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REVIEW

Capsule endoscopy - a non-invasive modality to investigate the GI tract: out with 
the old and in with the new?

Priya Oka1,2, Mark McAlindon1,2 and Reena Sidhu1,2

1Academic Department of Gastroenterology, Royal Hallamshire Hospital, Sheffield, UK; 2Department of Infection, Immunity and Cardiovascular 
Disease, University of Sheffield, Sheffield, UK

ABSTRACT

Introduction: Capsule endoscopy has had significant development since it was introduced into the 
field of medicine in 2000. It is non-invasive, well tolerated, does not require sedation and is a first-line 
small bowel investigative modality. As it transits through the entire gastrointestinal (GI) tract, it has the 
potential to provide a pan-enteric examination.
Areas covered: In this review we will discuss the new diagnostic modalities along with traditional 
methods which have been used for examination of the gastro intestinal (GI) tract. The main focus of this 
review will be on the use of capsule endoscopy for pan-enteric examination.
Expert opinion: Capsule endoscopy is an accepted first-line investigation for the small bowel. 
Diagnostic sensitivity of the colon capsule is comparable to colonoscopy in controlled trials and is 
being evaluated in high-risk patients in routine clinical practice in national programs. Preliminary data 
suggest that a magnetic-controlled examination of the upper GI tract could be developed to enable 
a complete upper GI examination.
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1. Introduction

The GI tract can be examined by flexible fiber-optic endo-

scopy, radiological imaging, and capsule endoscopy since its 

introduction in 2000. Conventional endoscopy of the upper GI 

tract and the colon although considered the gold standard, 

can be uncomfortable, often requires sedation and comes 

with the inherent risks of perforation and bleeding. Cross 

sectional imaging is superseding barium contrast radiology, 

at least in the colon and magnetic resonance imaging has the 

advantage of not involving any radiation. Capsule endoscopy 

has rapidly been established as a first-line investigation for 

small bowel examination particularly for the indication of 

obscure gastrointestinal bleeding. A prototype to image the 

colon has since been developed and more recently a capsule 

for the upper GI tract, thus providing clinicians with three 

investigative modalities for assessing GI symptoms.

2. Upper GI tract investigations

2.1. Gastroscopy

Gastroscopy is the gold standard investigation for examination of 

the upper GI tract, however gastroscopy is an uncomfortable 

procedure. It has been shown that patient satisfaction is signifi-

cantly better with sedation, although it increases the risk of 

hypoxia 6% (95% CI 4–7%) and hypotension 7% (95% CI 5–10%) 

during the procedure [1]. A recent cohort study showed that the 

unexpected hospital admission after an elective day case gastro-

scopy was 5.1% within 30 days of the procedure [2]. Pneumonia 

was the most frequent cardiovascular or respiratory diagnosis in 

an emergency hospital admission after an endoscopy [2]. The 

demand for gastroscopies is growing worldwide. In 2019, there 

were 866,844 gastroscopies performed in National Health Services 

(NHS) in the UK with a 6% increase in demand since 2017 [3]. The 

vast majority of gastroscopies performed for dyspepsia are normal 

and gastroesophageal malignancy is identified in less than 0.5% of 

the patients [4]. It does allow direct mucosal visualization, and also 

the ability for tissue sampling and therapy when required. Whilst 

there is a three-fold increase in the diagnosis of gastric cancer and 

dysplasia when the procedure time is at least 7 min, many are 

performed more quickly than this. A study by Tai and colleagues 

show a 7.7% missed cancer rate with fibreoptic gastroscopy [5]. 

A study by Paul Moayyedi shows that the number of gastroenter-

ologists per 100,000 of the population was 3.9 in the United States, 

3.48 in France, 2.1 in Australia, 1.83 in Canada, and 1.41 in the U.K. 

[6]. To meet the growing demand and also to ease pressure on 

endoscopy units, noninvasive techniques warrant consideration as 

an alternative.

