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Technological achievements in the area of endoscope design and
development have resulted in instruments capable of advancing
beyond the reach of simple gastroscopes. Such instruments,
known as enteroscopes, form the bases of small bowel endoscopy.
Recent widespread use of enteroscopes have contributed signifi-
cantly to the understanding of small intestinal pathology and
improved the ability to diagnose and treat patients with intestinal
bleeding sources.
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Examen endoscopique de l�intestin grêle

RÉSUMÉ : Les progrès technologiques dans le domaine de l�endoscopie
ont rendu possible la mise au point d�instruments capables de dépasser la
portée des simples gastroscopes. Ces instruments, appelés entéroscopes,
constituent la base de l�endoscopie de l�intestin grêle. L�utilisation récente
mais répandue des entéroscopes a permis de comprendre beaucoup mieux
les affections de l�intestin grêle, d�accroître la capacité de poser des diag-
nostics et de traiter de façon plus appropriée les patients présentant des
hémorragies d�origine intestinale.

Until recently, patients suspected of having small intes-
tinal pathology were evaluated primarily by contrast

radiography, via either a single-contrast small bowel follow-
through or a double-contrast enteroclysis (1,2). Radio-
isotope scans and angiography were also used, especially in
patients suspected of having a bleeding source located in
the small intestine (3). In general, however, the diagnostic
yield of these methods was low.

Advances in the endoscopic examination of the small
bowel have progressed slowly over the past 25 years. Using

standard gastroscopes and side-viewing duodenoscopes,
endoscopic visualization of the small intestine was limited
to the most distal portions of the duodenum. In addition,
portions of the terminal ileum could be visualized during
colonoscopy. However, attempts to visualize the jejunum
and proximal ileum more completely were restricted by
technological limitations.

The �rope-way method�, originally reported in 1972 by
Classen et al (4), was the first attempt at small bowel
endoscopy . This method involved swallowing a guidestring
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and allowing it to pass through the anus. The string was
then exchanged for a stiffening tube, and a long endoscope
was advanced over the stiffening tube either orally or
transanally. Complete endoscopic visualization of the small
intestine (and the remaining portions of the gastrointesti-
nal tract) was possible using this method. The technique
was time-consuming (between two and five days for the
passage of the string), and painful due to the tightening and
straightening of the string and guide tube during advance-
ment of the endoscope. General anesthesia was often
required to complete the procedure.

The next advance in the endoscopic evaluation of the
small intestine was the use of the dedicated push entero-
scope (5). First reported in 1973, the instrument was
162 cm in length and was reportedly capable of intubating
up to 30 cm beyond the ligament of Treitz. Most push
enteroscopy has not been performed using dedicated instru-
ments but rather using standard colonoscopes, adult or
pediatric (6). The depth of insertion using standard colono-
scopes has been reported to be up to 50 to 60 cm beyond the
ligament of Treitz. Advancements in video technology
have led to several commercially available dedicated push
enteroscopes. These have long insertion tubes, excellent tip
deflection, and large accessory channels allowing both diag-
nostic and therapeutic interventions. The depth of inser-
tion with dedicated enteroscopes has been reported to be up
to 150 cm beyond the ligament of Treitz (7).  

By 1977, Sonde enteroscopes were being used in clinical
research (8). Sonde-type enteroscopes require peristalsis for
passage from the proximal to distal small bowel. The first
Sonde-type enteroscopes used a weighted metal hood to
facilitate passage through the small bowel. Subsequent
designs used an inflatable balloon at the tip of the scope to
exploit peristaltic motion. Most Sonde enteroscopes are
passed orally, although thinner models can be passed
transnasally (9). Examination of the entire ileum and
jejunum is possible. However, the main limitation of Sonde
enteroscopy is the time required for the procedure. The
original technique required an average of 12 to 24 h for
completion. A more rapid technique involves endoscopi-
cally carrying the Sonde enteroscope into the small intes-
tine as far distally as possible (10). This shortens the
procedure time considerably, although the examination still
requires 6 to 8 h to complete. The small bowel mucosa is
visualized during slow withdrawal of the Sonde entero-
scope. Readvancement of the Sonde instrument to visualize
a suspicious or missed area is not practical. In addition, most
Sonde enteroscopes lack full tip deflection and do not have
an accessory channel for diagnostic or therapeutic applica-
tions.

