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Abstract: Traditional methods have their limitations when it comes to unraveling the mysteries of the
small bowel, an area historically seen as the “black box” of the gastrointestinal tract. This is where
capsule endoscopy and enteroscopy have stepped in, offering a remarkable synergy that transcends
the sum of their individual capabilities. From their introduction, small bowel capsule endoscopy
and device-assisted enteroscopy have consistently evolved and improved, both on their own and
interdependently. Each technique’s history may be told as a success story, and their interaction has
revolutionized the approach to the small bowel. Both have advantages that could be ideally combined
into a perfect technique: safe, non-invasive, and capable of examining the entire small bowel, taking
biopsies, and applying therapeutical interventions. Until the realization of this perfect tool becomes
a reality, the key for an optimal approach lies in the right selection of exploration method. In this
article, we embark on a journey through the intertwined development of capsule endoscopy and
enteroscopy, exploring the origins, technological advancements, clinical applications, and evolving
inquiries that have continually reshaped the landscape of small bowel imaging.

Keywords: small bowel; capsule endoscopy; device-assisted enteroscopy; diagnostic techniques;
therapeutics; middle gastrointestinal bleeding; small bowel tumors; Crohn’s disease; artificial intelligence

1. Introduction

In the realm of modern medicine, the diagnosis and management of gastrointestinal
disorders have been revolutionized by two remarkable techniques: capsule endoscopy
(CE) and enteroscopy. These cutting-edge methods, sharing a unique synergy, not only
complement each other but have also catalyzed a transformation in the way clinicians
perceive and explore the enigmatic world within the human small bowel. Traditional
diagnostic and imaging methods, while valuable, have their limitations when it comes
to unraveling the mysteries of the small bowel, an area historically seen as the “black
box” of gastroenterology. This is where CE and enteroscopy have contributed, providing a
remarkable collaboration that exceeds the potential of each technique individually.

With its miniature camera encased in a swallowable capsule, CE has brought a non-
invasive revolution in the visualization of the gastrointestinal tract’s innermost reaches. On
the other hand, enteroscopy, with its ability to biopsy and provide therapeutic interventions,
has enabled practitioners to directly address the pathologies discovered during CE exami-
nations. Enteroscopy itself has remarkably evolved, from traditional push-enteroscopy to
sophisticated device-assisted techniques. Starting from 2001, the birth year of both CE and
device-assisted enteroscopy, the interplay between these two techniques has provided an
exquisite example of how innovation, collaboration and pursuit of knowledge can advance
patient care.
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This article explores the parallel evolution of CE and enteroscopy, encompassing their
origins, technological advancements, clinical applications, and the ongoing research that
continuously redefines the domain of small bowel imaging.

2. Small Bowel Exploration—Between Revelations and Unanswered Inquiries

Until the 2000s, small bowel exploration posed a significant challenge in the field of
gastrointestinal tract diagnostics. The small bowel had long been a relatively inaccessible
area for direct examination. Traditional diagnostic methods relied on imaging studies such
as X-rays–barium swallow tests, upper endoscopy, and, introduced in the 1990s, push
enteroscopy. A barium examination, performed either as a follow-through procedure or
enteroclysis, allowing better intestinal distension, can assure diagnostic yields ranging from
6% [1] to no more than 21% for gastrointestinal bleeding [2], around 16% for suspected
Crohn’s disease [3], and may reach 46% in the detection of small bowel tumors [4], although
exposing patients to a radiation risk. Upper endoscopy comes with the limitation of not be-
ing able to see beyond the second duodenum. Push enteroscopy allows further small bowel
examination, including the duodenum and proximal jejunum to approximately 50–100 cm
beyond the Treitz ligament [5]; nonetheless, this technique is laborious, time-consuming,
and carries a risk of complications such as perforation, bleeding, or pancreatitis [6]. Even
if other newer exploration methods have brought progress, they still present some dis-
advantages for the current practice: entero-computed tomography and entero-magnetic
resonance are not able to directly visualize the mucosal surface and, consequently, they
have a relatively low sensitivity for the detection of the incipient lesions of Crohn’s dis-
ease [7]. Abdominal computed tomography angiography and marked red-cell scintigraphy,
undoubtedly, shed light on the diagnosis of suspected small bowel bleeding, but the di-
agnostic success of both methods is determined by the activity and a minimum bleeding
rate of 0.5 mL/min and 0.2–0.4 mL/min, respectively [8]. It is equally worth mentioning
the limited accessibility of certain methods, especially magnetic resonance and nuclear
techniques, which encompasses a significant drawback for routine clinical practice.

Therefore, to address the need for improvement in small bowel pathology manage-
ment, innovative tools had to be developed.

The first revolutionary solution, successfully fulfilling the goal of non-invasiveness,
was small bowel capsule endoscopy. The first-generation capsule endoscopy, known as
the M2A capsule, was launched in 2001, about the size of a large pill, and had a small
camera, light source, and transmitter [9]. Its appearance, purely and simply, revolutionized
gastrointestinal tract exploration, allowing non-invasive imaging of the small intestine.
Only two years after its entrance into clinical practice, small bowel CE had already been
used in more than 4000 patients [10]. Subsequent generations of capsule endoscopes fea-
tured improved image quality and better maneuverability, becoming smaller and easier
to swallow. By the late 2010s, several companies were manufacturing capsule endoscopy
systems, offering various features and enhancements: increased field of view, advanced op-
tics with better image resolution, and improved battery life, as well as software progresses,
allowing optimized images analysis, automatic detection of identical images, suspected
blood indicators, and incorporated scores [11]. Today, after more than twenty years of uti-
lization, millions of capsule examinations have been performed worldwide, while, due to
its safety, patient comfort, and the possibility of visualizing the entire small bowel mucosa,
it has become the first-line examination in most small bowel pathologies [12]. Nevertheless,
specific precautions have to be considered before undergoing a small bowel CE examina-
tion. Avoiding the procedure is recommended for individuals with suspected or known
stenosis of the gastrointestinal tract, unless intestinal patency is confirmed. In cases of
swallowing or gastric motility disorders, the option of endoscopically placing the capsule
may be considered [13]. There is currently a lack of data regarding the safety of CE in
pregnant women. Implanted cardiac devices like pacemakers or cardioverters were initially
considered a contraindication, while subsequent studies have dispelled concerns about
potential dysfunction in either the capsule or cardiac devices [14]; even so, manufacturers
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still maintain this contraindication. The use of a remote control for insulin infusion pumps
has been suggested to potentially interfere with the CE transmission [15].

However, despite its successes, CE has some limitations, such as a lack of real-time
control; the limited battery life, which may result in an incomplete examination; and
the inability to take biopsies or perform therapeutic interventions. Currently, efforts are
being made to address these limitations by developing smart capsules that can actively
move within the gastrointestinal tract, obtain biopsy samples, or even treat lesions [16,17].
Nevertheless, until such progress is realized, small bowel CE will require complementary
techniques like enteroscopy, to ensure comprehensive evaluation, diagnosis, and the right
therapeutic strategy.