2.2. Radiology

In patients who are unwilling or unable to undergo gastroscopy, 

radiology might be considered. However, the detection rate of 

early gastric cancer, using axial computerized tomography (CT) is 

low (53–65%) [7,8]. Barium contrast is used as an alternative 

examination for patients presenting with dysphagia. Double con-

trast barium has been shown to have sensitivity of >95% in 

detecting esophageal cancer [9,10]. A meta-analysis that 
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compared barium contrast with gastroscopy for detection of gas-

tric cancer in a screening population showed that gastroscopy is 

significantly better than barium contrast for gastric cancer detec-

tion [11]. The multidetector row CT (MDCT) gastrography is an 

imaging technique, which can generate 3D images of the stomach 

and this has enhanced the detection rate of early gastric cancers 

on imaging [12,13]. MDCT is mainly used for staging prior to 

endoscopic resection of gastric cancers. Whilst imaging does 

have a role, it also has some limitations; there is exposure to 

radiation and more so with MDCT. Patients with suspicious find-

ings on imaging need a gastroscopy for direct visualization and 

biopsies if required. MDCT is also a more time-consuming proce-

dure and requires a longer reading time by the radiologist.

2.3. Capsule endoscopy of the upper gastrointestinal 

(GI) tract

Capsule endoscopy is better tolerated than fibreoptic endoscopy 

[14,15]. Capsule endoscopy of the esophagus was first approved 

by the Food and Drug Administration in U.S. in 2004 [16]. A meta- 

analysis of the first- and second-generation esophageal capsule 

showed a moderate sensitivity of 77% for the diagnosis of Barrett’s 

esophagus [17]. There were concerns about inadequate visualiza-

tion of the gastro-esophageal junction (GOJ). Due to rapid transit 

of the capsule through the esophagus it was recognized that 

increasing image capture rate was necessary. The most recent 

technological advance in this field is the Upper GI capsule 

(Medtronic Ltd, Dublin, Ireland; originally Given imaging) which 

was approved in 2014 (Table 1, Figure 1). This dual headed capsule 

can capture as many as 35 fps for 10 min followed by 18fps for 

a further 80 min with a field of view of 174 degrees for each head. 

A study by Ching et al. using the upper GI capsule visualized the 

GOJ in its entirety in 92.5% of patients, it was also possible to 

examine a water filled stomach using a sequence of position 

changes [15]. In 40%, the recording ceased before the capsule 

entered the duodenum and reading the videos was time consum-

ing [15]. To enable the routine use of capsule endoscopy in the 

upper GI tract, the capsule needs to overcome a few challenges; 

the transit time in the esophagus and the duodenum is very rapid 

and the stomach is capacious and non-uniform. Steerable cap-

sules with tails, fins, and rotating blades have been developed to 

overcome the structural challenges of the stomach, but more 

progress has been made with external magnetic control in capsule 

endoscopy [18,19]. The use of magnets in capsule endoscopy was 

initially described by Carpi in 2006 [20]. The MiroCam-Navi was 

a hand-held magnet developed by Intromedic Ltd (Seoul, South 

Korea). Although it had advantages like portability and excellent 

patient tolerance, it was difficult to maneuver a 1 kg magnetic 

device over a supine patient, also the views obtained of the fundus 

were suboptimal [21–23]. In France, an electromagnetic coil sys-

tem was developed in a joint project by the Olympus Medial 

Systems Corporation (Tokyo, Japan) and Siemens Healthcare 

(Erlangen, Germany). A blinded study which compared this system 

to conventional gastroscopy showed that it had a sensitivity of 

62% when compared with conventional gastroscopy in identifying 

major lesions [24] but it was massive and likely expensive system. 

Ankon technologies Co LTD developed a system in Shanghai, 

China, where the capsule movement was controlled with the 

help of magnetic attraction generated by the robotic arm 

(Figure 2 and Figure 3). The capsule contained a magnet in its 

Article highlights

● Endoscopy is an aerosol generating procedure with an increasing 
demand.

