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BACKGROUND: Acute pancreatitis is a significant potential compli-
cation with double-balloon enteroscopy. Hyperamylasemia is fre-
quently observed after both double-balloon enteroscopy and
single-balloon enteroscopy but often without associated pancreatitis.
Whether the same phenomenon occurs with spiral enteroscopy is cur-
rently unknown.

AIMS: To determine the incidence of pancreatitis and hyperamy-
lasemia following spiral enteroscopy.

METHODS: A prospective cohort study of consecutive patients
undergoing proximal spiral enteroscopy was conducted. Serum amy-
lase levels were measured immediately before and following the proce-
dure, combined with observation for clinical signs of pancreatitis.
RESULTS: A total of 32 patients underwent proximal spiral enteros-
copy, with a mean total procedure time of 51 min (range 30 min to
100 min) and mean depth of insertion of 240 cm (range 50 cm to 350 cm).
The diagnostic yield was 50%, with 31% of all procedures being thera-
peutic. While no patients exhibited signs that raised suspicion of
pancreatitis, hyperamylasemia was common (20%). Hyperamylasemia
was not significantly associated with procedure duration or depth of
insertion but was linked to patients with Peutz-Jeghers syndrome and
with the use of propofol sedation, suggesting that it may be more com-
mon in difficult cases.

CONCLUSIONS: Postprocedural hyperamylasemia occurred frequently
with proximal spiral enteroscopy, while no associated pancreatitis was
observed. This finding suggests that hyperamylasemia may not necessar-
ily reflect pancreatic injury nor portend a risk for pancreatitis.
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L’hyperamylasémie et la pancréatite aprés une
entéroscopie spiralée

HISTORIQUE : La pancréatite aigué est une complication potentielle
importante de 'entéroscopie a double ballonnet. Lhyperamylasémie
est fréquente apres une entéroscopie a simple ou a double ballonnet,
souvent sans pancréatite associée. On ne sait pas si le méme phé-
nomene se produit en cas d’entéroscopie spiralée.

OBJECTIF Déterminer l'incidence de pancréatite et
d’hyperamylasémie aprés une entéroscopie spiralée.
METHODOLOGIE : Les auteurs ont effectué une étude de cohorte
prospective de patients consécutifs ayant subi une entéroscopie spi-
ralée proximale. Ils ont mesuré les taux d’amylase sérique prospective
immédiatement avant et apres lintervention, de méme que
'observation des signes cliniques de pancréatite.

RESULTATS : Au total, 32 patients ont subi une entéroscopie spiralée
proximale, pour une durée d’intervention moyenne de 51 minutes (plage
de 30 minutes a2 100 minutes) et une profondeur d’insertion moyenne
de 240 cm (plage de 50 cm a 350 cm). Le rendement diagnostic était
de 50 %, et 31 % de toutes les interventions étaient d’ordre thérapeu-
tique. Aucun patient n’a présenté de signes évocateurs d’une pancréa-
tite, mais ’hyperamylasémie était courante (20 %). Chyperamylasémie
ne s’associait pas de maniere significative a la durée de I'intervention
ou a la profondeur de l'insertion, mais était liée au syndrome de Peutz-
Jeghers et a la sédation au propofol, laissant supposer qu’elle serait plus
courante dans des cas difficiles.

CONCLUSIONS : Lhyperamylasémie est fréquente aprés une enté-
roscopie spiralée proximale, mais les auteurs n’ont observé aucune
pancréatite connexe. Cette observation laisse croire que
I’hyperamylasémiene reflete pas nécessairement une lésion pancréa-
tique ou un risque de pancréatite.

piral enteroscopy (1,2) is the most recent form of small bowel

endoscopy to join the techniques of single-balloon enteroscopy
(SBE) (3) and double-balloon enteroscopy (DBE) (4,5) for the inves-
tigation of small intestinal diseases. Large series have been performed,
with DBE demonstrating that the most common, significant adverse
events with the procedure are bleeding (0.2% to 0.8%), perforation
(0.3% to 0.4%) and pancreatitis (0.2% to 0.3%) (6,7). While con-
siderable attention has focused on the occurrence of post-DBE pan-
creatitis, asymptomatic hyperamylasemia remains quite common (8).
In the first study reporting complications with SBE (9), there were no
cases of pancreatitis, but again, hyperamylasemia was frequently
encountered. Currently, there are no published studies regarding com-
plications following spiral enteroscopy, and the risks of pancreatitis
and hyperamylasemia remain unknown. Accordingly, the aim of the
present study was to determine the incidence of pancreatitis and
hyperamylasemia after proximal spiral enteroscopy.