The advent of CE has had, as a direct consequence, a growing requirement for a
proper endoscopic technique to directly access the small bowel and allow lesions biopsy
and targeted therapeutic interventions. Thus, various developments have been made and
several techniques of device-assisted enteroscopy (DAE) have become available in practice
in the last twenty years, allowing the application of many types of endotherapy, such as
polypectomy, endoscopic mucosal resection, hemostasis, stricture dilation, foreign bodies
retrieval, and jejunostomy placement [18].

The double balloon enteroscopy (DBE) system, including an enteroscope, an overtube,
and two inflatable balloons—one at the distal end of the endoscope and the other attached
to the overtube—works using the “pull-and-push” technique; the distal balloon helps
anchor the endoscope in place, preventing it form slipping out, while the proximal balloon
helps advance the endoscope deeper into the small bowel [19]. Two methods of insertion
are possible, either antegrade—via the mouth, passing the esophagus and the stomach
first—or retrograde, via the anus and colon [20]. The antegrade approach usually ensures
a length of insertion between 230 and 360 cm, while for the retrograde approach, there is
an estimated length of examined small bowel of 100–130 cm [21]. After the first decade of
use, a systematic review, comprising 66 original English-language articles and more than
12 thousand procedures, showed a pooled detection rate for all indications of 68.1% and a
pooled total enteroscopy rate of 44%, using an antegrade-only or combined approach [22].
More recent studies have shown higher diagnostic yields, reaching 75–78.7% according
to two Korean retrospective studies [23,24]. The huge advantages of DBE consist in its
ability to take a biopsy and perform therapeutic techniques, such polypectomy, argon
plasma coagulation, stent placement, dilatation, and foreign body removal. The overall
complication rate of DBE is around 3.5%, including perforation, bleeding, and pancreatitis;
their frequency varies according to the type of DBE, being lower in diagnostic DBE (under
1%) and higher (4.3%) in therapeutic procedures [25]. An increase in serum amylase
and lipase was reported in almost half of patients [26,27], while postprocedural acute
pancreatitis, especially reported after antegrade insertion, had a frequency of 0.3% and
was considered to be the consequence of mechanical maneuvers during the push-and-pull
movements [28]. Other drawbacks of DBE involve a steep learning curve, being time
consuming, and the need for sedating patients.

The single-balloon enteroscopy (SBE) technique was designed to simplify the push-and-
pull method and relies on the use of a single balloon attached to the tip of the overtube,
resulting in a reduced setup time and more user-friendly balloon control panel [29]. There
is a 15–25% rate of complete enteroscopy, lower compared to DBE [30,31], and the reported
depth of insertion is between 133 and 270 cm beyond the Treitz ligament for the antegrade
approach and 73 and 199 for retrograde intubation [32]. The reported overall diagnostic
yields of SBE ranged from 41% to 65% [33,34]. Notably, the diagnostic yield increased if
SBE was performed after a previously positive CE, reaching almost 80% [35].

The spiral enteroscopy (SE), introduced into medical practice in 2007, is a high-performance
examination of the small intestine by means of rotated-to-advance technology that uses a
tube with a helical appearance (discovery small bowel), fixed on an endoscope to keep it in
a stable position. This technique involves the participation of two operators, who manually
apply discrete rotary movements to the tube to fold the small intestine over the enteroscope,
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which improves movement during its insertion and withdrawal [36,37]. The antegrade
approach of spiral enteroscopy has been frequently used in various studies, with an average
depth of intubation that varied between 200 and 346 cm. The main benefit is related to the
substantial reduction in investigation time, obtaining diagnostic and therapeutic results
comparable to DBE for a similar maximum insertion depth [38,39]. However, the success
rate of this technique did not exceed 10%, mainly due to the risks associated with the
retrograde passage of the enteroscope [40]. Akerman et al. reported a frequency of only
0.3% for major complications associated with the application of this method of examining
the small intestine in a group that included 2950 patients; eight cases of perforation were
diagnosed, but no patients presented with acute pancreatitis [37]. This demonstrates that SE
presents a minor risk for the generation of this pancreatic pathology compared to DBE and
SBE. Numerous studies have suggested that an endoscopist can quickly gain competence
in SE if they are trained and perform at least five procedures [41,42]. More recently
introduced into practice, the motorized spiral enteroscopy (PowerSpiral Enteroscopy, Olympus
Medical Systems Corporation, Tokyo, Japan) appeared in 2016 as a promising method
replacing SE [43]. This equipment consists of a reusable endoscope (technical specifications:
length—168 cm, outer diameter—12.8 mm, inner channel diameter—3.2 mm), to which
a short spiral-like tube is attached. The two components are connected to an integrated
motor that induces rotational movements by pressing a pedal provided with a visual force
indicator [43,44]. However, unfortunately, despite expectations, several major adverse
associated events were noted, including deaths, and the method was withdrawn by the
manufacturing company [45].

In the same period, a new balloon-guided endoscopy (BGE) procedure appeared, known
as NaviAid System, developed by Smart Medical Systems in Ra’anana, Israel, whereby a
dedicated through-the-scope balloon is inserted into the endoscope or colonoscope working
channel [46]. Additionally, a catheter can be inserted through the working channel of the
endoscope, creating a double-balloon approach. Through the connection of these compo-
nents, an anchoring device is formed that can be progressively advanced through repeated
pushing and pulling maneuvers in the lumen of the small intestine, having the role of reduc-
ing the procedure time necessary to perform a deep enteroscopy. In the opinion of various
specialists, it was considered that balloon-guided endoscopy (BGE) can be applied for both
the antegrade and retrograde paths whenever needed, being considered an “on-demand”
procedure [47,48]. Moreover, in the case of therapeutic procedures, the balloon catheter
can be removed and reinserted, if necessary, to complete the procedure [48]. Although
current information is relatively limited, it is suggested for the anterograde approach of this
technique, it is suggested to observe a maximum insertion depth limit of approximately
120 cm, while for the retrograde approach, this should not exceed 110 cm [49].

Quality indicators have been a major preoccupation for all gastrointestinal procedures;
DAE has generally assimilated the desiderates of other invasive direct procedures, while
requirements adapted for SBCE have also been formulated [50–52].

Simultaneously facing the advantages and drawbacks of small bowel CE and en-
teroscopy (Table 1) helps clinicians understand the urgent requirements and to design the
profile of an ideal tool for small bowel exploration: non-invasive, able to accurately visualize
the entire small bowel mucosa, allowing biopsies, and capable of therapeutic interventions.

Until such an ideal technique becomes a reality, the key for an optimal practice remains
the selection of the appropriate diagnostic approach (be it CE, enteroscopy, or both), in
such manner that the advantages exceed the limitations in every clinical case scenario.
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Table 1. The advantages and limitations of small bowel capsule endoscopy and enteroscopy.