● Capsule endoscopy of the upper GI tract is well tolerated and could 
help reduce pressures on endoscopy services.

● Although MDCT gastrography has high sensitivity in detecting gastric 
cancer, it exposes patients to higher levels of radiation and is time 
consuming.

● SBCE is a safe and reliable method for examination of the small 
bowel.

● DBE is the most commonly used technique for small bowel sampling 
and therapy.

● With the expansion of the bowel cancer screening program the 
demand for colonoscopy is rising.

● ESGE recommends a colon capsule as an alternative for those 
patients who cannot have a colonoscopy.

● Pan-enteric capsule endoscopy is a safe and reliable method to assess 
disease activity in patients with non stricturing Crohns disease.

● A patency capsule should be used prior in patients with suspected 
stricturing Crohn’s to minimize the risk of capsule retention.

Table 1. Current upper gastrointestinal capsules.

Parameters
Upper GI capsule 

(Medtronic)
NaviCam 2nd 

Generation (Ankon)
OMOMRC 
(Jinshan)

Size (mm) 12x32 27x 12 30x 11.5
Frames 

per second(fps)
18–35 2–6 2–10

Battery life (hrs) 1.5 12 12
Camera dual single single
Field of view 

(degree)
340 150 172

Image resolution 
(pixel)

720x 720 512 x 512

Magnetic control 
and automated

no yes yes

Small bowel 
examination

no yes yes

Figure 1. Gastro-oesophageal junction as seen with the Upper GI capsule.
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dome which allowed the capsule to be steered around the sto-

mach with the help of (figure 4) two joysticks. A multicentre study 

of 350 patients showed that magnetically controlled capsule 

endoscopy (MACE) had a sensitivity of >90% when compared 

with gastroscopy at detecting focal gastric lesions [25].

The main aim of upper GI tract examination is to detect 

treatable neoplasia. A major concern is whether or not this 

new technology is capable of identifying early, treatable neo-

plasia. MACE identified neoplasia in all patients of a cohort 

awaiting ESD and accurately localized the lesion and size 

when compared to gastroscopy [26]. It missed one of the 

two lesions in one patient. Capsule endoscopy is widely used 

for population screening for early gastric cancer in China. 

A review of over 3000 patients who were investigated for 

screening purposes found 0.22% with cancer and 17.8% with 

focal lesions (polyps, ulcers, or submucosal tumor). All cancers 

identified were adenocarcinomas and occurred in individuals 

of over 50 years of age. Moreover, it demonstrated that the 

procedure was safe, with no long-term capsule retentions 

occurring [27]. However, its uptake in the rest of the world 

has been slower.

Histological samples including those for H. Pylori testing 

cannot be obtained using capsule endoscopy. However, infor-

mation often provided by histology can be obtained using 

alternative, noninvasive methods, such as urea breath test or 

stool antigen test for H. Pylori or serum pepsinogen levels as 

a marker of gastric atrophy. Furthermore, whilst most endos-

copists have a low threshold for taking biopsies, our previous 

study suggested that it affected patient management in only 

16% [28]. Currently, the capsule is also for single use only 

which increases the costs. A cost comparison of the two 

modalities is also needed.

3. Small bowel investigations

3.1. Small bowel radiology

Prior to the advent of capsule endoscopy, radiology was the 

main stay of investigation for the small bowel. Traditionally, this 

included cross-sectional imaging and small bowel follow through 

[29]. Ultrasound has also been used for small bowel examination 

and has the advantages of being free of ionizing radiation and 

easily available, however accuracy of findings is operator depen-

dent [30]. Magnetic resonance enterography (MRE) has become 

a useful modality for assessing disease activity in small bowel 

Figure 2. Ankon magnetic system with robotic arm.

Figure 3. NaviCam capsule (Ankon technologies Co LTD, Shanghai, China)

Figure 4. NaviCam image of gastric body and pylorus.
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Crohns disease. In a large meta-analysis, the sensitivity and 

specificity were 0.88 (95% CI 0.86 to 0.91) and 0.88 (95% CI 0.84 

to 0.91), respectively, when compared with surgery, ileocolono-

scopy and/or histolopathology, confirming a high sensitivity and 

specificity of MRE at identifying small bowel Crohns disease [31].

