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Abstract

Double balloon enteroscopy (DBE) is a new technique,
first published and introduced into clinical practice in
2001 by Yamamoto, the inventor of this outstanding
method. DBE allows complete visualization, biopsy and
treatment of the small bowel. Nowadays, we have some
experience of this method for evaluation of the complica-
tion rate. Severe complications are described in 1%-1.7%
of patients. Acute pancreatitis is a rare complication of
the investigation. The incidence of acute pancreatitis
after diagnostic DBE is 0.3% in most studies. More than
50 cases of acute pancreatitis have been described in the
literature so far. On the contrary, hyperamylasemia after
DBE seems to be a rather common condition. Association
with acute pancreatitis is supposed to be possible, but
not obligatory. The causal mechanism of post-DBE acute
pancreatitis is uncertain, and there are several theories
in the literature. The most probable cause seems to be a
mechanical straining of the endoscope with over-tube on
the pancreas or in the papillary area.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Double balloon endoscopy (DBE) is a method of enter-
oscopy that was introduced 8 years ago. Despite 8 years
of experience, the complication rate is still under evalu-
ation. Acute pancreatitis is the most feared complication
in oral DBE. The cause of acute pancreatitis is uncertain.
The aim of this paper is to provide an in-depth overview
of possible risk factors for acute pancreatitis in DBE.

HISTORY

The small intestine was inaccessible to endoscopic meth-
ods for a long time. Too far from the mouth and the anus,
it seemed to be unreachable for the endoscopist. The
history of endoscopy investigation of the small bowel is
quite short but accompanied by long-lasting skepticism.

In 1999, Mosse and Swain still stated in theitr work:
“Enteroscopy remains the procedure in the gastroin-
testinal tract that is most inaccessible to endoscopy, and
technical limitations severely impair the ability to advance
and examine the small bowel reliably or completely”!".

In 2000, Oates and Morris™ published in their article: “It
is now more than 25 years since small bowel enteroscopy
was first described. For several reasons, this technique
developed more slowly than other more usual forms of
endoscopy. The small bowel disease is relatively rare in
comparison with other gastrointestinal diseases. Also, there
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was lack of initial design agreement in different types of
enteroscopes. Finally, commercial interests of the manu-
facturers of endoscopes were mainly focused on the more
conventional, large volume markets. Problem areas remain,
but with advancing technology and more professional in-
terest in this area, these will be addressed during the next
few years”?,

Attempts to observe the entire gastrointestinal tract
began even with early fibroscopes, but only two applicable
methods were developed in addition to intra-operative en-
teroscopy: the ropeway method described by Deyhl e at”
and Classen e a/" in 1972 and the sonde endoscope
described by Tada ¢ al” in 1977. The first successful total
enteroscopy was performed in March 1971 by Hiratsuka,
using the ropeway method”. Both methods were soon
abandoned due to the complexity of the technique, patient
discomfort, and the long time needed to complete the
procedure (and the high rate of complications of ropeway
enteroscopy).

Push enteroscopy using a long endoscope was regar-
ded as the gold standard then, but most of the small
intestine remained beyond its reach. The first procedure
was performed by Parker using a colonoscope in 1983",
Push enteroscopy can definitely not evaluate the non-
resected small bowel in its entire length. Nowadays, push
enteroscopy is reserved exclusively for investigation of
the duodenum and oral end of the jejunum[g].

Recent innovations and introduction of two new meth-
ods (wireless capsule endoscopy and DBE) have made ob-
servation of the entire small intestine possiblem. Both of
these techniques are now available in clinical practice and
are complementary: capsule endoscopy for screening and
DBE for further diagnostics and/or therapy.

Capsule enteroscopy was invented by Swain and
initial experiences in 4000 patients were published by
Fritscher-Ravens and Swain in 2002, The introduction
of DBE for investigation of the small bowel in 2001
was a milestone in gastrointestinal endoscopy because it
allows us to carry out therapeutic interventions as well as
diagnostic procedures in the small bowel" ",

Double balloon (push-and-pull) enteroscopy (Fujinon,
Inc., Saitama, Japan) represents an endoscopic method
that enables us to investigate a substantial part or even the
entire small bowel. The device was developed by Yama-
moto and colleagues, introduced by him into clinical prac-
tice, and their first experiences were published in 2001,
Several subsequent studies"”™™ have suggested that this
method is feasible for diagnostic and therapeutic purposes.
Nevertheless, DBE is still under evaluation and its yield
and safety aspects must be further determined” %,