Criteria Small Bowel Capsule Endoscopy Enteroscopy

Procedure type Non-invasive Invasive

Patient comfort Well-tolerated and patient-friendly May require sedation, potentially
causing discomfort

Visualization

Enables panenteric mucosal
visualization; however, limited by

the battery life
The application of artificial

intelligence has shown potential for
enhanced image analysis and

interpretation

Facilitates direct, real-time
visualization of the small bowel
mucosa; however, visualization

length is limited

Maneuverability Limited control over the capsule’s
movement

Provides control and
maneuverability, enables targeted

examinations

Diagnostic yield

Demonstrates superior diagnostic
efficacy for mucosal lesions,

particularly in suspected small
bowel bleeding

No definitive diagnosis, may
necessitate biopsy

Exhibits enhanced diagnostic
sensitivity for lesions located in

the proximal segments of the
small bowel,

allows tissue sampling

Radiation exposure No radiation exposure May involve exposure to
radiation during fluoroscopy

Mutual support Guides the insertion route for
enteroscopy

Targets lesions seen in capsule
endoscopy

Procedure time
Shorter procedure duration; time
needed for capsule ingestion and

subsequent image reading
Lengthier procedural timeframe

Therapeutic interventions
Primarily a diagnostic modality,

without the ability for therapeutic
interventions

Facilitates therapeutic maneuvers,
including biopsies, polypectomies,
and hemostasis, contributing to
both diagnosis and treatment

Main contraindications and
precautions

Gastrointestinal tract obstruction,
swallowing disorders

May pose challenges in patients
with strictures or significant

comorbidities

Accessibility Easier to perform, dedicated
training required

Requires specialized training and
expertise

Complications Rare complications, as the capsule is
naturally excreted

Risk of complications such as
perforation and bleeding

Cost Involves costs associated with the
capsule and related equipment

Entails increased overall expenses,
attributed to specialized

equipment, personnel, and facility
requirements

Objectives and aspirations
Accuracy
Biopsies

Treatment

Effectiveness
Safety

3. The Synergy of Capsule Endoscopy and Enteroscopy in Various Clinical Settings

The main indications for small bowel exploration are suspected small bowel bleeding,
unexplained iron deficiency anemia, Crohn’s disease, and the suspicion of small bowel tumors;
there are other less frequent indications, such as celiac disease and polyposis syndromes.

Suspected small bowel bleeding is the most common indication for both small bowel CE
and enteroscopy; actually, when the bleeding source is thought to be in the small bowel,
from beyond the ampulla of Vater to the ileo-cecal valve, the term middle gastrointestinal
bleeding (MGIB) should be used [53]. Present guidelines recommend small-bowel CE as
first-line examination in suspected MGIB, due to its capability to entirely visualize the
small bowel mucosa and owing to its safety profile, as soon as possible after the bleeding
episode [12]. Compared to SBCE, DAE has therapeutic advantages, but it is invasive
and has a lower rate of complete examination. However, the DY of DBE is significantly
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improved if performed after a positive SBCE examination, going from 56% to 75% (odds
ratio 1.79, 95%CI 1.09–2.96; p = 0.02), as shown by a comprehensive meta-analysis [54].
SBCE should be performed as the first examination if available, except in cases of massive,
active bleeding, where angio-computed tomography or angiography should be performed
urgently [12]. If SBCE is not available, contraindicated, or in other selected cases, based
on local expertise, DAE may be performed as a first-line examination, with the optimal
time being the same interval of 48 h, and a maximum 72 h, after the bleeding episode.
Several studies have shown that diagnostic yield (DY) is improved when small bowel
exploration is performed, either using SBCE or DAE, as soon as possible [55,56]. A recent
large meta-analysis including 39 studies and 4825 patients showed higher pooled DY for
early SBCE, being 83.4%, 81.3%, and 63.6% for SBCE performed in the first 24, 48 and
72 h, respectively [57]. If available, DAE is favored when the clinical suspicion orientates
towards the need for a therapeutic treatment, due to its intervention potential. May
et al. [21] reported that DBE procedures were performed in 60% of 353 patients who were
admitted due to bleeding, and DBE was found to be diagnostically and therapeutically
beneficial in 75% and 67% of these cases, respectively. A sequential approach is normally
preferred, with both SBCE and DBE performed within several days of each other; the
chances of a positive diagnosis and a successful therapeutic intervention are greater when
the interval between the bleeding episode and the first procedure, and also between the two
procedures, is shorter [57]. SBCE may guide the route of insertion of DAE, the oral or anal
approach being chosen according to the localization of the lesion, as described by SBCE. So
far, there are no absolute indicators for lesion localization during SBCE procedure; however,
the available time-based indices and CE progress indicator tool accurately determined the
segment and correctly indicated the right insertion route for DAE, with a high success
rate ranging from 78% to 100%, as shown by a recent systematic review [58]. Therefore,
considering their distinctive advantages, capabilities, and limitations, SBCE is unanimously
recommended as the first-line examination in suspected MGIB, followed by DAE for lesion
confirmation and therapeutic intervention.

In iron deficiency anemia (IDA), small-bowel exploration must be considered after a
comprehensive prior work-up. After a negative upper endoscopy with negative gastric and
duodenal biopsies, and after negative ileocolonoscopy, SBCE is indicated [18,59]. There
has been no consensus so far regarding the role of fecal occult blood testing as a filter for
small bowel exploration. Studies have proved that SBCE has a high DY—especially in male
and old patients with low hemoglobin values or high transfusion requirements—and an
excellent safety profile [60–62]. Moreover, if negative, there is evidence in favor of a very
low rebleeding risk [63]. There have been few studies regarding the DY of DAE exclusively
in unexplained IDA, but the performance parameters in terms of diagnostic and therapeutic
interventions are considered similar to those reported for suspected MGIB.

In suspected Crohn’s disease (CD), if ileocolonoscopy is negative, SBCE is recommended
as first-line investigation in patients, after retention risk has been excluded.

Thanks to its ability to non-invasively visualize the entire small-bowel mucosa, SBCE
is preferred as the first-line examination. DY was proved superior to small-bowel follow
through, enteroclysis, push-enteroscopy, and generally similar to computed tomography
enterography and magnetic resonance enterography [64,65]. However, there are studies
showing that, for incipient lesions and for the proximal small-bowel, SBCE appears superior
to cross-sectional imaging [66,67]. Nonetheless, a major drawback of SBCE is the inability to
take biopsies, which is why all features described by SBCE must be cautiously interpreted.
Mow’s criteria, widely used but not validated, suggest that more than three ulcerations are
diagnostic for CD, in the absence of nonsteroidal anti-inflammatory drugs in the previous
four weeks [68]. In patients with suspected CD, given that there is no gold standard for
diagnosis, and especially when there are not enough other positive elements for sustaining
it, a histological confirmation by enteroscopy is generally needed. Taking biopsies will
help differentiate from other small bowel diseases presenting mucosal ulcerations, such as
infections, eosinophilic enteritis, or neoplasia.
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The retention rate of SBCE in suspected CD is 2.35%, as shown by a recent meta-
analysis [69]. When there are obstructive symptoms, dedicated small-bowel cross-sectional
imaging methods must be used first or a patency capsule may be administrated before SBCE.
In cases where a capsule is retained and medical intervention is not successful, retrieval
can be attempted through DAE, thereby avoiding surgery; in certain cases, simultaneous
endoscopic balloon dilation may be also performed [70].