3.2. Small bowel capsule endoscopy (SBCE)

Capsule endoscopy was first introduced in the field of medicine in 

2000. The tubular shape and a small diameter of the small bowel 

makes it an ideal organ to be examined with the capsule. It 

provides a non-invasive method for complete visualization of the 

small bowel mucosa. There are a few different manufacturers for 

SBCE (PillCam, Medtronic, Dublin, Ireland; Endocapsule, Olympus 

Optical Co, Tokyo, Japan; Miro-Cam, IntroMedic, Seoul, Korea; 

OMOM capsule, Jinshan Science and Technology Group, 

Chongqing, China, Navicam, Ankon, Shanghai, China). These mod-

els have three parts: a capsule, a sensor belt with receiver, and 

a work station to download and read the images. The images are 

transmitted to a data recorder from which a video is created 

following download on to a computer. The capsocam 

(CapsoVision, Cupertino, California, USA) provides panoramic 

views of the small bowel. This capsule does not have a data 

recorder and the capsule needs to be collected after expulsion 

from the stool for retrieval of data [32]. The capsocam retains 

imaging data in-situ and this is subsequently transferred onto 

a computer using bluetooth following capsule retrieval. All the 

capsules are for single use only. Head to head comparison in 

majority of the studies have shown similar diagnostic yields, 

image quality, and completion rates for all the commercially 

available small bowel capsules [33–36]. Majority of the studies 

have been done using the PillCam capsule (Figure 5). Studies 

have shown the overall diagnostic yield of SBCE in patients with 

iron deficiency anemia to be between 41% and 65% [32,37–39]. 

A systematic review by Liao et al. has also shown that the diag-

nostic yield for SBCE is up to 50% for all indication [40].

Whilst bowel preparation is imperative prior to colonic 

investigations, the benefit of laxative-based preparation pro-

tocols prior to small bowel capsule endoscopy is less clear. 

A systematic review and meta-analysis on the use of bowel 

prep for small bowel capsule endoscopy showed that bowel 

preparation did not increase the diagnostic yield of small 

bowel findings, however the small bowel visualization quality 

was improved [41]. Bowel preparation is recommended for 

identification of subtle lesions. Small bowel cleanliness is one 

of the key factors for a good quality study with a high diag-

nostic yield. Currently, 2 liters of polyethylene glycol (PEG) 

based laxative the day before the procedure is the most 

commonly used regime in clinical practice [42]. European 

Society of Gastrointestinal Endoscopy (ESGE) recommends an 

early SBCE in obscure GI bleeding as the yield is significantly 

higher compared to a delayed examination [43–45]. This is the 

most common indication for SBCE worldwide [46]. In patients 

with iron deficiency anemia who have negative bidirectional 

endoscopy ESGE also recommends a SBCE [32].

CE is a safe procedure. It is imperative to screen for risk 

factors such as obstructive symptoms, Crohn’s disease and 

long-term use of non-steroidal anti-inflammatory drugs 

(NSAID). The only procedure-related complication which is 

associated with SBCE is capsule retention, which can occur in 

1–2% of the cases for all indications [40,47]. The risk of capsule 

retention, however, is notably higher in patients with Crohn’s 

disease. A recent meta-analysis by Pasha et al. showed that the 

capsule retention rates were 4.63% in established disease 

(95% CI, 3.42–6.25%) and 2.35% (95% CI, 1.31–4.19%) in sus-

pected small bowel Crohns disease, respectively [48]. 