METHODS

Study design

Consecutive patients undergoing proximal spiral enteroscopy at
Erasmus MC University Medical Center, a tertiary referral university
hospital in Rotterdam, The Netherlands, were prospectively included
in the study after providing written informed consent. Demographic
and clinical data were recorded, as were insertion depth, duration,
sedation requirements, diagnostic and therapeutic outcomes, and
adverse events. Blood samples were collected immediately before and
2 h to 4 h following proximal spiral enteroscopy for measurement of
serum amylase and C-reactive protein (CRP) levels. All patients were
clinically evaluated 2 h to 5 h after the procedure to assess for abdom-
inal complaints that could be suggestive of pancreatitis. Any need for
overnight hospital stay or readmission was noted. All patients were
contacted the following day for evaluation of complaints. Referring
physicians and/or the general physician were asked to report adverse
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TABLE 1
Clinical and endoscopic data (n=32)

Patient characteristics

Age, years, mean (range) 64 (32-86)
Female sex 19 (59)
Indication for enteroscopy
Anemia 26 (81)
Peutz-Jeghers syndrome 4 (13)
Other* 2 (6)
Enteroscopy data
Conscious sedation 20 (63)
Propofol sedation 12 (37)
Insertion depth, cm, mean (range) 240 (50-350)
Procedure time, min, mean (range) 51 (30-100)
Diagnostic yield 16 (50)
Angiodysplasia 7 (22)
Polyp(s) 4 (13)
Tumour 3(9)
Ulcer(s) 2 (6)
Therapeutics' 10 (31)

Data presented as n (%) unless otherwise indicated. *Abdominal pain with
abnormal imaging (n=2); TPolypectomy (n=4; removed 24 polyps), argon
plasma coagulation (n=6)

outcomes within 30 days of the procedure. The study was approved by the
institutional review board of Erasmus MC University Medical Center.

Spiral enteroscopy procedure

Spiral enteroscopy was performed using the Discovery SB spiral over-
tube (Spirus Medical Inc, USA) in combination with either the
Olympus SIF-Q160Y SBE endoscope (Olympus Optical Co, Japan) or
the Fujinon EN-450P5 or EN-450T5 DBE endoscopes (Fujinon Inc,
Japan) without attached balloons. The spiral overtube has raised heli-
ces at its distal end, a locking device to fix the overtube to the endo-
scope and two foam handles at its proximal end to facilitate overtube
rotation. Clockwise rotation of the spiral overtube acts in a manner
similar to that of a screw, advancing the endoscope while pleating the
bowel onto its surface (1). The procedure was performed by two phys-
icians: an endoscopist with considerable small bowel enteroscopy
experience (PM) together with an advanced endoscopy fellow (CT or
HA). The endoscope was inserted into the proximal esophagus in the
usual fashion, after which further advancement was achieved by rota-
tion of the overtube by twisting the foam handles. While the first
operator rotated the overtube, the second operator steered the endo-
scope tip. Withdrawal of the endoscope was achieved by counter-
clockwise overtube rotation. The depth of insertion was estimated
during endoscope withdrawal according to a previously described and
accepted spiral enteroscopy method (1,2).

All patients completed bowel preparation with 4 L of a polyethyl-
ene glycol solution and an overnight fast, which is the standard prac-
tice for small bowel enteroscopy at the institution due to the belief
that improved mucosal views are obtained once deep insertion reaches
the ileum. Most procedures were performed under conscious sedation
(midazolam and fentanyl) while selected cases were performed using
anesthesiologist-administered propofol. Propofol was selected for cases
expected to be prolonged or more difficult (eg, multiple polypectomies
in Peutz-Jeghers syndrome patients), as well as for cases performed dur-
ing live endoscopy courses. With few exceptions, spiral enteroscopy
was performed without previous capsule endoscopy, which is not per-
formed at the centre, and was chosen in favour of DBE or SBE accord-
ing to the endoscopist’s discretion. All procedures were performed on
an outpatient basis.

