals received humane care in compliance with
the European Communities Council Directive (86/609/
EEC). Protocols were approved by the local government
Ethics Committee for Animal Research. The endoscopic
equipment used was for research with animals only.

Statistical analysis

Data of enzyme levels were included in a spreadsheet
and analyzed with SPSS 17.0 (SPSS, Chicago, IL, United
States). Descriptive statistics were obtained and all the
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Amylase (U/L) Lipase (U/L) CRP (U/L)

to

Control 1295.74 +120.55 14.66 £ 2.16 11.02+£3.92

DBE 2074.42 + 296.82 17.74 £2.44 39.14 +13.02
tend

Control 1290.62 + 158.58 9.38 +1.02 11.86 £3.8

DBE 2070.99 + 281.31 8.84+1.15 3716 +12.1
taan

Control 1311.02 + 88.56 19.48 £3.6 51.46 + 26.02

DBE 2487.18 + 364.46° 26.73 £ 6.63 114.81 +31.84
tiesh

Control 1474.42 +£143.16 8.86+2.21 20.36 +10.52

DBE 2337.9 +300.72 5.71+£0.51 78.07 £31.6

to: Samples before the procedure; tend: Samples at the end of the procedure
[gastrointestinal endocopy (GI) in control group and double-balloon enter-
oscopy (DBE) in experimental group]; f24n: Samples 24 h after the procedure
(GI in control group and DBE in experimental group); fiessh: Samples 7 d
after the procedure (GI in control group and DBE in experimental group).
°P < 0.01 vs control group.

variables tested for normality (Kolmogorov-Smirnov test)
before being subjected to analysis of variance (ANOVA)
(linear model with repeated measures). Within-subject
factors were the different timing of blood sampling and
the inter-subject factor was the duration of the explora-
tion (90 or 140 min). Tukey and Bonferroni tests were
used to ascertain post hoe differences. The possible associ-
ation between the experimental groups and the presence
of lesions in the pancreas was checked with the Zz test.
In addition, the nonparametric Mann-Whitney test was
used to ascertain any dependence between the size of the
lesions and the portion of the pancreas.

RESULTS

Procedure evaluation

All the animals tolerated the procedure without any clini-
cal manifestations of pancreatitis or distress. During the
endoscopic exploration, passing the endoscope and the
overtube into the duodenum was not difficult (< 3 min).
Remnants of food in stomach did not make DBE more
difficult. During the 7 d observation period after the pro-
cedure, the activity and dietary intake were normal in all
the animals.

Estimations were calculated using the depth of inser-
tion technique described by May ez al”. The average in-
sertion depth in Group 1 was lower than in Group 2: 268
cm (range: 209-336 cm) and 333 cm (range: 230-488 cm),
respectively. Nevertheless, due to high data variability, the
ANOVA for the insertion depth between the two groups
was not significant (P = 0.181).

Biochemical evaluation
No statistical differences between sampling states in the
control group were found. Experimental Group 1 had
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higher levels of enzymes than the control group at 24 h
(Table 1). These differences were also present between
the control group and Group 2.

Enzyme serum levels at the different sampling stages
are displayed in Figure 1. To simplify notation, values at
30 and 60 min of the procedure are omitted because they
were always similar to time 0.

All the animals had similar basal amylase levels before
the procedure (approximately 2000 IU). Throughout the
exploration, no significant changes in the amylase levels
were noted (Figure 1A). However, the amylase levels in-
creased significantly above the baseline 24 h after DBE,
although the increase did not reach 20% of the baseline
level. On day 7 after the procedure, the amylase level
decreased progressively to the baseline, but it was still sig-
nificantly higher in Group 1.

Lipase levels showed a variable trend during and af-
ter the exploration (Figure 1B). This is well illustrated in
Group 1, where there was a significant decrease during
the exploration, peak levels at 24 h after the procedure,
and the lowest levels 7 d later.

CRP levels were significantly higher 24 h after DBE
(more than twice the initial levels) (Figure 1C). However,
CRP concentrations then decreased progressively towards
the baseline, so no significant differences were found be-
tween the initial levels and 7 d after DBE.

No differences between Groups 1 and 2 were found
for any enzyme and sampling site during and after the
procedure. Similarly, no correlation between insertion
depth and enzyme levels was observed (P for Pearson co-
efficient was always > 0.3).

Histology evaluation

Direct in sitn and post-removal inspection of the pancreas
did not show any evidence of fluid collection, abscesses
or hemorrhage (Figure 2).