Single balloon enteroscopy (SBE) is a modification of
DBE, and is another system for small bowel enteroscopy
(Olympus, Tokyo, Japan). The endoscope (XSIF-Q160Y)
consists of a high-resolution enteroscope with a working
length of 200 cm. The device is equipped with a transpar-
ent silicone overtube with a silicone balloon attached to
its distal part. In contrast to the DBE device, there is no
balloon attached to the enteroscope, and therefore stable
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position of the device must be maintained by hooking the
distal tip of the enteroscope on the small-bowel wall™,

Balloon-guided enteroscopy (BGE) is another modi-
fication of the DBE method. The advantage of this novel
push-pull technique is that it is cheaper than other bal-
loon-assisted methods (DBE and SBE). The device can
be used with standard endoscopic equipment. The BGE
device comprises a double balloon added onto a dispos-
able element and an air supply unit (NavAid ASU; Smart
Medical Systems, Ra’anana, Israel) to control the inflation
and deflation of the balloons. The disposable BGE cle-
ment is slipped over the tip of a standard endoscope and
then fixed to the endoscope. At the tip of the endoscope
1s an inflatable stabilizing balloon. During diagnostic or
therapeutic interventions through the endoscope’s in-
strument channel, the advancing catheter with its front
balloon deflated can be pulled back and “parked” in its
dedicated channel in the BGE device™.

Spiral enteroscopy is a new technique for deep small-
bowel intubation that uses a special overtube (Endo-Ease
Discovery SB; Spirus Medical, Stoughton, MA, USA)
to pleat the small bowel. Any type of enteroscope can
be passed through the overtube, which has helical spi-
rals at its distal end and rotates independently from the
endoscope. The enteroscope can be locked in the over-
tube, which allows the option of spiral enteroscopy, or
unlocked and advanced through the overtube™, Now,
it is necessary to gain more data on its usefulness and
safety and to compare this method with balloon-assisted
enteroscopym.

Intra-operative enteroscopy is still a useful method
for a specific group of patients (in case of failure of
DBE, adhesions, multiple small transmural lesions unre-
solvable by endoscopic methods, such as carcinoids, and
blue rubbet bleb nevus syndrome), and therefore, it is
necessary to be able to use this method in carefully con-

. 2831
sidered cases™"\.

PARTICULARITY OF DBE

As DBE is a lengthy procedure, a large volume of air is
usually insufflated, which leads to significant distension of
the small bowel (with the formation of distended bowel
loops and acute angulations with increasing amounts of
gases intraluminally). COz, unlike air, is rapidly absorbed
from the bowel. Preliminary data indicate that bowel
insufflation with COg, instead of air, enhances patient
comfort and decreases the need for sedation™". We have
used CO: insufflation in DBE procedures regularly from
2007. We had no complications with hyperinflation, and
the comfort of the patient rapidly increased. This type
of insufflation is helpful for easier and deeper insertion
of the endoscope, because the absorption of COz is 150
times faster than absorption of air in the bowel. Indeed,
a recent randomized double-blind trial showed that insuf-
flation with CO:z is safe, reduces patient discomfort, and
significantly improves intubation depth"”.

Combination of water with simethicone is used rou-
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tinely to do away with bubbles in the intestine. During
withdrawal of the endoscope and during therapeutic in-
terventions, spasmolytics might improve visualization of
the small-bowel mucosa by reducing motility of the small
bowel™. We administer intravenous crystalloids, mostly
saline solution, to all patients during DBE lasting over
30 min. Conscious sedation is thought to be sufficient for
DBE™. Tt seems to be much better in DBE in compati-
son with general anesthesia, according to our experience.
Abdominal pain is an important warning signal, and it is
necessary to terminate the procedure immediately in such
cases. Intense pain may be a sign of inadequate pressure
on the pancreas and poses a high risk of post-DBE pan-

21,22 . ..
P12 We use small intravenous repetitive doses of

creatitis
midazolam and pentazocine for conscious sedation (batch-
wise). The duration of the procedure and discomfort for
the patient caused by oral passage of the overtube requires
deep analgosedation. The procedure requires an expeti-
enced endoscopist and the possibility of fluoroscopy if

needed, especially during the learning period””.