Definition of hyperamylasemia and pancreatitis
Hyperamylasemia was defined as a twofold or greater increase in serum
amylase (ratio of postprocedure to preprocedure amylase >2) to a level
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exceeding the upper limit of normal (>99 U/L). Clinical pancreatitis
was defined according to the revised 2008 version of the Atlanta
Classification of acute pancreatitis, which consists of typical abdom-
inal pain strongly suggestive of acute pancreatitis, serum amylase level
at least three times greater than the upper limit of normal and/or char-
acteristic findings of acute pancreatitis on contrast-enhanced com-
puted tomography scan (10). Radiological imaging was not routinely
performed in all patients, but instead was reserved for cases in which
pancreatitis was suspected based on clinical grounds (abdominal pain
with abnormal amylase levels between 100 U/L and 299 U/L that was
less than three times the upper limit of normal). An abnormal prepro-
cedure serum amylase level =100 U/L in combination with the
absence of postprocedural abdominal pain was considered to be suffi-
cient to exclude pancreatitis and suggest macroamylasemia. The nor-
mal values for serum amylase and CRP levels were 0 U/L to 99 U/L,
and <9 mg/L, respectively.

Statistical analysis

Stata version 10.1 (Stata Corp, USA) was used to analyze the data.
Means and ranges were used to summarize data for continuous vari-
ables and percentages were used to summarize data for categorical
variables. Continuous data were compared using the Student’s t test
(with Welch’s approximation to correct for unequal variances) while
categorical data were assessed using the 2 test. A two-sided P<0.05
was considered to be statistically significant. Univariable and multi-
variable logistic regression analyses were planned but not performed
because the number of positive outcomes was too low to draw reliable
conclusions.

RESULTS

Patient characteristics

Between November 2008 and March 2010, 32 patients with a mean
age of 64 years (range 32 to 86 years) underwent proximal spiral ent-
eroscopy; 19 (59%) were women. The most common indications for
small bowel enteroscopy were anemia (81%) and Peutz-Jeghers syn-
drome (13%) (Table 1). Two patients with anemia had undergone
previous video capsule endoscopy, whereas two of the Peutz-Jeghers
syndrome patients previously underwent DBE. None of the included
patients had a medical history of acute or chronic pancreatitis. While
six (19%) patients consumed two or more units of alcohol per week,
no patient consumed more than five units.

Spiral enteroscopy procedure

The mean depth of insertion beyond the ligament of Treitz was 240 cm
(range 50 cm to 350 cm) with an average total procedure time of 51 min
(range 30 min to 100 min). Conscious sedation was used for 20 patients
(62%) while anesthesiologist-administered propofol was used in
12 (38%). All Peutz-Jeghers syndrome patients received propofol
compared with 29% of the remaining cohort. The majority of
patients (91%) underwent the proximal procedure only, while three
(9%) underwent both a proximal and a distal spiral enteroscopy.
Among these three patients, total enteroscopy with complete visual-
ization of the small bowel was not achieved. The proximal spiral ent-
eroscopy was diagnostic in 50% of cases, identifying angiodysplasia
in seven (22%), polyps in four (13%), a tumour in three (9%) and
ulcerations in two (6%) patients. Spiral enteroscopy was therapeutic
in 10 (31%) patients, with argon plasma coagulation used to treat
angiodysplasia in six (19%) (performed when angiodysplasias were
considered clinically significant, defined as ‘large’ lesions or those that
bled when probed by a catheter) and polypectomy performed in four
(13%) cases, removing a total of 24 polyps.