A patency capsule (PC) (Given Imaging, Yoqneam Israel) 

which is similar in size to a standard CE, is useful in patients 

with suspected small bowel stenosis to minimize the risk of 

capsule retention. It is a radiopaque and dissolvable capsule 

which has a radiofrequency tag. The two timer plugs at either 

end dissolve at approximately 30 hours due to contact with 

luminal fluid [49]. A study by Rozenderen et al. showed that 

MRE has a low positive predictive value (40%) and low speci-

ficity (59%) for predicting small bowel patency. Hence, 

patients with a positive MRE or those with a high suspicion 

for small bowel strictures should undergo a patency capsule 

prior to capsule endoscopy [50]

Apart from the risk of retention, capsule endoscopy does 

have some limitations. Due to a rapid transit through the 

duodenum focal lesions in the proximal small bowel can be 

missed [51]. It is also unable to take histological samples or 

provide therapy when disease is identified. Table 2 summaries 

the current small bowel capsules used.

3.3. Device assisted enteroscopy (DAE)

There are three techniques which are being utilized for deep 

enteroscopy. Namely, double balloon enteroscopy (DBE), sin-

gle balloon enteroscopy (SBE) and spiral enteroscopy. DBE is 

the most commonly used DAE procedure which lends 

a therapeutic arm to capsule endoscopy [32]. It was first 

described in 2001 and has made it possible to perform diag-

nostic and therapeutic procedures during the same examina-

tion. It is also useful for obtaining histological samples and 

placing tattoos prior to surgical intervention. In recent years, 

DBE has largely replaced push enteroscopy as well as intra 

operative enteroscopy as DBE achieves greater depth of inser-

tion in the small bowel and is less invasive compared to an 

intra-operative enteroscopy. However, a SBCE has higher rates 

of completion enteroscopy with a much lower complication 

rate and is less invasive. Hence, DBE is often used as 

a confirmatory tool when other less invasive techniques like 

SBCE or imaging identify a lesion which needs therapy or 

histological sampling. The Single balloon enteroscopy (SBE) 

system (Olympus Optical Co, Tokyo, Japan) uses only one 

latex-free balloon, which is attached to the distal end of the 

overtube. A recent meta-analysis has shown no difference in 

the diagnostic yield or therapeutic yield of DBE or SBE [52]. In 

spiral enteroscopy (Spirus Medical LLC, West Bridgewater, 

Massachusetts, USA), an enteroscope is passed through 

a disposable specialized over tube that has a spiral raised 

element at its distal end, which aids in the advancement of 

the enteroscope through the small bowel. This is the most 

recent prototype for deep enteroscopy and has been devel-

oped with encouraging results [53].
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4. Colonic investigations

4.1. Colonoscopy

Currently, colonoscopy is the gold standard investigation for 

the large bowel. It can be challenging and associated with 

infrequent but serious complications. A population-based 

study in the US, which looked at 165,527 colonoscopies, 

documented a perforation in (n = 101), and splenic injury in 

(n = 12) [54]. A study which looked at post colonoscopy 

infection rates from six states in the U.S. showed that 30-day 

infection-related unplanned visits per 1000 procedures were 

4.0 for screening colonoscopy, 5.4 for non-screening colono-

scopy compared with 2.9 for screening mammography [55]. 

There is also the added risk of sedation which is used to 

improve patient tolerance [1]. The demand for colonoscopies 

is increasing worldwide. There were 704,125 colonoscopies 

performed in UK in 2019, with a 13% increase in standard 

colonoscopies and 30% increase in screening for bowel com-

pared to 2017 [3]. However, colonoscopy can miss significant 

lesions. A systematic review and meta-analysis of tandem 

colonoscopies ((in which patients undergo a second colono-

scopy by endoscopists who are both blinded to each other’s 

findings) has shown miss rates of 26% for all adenomas, 9% for 

advanced adenomas, and 27% for serrated polyps [56]. A stool 

test is used for screening for colorectal cancer in some coun-

tries in Europe. The uptake of this test for screening for color-

ectal cancer is still very low (66%) [57]. A qualitative study has 

shown that one of the reasons for the poor uptake is because 

of unwillingness of the participants to undergo a colonoscopy 

in case of a positive result [58]. The diagnostic yield of colono-

scopy in the symptomatic population is low, with 46–75% of 

patients having a normal examination [59,60]. However, colo-

noscopy has an advantage that it allows active intervention 

such as suction, position change, and inflation which improves 

the views and colonoscopy completion rates. In the future, 

with improved noninvasive technology, colonoscopy may be 

reserved for only those patients who need a biopsy or 

a polypectomy.