COMPLICATIONS

DBE has been reported as a safe endoscopic technique.
In initial series on DBE, no complications during or af-
ter the procedure were reportedmm. Recently, the over-
all complication rate is stated as being about 1.7%%,

A complication of endoscopy is defined as any event
that negatively changes the health status of the patient,
and that occurs during the 30-d period after the investiga-
tion. Complications are usually categorized as minor when
requiring up to 3 d of hospitalization, moderate when
requiring 3-10 d and major or severe when requiring > 10 d,
and/or an endoscopic, radiological or surgical intervention,
and/or contribute to the death of the patientm’m. Proce-
dure-related mortality is defined as mortality within 30 d
of DBEP, Complications are divided into two main
categories, those directly attributed to the procedure and
those secondary to anesthesia or conscious sedation™.
The most common complications secondary to anesthesia
or conscious sedation atre respiratory depression, aspira-
tion, and pneumonia, with a frequency of < 1%,

Until now, no standards or definitions for compli-
cations during or after DBE have been established. Po-
tential complications during or after DBE might be: per-
foration, bleeding, balloon dislocation, sedation-related,
segmental enteritis after argon plasma coagulationw,
intestinal necrosis after epinephrine injectionm], paralytic
intestinal ileus™™”, and acute parotitis

Recently, post-DBE pancreatitis has been recognized

S Y diagnostic procedures zia the

as a complication
anterograde approach, pancreatitis is the most common
and most severe complication™. The very first post-DBE
acute pancreatitis was reported by Honda ez al* in 2006.
An international symposium held in Atlanta, GA, USA
in 1992 has established a clinically based classification sys-
tem for acute pancreatitis[47’48]. The goal was to establish

international standards for definition of acute pancreatitis
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and its complications, to facilitate valid compatisons of se-
verity of illness and results of therapy, and also to establish
criteria for patient selection in randomized prospective tri-
als. According to the Atlanta symposium, acute pancreatitis
is defined as an acute inflammatory process of the pan-
creas that may also involve petipancreatic tissues and/or
remote organ systems. Mild acute pancreatitis is defined as
pancreatitis associated with minimal organ dysfunction and
uneventful recovery. Severe pancreatitis is defined as pan-
creatitis associated with organ failure and/or local compli-
cations (necrosis, abscess, or pseudocyst). Criteria for se-
verity included organ failure (particularly shock, pulmonary
insufficiency, and renal failure) and/or local complications
(especially pancreatic necrosis but also including abscess
and pseudocyst). Eartly predictors of severity within 48 h
of initial hospitalization included Ranson signs and
APACHE II (Acute Physiology and Chronic Health Eval-
uation 1II) points[47’49].

In the Atlanta symposium, a uniform threshold was
not established for serum amylase and/or lipase for the
diagnosis of acute pancreatitis. In recently published
articles, the threshold varies from = 2 to = 4 times the
upper limit of normal. Criteria for severe pancreatitis in-
clude organ failure and/or local complications. This broad
definition describes a heterogeneous group of patients
with varying levels of severity. For example, the prognosis
of pancreatic necrosis is more serious than a pseudocyst
or pancreatic abscess. Also, almost all patients with necro-
tizing pancreatitis without organ failure survive, whereas
those with multisystem organ failure do not”,

Bollen ¢ o/ have revised the Atlanta symposium in
their review. The authors propose the following recom-
mendations for revision of the classification of acute
pancreatitis. (1) The diagnosis should incorporate two of
the following three items: upper abdominal pain, amylase
and/or lipase levels = 3 times the upper limit of normal
(as this cut-off is used most frequently in the literature),
and computed tomography (CT) or magnetic resonance
imaging findings compatible with acute pancreatitis; (2)
Persistent organ failure (for at least 48 h) should have an
important role in defining the severity of acute pancreati-
tis; and (3) Decisions should be made as to which predic-
tive scoring system, including cut-off value, should be
used to define predicted severe acute pancreatitis, based
on a systematic review of the available data.

Progtess in the field of acute pancreatitis is hampered
greatly when various author groups use their own idiosyn-
cratic definitions”™.

According to the literature on post-endoscopic retro-
grade cholangiopancreatography (ERCP) pancreatitis
[American Society for Gastrointestinal Endoscopy (ASGE)
guidelines], post-DBE pancreatitis is defined as newly de-
veloped or worsened abdominal pain after the procedure,
with a serum amylase = 3 times the upper limit of normal
as the upper limit 24 h after the procedure and requiring
at least 2 d of unplanned hospitalization after the proce-
dure™. According to these guidelines, the severity of the
disease has been classified as follows: mild, requiring 2-3 d
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hospitalization; moderate, 4-10 d hospitalization; and se-
vere, > 10 d hospitalization, and/or the occurrence of
pseudocyst and/or the need for surgery[szl. The duration
of pain after the procedure is crucial for defining post-
endoscopy pancreatitis[53].