Hyperamylasemia and pancreatitis

Serum samples were taken at a mean of 175 min (range 130 min to
270 min) after the spiral enteroscopy procedure. Two patients had an
elevated amylase level before the procedure (101 U/L and 112 U/L,
respectively), without any signs or symptoms suggestive of pancrea-
titis. Neither of these patients developed an elevation in serum
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amylase level after the procedure greater than two times the baseline
value, rising to 112 U/L and 167 U/L, respectively. Both were con-
sidered to have macroamylasemia and were excluded from subsequent
analysis. Six (20%) patients developed hyperamylasemia, with a mean
ratio of post- to preprocedure amylase of 2.9 and a mean postprocedure
amylase level of 210 U/L (range 104 U/L to 510 U/L), reflecting an
average increase in amylase of 139 U/L (range 56 U/L to 403 U/L).
These changes significantly exceeded those among the 24 (80%)
patients without hyperamylasemia, who had a mean postprocedure
amylase level of 73 U/L (P<0.01) and an average increase of only 21 U/L
(P<0.01). The mean CRP levels did not increase after the spiral pro-
cedures and did not differ significantly between patients with normal
amylase levels and those with hyperamylasemia. Comparing the
patient group with postprocedural hyperamylasemia with the normal
amylase group, the only significant differences were the indication for
the procedure (P=0.01) and the type of sedation used (P=0.01)
(hyperamylasemia was more likely with Peutz-Jeghers syndrome
patients and propofol sedation; normal amylase levels were more likely
with anemia as the indication and conscious sedation). There were no
significant differences in terms of demographic features or endoscopic
outcomes, including both depth of insertion and procedure time
(Table 2). In addition, there was no significant linear relationship
between the duration of the enteroscopy procedure and the subsequent
change in serum amylase level (P=0.34).

There were no cases of acute pancreatitis. In fact, none of the
patients experienced postprocedural abdominal pain that raised suspi-
cion for possible pancreatitis and, therefore, no imaging studies were
performed. Furthermore, no adverse events were recorded at follow-up.

DISCUSSION

Acute pancreatitis is a concerning potential complication with DBE.
Large, multicentre, retrospective studies reported the risk of pancrea-
titis after diagnostic DBE procedures to be 0.2% to 0.3% (6,7,11). Two
prospective studies demonstrated a much higher frequency of hyper-
amylasemia (up to 50%) after DBE than the observed rate of pancrea-
titis (nearly 5%) (12,13). This has been interpreted as evidence of a
causative link among oral DBE, hyperamylasemia and pancreatic
injury. However, multiple theories have been proposed speculating
about the mechanism by which DBE leads to pancreatitis, with no
clear consensus (14). Recently, we performed two prospective studies
involving DBE (8) and SBE (9) demonstrating that after modifying
the insertion technique to delay balloon inflation until beyond the
ligament of Treitz, the incidence of pancreatitis was very low: 0.7%
and 0% for DBE and SBE, respectively. However, hyperamylasemia
remained relatively common, 17% and 16% for DBE and SBE, respect-
ively, although significantly less common when compared with earlier
reports (12,13). It is unclear whether this persistent hyperamylasemia
results from injury to the pancreas or if it is caused by other factors
such as local strain or mucosal injury to the small bowel itself.

In the present study, 20% of patients developed hyperamylasemia
after proximal spiral enteroscopy, with no patients developing suggest-
ive abdominal pain symptoms and no cases of pancreatitis. Interestingly,
the development of hyperamylasemia was not associated with the
duration of the procedure as has been suggested by previous DBE stud-
ies (8,13). However, the development of hyperamylasemia was signifi-
cantly associated with Peutz-Jeghers syndrome and with propofol
sedation. Because propofol was specifically selected for cases antici-
pated to be more technically challenging and, because Peutz-Jeghers
syndrome patients underwent multiple polypectomies (a mean of six
polyps per patient), it is interesting to speculate that the development
of hyperamylasemia may be more closely linked to difficult procedures,
which may not necessarily take longer than other cases but may
involve more strain on the pancreas or on the small bowel itself.