Intraoperative enteroscopy is another method used to
evaluate the small intestine (11). The procedure is typically
performed with the assistance of an operating surgeon who
either uses laparoscopic instruments to manipulate portions
of the small intestine at laparoscopy or manually advances
the enteroscope through the small intestine during laparo-
tomy (12). This method has the potential to allow the

entire length of the small intestine to be viewed and permit
surgical resection when small intestinal pathology is discov-
ered.

INDICATIONS
The typical indications for small bowel enteroscopy are
listed in Table 1. The most common indication is the eval-
uation of the patient with chronic gastrointestinal bleeding
of obscure origin. Obscure bleeding is usually defined as no
identifiable cause of blood loss despite thorough diagnostic
testing, including upper gastrointestinal endoscopy, colon-
oscopy and contrast radiography of the small bowel. Other
common indications for small bowel enteroscopy include
unexplained iron-deficiency anemia, unexplained chronic
diarrhea, malabsorption and follow-up of an abnormal small
bowel x-ray. Enteroscopy has been used in the evaluation of
abdominal pain of undetermined cause, although the diag-
nostic yield is low due to the typical nonspecific nature of
the symptoms.

TECHNIQUES
Push enteroscopy
Preparation for enteroscopy is the same as for routine upper
endoscopy. Patients should fast for approximately 8 h before
the examination � longer if there is known or suspected gas-
trointestinal dysmotility. Acetylsalicylic acid (ASA) and
other nonsteroidal anti-inflammatory medications
(NSAIDs) should be discontinued at least five days before
the procedure, especially if a therapeutic intervention is
anticipated. Prophylactic periprocedure antibiotics should
be administered according to the same guidelines suggested
for routine upper gastrointestinal endoscopy. Standard push
enteroscopy is performed with the patient under conscious
sedation. Medications typically include a benzodiazepine
for sedation and, if necessary, a narcotic (eg, meperidine or
fentanyl) for pain control.

Small bowel enteroscopy
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TABLE 1
Indications for small bowel enteroscopy

Occult gastrointestinal bleeding of obscure cause

Unexplained iron-deficiency anemia

Abnormal small bowel radiography

Unexplained chronic diarrhea or malabsorption

Evaluation of small bowel strictures

Screening for familial adenomatosis polyposis syndrome

Evaluation for Whipple�s disease

Unexplained abdominal pain

Jejunal feeding tube insertion

Preoperative tattoo placement

Assisted enteroclysis

Assisted endoscopic retrograde cholangiopancreatography 
after creation of a Roux-en-Y limb
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If an overtube is used, it should be backloaded over the
insertion tube using a generous amount of lubricant. The
enteroscope is introduced in the same manner as any stan-
dard endoscope with the patient in the left lateral decubitus
position. After the enteroscope is advanced into the distal
duodenum or proximal jejunum, the instrument should be
straightened, thereby removing the intragastric loop along
the greater curvature of the stomach. If an overtube has
been backloaded onto the enteroscope, it should be
advanced carefully over the enteroscope while in the short-
ened, straight position. The overtube is intended to help
prevent reformation of the intragastric loop, thereby allow-
ing a potentially greater depth of insertion.

If excessive amounts of bile with its associated bubbles
are encountered, simethecone can be administered into the
small intestine via the accessory channel of the entero-
scope. This should be done early in the procedure to opti-
mize visualization of the small bowel mucosa during
insertion of the enteroscope. Simethecone should also be
used before administration of glucagon or other agents that
inhibit intestinal peristaltic contractions.

The enteroscope is advanced as far distally into the small
bowel as possible while attempting to maintain the patient�s
comfort. Deep penetration of the enteroscope may be
achieved using a combination of manual insertion (�push-
ing�) and a series of shortening manoeuvres, similar to those
used during colonoscopy. The endoscopy assistant may pro-
vide manual pressure on the abdomen to facilitate addi-
tional advancement. The patient can also be repositioned
as necessary. To negotiate difficult angles, it may be helpful
to apply a continuous steady forward pressure on the
enteroscope rather than making repeated movements back
and forth with the instrument. The steady pressure tech-
nique is more effective if antiperistaltic medications are not
administered during the insertion phase of the procedure.
The peristaltic activity of the upper intestinal tract can
assist passage around difficult bends by the propulsive
nature of the contractions.