We found the definition from UpToDate 2009 to be
fundamental. Acute pancreatitis is an acute inflammatory
process of the pancreas. It is usually associated with se-
vere acute upper abdominal pain and elevated blood levels
of pancreatic enzymes. Acute pancreatitis can be sus-
pected clinically, but requires biochemical, radiologic, and
sometimes histological evidence to confirm the diagnosis.
Clinical, biochemical, and radiologic features need to be
considered together since none of them alone is diagnos-
tic of acute pancreatitis. Acute pancreatitis is an important
cause of acute upper abdominal pain. Because its clinical
features are similar to a number of other acute illnesses,
it is difficult to base a diagnosis only on symptoms and
signs. The disease varies in severity and the diagnosis is
often missed at the extreme ends of the spectrurn[w.

It is not usually difficult to recognize severe panc-
reatitis. The mild form may pose a problem. Abdominal
pain and hyperamylasemia after DBE need not mean
pancreatitis. On the other hand, a lot of mild pancreati-
tis could be missed in patients with DBE performed on
an outpatient basis.

The complication rate of diagnostic procedures is low
(0.4%-0.8%%) according to the literature! ™!, The overall
complication rate of therapeutic DBE is 3%-4%. Howev-
er, difficult therapeutic endoscopic procedures (e.g. resec-
tion of large polyps) may increase the risk to 10%" >,
The perforation rate is significantly elevated in patients
with postsurgical anatomical changes undergoing diagnos-
tic retrograde DBE examinations'™.

The overall complication rate was reported to be
about 1.7% in a recent international multicenter survey
of 2362 DBE procedures. The complications were rated
minor in 0.9%, moderate in 0.3% and severe in 0.6% of
procedures. The complication rate is significantly higher
in therapeutic procedures in comparison with diagnostic
ones (4.3% vs 0.8%). An exception to the rule is acute
pancreatitis, the most common complication in diagnostic
DBE procedures. Acute pancreatitis was reported in 0.3%
of DBEs"™”.

A recent report from the National German DBE
Register showed an overall complication rate of 1.2% in
a large series of 3894 DBE procedures. The incidence
of acute pancreatitis was also 0.3% in that study' .

A study by May ¢ a/*"" evaluated the acute complica-
tion rate of DBE in 353 patients. Only therapeutic pro-
cedures were evaluated, with a complication rate of 3.4%.
No acute pancreatitis was reported'’.

In general, DBE is associated with a higher comp-
lication rate compared with standard endoscopic proce-
dures.

OUR OWN EXPERIENCE
We began with DBE in our department in March 2006.
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All of our investigations were performed using EN-
450T5 and EN-450P5 endoscopes (Fujinon, Inc., Saitama,
Japan). Being aware of the possibility of acute pancreatitis
as a complication of DBE, we started with our prospe-
ctive study on hyperamylasemia after DBE right from the
start of DBE in 2006. This prospective study is still con-
tinuing. All patients were admitted to our department and
followed prospectively for at least 2 d after oral DBE.

Urine and serum amylase, serum pancreatic lipase and
C-reactive protein (CRP) were investigated before and 4 h
and 24 h after DBE. Abdominal pain was evaluated using
a three-step scale. Hyperamylasemia (exceeding the upper
normal limit) and marked hyperamylasemia (reaching = 3
times the upper limit of normal) were distinguished.

Normal ranges of the following values in our laboratory
were: serum amylase 0.44-1.67 pkat/L (i.e. 28-100 U/L);
urine amylase 0-7.67 pkat/L (i.e. 0-460 U/L); serum lipase
0.22-1 pkat/L (ie. 13-60 U/L); and serum CRP 0-5 mg/L.

Acute pancreatitis was diagnosed in accordance with
clinical signs (abdominal pain, fluid sequestration and
lack of peristalsis), CRP level and CT scan in addition to
the above.

Risk factors for acute pancreatitis and the importance
of hyperamylasemia associated with DBE have not been
satisfactorily resolved yet. The aim of our prospective
study was to clarify the relationship between oral DBE
and amylasemia and lipasemia, and to address the possible
role of the learning curve for DBE for risk of acute pan-
creatitis.