In established Crohn’s disease, SBCE is useful for assessing the disease extension, the
disease activity, and the response to therapy, as well as the postoperative recurrence [71,72].
The Lewis score and the Capsule Endoscopy Crohn’s Disease Activity Index (CECDAI) are
reciprocally well correlated regarding disease activity, but they both appear to be poorly
correlated with clinical and laboratory parameters [73,74]. However, mucosal inflamma-
tion, as assessed by capsule scores, has a prediction role for poor outcome, even if there
is clinical and biochemical remission at the time of examination [75]. Thus, small bowel
examination by SBCE is indicated whenever there is confidence that its result could change
the management. A novel panenteric capsule endoscopy was recently developed, allowing
a single assessment of both small and large bowel mucosal inflammation [76]. A European
multicenter observational cohort study demonstrated its feasibility in daily clinical prac-
tice, permitting an accurate estimation of the prognosis and guide intensification of the
therapy [77].

The retention risk for SBCE is considerably higher in established CD, reaching 8.2%,
as shown by a meta-analysis [78]. Capsule retention might be avoided by thorough prior
imaging or by using a patency capsule. When capsule retention occurs, medical treatment
is initially attempted, followed by DAE, if necessary [18], unless there is clinically manifest
acute intestinal obstruction needing immediate surgery.

Suspected small bowel tumors (SBTs) benefit from SBCE as a first-line investigation.
Since the introduction into the clinical practice of the SBCE, the diagnostic rate of SBTs
has doubled [56], and most SBTs are found when SBCE is performed for suspected MGIB
or unexplained IDA. SBTs accounts for approximately 5% of causes of unexplained gas-
trointestinal bleeding or IDA [79]. SBCE has an increased DY for SBTs compared to push
enteroscopy [80] but similar detection rates when compared to DAE, both in the case of
SBE [81] and DBE [82]. However, for several subgroup of patients, there is a demonstrated
risk of false-negative SBCE results, such as for submucosal mass with minimal luminal
expression or for those lesions proximally located in the small bowel [83]. For these reasons,
when SBTs are suspected, cross-sectional small bowel imaging must follow a negative
examination. Nonetheless, recent studies showed that DBE identified the small bowel
neuroendocrine neoplasms with better accuracy than computed tomography, magnetic
resonance-enterography, and somatostatin receptor imaging [84]. For cases where the SBCE
encounters the dilemma of differentiating a real mass from a bulge, DAE or cross-sectional
imaging can help.

Undoubtedly, when histological confirmation is essential, biopsies are needed and
enteroscopy emerges as an alternative or complementary method. DAE is preferred as a
first-line method over SBCE when imaging tests have already described the SBT. Even if
SBCE may provide suggestive macroscopic features for a certain type of SBT, it remains a
visual technique, sometimes with indefinite SBT localization data, and further assessment
using DAE for biopsies or tattoo placement might be necessary before surgery [85].

Peutz–Jeghers syndrome is another clinical setting where SBCE and DAE are successfully
used as complementary methods. The studies so far have shown a high concordance in
the identification of small bowel polyps between SBCE and DAE, with comparable DY
for polyps of more than 15 mm diameter [86]. Surveillance of Peutz–Jeghers syndrome
involves SBCE, followed if needed by DAE with polypectomy, as a strategy to prevent
polyp-related complications and manage premalignant conditions.

In refractory or non-responsive celiac disease, SBCE is indicated to identify complications
such as ulcerative jejuno-ileitis, enteropathy-associated T-cell lymphoma, or small-bowel
adenocarcinoma. Due to a sequential approach—upper endoscopy followed by SBCE
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and then DAE for tissue sampling—the overall DY of these subtypes of celiac disease has
increased remarkably. SBCE showed a DY of nearly 50% in patients with refractory celiac
disease, identifying SBTs in up to 10% of cases [87]. When complicated celiac disease is
suspected, studies have suggested that SBCE should be the first-line approach, in order to
detect the cases that need further histological assessment using DAE, with around 40% of
cases being unreachable by conventional upper endoscopy [88].

4. Further Challenges and Goals for the Future

Since their debut, SBCE and DAE have undergone continuous evolution.
SBCE has registered remarkable technological and software advances. Today, the

available SBCE devices are able to acquire high-resolution images and have an adaptive
frame rate, an extended life battery, and post-processing chromoendoscopy facilities [89].

Undoubtedly, SBCE technology was pushed further by the advent of DAE. Magnetically-
guided capsule systems are now in use for combined gastric and small bowel examina-
tion [90], and panenteric capsules have been developed [76].

However, there are some unresolved issues, such as the exact localization of lesions
described by SBCE, the large number of images requiring a long interpretation time, the
lack of capabilities for taking biopsies, and the inability to perform therapeutic treatments.

Further progress is needed regarding tridimensional localization facilities and tracking
systems, in order to accurately determine the right insertion route for DBE.

Some potentially revolutionary techniques are in the initial stages of development,
hopefully in the near future allowing interventions such as tissue sampling, drug delivery,
and local coagulation [18].

In the future, the implementation of artificial intelligence (AI) might solve the triage of
normal images or even the characterization of abnormalities. Deep learning models have
been suggested for blood identification, demonstrating a significantly elevated sensitivity,
specificity, and precision, exceeding 98% [91,92]. However, this recognition primarily relied
on static images, lacking validation on video segments. Additionally, the models did not
provide blood feature details such as aspect (fresh, melena, or clots) or quantity. The appli-
cation of AI using a convolutional neural network (CNN) exhibited automatic detection of
angioectasias with remarkable sensitivity (98.8%) and specificity (98.4%) [93]. Nonetheless,
further prospective clinical studies are imperative to validate these promising outcomes.
The diverse range of ulcerative lesions, encompassing variations in size, shape, and cause,
present a significant challenge for detecting erosions and ulcers. The identification of small
bowel ulcers through deep learning models utilizing CNN and support-vector machines
(SVM) demonstrated an approximately 88% sensitivity and 91% specificity [94,95], with a
shorter reading time. A deep-neural-network-based system achieved automatic detection
of SBTs with a sensitivity of 91% and specificity of 80%, as demonstrated by Saito et al. in
2020 [96]. The learning process relied on static images and, at present, there is a lack of
extensive studies involving video data. A significant challenge persists in distinguishing
genuine tumors from “fake” ones or normal, non-significant structures, such as bulges,
lymphangiectasias, lymphoid nodular hyperplasia, Brunner glands, phlebectasias, normal
folds, or even the papilla. In fact, this remains an ongoing dilemma for human capsule
endoscopy readers, and further data and algorithms are eagerly awaited to address this
issue. AI has been also involved in assessing the quality of bowel preparation, with neural
networks achieving over 95% accuracy [97].