The use of fluoroscopy during small bowel enteroscopy
has been recommended by some authors (13). Fluoroscopy
aids in the monitoring of loop formation (and reformation)
during insertion and allows a more accurate assessment of
insertion depth. Fluoroscopy may be used during overtube
placement to ensure successful positioning across the
pylorus. While fluoroscopy is useful, it is not a required
component of the procedure. Certainly, the procedure can
be performed safely without it.

Mucosal inspection occurs primarily during withdrawal
of the enteroscope. If arteriovenous malformations (AVMs)
are suspected, careful inspection should be performed on
insertion as well as on withdrawal. Inspection on insertion
helps to reduce the potential misinterpretation of mucosal
trauma caused by the enteroscope as being caused by an
actual AVM.

The enteroscope is withdrawn in a slow, deliberate man-
ner. Unlike Sonde enteroscopy, if a segment of suspicious
mucosa moves by the tip of the enteroscope too quickly or

a review of the area is desired, the segment can be recap-
tured by advancing the enteroscope. Antiperistaltic agents
can be administered during the withdrawal phase of the
procedure, if necessary. Mild rhythmic small bowel contrac-
tions may actually assist in a more thorough visualization of
the mucosa; however, rapid, vigorous contractions impair
visualization and slow the withdrawal process. Anti-
peristaltic agents may be especially useful during therapeu-
tic interventions such as the electrocoagulation of AVMs. If
an overtube is used, it should be withdrawn simultaneously
with the enteroscope. Mucosal stripping is a reported com-
plication of enteroscope withdrawal into a stationary over-
tube (13).

Sonde enteroscopy
Several different Sonde-type enteroscopes are available for
commercial and research purposes. The main difference
between the various devices is the diameter of the insertion
tube, which determines whether the instrument can be
passed orally or transnasally. A balloon attached to the dis-
tal end facilitates passive antegrade movement of the
instrument during intestinal peristalsis. The �piggyback�
method of insertion expedites the insertion phase of the
procedure. This method involves the insertion of a second
endoscope to grasp a suture tied to the tip of the Sonde
enteroscope to pull the Sonde instrument from the stomach
into the small intestine as far distally as possible. Once in
position within the small intestine, the balloon is inflated
with approximately 12 to 20 cm3 of air, and the second gas-
troscope may be removed. A promotility agent may be
administered to assist in the distal passage of the instru-
ment, although the benefits of promotility agents have not
been shown clearly (14). Distal passage may take several
hours to complete, which is important to discuss with the
patient before the procedure. The patient is typically under
mild conscious sedation during the insertion phase. The
enteroscope should be gently advanced 10 to 20 cm into
the stomach every 30 to 60 min to provide slack for distal
passage. The patient is typically kept in the supine position
during insertion. Progress of the enteroscope may be moni-
tored fluoroscopically. The insertion phase is complete
when the entire length of the enteroscope has been
advanced into the patient or when failure to progress has
been observed. Failed progression is usually defined as an
unchanged fluoroscopic position after 1 to 2 h. One cause of
a lack of progression may be overuse of sedative medica-
tions. Small bowel adhesions, tumours, strictures or areas of
inflammation may also prevent advancement of the instru-
ment. Enteroscopy-assisted enteroclysis may be used to
visualize the portions of the intestinal tract distal to the tip
of the enteroscope (15).

During the withdrawal phase, the patient is usually
maintained in the supine position with knees bent. The
balloon at the tip of the enteroscope should remain inflated
to keep the endoscopic view centred in the lumen to opti-
mize mucosal inspection. Air is insufflated into the lumen
to aid inspection. The assistant may also manipulate the
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endoscopic view by gentle palpation of the abdomen over
the intestinal segment being visualized. Careful withdrawal
is essential to reduce the likelihood of rapid retrograde slid-
ing, which limits adequate visualization of the segment
involved. This can successfully be accomplished by with-
drawing the instrument slowly, palpating the abdoman gen-
tly, adjusting the patient�s position and varying the amount
of balloon inflation.