4.2. Computerized tomographic colonography (CTC)

CTC is considered to be the gold standard radiological examina-

tion for the colon. A recent meta-analysis, which compared CTC 

and colon capsule (CC) in a group of patients with incomplete 

colonoscopies, showed that the completion rate of CTC was 

higher compared to CC (86–100% vs 65–93%), respectively. 

However, the diagnostic yield of polyps was lower for CTC com-

pared to CC (4–22% vs 8–41% for polyps >5 mm) and (0–11% vs 

3–22% for polyps >9 mm), respectively [61]. A potential advan-

tage of CTC is its ability to evaluate for any extra colonic pathol-

ogy during colonic examination. This can provide reassurance to 

adults and also early detection of potentially significant pathol-

ogy. A systematic review and meta-analysis which evaluated the 

extracolonic findings at CTC showed a 4% rate for identifying 

potentially important extracolonic findings. The rate of identify-

ing unsuspected extracolonic malignancy ranging from 0.3% to 

2.5% [62]. Currently, CTC is offered as an alternative test for 

suspected CRC and also for completion for incomplete/inade-

quate colonoscopy. It has been proposed as an alternative ima-

ging modality for examination of the colonic mucosa by the 

European Society of Gastrointestinal Endoscopy [63].

4.3. Colon capsule

Colon capsule is a noninvasive technique used to examine the 

colon without the need for air insufflation or sedation (Table 3, 

(Figure 5)). Colon capsule (PillCam given imaging, Yokneam, 

Israel) was first introduced in 2006. A second-generation colon 

capsule is currently in use with a variable image capture rate of 

4–35 fps based on the speed of peristalsis and almost a 360- 

degree field of view (Figure 6). A colon capsule captures images 

from esophagus and stomach for 3 minutes before entering the 

sleep mode for 1 h and 45 min to conserve battery life. 

Systematic reviews which looked at the use of the second- 

generation capsule in screening for colorectal cancer showed 

that for polyps >6 mm, sensitivity was 79–96% and specificity 

was 66–97% [64,65]. For polyps ≥10 mm, sensitivity of CC-2 was 

84–97%, which was superior to computed tomographic colono-

graphy (CTC) [64,65]. The colorectal cancer detection rate for 

completed capsules was 93% (25/27) [64]. It is an innovative 

technique as it can be carried out in the community minimizing 

hospital attendance. The procedure involves administrating the 

oral capsule and fitting a receiver belt after which the patient is 

sent home. This can be done in a simple clinic room. After 

Table 2. Current small bowel capsules.

Parameters
PillCam SB3 
(Medtronic)

OMOMHD 
(Jinshan)

MiroCam MC2000 
(Intromedic)

Capsocam 
(CapsoVision)

Endocapsule-10 
(Olympus)

NaviCam 2nd Generation 
(Ankon)

Size (mm) 26 x 11 25 x 11 30 x 11 31 x 11 26 x 11 27x 12
Frames 

per second(fps)
2–6 2–10 6 20 2 2–6

Battery life (hrs) 8 12 12 15 12 12
Camera 1 1 2 4 1 single
Field of view 

(degree)
156 172 340 360 160 150

Image resolution 
(pixel)

340 x 340 512 x 512 320 x 320 221 x 184 720x 720

Table 3. Current colon capsule.

Parameters Colon 2 (Medtronics) NaviCam(Ankon)

Size (mm) 32 x 12 31x 11
Frames per second(fps) 4–35 0.5–16
Battery life (hrs) 10 >10
Camera 2 2
Field of view (degree) 340 340
Image resolution (pixel) 512 x 512 480 x 480
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completion of the test, the patient returns the receiver from 

which the images can be downloaded and read [66].