However, despite the advancements and accomplishments to date, numerous gaps
and uncertainties persist regarding the performance of AI. Until AI is thoroughly validated
and deemed entirely trustworthy, the responsibility for interpreting images will continue
to rest with humans, specifically a physician possessing training and expertise in capsule
endoscopy reading.

Finally, SBCE might raise concerns in the era of “green endoscopy” [98]; the number of
SBCE examinations has continuously increased since its introduction, a fact that brings into
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discussion the issue of the millions of batteries and non-degradable components arriving
into the environment.

DAE has also seen progress over time. Having on its side the incontestable advantage
of providing tissue sampling and interventional techniques, parallel efforts have been made
over time in two directions: insertion depth, and patient safety. The goal of maximum length
small bowel intubation was probably inspired by the ability of SBCE to entirely visualize the
small bowel mucosa. Fluoroscopy proved useful in order to estimate the depth of insertion
but also for scope positioning in patients with surgically-altered anatomy and in therapeutic
interventions such as enteral-tube placement, stricture dilation, and endoscopic retrograde
cholangiopancreatography [18]. Concerning the safety of the method, complication rates
have been a persistent concern; when needed, recall measures are applied, as for motorized
enteroscopy [45].

The anticipate progress in deep learning is expected to eventually translate into
DAE also, ensuring optimized lesion detection. Moreover, the integration of robotics into
flexible endoscopy seems to offer increased stability and precision for complex therapeutic
procedures, potentially extending its advantages towards deep enteroscopy [99].

Together with these progresses, a refinement in quality indicators is expected to be
formulated, in terms of indications, performance, safety, terminology, and impact on
patient management.

5. Conclusions

From their introduction, SBCE and DAE have consistently evolved and improved
over time, both on their own and interdependently. As they collaborate, achieving ex-
cellence and success are equally crucial. Each technique’s history may be narrated as a
tale of accomplishment, while their interplay and interaction has revolutionized the small
bowel approach.

Both SBCE and DAE have advantages that could ideally be summed together into
the perfect technique: safe, non-invasive, and able to examine the entire small bowel, take
biopsies, and apply therapeutical interventions.

Until the realization of this perfect tool becomes a reality, the key for an optimal
approach lies in the right selection of exploration method. Whether this is SBCE, DAE, or a
combination of both, each clinical setting must be managed so that the benefits outweigh
the limitations.

Author Contributions: Conceptualization, A.-M.S. and C.S. (Carol Stanciu); writing—original draft
preparation, A.-M.S., C.S. (Catalin Sfarti), H.M. and R.N.; writing—review and editing, S.C. and T.C.;
supervision, A.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study, due
to the fact that this manuscript is a review.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Triester, S.L.; Leighton, J.A.; Leontiadis, G.I.; Fleischer, D.E.; Hara, A.K.; Heigh, R.I.; Shiff, A.D.; Sharma, V.K. A meta-analysis of

the yield of capsule endoscopy compared to other diagnostic modalities in patients with obscure gastrointestinal bleeding. Am. J.
Gastroenterol. 2005, 100, 2407–2418. [CrossRef] [PubMed]

2. Malik, A.; Lukaszewski, K.; Caroline, D.; Parkman, H.; DeSipio, J.; Banson, F.; Bazir, K.; Reddy, L.; Srinivasan, R.; Fisher, R.;
et al. A retrospective review of enteroclysis in patients with obscure gastrointestinal bleeding and chronic abdominal pain of
undetermined etiology. Dig. Dis. Sci. 2005, 50, 649–655. [CrossRef] [PubMed]

https://doi.org/10.1111/j.1572-0241.2005.00274.x
https://www.ncbi.nlm.nih.gov/pubmed/16279893
https://doi.org/10.1007/s10620-005-2551-7
https://www.ncbi.nlm.nih.gov/pubmed/15844696


J. Clin. Med. 2023, 12, 7328 10 of 14

3. Dionisio, P.M.; Gurudu, S.R.; Leighton, J.A.; Leontiadis, G.I.; Fleischer, D.E.; Hara, A.K.; Heigh, R.I.; Shiff, A.D.; Sharma, V.K.
Capsule endoscopy has a significantly higher diagnostic yield in patients with suspected and established small-bowel Crohn’s
disease: A meta-analysis. Am. J. Gastroenterol. 2010, 105, 1240–1248. [CrossRef] [PubMed]

4. Cheung, D.Y.; Choi, M.G. Current advance in small bowel tumors. Clin. Endosc. 2011, 44, 13–21. [CrossRef] [PubMed]
5. Nehme, F.; Goyal, H.; Perisetti, A.; Tharian, B.; Sharma, N.; Tham, T.C.; Chhabra, R. The Evolution of Device-Assisted Enteroscopy:

From Sonde Enteroscopy to Motorized Spiral Enteroscopy. Front. Med. 2021, 8, 792668. [CrossRef]
6. Moeschler, O.; Mueller, M.K. Deep enteroscopy—Indications, diagnostic yield and complications. World J. Gastroenterol. 2015, 21,

1385–1393. [CrossRef] [PubMed]
7. Cicero, G.; Mazziotti, S. Crohn’s disease at radiological imaging: Focus on techniques and intestinal tract. Intest. Res. 2021, 19,

365–378. [CrossRef]
8. Grady, E. Gastrointestinal Bleeding Scintigraphy in the Early 21st Century. J. Nucl. Med. 2016, 57, 252–259. [CrossRef]
9. Iddan, G.; Meron, G.; Glukhovsky, A.; Swain, P. Wireless capsule endoscopy. Nature 2000, 405, 417. [CrossRef]
10. Swain, P. Wireless capsule endoscopy. Gut 2003, 52 (Suppl. 4), 48–50. [CrossRef]
11. Van de Bruaene, C.; De Looze, D.; Hindryckx, P. Small bowel capsule endoscopy: Where are we after almost 15 years of use?

World J. Gastrointest. Endosc. 2015, 7, 13–36. [CrossRef]
12. Pennazio, M.; Rondonotti, E.; Despott, E.J.; Dray, X.; Keuchel, M.; Moreels, T.; Sanders, D.S.; Spada, C.; Carretero, C.; Cortegoso

Valdivia, P.; et al. Small-bowel capsule endoscopy and device-assisted enteroscopy for diagnosis and treatment of small-bowel
disorders: European Society of Gastrointestinal Endoscopy (ESGE) Guideline—Update 2022. Endoscopy 2023, 55, 58–95. [CrossRef]

13. Bandorski, D.; Kurniawan, N.; Baltes, P.; Hoeltgen, R.; Hecker, M.; Stunder, D.; Keuchel, M. Contraindications for video capsule
endoscopy. World J. Gastroenterol. 2016, 22, 9898–9908. [CrossRef]

14. Tabet, R.; Nassani, N.; Karam, B.; Shammaa, Y.; Akhrass, P.; Deeb, L. Pooled Analysis of the Efficacy and Safety of Video Capsule
Endoscopy in Patients with Implantable Cardiac Devices. Can. J. Gastroenterol. Hepatol. 2019, 2019, 3953807. [CrossRef]