Withdrawal of the Sonde enteroscope typically requires
30 to 60 min. Despite traversing the entire length of the
small bowel, Sonde enteroscopy has been estimated to
allow visualization of only 50% to 80% of the small bowel
mucosa (16). Factors contributing to the limited mucosal
visualization include the inability to deflect the tip of the
enteroscope, especially along the inner portions of curves,
uncontrolled retrograde slides and the limited ability to
readvance over a section not adequately examined. Until
recently, most Sonde enteroscopes have not had an acces-
sory channel, thus limiting both diagnostic and therapeutic
capabilities. Some prototype instruments have attempted to
add an accessory channel or tip deflection. However, these
technological advances come at the expense of an increased
scope diameter and/or loss of flexibility, which may impair
distal migration (17).

Intraoperative enteroscopy
Virtually any endoscope may be used for intraoperative
enteroscopy. In general, a long instrument with an acces-
sory channel should be used. Originally, intraoperative
enteroscopy was performed via a standard laparotomy inci-
sion. However, successful laparoscopically assisted entero-
scopy has been reported (15). Using either method, the
surgeon assists the endoscopist by pleating the small bowel
onto the endoscope after each segment has been visualized
and inspected for pathology. If the distal ileum cannot be
reached, an enterotomy can be performed, after which a
gas-sterilized endoscope can be inserted and manipulated
distally. Therapeutic interventions for intraoperative enter-
oscopy include endoscopic measures and surgical resection
when necessary.

FINDINGS
The diagnostic yield of small bowel enteroscopy varies
depending on the indication for its use. Interestingly, many
of the abnormalities found during enteroscopy are within
reach of (and therefore can be diagnosed by) a standard gas-
troscope (Table 2). As many as 20% to 60% of abnormali-
ties found during enteroscopy have been located proximal
to the second portion of the duodenum (13). Presumably,
these endoscopic abnormalities were overlooked despite
previous extensive investigation before referral for
enteroscopy (Figures 1 and 2). Missed lesions have occurred
more commonly in patients taking ASA or other NSAIDs.
In a prospective study by Chak et al (18), 31 consecutive
asymptomatic patients with iron-deficiency anemia and a
negative colonoscopy underwent an upper gastrointestinal
tract evaluation using an enteroscope. All patients were ini-

tially examined as though undergoing a standard esophago-
gastroduodenoscopy (EGD), albeit using the enteroscope.
After completion of the EGD, the enteroscope was
advanced as far as possible into the small bowel. Findings
were recorded for both portions of the procedure. A bleed-
ing source was identified during the EGD portion in 35% of
patients; 26% had a bleeding source located only in the
jejunum, and two patients (6%) had a bleeding source
located in both the jejunum and the upper gastrointestinal
tract. Cost analysis showed a substantial benefit of perform-
ing the EGD using the enteroscope and completing the
endoscopic small bowel examination when the evaluation
of the upper gastrointestinal tract was negative compared
with performing an enteroscopy as a second procedure in
patients only after a negative EGD had been performed
using a gastroscope.

The diagnostic yield of push enteroscopy for occult or
obscure gastrointestinal bleeding varies from 26% to 80%
(Table 3) (15,19-29). Several factors contribute to the
reported differences, including dissimilar patient popula-
tions, the length of the small intestine examined, the use of
an overtube, the manner in which investigators judged
whether an abnormality represented a pathological lesion,
and the frequency of use of ASA or other NSAIDs by the
study patients.

AVMs are the lesions most commonly identified in the
evaluation of patients with occult or obscure gastrointesti-
nal bleeding, occurring in 70% of patients (Table 4). Small
bowel tumours, considered to be a rare finding, are identi-
fied during enteroscopy in 4% to 5% of patients (Figure 3).
The yield is substantially higher in patients with either
familial adenomatous polyposis or familial juvenile polypo-
sis (30,31). To examine areas of the small intestine that are
distal to the reach of the push enteroscope, enteroclysis can
be performed via the enteroscope by passing the entero-
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TABLE 2
Reported abnormalities within reach of a standard
gastroscope, detected at small bowel enteroscopy
Recurrence of gastric adenocarcinoma

Duodenal stricture secondary to pancreatic cancer

Gastric and duodenal polyps

Hiatal hernia with erosions

Ulcerative esophagitis

Erosive gastritis

Gastric and duodenal ulcers

Arteriovenous malformations

Gastric antral vascular ectasia

Esophageal and gastric varices

Hypertensive portal gastropathy

Dieulafoy�s lesion

Celiac sprue
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clysis catheter through the accessory channel and injecting
contrast material under fluoroscopy. In one study evaluating
the yield of enteroscopy-assisted enteroclysis, small bowel
masses were detected in two of 24 (8%) patients undergoing
enteroscopy for obscure gastrointestinal bleeding and in

one of 10 (10%) patients undergoing enteroscopy for an
abnormal radiographic study (15).