A total of 138 DBEs were cattied out from March
2006 to November 2009 in 60 men and 56 women under
deep conscious sedation (midazolam and pentazocine).
The mean time of DBE was 110 min (range 12-270 min),
and the mean number of push-and-pull cycles was 15
(range 1-47).

Amylase was set after 128 DBEs; elevation was found
in 61 (48%), and marked hyperamylasemia in 27/128 (21%).
Abdominal pain was recorded in 19/96 (20%). Elevated
lipase levels were found in 55/94 (59%); including 38/94
(40%) with = 3 times the upper limit of normal. We ob-
served elevation of CRP after DBE in only 18/100 (18%).
Peak values of serum amylase and lipase levels were found
4 h after DBE, and peak values of CRP at 24 h after the
procedute.

Total panenteroscopy (i.e. investigation of the entire
small intestine by one oral approach in one session) was
accomplished in 12 DBEs (9%). In this subgroup, we
found only four patients with hyperamylasemia and two
with marked hyperamylasemia. We had no complications
in this subgroup. Compared to the total number of pa-
tients, in this subgroup, there was a younger mean age
and longer duration of DBE (mean 148 min »s 106 min;
P = 0.010), but there was no acute pancreatitis and no
significant difference in amylase and lipase and/or abdo-
minal pain.

In all DBEs, we did not identify any risk factor for
abdominal pain and/or elevated pancreatic amylases (sex,
age, previous abdominal surgery, panenteroscopy, indica-
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tion or endoscopic finding, type of endoscope, number
of push-and-pull procedures, diagnostic or therapeutic
procedure).

Three patients (2.1%) developed acute pancreatitis
after DBE, one necrotizing and two edematous. Two
had inflammatory affection of the pancreatic tail, the
third of the head region. All of them had abdominal
tenderness during the procedure.

Subsequently, we divided our patients into two
groups (the first 69 and second 69 procedures) to assess
possible influence of the learning curve. Diagnostic and
therapeutic DBEs (using Fujinon EN 450P5 or 450T5)
were proportionally included in both groups. Neither
group differed in age, sex, diagnoses or previous surgery.
Differences in amylase and lipase (4 or 24 h after minus
basal values before DBE) were used as a major indicator.

The difference in abdominal pain, DBE duration,
amylase or lipase was not significant in either of the two
groups. Marked hyperamylasemia (= 3 times above the
upper limit; in 21% after DBE) was not associated with
marked pain. There was a weak but significant correla-
tion between amylase difference and abdominal pain (P =
0.003), the number of push-and-pull cycles (P = 0.018),
and negative correlation with age (P = 0.029). Lipase dif-
ference 4 h after DBE weakly correlated with abdominal
pain (P = 0.034). Our three cases of acute pancreatitis
were numbers 24, 50 and 57 of 138 DBE procedures,
without any evidence of further consequences. DBE
lasted 12-270 min (mean: 110 min). Shorter (< 120 min,
64%) and longer (> 120 min; 50/138, 36%) DBEs did not
differ in terms of post-DBE abdominal pain (P = 0.784).
There was a borderline significant difference between
longer and shorter DBEs for amylase (P = 0.047) but not
lipase (P = 0.225) differences 4 h after DBE.

Elevation of amylase and lipase is often associated
with DBE, but acute pancreatitis is however a rare com-
plication. Duration of DBE is not a risk factor for post-
DBE acute pancreatitis. Abdominal pain during DBE
should be considered as a possible risk factor for acute
pancreatitis. That is why we prefer conscious sedation to
general anesthesia in oral DBE. The initial learning curve
for DBE is not associated with higher amylase or lipase in
our setting, and it does not signify a risk factor for post-
DBE acute pancreatitism’zz’sm. The most important point
of our study was that it was prospective, solely on an in-
patient basis, and all consecutive patients who underwent
oral DBE were included.

CLINICAL OUTCOMES

Our center has long-term experience (since 1994) with
push—enteroscopym and intraoperative enteroscopy[zs‘m. We
have never registered acute pancreatitis as a complication
of either push-enteroscopy or intraoperative enteroscopy
in our setting, However, acute pancreatitis as a complication
of push-enteroscopy, caused by an overtube, has been de-
scribed previously by other authors™. Acute pancreatitis
has even been described after uneventful upper and lower
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gastrointestinal endoscopy™ !, Blackwood ¢ a/*” have de-
tected asymptomatic hyperamylasuria in 6.6% of patients
undergoing gastrointestinal endoscopy[()z].