Light microscopy examination of tissue samples from
the control group showed occasional small areas with
infiltration and edema. However, the tissue samples from
Groups 1 and 2 revealed the existence of limited areas of
ischemic necrosis scattered throughout the parenchyma
(Figure 3). This was observed in nine of the 19 pigs
(47.4%). It should be noted that the histology samples
from one pig were not included in the analysis due to bad
processing, Some of the necrotic areas showed slight in-
flammatory cell infiltration around the sites of necrosis,
but alterations to the pancreatic duct system were rare.
In the nine pigs with damaged pancreas, the left lobe
(tail) was always affected. However, this only happened in
83.3% of the samples from the right lobe (head) and in
33.3% of the samples from the body of the pancreas. The
average area of lesions (pmz) related to each portion was:
right lobe (head): 198274 £ 23952, body: 136782 * 24163
and left lobe (tail): 260516 £ 32819. The percentage (%0)
of affected pancreas in each portion was: right lobe (head):
1.83, body: 0.60 and left lobe (tail): 3.11. Although the
overall differences were not statistically significant, the
average values for both parameters were higher in the left
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Figure 1 Plots representing the serum levels of amylase (A), lipase (B)
and C-reactive protein (C) for Groups 1 and 2 at different sampling inter-
vals. f: Samples before the procedure; tens: Samples at the end of the proce-
dure [gastrointestinal endocopy (Gl) in control group and double-balloon enter-
oscopy (DBE) in experimental group]; t«n: Samples 24 h after the procedure (Gl
in control group and DBE in experimental group); tissn: Samples 7 d after the
procedure (Gl in control group and DBE in experimental group). Within-group
differences: sampling stages with no coincident capital (Group 1) or normal
case (Group 2) letters were significantly different (P < 0.05). No significantly dif-
ferent results between Groups 1 and 2 were found at any sampling stage.

pancreatic lobe (tail). Significant differences were found
between the left lobe and the body for the percentage of
affected pancreas. Interestingly, the presence of the le-

sions was not related to the exploration length (90 or 140
min; Pearson Zz and Fisher’s exact tests > 0.3).
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Figure 2 Gross anatomy of the porcine pancreas after double-balloon
enteroscopy. A: In situ image of the left lobe (tail); B: Aspect of the whole pan-
creas immediately after removal from cadaver.

Figure 3 Light microscopy pictures of the porcine pancreas after double-
balloon enteroscopy. A: Light microscopy of porcine pancreas after double-
balloon enteroscopy showing located ischemic necrosis in pancreatic interlobu-
lar tissue; B: Magnification of previous image, view of margin between necrosis
and viable tissue.
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DISCUSSION

A low incidence (0.3%) of acute pancreatitis after diag-
nostic DBE has been reported in retrospective studies
in Europe and Asia"”, and also in the United States""*.
However, latent hyperamylasemia without the develop-
ment of pancreatitis occurs after peroral DBE more fre-
quently than was previously thoughtl()’m’m].

The physiology and anatomy of the potcine pan-
creas is similar to that in humans, that is, it is a partially
retropetitoneal organ and the pancreatic body wraps the
portal vein. The firmness of the pancreatic parenchyma
in swine is also similar to the gland in humans™. Thus,
the porcine model has been used in many types of stud-
ies related to the pancreas such as endoscopic approaches
to the pancreaslzs'zs], or experimental obstructive pancre-
atitis™”. An ex vivo model for training has also been devel-
oped on porcine intestine™”. Recently, the swine model
has been validated for both DBE training and reseatch,
altogether improving the safety conditions of DBE in
humans™

The characteristics, in terms of duration and insertion
depth, of this study have been designed for comparison
with DBE in humans. The DBE time length in Group
1 (90 min) and Group 2 (140 min) was selected in ac-
cordance with published average values from prospective
studies in humans. Thus, Mechdizadeh e a/*” teferred to
a duration of 109.1 £ 44.6 min for the first 10 cases and
92.4 * 37.6 min for subsequent cases. Similar times were
referred to by other authors, namely, 75 min'Y, 95 + 42
min,” 115 + 9 min”", and 148 min""'"". Our results for
the average insertion depth in both groups of animals
were within the same range as those reported in previous
works: 240 = 100 em”, 250 + 170 em™”, 220 + 90 em!”,
270 £ 100 cm'”, and 351 + 108 cm™!.

According to the literature, three authors have specifi-
cally measured amylase levels in patients before and after
oral DBE”'"*". Honda e# a/” found that 46% of patients
undergoing DBE developed hyperamylasemia. Kopacova
et al"” investigated the levels of serum amylase, lipase and
CRP both before and after DBE (4 h and 24 h). They
found increased levels of amylase and lipase in 51.4%
of the patients 24 h after the procedure. However, only
2.8% of them suffered acute pancreatitis. Pata ez al™ also
checked levels of serum amylase and lipase both before
and 4 h and 12 h after DBE. Just 4 h after the procedure,
they found 25% of the patients had hyperamylasemia
and hyperlipasemia, and 12.5% of the patients had pan-
creatitis. It is important to pay attention to the fact that
the increases in the serum pancreatic amylase described
in those three previous studies were twice or even three
times higher than normal levels. In contrast, serum levels
of amylase and lipase in the present work never reached
twice the baseline level, and this could be trelated to the
fact that the balloons were always inflated after the site of
the pancreatic duct opening in the duodenum. In support
of this, Pata e# al*" have described that amylase levels af-
ter DBE are negatively correlated to the depth at which
the balloons are first inflated. Interestingly, no changes in
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the levels of serum amylase and lipase have been report-
ed in patients when the first inflation of the balloons was
done after reaching the ligament of Treitz"*"?, On the
other hand, some authots have described that substantial
hyperamylasemia tended to be associated with longer du-
ration of DBE"""*" However, we did not find such
a difference, and the enzyme levels of Groups 1 and 2
did not vary significantly at any stage. Similar results have
been reported by others authors™.