15. Pitocco, D.; Rizzi, A.; Tortora, A.; Manto, A.; Zaccardi, F.; Ghirlanda, G.; Costamagna, G.; Riccioni, M.E. Possible Radio Interference
Between Video Capsule Endoscopy and Second-Generation OmniPod Patch Pump. Diabetes Technol. Ther. 2016, 18, 444–445.
[CrossRef]

16. Koulaouzidis, A.; Iakovidis, D.K.; Karargyris, A.; Rondonotti, E. Wir eless endoscopy in 2020: Will it still be a capsule? World J.
Gastroenterol. 2015, 21, 5119–5130. [CrossRef]

17. Deng, S.; Gu, J.; Jiang, Z.; Cao, Y.; Mao, F.; Xue, Y.; Wang, J.; Dai, K.; Qin, L.; Liu, K.; et al. Application of nanotechnology in the
early diagnosis and comprehensive treatment of gastrointestinal cancer. J. Nanobiotechnol. 2022, 20, 415. [CrossRef]

18. Yamamoto, H.; Despott, E.J.; González-Suárez, B.; Pennazio, M.; Mönkemüller, K. The evolving role of device-assisted enteroscopy:
The state of the art as of August 2023. Best Pract. Res. Clin. Gastroenterol. 2023, 64–65, 101858. [CrossRef]

19. Elena, R.M.; Riccardo, U.; Rossella, C.; Bizzotto, A.; Domenico, G.; Guido, C. Current status of device-assisted enteroscopy:
Technical matters, indication, limits and complications. World J. Gastrointest. Endosc. 2012, 4, 4534–4561. [CrossRef]

20. Tee, H.P.; How, S.H.; Kaffes, A.J. Learning curve for double-balloon enteroscopy: Findings from an analysis of 282 procedures.
World J. Gastrointest. Endosc. 2012, 4, 368–372. [CrossRef] [PubMed]

21. May, A.; Nachbar, L.; Ell, C. Double-balloon enteroscopy (push-and-pull enteroscopy) of the small bowel: Feasibility and
diagnostic and therapeutic yield in patients with suspected small bowel disease. Gastrointest. Endosc. 2005, 62, 62–70. [CrossRef]
[PubMed]

22. Xin, L.; Liao, Z.; Jiang, Y.P.; Li, Z.S. Indications, detectability, positive findings, total enteroscopy, and complications of diagnostic
double-balloon endoscopy: A systematic review of data over the first decade of use. Gastrointest. Endosc. 2011, 74, 563–570.
[CrossRef] [PubMed]

23. Lee, S.P.; Jang, H.J.; Kae, S.H.; Lee, J.G.; Kwon, J.H. Indication, Location of the Lesion, Diagnostic Yield, and Therapeutic Yield of
Double-Balloon Enteroscopy: Seventeen Years of Experience. Diagnostics 2022, 12, 2224. [CrossRef]

24. Hong, S.N.; Kim, E.R.; Ye, B.D.; Jang, H.J.; Jeon, S.R.; Park, S.J.; Im, J.p.; Kim, J.H.; Choi, C.H.; Choi, H.; et al. Indications,
diagnostic yield, and complication rate of balloon-assisted enteroscopy (BAE) during the first decade of its use in Korea. Dig.
Endosc. 2016, 28, 443–449. [CrossRef]

25. Mensink, P.B.; Haringsma, J.; Kucharzik, T.; Cellier, C.; Pérez-Cuadrado, E.; Mönkemüller, K.; Gasbarrini, A.; Kaffes, A.J.;
Nakamura, K.; Yen, H.H.; et al. Complications of double balloon enteroscopy: A multicenter survey. Endoscopy 2007, 39, 613–615.
[CrossRef]

26. Honda, K.; Itaba, S.; Mizutani, T.; Sumida, Y.; Kanayama, K.; Higuchi, N.; Yoshinaga, S.; Akiho, H.; Kawabe, K.; Arita, Y.; et al. An
increase in the serum amylase level in patients after peroral double-balloon enteroscopy: An association with the development of
pancreatitis. Endoscopy 2006, 38, 1040–1043. [CrossRef]

27. Kopácová, M.; Rejchrt, S.; Tachecí, I.; Bures, J. Hyperamylasemia of uncertain significance associated with oral double-balloon
enteroscopy. Gastrointest. Endosc. 2007, 66, 1133–1138. [CrossRef]

28. Aktas, H.; Mensink, P.B.; Haringsma, J.; Kuipers, E.J. Low incidence of hyperamylasemia after proximal double-balloon
enteroscopy: Has the insertion technique improved? Endoscopy 2009, 41, 670–673. [CrossRef]

29. Kawamura, T.; Yasuda, K.; Tanaka, K.; Uno, K.; Ueda, M.; Sanada, K.; Nakajima, M. Clinical evaluation of a newly developed
single-balloon enteroscope. Gastrointest. Endosc. 2008, 68, 1112–1116. [CrossRef] [PubMed]

https://doi.org/10.1038/ajg.2009.713
https://www.ncbi.nlm.nih.gov/pubmed/20029412
https://doi.org/10.5946/ce.2011.44.1.13
https://www.ncbi.nlm.nih.gov/pubmed/22741107
https://doi.org/10.3389/fmed.2021.792668
https://doi.org/10.3748/wjg.v21.i5.1385
https://www.ncbi.nlm.nih.gov/pubmed/25663758
https://doi.org/10.5217/ir.2020.00097
https://doi.org/10.2967/jnumed.115.157289
https://doi.org/10.1038/35013140
https://doi.org/10.1136/gut.52.suppl_4.iv48
https://doi.org/10.4253/wjge.v7.i1.13
https://doi.org/10.1055/a-1973-3796
https://doi.org/10.3748/wjg.v22.i45.9898
https://doi.org/10.1155/2019/3953807
https://doi.org/10.1089/dia.2016.0007
https://doi.org/10.3748/wjg.v21.i17.5119
https://doi.org/10.1186/s12951-022-01613-4
https://doi.org/10.1016/j.bpg.2023.101858
https://doi.org/10.4253/wjge.v4.i10.453
https://doi.org/10.4253/wjge.v4.i8.368
https://www.ncbi.nlm.nih.gov/pubmed/22912911
https://doi.org/10.1016/S0016-5107(05)01586-5
https://www.ncbi.nlm.nih.gov/pubmed/15990821
https://doi.org/10.1016/j.gie.2011.03.1239
https://www.ncbi.nlm.nih.gov/pubmed/21620401
https://doi.org/10.3390/diagnostics12092224
https://doi.org/10.1111/den.12593
https://doi.org/10.1055/s-2007-966444
https://doi.org/10.1055/s-2006-944831
https://doi.org/10.1016/j.gie.2007.03.1085
https://doi.org/10.1055/s-0029-1214976
https://doi.org/10.1016/j.gie.2008.03.1063
https://www.ncbi.nlm.nih.gov/pubmed/18599052