Enteroscopy has been used in the evaluation of diarrhea
or steatorrhea of suspected small bowel origin. In such
patients, findings at enteroscopy have included celiac sprue,
tropical sprue, Crohn�s disease, jejunal diverticulosis with
bacterial overgrowth, radiation enteropathy, NSAID
enteropathy, opportunistic infections (eg, cytomegalovirus),
small bowel lymphoma (Figure 4), worms (eg, strongy-
loidiasis) and parasites (eg, giardiasis) (7,28,29,32). The
diagnostic yield of push enteroscopy for chronic diarrhea
has ranged from 22% to 40%. It is important to note that
the macroscopic appearance of the small bowel mucosa may
seem normal in some instances and that endoscopic
mucosal biopsies are essential to exclude histological abnor-
malities.

Another important indication for enteroscopy is the
evaluation of abnormalities detected on x-rays, including

Shields and Van Dam
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Figure 1) Antral ulcer detected in a patient with obscure gastrointesti-
nal bleeding referred for enteroscopy. The patient had undergone a
�negative� colonoscopy and an upper gastrointestinal endoscopy at
another insitution before being referred for small bowel enteroscopy.
There were no small bowel findings on enteroscopy

Figure 2) Gastric ulcer detected on retroflexed view near the base of a
large hiatal hernia in a patient with obscure gastrointestinal bleeding
referred for enteroscopy. The patient had undergone a �negative�
colonoscopy and an upper gastrointestinal endoscopy at another insitu-
tion before being referred for small bowel enteroscopy. There were no
small bowel findings on enteroscopy

TABLE 3
Diagnostic yield of push enteroscopy for occult or
obscure gastrointestinal bleeding
Author, year Number of Number of
(reference) patients lesions Yield (%)

Foutch et al, 1990 (19) 39 15 38

Rutgeerts et al, 1993 (20) 57 27 47 

Harris et al, 1994 (21) 31 19 61

Barkin et al, 1994 (22) 20 16 80

Chong et al, 1994 (23) 55 35 64

Pennazio et al, 1995 (24) 20 9 45 

Schmit et al, 1996 (25) 83 49 59

Willis et al, 1997 (15) 54 29 54

Vakil et al, 1997 (26) 29 18 62

Zaman and Katon, 1998 (27) 95 39 41

Landi et al, 1998 (28) 76 20 26

Chak et al, 1998 (29) 129 91 70

Sharma et al, 2000 (7) 21 9 48

TABLE 4
Lesions identified during push enteroscopy for the
evaluation of occult or obscure gastrointestinal
bleeding
Type of lesion Cause
Vascular Arteriovenous malformations, Dieulafoy’s lesion,

varices, portal hypertension, phlebectasias, blue
rubber bleb nevi

Tumours Adenoma, adenocarcinoma, lipoma, leiomyoma,
leiomyosarcoma, carcinoid, lymphoma,
hemangioma, hamartoma, Kaposi’s sarcoma

Infiltrative Amyloidosis, sarcoidosis, tuberculosis, myeloma
Miscellaneous Celiac sprue, inflammatory bowel disease,

Meckel’s diverticulum, endometriosis,
aortoenteric fistula, vasculitis, infectious enteritis
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barium contrast examinations and abdominal computed
tomography scans. In these circumstances, enteroscopy is
useful for providing a histological diagnosis when an abnor-
mality is discovered or for verifying the normal appearance
of the bowel if a lesion is not found. Fluoroscopy during
enteroscopy for this indication is especially useful because it
helps to ensure that the instrument has reached the area of
suspected abnormality. In addition to the identification of
Crohn�s disease, lymphoma, radiation enteritis and idio-
pathic jejunitis, enteroscopy for abnormal radiological stud-
ies has identified amyloidosis and leishmaniasis of the small
bowel (28,32). The diagnostic yield of enteroscopy in this
setting is quite high, approximately 55% to 60% (13,32).