The mechanical stress to the small intestine, mesen-
tery and pancreas has also been suspected[w] to cause
increased levels of amylase, lipase and CRP. Thus, a plau-
sible explanation for the increased levels of enzymes' >
is an effect of the increased intraluminal pressure on the
pancreatic ducts allowing intestinal fluid to progress to-
wards the pancreas, and as such, should be kept in mind.
However, the histological injuries found in this study are
more likely related to an ischemic process in the vascular
supply to the pancreas. The continuous pressure of the
small intestine and the mesentery during the push and
pull maneuvers could compromise the vascular supply to
the pancreas, resulting in an increase in the pancreatic en-
zymes and unspecific inflammatory factors such as CRP.
Along these lines, several works have reported pancreatic
vascular restriction as a potential mechanism for hyper-
amylasemia after oral DBE!""'**), On the other hand, the
larger and more frequent areas of ischemic necrosis in
the left lobe (tail) of the pig pancreas seem to be related
to the particular vasculature of this pancreatic portion. In
pigs, the left lobe (tail) is supplied by a single artery, which
is a branch of the splenic artery. A similar situation is
found in humans where the main artery of the tail of the
pancreas is the major pancreatic artery. Such anatomical
particularity predisposes the left pancreatic lobe to suffer
from hypoxia or even ischemia if there is any mechanical
restriction to the blood supply through this artery. Al-
though this explanation requires further specific research,
it is interesting to highlight that computed tomography
has revealed that human pancreatitis is predominantly lo-
cated in the tail of pancreas“s’341. Considering the variance
of the enzyme levels and that this was a non-survival
animal model study, the number of animals could be a
limitation of this work.

In conclusion, the inflation of the balloons after the
duodenal papilla diminished the iatrogenic effects on the
pancreas. However, minor enzymatic alterations and fo-
cal lesions in the pancreas remained, which on the other
hand, failed to cause any clinical signs of pancreatitis.
A vascular component is probably involved in the etiol-
ogy of DBE-related pancreatic alterations, but this topic
needs further research aimed at evaluating the effects of
DBE exploration maneuvers on the vascular supply to
the pancreas.

COMMENTS

Background
Double-balloon enteroscopy (DBE) has enabled endoscopic diagnosis and
treatment in the small intestine, but an increase in pancreatic enzymes and
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potential pancreatitis are recognized as complications directly attributed to the
procedure.

Research frontiers

Unfortunately, levels of pancreatic enzymes several days after the DBE proce-
dure and evaluation of potential lesions in the pancreas under normal clinical
conditions are unknown in humans. In this study, the authors demonstrated
that focal ischemic lesions in the pancreatic parenchyma, and minor enzymatic
alterations were related with DBE procedure in a porcine model.

Innovations and breakthroughs

Previous reports have highlighted the importance of the amylase levels in
patients before and after oral DBE. Increased levels of amylase and lipase in
51.4% of the patients 24 h after the procedure have been reported. However,
only 2.8% of them suffered acute pancreatitis. This is believed to be the first
study in an animal model aimed at clarifying the etiology of pancreatic hyper-
amylasemia and pancreatitis after DBE. Furthermore, the study suggested
that a vascular component was probably involved in the etiology of pancreatic
alterations after DBE.

Applications

By understanding the etiology of post-DBE pancreatic hyperamylasemia, this
study demonstrates the need for further research aimed at evaluating the ef-
fects of DBE on the vascular supply to the pancreas.

Terminology

DBE is recognized as the gold standard method for total exploration of the
small intestine. Based on the already existent push endoscopy, DBE is a form
of deep endoscopy that not only allows the exploration but also treatment of
the most common digestive disorders of the small intestine, such as obscure
gastrointestinal bleeding, tumors, Crohn’s disease and polyps. The equipment
consists of an endoscope and an overtube; both of them with a latex balloon
attached to the tip. The two balloons are inflated and deflated in an alternating
sequence so as to allow the endoscope to progress (pushing phase) or fold the
explored intestine behind the balloons (pulling phase).

Peer review

This is an important issue because DBE might be associated with an increase
of serum pancreatic enzymes or even complicated by acute pancreatitis. The
mechanism of post-DBE pancreatitis has not been fully explained yet. That is
why such an experimental study is important to understand possible pathoge-
netic mechanisms.
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