Pelletier ¢ a/* have studied the prevalence of hyper-
amylasemia 2 and 24 h after upper gastrointestinal endos-
copy in 50 consecutive patients. In the 2-h sample, hyper-
amylasemia was observed in nine patients (18%), and in
the 24-h sample, in five patients. Pelletier ez al* have con-
cluded that the cause of hyperamylasemia may be due to
hypersalivation during the procedure. In our opinion, hy-
persalivation cannot affect the serum amylase level in such
a way (most of the saliva runs out of the mouth during
endoscopy and is not swallowed). Furthermore, it cannot
affect abdominal pain or pancreatic lipase clevation”"?,

DBE was initially described as a safe procedurem,
with the rate of severe complications ranging from 0 to
1.4%""* However, abdominal pain lasting 1-2 d oc-
curred in 9% of patients in one study™, or even in 20%
according to another'”. Abdominal discomfort reducing
within 72 h was reported in three out of six patients after
a DBE procedure!.

There have been 51 published cases of post-DBE
acute pancreatitis on PubMed to date.

Eisen and Schreiner™ have presented a study of
275 consecutive patients who underwent DBE at two
tertiary referral hospitals. The most common complica-
tion of DBE was abdominal pain which was seen in 20%
of cases. This was typically self-limiting, yet a systematic
analysis was not performed. Three cases of pancreatitis
occurred (1%), two of which were mild and one of which
was of intermediate severity“s]. It is hard to say how many
patients with self-limited abdominal post-DBE pain had
mild acute pancreatitis, because of inadequate follow-up.

Honda ez a/***” described one and Groenen ¢ /" two
(one necrotizing) cases of acute pancreatitis after DBE.
Heine ¢ a/'" and Jarbandhan ez o/ from the same Dutch
group have studied 603 DBE procedures (441 oral DBEs)
on an outpatient basis, with six cases of post-DBE acute
pancreatitis (1% of all DBEs, i.e. 1.4% of oral DBEs); all
cases of pancreatitis were diagnosed after oral procedures.
None of the cases of pancreatitis were in the head of the
pancreas[sz]. In a retrospective analysis of 378 DBEs by
Zhong ¢t al® | two patients (0.7%) suffered from abdominal
pain with an unspecified elevation of serum amylase. Unfor-
tunately, it was not stated if they required hospitalization[()gl.
Méschler ez @™, in a German multicenter retrospec-
tive study, have reported 3894 DBEs with an overall
complication rate of 1.2%. They quoted nine cases of
acute pancreatitis with one lethal disease course after oral
DBE, with a complication rate of 0.34%"""". A retrospec-
tive study by Gerson ¢z a/” in nine United States centers
collected data from 2478 DBEs, with a total of 0.9% major
complications (22 DBEs), among which there were six cases
of acute pancreatitis (0.2%). Surprisingly, one case of acute
pancreatitis was reported after an anal DBE procedure[ﬂ.
Another multicenter study by Mensink ¢# a™ investigated
2362 DBEs. The majority of these (87%) were performed
on an inpatient basis. The overall complication rate was 1.7%;
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Figure 1 DBE, panenteroscopy via oral approach (plain radiograph) in supine position. In comparison with the normal situation (A, white outline), the duodenum
is shifted markedly to the left, straightened and shortened. A-C: Normal anatomy; D: After B II resection.

six patients suffered from acute pancreatitis (0.3%). The
location of the pancreatitis was the body and/or the tail of
the pancreas in four patients, the entire pancreas in two, and
the head of the pancreas in one™. One case of postDBE
acute pancreatitis that affected the pancreatic tail has been
reported at the Mayo Clinic (Rochester, MN, USA w1 along
with another case from Osaka, Japan", and Rotterdam (one
case of pancreatitis of unknown location from 135 patients,
0.7%)"". In a recent study by Sunada and Yamamoto, four
cases of acute pancreatitis in 1092 DBEs (0.37%) were
diagnosed, although the severity and location were not men-
tioned'"”.

In agreement with the Dutch study, we believe that
post-DBE pancreatitis is underestimated in retrospective
studies on an outpatient basis. In particular, retrospec-
tive questionnaire-based surveys might be at risk from an
inaccurate report or inclusion bias™. As the distinction
between clinically mild pancreatitis and hyperamylasemia
with transient abdominal discomfort is somewhat arbitrary,
it seems likely that an under-diagnosis of post-DBE pan-
creatitis might have occurred, especially in outpatients.

There was no association with sex, duration of the
procedure, or type of endoscope in most of the studies
mentioned above.