The routine use of enteroscopy for the evaluation of
unexplained abdominal pain should be discouraged. The
diagnostic yield tends to be very low. In one report of 12
patients undergoing push enteroscopy, the diagnostic yield
was 0%, although peritoneal carcinomatosis was subse-
quently diagnosed in one of the 12 patients at exploratory
surgery (28). Positive findings, including duodenal stric-
tures (secondary to lymphoma and pancreatic cancer) and
recurrent adenocarcinoma at the gastrojejunal anastomosis,
have been reported (32).

THERAPEUTIC ENTEROSCOPY
The therapeutic applications of enteroscopy are listed in
Table 5. The push enteroscope can be used to access long
afferent Billroth II limbs or Roux-en-Y limbs to assist in
performing endoscopic retrograde cholangiopancreatogra-
phy (33). Direct endoscopic placement of jejunal feeding
tubes has also been reported (34). However, the most com-
mon therapeutic application is hemostasis via electrocoagu-
lation (heater probe, BiCAP probe, laser) or injection
therapy. Enteroscopic treatment of bleeding small intestinal
angiodysplasia has been shown to reduce the requirement

Small bowel enteroscopy
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Figure 4) Small intestinal lymphoma detected on enteroscopy in a
patient with iron-deficiency anemia and diarrhea

TABLE 5
Therapeutic applications of enteroscopy
Electrocoagulation for hemostasis

Endoscopic laser therapy for hemostasis

Injection therapy for hemostasis

Polypectomy

India ink tattoo marking

Enteroscopic-assisted endoscopic retrograde 
cholangiopancreatography

Direct percutaneous endoscopic jejunostomy placement

Dilation of strictures 

Figure 3) Duodenal adenocarcinoma detected in a patient after a �neg-
ative� single-contrast small bowel x-ray. The tumour had a distinctly
�villous� appearance at endoscopy. The patient did not have an under-
lying polyposis syndrome, and underwent endoscopic and radiographic
evaluation for unexplained iron-deficiency anemia
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for blood transfusion, improve hemoglobin levels, and
improve functional status and quality of life significantly
(35-37). In one study, endoscopic hemostasis in the small
intestine via enteroscopy resulted in a decrease in transfu-
sion requirement from 2.40 units of blood per month before
treatment to 0.32 units per month after treatment
(P<0.0001) (35). In another study, enteroscopic treatment
of AVMs resulted in a greater than 50% reduction in the
average number of transfusions required in the year follow-
ing treatment, while 31% of patients required no transfu-
sions in the year following treatment (37).

COMPLICATIONS OF SMALL BOWEL
ENTEROSCOPY

The complications associated with diagnostic enteroscopy
are essentially the same as those encountered during rou-
tine upper endoscopy, including pharyngeal trauma, aspira-
tion, adverse reaction to the medications used during
conscious sedation, and perforation of the esophagus, stom-
ach or small intestine. Therapeutic interventions during
enteroscopy may increase the risk of perforation, bleeding
or infectious complications. Intraoperative enteroscopy
may result in prolonged postprocedural ileus (38). Most of
the reported complications of push enteroscopy have been

related to the use of the overtube. These have included
pharyngeal tears, Mallory-Weiss tears, perforation of the
esophagus, acute pancreatitis presumably due to ampullary
trauma, duodenal perforation and mucosal stripping with
hemorrhage (13,39,40). Overtube trauma appears to be
related to the space between the enteroscope and the over-
tube, with the potential for tissue entrapment during over-
tube insertion over the enteroscope or upon enteroscope
withdrawal into the overtube. The risk can be limited using
an overtube with a diameter as close to that of the entero-
scope as possible, advancing the overtube over a Maloney
dilator as described by Goldschmiedt et al (41) and retract-
ing the overtube before withdrawal of the enteroscope.
Some authors do not advocate the use of an overtube dur-
ing push enteroscopy (13). However, published data suggest
that the overtube assists in deeper insertion of the entero-
scope by limiting intragastric and intraduodenal looping
during advancement of the enteroscope. In a study compar-
ing the mean lengths of insertion when the procedure was
performed with or without an overtube, the distance of the
enteroscope insertion past the ligament of Treitz was only
11 cm without an overtube compared with 108 cm with an
overtube (42). Thus, the use of an overtube seems to facili-
tate the performance of the procedure.
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