J. Clin. Med. 2023, 12, 7328 11 of 14

30. Takano, N.; Yamada, A.; Watabe, H.; Togo, G.; Yamaji, Y.; Yoshida, H.; Kawabe, T.; Omata, M.; Koike, K. Single-balloon versus
double-balloon endoscopy for achieving total enteroscopy: A randomized, controlled trial. Gastrointest. Endosc. 2011, 73, 734–739.
[CrossRef] [PubMed]

31. Upchurch, B.R.; Sanaka, M.R.; Lopez, A.R.; Vargo, J.J. The clinical utility of single-balloon enteroscopy: A single-center experience
of 172 procedures. Gastrointest. Endosc. 2010, 71, 1218–1223. [CrossRef] [PubMed]

32. ASGE Technology Committee; Chauhan, S.; Manfredi, M.; Abu Dayyeh, B.; Enestvedt, B.K.; Fujii-Lau, L.L.; Komanduri, S.
Enteroscopy. Gastrointest. Endosc. 2015, 82, 975–990. [CrossRef]

33. Lenz, P.; Domagk, D. Double- vs. single-balloon vs. spiral enteroscopy. Best Pract. Res. Clin. Gastroenterol. 2012, 26, 303–313.
[CrossRef]

34. Khashab, M.A.; Lennon, A.M.; Dunbar, K.B.; Singh, V.K.; Chandrasekhara, V.; Giday, S.; Canto, M.I.; Buscaglia, J.M.; Kapoor,
S.; Shin, E.J.; et al. A comparative evaluation of single-balloon enteroscopy and spiral enteroscopy for patients with mid-gut
disorders. Gastrointest. Endosc. 2010, 72, 766–772. [CrossRef]

35. Marques, M.; Santos-Antunes, J.; Coelho, R.; Cardoso, H.; Vilas Boas, F.; Ribeiro, A.; Macedo, G. Single-balloon enteroscopy
efficacy and degree of concordance with noninvasive evaluation of small bowel. Endosc. Int. Open 2017, 5, E96–E102. [CrossRef]
[PubMed]

36. Akerman, P.A.; Agrawal, D.; Chen, W.; Cantero, D.; Avila, J.; Pangtay, J. Spiral enteroscopy: A novel method of enteroscopy by
using the Endo-Ease Discovery SB overtube and a pediatric colonoscope. Gastrointest. Endosc. 2009, 69, 327–332. [CrossRef]

37. Akerman, P.; Agrawal, D.; Cantero, D.; Pangtay, J. Spiral enteroscopy with the new DSB overtube: A novel technique for deep
peroral small-bowel intubation. Endoscopy 2008, 40, 974–978. [CrossRef] [PubMed]

38. Baniya, R.; Upadhaya, S.; Subedi, S.C.; Khan, J.; Sharma, P.; Mohammed, T.S.; Bachuwa, G.; Jamil, L.H. Balloon enteroscopy
versus spiral enteroscopy for small-bowel disorders: A systematic review and meta-analysis. Gastrointest. Endosc. 2017, 86,
997–1005. [CrossRef] [PubMed]

39. Messer, I.; May, A.; Manner, H.; Ell, C. Prospective, randomized, single-center trial comparing double-balloon enteroscopy and
spiral enteroscopy in patients with suspected small-bowel disorders. Gastrointest. Endosc. 2013, 77, 241–249. [CrossRef] [PubMed]

40. Morgan, D.; Upchurch, B.; Draganov, P.; Binmoeller, K.F.; Haluszka, O.; Jonnalagadda, S.; Okolo, P.; Grimm, I.; Judah, J.; Tokar, J.;
et al. Spiral enteroscopy: Prospective U.S. multicenter study in patients with small-bowel disorders. Gastrointest. Endosc. 2010, 72,
992–998. [CrossRef] [PubMed]

41. Schneider, M.; Hollerich, J.; Beyna, T. Device-assisted enteroscopy: A review of available techniques and upcoming new
technologies. World J. Gastroenterol. 2019, 25, 3538–3545. [CrossRef] [PubMed]

42. Buscaglia, J.M.; Dunbar, K.B.; Okolo, P.I., 3rd; Judah, J.; Akerman, P.A.; Cantero, D.; Draganov, P.V. The spiral enteroscopy training
initiative: Results of a prospective study evaluating the discovery SB overtube device during small bowel enteroscopy (with
video). Endoscopy 2009, 41, 194–199. [CrossRef] [PubMed]

43. Neuhaus, H.; Beyna, T.; Schneider, M.; Devière, J. Novel motorized spiral enteroscopy: First clinical case. VideoGIE 2016, 1, 32–33.
[CrossRef] [PubMed]

44. Mans, L.; Arvanitakis, M.; Neuhaus, H.; Devière, J. Motorized spiral enteroscopy for occult bleeding. Dig. Dis. 2018, 36, 325–327.
[CrossRef]

45. Olympus Medical. Urgent Field Safety Notice QIL FY24-EMEA-10-FY24-OMSC-05 2023 [Urgent Field Safety Notice QIL
FY24-EMEA-10-FY24-OMSC-05]. Available online: https://www.igj.nl/binaries/igj/documenten/waarschuwingen/2023/0
7/11/fsn-qil-fy24-emea-10-fy24-omsc-05-olympus-medical-systems-corporation-powerspiral-intestinal-videoscope-psf-1/
IT2081382+FSN-QIL+FY24-EMEA-10-FY24-OMSC-05+Olympus+Medical+Systems+Corporation+PowerSpiral+Intestinal+
Videoscope+PSF-1.pdf (accessed on 1 October 2023).

46. Adler, S.N.; Bjarnason, I.; Metzger, Y.C. New balloon-guided technique for deep small-intestine endoscopy using standard
endoscopes. Endoscopy 2008, 40, 502–505. [CrossRef] [PubMed]

47. Ali, R.; Wild, D.; Shieh, F.; Diehl, D.L.; Fischer, M.; Tamura, W.; Rubin, D.T.; Kumbhaari, V.; Okolo, P.; Storm, A.; et al. Deep
enteroscopy with a conventional colonoscope: Initial multicenter study by using a through-the-scope balloon catheter system.
Gastrointest. Endosc. 2015, 82, 855–860. [CrossRef]

48. Kumbhari, V.; Storm, A.C.; Khashab, M.A.; Canto, M.I.; Saxena, P.; Akshintala, V.S.; Messallam, A.A.; Sinbh, V.K.; Lennon, A.M.;
Shin, E.J.; et al. Deep enteroscopy with standard endoscopes using a novel through-the- scope balloon. Endoscopy 2014, 46,
685–689. [CrossRef]

49. Kumbhari, V.; Saxena, P.; Khashab, M.A. A new through-the-scope balloon-assisted deep enteroscopy platform. Gastrointest.
Endosc. 2014, 79, 694. [CrossRef]