Surprising results have been reported by Pata ez @/ in
their study of 48 oral DBE procedures. Pancreatitis was
observed in six patients (12.5%). Acute pancreatitis was
diagnosed when amylase and/or lipase reached = 3 the
upper limit of normal in the presence of pancreatic-type
abdominal pain'™. The question is whether the diagnostic
critetia of acute pancreatitis are sufficient in the case of
post-DBE pancreatitis. Asymptomatic hyperamylasemia
may occur in neatly half of DBE procedures” %™,
Honda e a/* have investigated 13 patients who under-
went DBE. Hyperamylasemia occurred in six of them
after the procedure, and one of these developed acute
pancreatitis. In agreement with our results, this study
demonstrates that latent hyperamylasemia without the de-
velopment of pancreatitis occurs after peroral DBE more
frequently than was previously thought*”. Tt may be that
some other criteria for the diagnosis of post-DBE acute
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pancreatitis should be added: ultrasound and/or CT scan-
ning, peristalsis weakening, or compartment sequestration
syndrome. Time will tell if the significance of post-DBE
and post-ERCP enzyme elevation is absolutely compa-
rable. Pata ez 2/ have verified only two reported cases of
pancreatitis using CT.

The causal mechanism of post-DBE acute pancreatitis
is uncertain, and there are several hypotheses. Nevins as-
sumes local trauma to the pancreas during the procedure or
release of as-yet-undefined inflammatory mediators””. May
et al™ assume that the length of the examination time is an
important factor, because they did not observe pancreatitis
in more than 500 DBEs and had a strict maximum examina-
tion time limit of 2 h'™. However, data from other authors
(including our own data) do not support this assumption.
In our study, in agreement with other studies™"", we found
hyperamylasemia and pancreatitis in patients with shorter
procedures, and we had fewer patients with hyperamylas-
emia and no case of pancreatitis in the subgroup of 12 pa-
tients with panenteroscopy #iz an oral approach (mean time:
148 min)m’zz’%]. We therefore believe, like Honda ef af™®,
that it is the technique of DBE itself, with the shortening
of the small bowel, that may be a factor in pancreatitis after
peroral DBE, rather than the length of the examination
time (Figure 1),

Honda ef o/ think that, in peroral DBE, the duode-
num and proximal jejunum are markedly shortened, and
the duodenum is sometimes found to be nearly straight
from the pyloric ring to the ligament of Treitz on fluo-
roscopy. In these conditions, the pancteas body and/or
tail may be subject to severe strain, with traumatic injury
and/or ischemia. Intraluminal pressure in the duodenum
may increase in such a way as to disturb the secretion of
pancreatic juice. This mechanism might be associated with
the occurrence of hyperamylasemia and pancreatitis after
peroral DBE'. This hypothesis is supported by the find-
ing that, in most cases in which early CT was performed,
pancreatitis was located in the tail or body-tail region of
the pancreas”™

Heine e al'? state that pancreatitis probably results
from prolonged mechanical stress on the organ due to re-
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peated stretching by the endoscopem. Sunada and Yama-
moto suggest that the possible mechanism is mechanical
torsion of the pancreatic body during insertion of the en-
doscope. Therefore, for oral insertion, extreme shortening
should not be performed, and counter-clockwise rotation
is preferredm.

Another possibility is ischemia of the pancreas, which
could induce acute pancreatitis. This has been confirmed
in an animal model”".

Groenen ¢t al”” hypothesize that acute pancreatitis is
caused by an increase in intraluminal duodenal pressure
during the endoscopic procedure caused by inflation of
the two balloons, which leads to reflux of duodenal fluids
into the pancreatic duct®. A closed duodenal loop has
indeed become an established animal model for acute

787 However, the question is whether the

pancreatitis
duodenal intraluminal pressure during DBE really can
reach such a high level. On the other hand, the pancreati-
tis caused by reflux should affect the whole pancreas, with
diffuse swelling, not only in the body or pancreatic tail.

Some endoscopists prefer to inflate the balloons after
passing the ligament of Treitz™>"") or after two insertions
(being at least 50 cm distal from the papilla of Vater)™,
Unfortunately, precise description of this technique and
its control (by fluoroscopy?) was not incorporated in their
work. Frankly, it is difficult to believe that by pushing the
endoscope with the overtube, without pulling back and
straightening out the looping, they were able to pass the
ligament with a 129-cm long device (the balloon on the
tip is 7 cm long and the rest of working part of the over-
tube is 129 cm). On the other hand, the papilla is about
80-90 cm from the incisors when inserting the endoscope,
therefore, both balloons are probably beyond the papilla
of Vater. However, even with this safe technique of endo-
scope insertion, the Dutch group had a post-DBE acute
pancreatitis rate of 1.4%, using the oral approach[szl.