A study which looked at patient acceptability of colon 

capsule versus colonoscopy showed that 77.5% (n = 31/40) 

of patients would prefer CCE if they required a further lower GI 

investigation in the future. Of these, 77.4% (n = 24/31) still 

preferred CCE despite the potential need for a follow-up 

colonoscopy [67]. A multicentre prospective study comparing 

Crohns capsule, magnetic resonance enterography (MRE) and 

colonoscopy in detecting active Crohns disease in the small 

bowel and the colon showed that the overall sensitivity of 

Crohns capsule was 94% compared to 100% of MRE and/or 

colonoscopy. The specificity of Crohns Capsule was signifi-

cantly higher (74%) when compared with MRE (22%) and/or 

colonoscopy in small bowel Crohns disease [68].

The European Society of Gastrointestinal endoscopy guide-

lines recommended a colon capsule in cases of incomplete 

traditional colonoscopy and also in patients who refuse 

a colonoscopy [69,70]. The use of CC in high-risk individuals 

is being established. In the UK, a national pilot is underway to 

evaluate its use in those with a positive FIT test (10–100 

micrograms hemoglobin/gm). Patients referred on the sus-

pected cancer pathway are being offered a colon capsule as 

a first-line diagnostic test [71].

Most patients with inflammatory bowel disease require 

several endoscopic and radiological procedures in their life 

time to assess for disease activity and response to therapy 

along with surveillance for bowel cancer. A colon capsule 

allows for a noninvasive pan-enteric examination of the entire 

gastrointestinal tract. Up to 30% of patients with Crohns dis-

ease can have isolated small bowel involvement [72]. In 

a population-based cohort study, the cumulative probability 

of stricturing in CD after long-term follow-up was 12.4% at 

5 years, 15.2% at 10 years and 21.6% at 20 years, respectively 

[73]. The role of colon capsule has been studied in patients 

with inflammatory bowel disease to evaluate its role in asses-

sing for mucosal healing and/or response to therapy [74–76]. 

The PillCam Crohn’s system (Medtronic, Yoqneam, Israel) was 

approved by the US FDA in 2017. It is similar to the colon 

capsule as it is a double headed capsule with a field of view of 

336 degrees. It also has an adaptive image capture rate of 4– 

35 fps based on the speed of transit. This capsule starts 

photographing as soon as it is ingested and has an extended 

battery life of up to 12 h, hence obtaining pan-enteric images. 

A multicentre feasibility study which included 41 patients 

(n = 29 established CD; n = 5 established UC; n = 7 suspected 

CD) showed a high functionality and no adverse events for the 

Crohns capsule (CC) [77]. The bowel preparation regime for 

colon capsule and Pillcam Crohn’s capsule is more rigorous 

compared to a routine colonoscopy as bowel cleanliness has 

to be excellent or at least good for adequate sensitivity of the 

examination. The European Society of Gastrointestinal 

Endoscopy guidelines recommend a liquid diet the day before 

the procedure and a split preparation of 4 lts polyethylene 

glycol electrolyte solution the day before and on the day of 

the examination. An oral promotility agent is administered if 

gastric emptying is longer than 1 h, and two further boosters 

of low-dose sodium phosphate may be given to propel the 

capsule through the small bowel into the colon [69]. Data 

from the ScotCAP study show that Colon CE reduced colono-

scopy by 37% in the symptomatic patients. Polyps identified 

needing therapy was the main reason for requiring a repeat 

colonoscopy in this cohort (92%) and the completion rate was 

72% [78]. A study which looked at the role of prucalopride in 

improving completion rates has shown that completion rates 

were higher in the prucalopride group with 74.9% complete 

investigations compared to 56.7%in the control group. Bowel 

preparation quality was also better in the prucalopride group 

(75.9%) compared to the control (57.1%) [79]. There are some 

challenges that a colon capsule needs to overcome; with 

traditional colonoscopy mucosal visualization can be 

improved if the bowel prep is not perfect with the help of 

air insufflation and suction whereas good bowel prep is essen-

tial for a successful colon capsule.