Chief among the several limitations in the present study was the
small sample size. We observed a high frequency of hyperamylasemia
without associated pancreatitis, but the sample was insufficient to
capture these events. Indeed, only multicentre registry data are likely
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TABLE 2
Comparison of normal amylase and hyperamylasemia

groups

Normal amylase Hyperamylasemia

Patient characteristic (n=24) (n=6) P
Age, years 65 (32-86) 60 (34-83) 0.59
Female sex 15 (63) 3 (50) 0.58
Indication (ie, anemia) 22 (92) 3 (50) 0.01
Enteroscopy data
Conscious sedation 18 (75) 1(17) 0.01
Propofol sedation 6 (25) 5(83) 0.01
Insertion depth, cm 233 (50-350) 250 (200-300) 0.43
Procedure time, min 50 (30-100) 62 (30-80) 0.26
Diagnostic yield 11 (46) 4 (67) 0.36
Therapeutic yield 7 (29) 3 (50) 0.17
Serum measurements
Amylase, U/L
Pre 52 (28-98) 71 (27-113) 0.08
Post 73 (28-130) 210 (104-510) <0.01
Absolute A (post — pre) 21 (-3-44) 139 (56-403) <0.01
Post/pre ratio 1.4 (0.9-2.3) 2.9 (2.0-4.8) <0.01
C-reactive protein, mg/L
Pre 17 (1-190) 5 (1-16) 0.17
Post 17 (1-206) 6 (1-20) 0.23
Clinical pancreatitis* 0 0 -

Data presented as mean (range) or n (%) unless otherwise indicated. Bolded
values indicate statistical significance. *Defined according to the revised
(2008) Atlanta Classification for acute pancreatitis (10). A Change; Post
Postprocedure; Pre Preprocedure

capable of identifying complications as infrequent as pancreatitis.
In fact, a large, multicentre registry has reported (in abstract form)
the early experience with spiral enteroscopy and found no cases of
pancreatitis after 1750 spiral procedures (15). While amylase levels
were not reported, the absence of pancreatitis after such a consider-
able number of procedures implies that the risk is low with spiral
enteroscopy and suggests that the hyperamylasemia observed in our
study was not necessarily a harbinger of pancreatitis. A second notable
limitation was our lack of measurement of serum lipase or fractiona-
tion of pancreatic and salivary amylase isoenzyme levels, which may
have been useful for differentiating the origin of the elevated amylase
levels. Although other series examining DBE and hyperamylasemia
have shown a strong correlation between serum amylase and lipase
measurements (12,13), it is regrettable that these were not measured
in our study to provide more definitive evidence as to the source of
hyperamylasemia.

Nevertheless, the findings of the present study begin to shed more
light on the etiology of hyperamylasemia observed after deep enteros-
copy. Because the spiral method does not involve the inflation of bal-
loons nor the same degree of stretching of the small bowel with
repetitive insertion and shortening of the endoscope and overtube, a
number of previously considered causative theories seem less likely
given the persistent observation of hyperamylasemia after spiral enteros-
copy. In particular, duodenal hypertension from balloon inflation (16),
mechanical strain on the pancreas from repetitive stretching of the
endoscope and overtube (17-19), irritation of the pancreatic sphincter
from the inflation of the overtube balloon or compression of the sphinc-
ter from the back-and-forth movements of the overtube (20), seem
much less likely. However, the suggestion of mechanical strain on the
pancreas from the profound straightening of the duodenum at the liga-
ment of Treitz (11) as well as the ischemic vascular injury theory due to
compression or stretching of the peripancreatic vessels (18,20) remain.
In addition, it is still possible that overtube-induced strain on the small
bowel itself is responsible for the hyperamylasemia (21).
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SUMMARY

The present study is the first to report the incidence of hyperamyl-
asemia following proximal spiral enteroscopy, being a frequent find-
ing occurring after one in five procedures despite no cases of
pancreatitis. Thus, we hypothesize that while DBE can clearly cause
pancreatitis, patients who develop elevated amylase levels after deep
enteroscopy do not necessarily incur injury to the pancreas or ele-
vated risk for pancreatitis. In fact, patients with significant abdom-
inal pain after enteroscopy, even in the context of an elevated
amylase level, should first be evaluated for other, possibly more
serious complications, such as intestinal perforation, before consid-
ering pancreatitis, particularly in light of reports of perforations
resulting from spiral enteroscopy (15,22) and the growing realiza-
tion that pancreatitis is an unlikely event for which hyperamyl-
asemia may be a nonspecific finding.
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