50. Shim, K.N.; Jeon, S.R.; Jang, H.J.; Kim, J.; Lim, Y.J.; Kim, K.O.; Song, H.J.; Lee, H.S.; Park, J.J.; Kim, J.H.; et al. Korean Gut Image
Study Group. Quality Indicators for Small Bowel Capsule Endoscopy. Clin. Endosc. 2017, 50, 148–160. [CrossRef]

51. Rizk, M.K.; Sawhney, M.S.; Cohen, J.; Pike, I.M.; Adler, D.G.; Dominitz, J.A.; Lieb, J.G., 2nd; Lieberman, D.A.; Park, W.G.; Shaheen,
N.J.; et al. Quality indicators common to all GI endoscopic procedures. Gastrointest. Endosc. 2015, 81, 3–16. [CrossRef]

52. Leighton, J.A.; Brock, A.S.; Semrad, C.E.; Hass, D.J.; Guda, N.M.; Barkin, J.A.; Eisen, G.M. Quality Indicators for Capsule
Endoscopy and Deep Enteroscopy. Am. J. Gastroenterol. 2022, 117, 1780–1796. [CrossRef] [PubMed]

53. Gerson, L.B.; Fidler, J.L.; Cave, D.R.; Leighton, J.A. ACG Clinical Guideline: Diagnosis and Management of Small Bowel Bleeding.
Am. J. Gastroenterol. 2015, 110, 1265–1287; quiz 1288. [CrossRef] [PubMed]

https://doi.org/10.1016/j.gie.2010.10.047
https://www.ncbi.nlm.nih.gov/pubmed/21272875
https://doi.org/10.1016/j.gie.2010.01.012
https://www.ncbi.nlm.nih.gov/pubmed/20409544
https://doi.org/10.1016/j.gie.2015.06.012
https://doi.org/10.1016/j.bpg.2012.01.021
https://doi.org/10.1016/j.gie.2010.04.043
https://doi.org/10.1055/s-0042-121415
https://www.ncbi.nlm.nih.gov/pubmed/28210706
https://doi.org/10.1016/j.gie.2008.07.042
https://doi.org/10.1055/s-0028-1103402
https://www.ncbi.nlm.nih.gov/pubmed/19065477
https://doi.org/10.1016/j.gie.2017.06.015
https://www.ncbi.nlm.nih.gov/pubmed/28652176
https://doi.org/10.1016/j.gie.2012.08.020
https://www.ncbi.nlm.nih.gov/pubmed/23043851
https://doi.org/10.1016/j.gie.2010.07.013
https://www.ncbi.nlm.nih.gov/pubmed/20870226
https://doi.org/10.3748/wjg.v25.i27.3538
https://www.ncbi.nlm.nih.gov/pubmed/31367155
https://doi.org/10.1055/s-0028-1119602
https://www.ncbi.nlm.nih.gov/pubmed/19280530
https://doi.org/10.1016/j.vgie.2016.08.005
https://www.ncbi.nlm.nih.gov/pubmed/29905207
https://doi.org/10.1159/000488479
https://www.igj.nl/binaries/igj/documenten/waarschuwingen/2023/07/11/fsn-qil-fy24-emea-10-fy24-omsc-05-olympus-medical-systems-corporation-powerspiral-intestinal-videoscope-psf-1/IT2081382+FSN-QIL+FY24-EMEA-10-FY24-OMSC-05+Olympus+Medical+Systems+Corporation+PowerSpiral+Intestinal+Videoscope+PSF-1.pdf
https://www.igj.nl/binaries/igj/documenten/waarschuwingen/2023/07/11/fsn-qil-fy24-emea-10-fy24-omsc-05-olympus-medical-systems-corporation-powerspiral-intestinal-videoscope-psf-1/IT2081382+FSN-QIL+FY24-EMEA-10-FY24-OMSC-05+Olympus+Medical+Systems+Corporation+PowerSpiral+Intestinal+Videoscope+PSF-1.pdf
https://www.igj.nl/binaries/igj/documenten/waarschuwingen/2023/07/11/fsn-qil-fy24-emea-10-fy24-omsc-05-olympus-medical-systems-corporation-powerspiral-intestinal-videoscope-psf-1/IT2081382+FSN-QIL+FY24-EMEA-10-FY24-OMSC-05+Olympus+Medical+Systems+Corporation+PowerSpiral+Intestinal+Videoscope+PSF-1.pdf
https://www.igj.nl/binaries/igj/documenten/waarschuwingen/2023/07/11/fsn-qil-fy24-emea-10-fy24-omsc-05-olympus-medical-systems-corporation-powerspiral-intestinal-videoscope-psf-1/IT2081382+FSN-QIL+FY24-EMEA-10-FY24-OMSC-05+Olympus+Medical+Systems+Corporation+PowerSpiral+Intestinal+Videoscope+PSF-1.pdf
https://doi.org/10.1055/s-2007-995677
https://www.ncbi.nlm.nih.gov/pubmed/18556805
https://doi.org/10.1016/j.gie.2015.04.037
https://doi.org/10.1055/s-0034-1365464
https://doi.org/10.1016/j.gie.2013.10.034
https://doi.org/10.5946/ce.2017.030
https://doi.org/10.1016/j.gie.2014.07.055
https://doi.org/10.14309/ajg.0000000000001903
https://www.ncbi.nlm.nih.gov/pubmed/36155365
https://doi.org/10.1038/ajg.2015.246
https://www.ncbi.nlm.nih.gov/pubmed/26303132


J. Clin. Med. 2023, 12, 7328 12 of 14

54. Teshima, C.W.; Kuipers, E.J.; van Zanten, S.V.; Mensink, P.B. Double balloon enteroscopy and capsule endoscopy for obscure
gastrointestinal bleeding: An updated meta-analysis. J. Gastroenterol. Hepatol. 2011, 26, 796–801. [CrossRef] [PubMed]

55. Zhao, R.; Nakamura, M.; Wu, S.; Uchida, G.; Yamamura, T.; Gao, Y.J.; Goto, H.; Fujishiro, M.; Ge, Z.Z. The role of early video
capsule endoscopy in the diagnosis and prognosis of obscure gastrointestinal bleeding: A multi-center propensity score matching
study. J. Gastroenterol. Hepatol. 2021, 36, 2540–2548. [CrossRef] [PubMed]

56. Chao, C.C.; Mo, L.R.; Hu, S.C. The Optimal Timing for Using Capsule Endoscopy for Patients with Gastrointestinal Bleeding.
Biomed. Res. Int. 2021, 27, 7605324. [CrossRef] [PubMed]

57. Estevinho, M.M.; Pinho, R.; Fernandes, C.; Rodrigues, A.; Ponte, A.; Gomes, A.C.; Afecto, E.; Correia, J.; Carvalho, J. Diagnostic
and therapeutic yields of early capsule endoscopy and device-assisted enteroscopy in the setting of overt GI bleeding: A
systematic review with meta-analysis. Gastrointest. Endosc. 2022, 95, 610–625.e9. [CrossRef] [PubMed]
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