Figure 5. Small bowel capsule image of angioectasia.

Figure 6. Colon capsule image of ileocecal valve with ulceration.
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5. Green endoscopy

Climate change is a serious and sustained threat that needs to 

be addressed urgently by every part of society. Endoscopy is 

the third highest carbon emitting hospital department gener-

ating 3.09 kg of waste per bed per day [80]. The endoscopy 

decontamination process requires large amounts of water and 

disinfectants and has a major impact on the environment [81]. 

Reducing the number of endoscopic procedures would have 

the greatest impact in reducing the waste generated. Capsule 

endoscopy has huge potential for becoming a low carbon 

alternative to traditional endoscopy. Currently, all capsules 

are for single use only and unfortunately there is no clear 

disposal pathway. More research is required in this field to 

make capsule endoscopy a greener alternative technology.

6. Conclusion

In conclusion, traditional endoscopic procedures have a firm 

role in the investigation and management of the GI tract. 

However, with the expanding role of capsule endoscopy, in 

the future, these procedures will likely be favored for patients 

who need tissue sampling or a therapeutic procedure. More 

studies need to be conducted to compare costs between the 

traditional endoscopy and capsule endoscopy.

7. Expert opinion

Capsule endoscopy is slowly proving its potential as 

a noninvasive pan-enteric examination technique. Magnetic 

control capsule endoscopy of the upper gastrointestinal tract 

is very well tolerated. Studies using the magnetic capsule 

have shown very good diagnostic yield. Feasibility studies 

on the use of fully automated magnetic control capsule endo-

scopy have shown promising results. Whilst there remain 

issues in relation to the lack of suction or the ability to wash 

and clear debris, further studies addressing the gastric pre-

paration are required. Cost comparison between the two 

modalities is also needed. Small bowel capsule endoscopy is 

an established technique used for visualizing the small bowel 

and also the accepted gold standard for indications such as 

obscure gastrointestinal bleeding. There are several proto-

types of SBCE now available with comparable diagnostic 

yields. SBCE helps to direct patients that may require device 

assisted enteroscopy. Capsule endoscopy is a safe procedure 

with capsule retention risk of 1–2% being its only procedure- 

related complication. Colon capsule is rapidly becoming an 

important alternative diagnostic tool for the lower gastroin-

testinal tract. It is being offered to patients who refuse 

a traditional colonoscopy or in cases of incomplete colono-

scopy. It is now also being evaluated in patients who are Fecal 

Immunochemical Test positive. This has been pertinent dur-

ing the COVID 19 pandemic but likely to remain as an impor-

tant modality within the diagnostic algorithm of symptomatic 

patients. The bowel preparation required is greater than con-

ventional colonoscopy and is a limitation of colon capsule, 

however it is painless and can be performed out of the 

hospital setting, making it an attractive option to patients 

We envisage that colon capsule will soon be routinely offered 

as an initial diagnostic modality particularly to lower risk 

groups and conventional colonoscopy being reserved for 

only those patients who require biopsy or therapy. Most 

patients with inflammatory bowel disease require several 

endoscopic procedures in their life time to assess for disease 

activity and response to therapy along with surveillance for 

bowel cancer. With the extended battery life of the PillCam 

Crohns system, it is now possible to have a complete pan 

enteric noninvasive examination. Further large studies with 

cost comparisons are needed to bring this technology into 

routine practice. One of the drawbacks of capsule endoscopy 

is the increased reading time which is encountered with the 

increasing image capture rate of all modern capsules. The 

majority of the software for CE have the ability to remove 

duplicate images and reduce reading times. Artificial intelli-

gence has already been developed in a few of the software 

algorithms. Initial studies have shown promising results with 

sensitivity of picking up pathology of over 99% and reading 

time of under 6 minutes. We envisage that this will be a rou-

tine feature of all CE reading platforms within the next 

2 years.
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