Other possible causes are direct trauma to the ampu-
llary area or a direct obstruction of the pancreatic duct by
the insufflated balloon””. In our opinion, this hypothesis
seems also to be unlikely.

Another consideration is the question of whether
the elevation of amylase is always a result of pancreatitis
or whether it could be of intestinal origin and related to

80,81 . :
B8 However, this mechanism

manipulation of the gut
could hardly explain the elevation of pancreatic lipase.

The method of insertion and withdrawal of the
endoscope might be a factor in the origin of post-DBE
pancreatitis. However, in accordance with the literature™,
we did not find any differences in technique between our
center and others that are performing DBE in Europe, and
we did not see any differences even observing the masterful
work of Professor Yamamoto during his live workshops at
our endoscopy unit.

Differences in definitions of post-procedural compli-
cations offer a likely explanation for the difference in
reported post-DBE pancreatitis™.

In our opinion, mechanical stress on the pancreas

seems possible, and the increased level of pancreatic li-
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pase could be a correlate of this. We considered a possible
influence of our learning curve on the incidence of hyper-
amylasemia in our patients, but we did not confirm this by
subsequent analysis. The second point of our reflection
was the type of endoscope. We used the thicker and stiffer
EN-450T5 endoscope, so we were afraid of more forceful
pressing of this device onto the pancreas. However, three
cases of acute pancreatitis after peroral DBE using the
EN-450P5 have been reported in the Nethetlands"? and
one after DBE using the EN-450T5"" and there were no
differences in the type of endoscope in large studies™.
Another question is prevention of post-DBE pancre-
atitis. We use parenteral hydration during after the oral
procedure. The usual dose is 1 L of saline solution during
a 2-h procedure. We believe that hydration could improve
blood supply to the splanchnic region, pancreatic micro-
circulation, and post-procedure recovery. The use of
proteinase inhibitors such as gabexate mesylate for the
prevention of post-endoscopic pancreatitis has been disap-
pointing[53’82]. There have been some studies of intravenous

nitroglycerin[w, ulinastatin®™ somatostatin®**** rectal

diclofenac™, and other drugs for the prevention of post-
rocedure pancreatitis, but the results have not been signi-

p p > Zn

ficant.

CONCLUSION

Acute pancreatitis is a feared complication of oral DBE
(51 cases of acute pancreatitis have been described in the
literature to date, one of them fatal). Acute pancreatitis is
the most common complication seen after diagnostic oral
DBE (complications of therapy itself prevail in thera-
peutic procedures). Hyperamylasemia and elevation of
pancreatic lipase after DBE seems to be a common occur-
rence. Association with acute pancreatitis is possible, but
not obligatory. The diagnosis of acute pancreatitis is com-
plex. It can be suspected clinically, but requires biochemi-
cal, radiological, and sometimes histological evidence to
confirm the diagnosis. The complication rate of acute
pancreatitis is reported at about 0.3% of DBEs according
to large studies, almost solely after oral DBE. Drawbacks
and possible bias of those studies are that they were
mostly retrospective, a substantial number of DBEs were
petformed on an outpatient basis, and the follow-up was
inadequate. Nowadays, it is clear that the oral DBE proce-
dure is of higher risk in comparison with the anal one. It
would be more precise to count the pancreatitis risk from
oral procedures separately. By including anal procedures
in determination of post-DBE pancreatitis rate, we obtain
much lower and biased numbers. The presumable number
of cases of acute pancreatitis after oral DBE is 1.5%-2%.
In all patients with abdominal pain during the procedure
and/or after oral DBE, diagnosis of acute pancreatitis
should be considered and treatment should be provided in
good time, the same as in post-ERCP pancreatitis. From
the results of our study, we established the following rules
in our clinical practice. Conscious sedation seems to be
more favorable than general anesthesia due to monitor-
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ing of the patient’s pain during the procedure. Intense

pain during the procedure may be a sign of inadequate

pressure on the pancreas and pose a high risk of post-
DBE pancreatitis. COz2 insufflation during DBE is highly
recommended as it prevents over-inflation of the small
bowel, however, a possible preventive relationship to post-
DBE pancreatitis has not been determined yet.
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