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Since its clearance for use throughout the world, capsule endoscopy (CE) has become

an important diagnostic tool, helping us to understand and document both normal and

abnormal findings in the small intestine, especially in children, since CE usually can be

employed without sedation or radiation. The indications in children and adults are similar,

though their relative frequencies are different, with evaluation of potential and known

inflammatory bowel disease the most common in the pediatric population, with CE also

yielding increased diagnostic certainty compared to radiographic studies and surrogate

biomarkers. Newer capsules now create opportunities to expand that understanding and

our practices so that we can learn when and how to employ CE and pan-enteric CE to

better monitor and guide therapy. It will take further studies to determine the best uses

for CE and how to select the appropriate candidates, especially with ongoing concern

about capsule ingestion vs. placement, the potential for capsule retention (particularly in

known Crohn’s disease), still elusive optimal methods for bowel cleansing, and the most

meaningful scoring for research and clinical use.

Keywords: capsule endoscopy, pan-enteric capsule endoscopy, Crohn’s disease, inflammatory bowel disease,

small intestine, occult intestinal bleeding, capsule retention

INTRODUCTION

Consider that a swallowable video capsule, based on miniaturization technology applied to its
electronic components, allows us to visualize and photograph the entire small intestine (1). That
seemed like pure science fiction, based on old movie scripts, until the beginning of the twenty-first
century, when the fantasy turned into a logical, startling reality. Introduced in 2001, the pill camera
(Given Imaging, Yoqneam, Israel) received North American and Europeanmarketing clearance for
patients of 10 years of age and older in 2003, and expanded to 2 years of age and older in 2009, with
patency capsule use approved the same year, expanding the possibility of wide pediatric use (2).

Upgrading CE’s technical aspects (dual or rotational cameras, wider field of vision, longer
battery life), the software (dynamic imaging speed, real-time viewing), and better bowel cleansing
have all improved diagnostic accuracy. However, these features differ on the six currently
available CE systems that are available internationally (PillCam, Medtronic, formerly Given,
US; Endoscapsule, Olympus, Japan; Mirocam, Intromedic, Korea; CapsoCam, Capso Vision, US;
NaviCam, Ankon Technologies, China; and OMOM, Chongqing, China), though not all are
available in every country.

The ability to visualize the small intestine, the only portion of the gastrointestinal tract
previously outside the visual limits of traditional endoscopy, was particularly appealing because
capsule endoscopy (CE) can usually be performed without anesthesia or radiation and discomfort
of other imaging procedures. Those same benefits, as well as CE’s sensitivity, drove a desire to make
CE a less invasive, initial diagnostic study and one tomonitor themucosa both in the small intestine
and beyond. A slightly larger colon capsule (Medtronic) and a pan-enteric capsule (dubbed the
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TABLE 1 | Indications, outcomes, and adverse events in capsule endoscopy

procedures on pediatric and adult patients (8).

Indications (%) Pediatric Under 8 years of age Adult

Bleeding and / or anemia 15 36 66

Inflammatory bowel disease 63 24 10

Abdominal pain 10 14 11

Polyps / neoplasms 8 - 3

Other 4 25 10

Positive findings (%) 61 67 59

Adverse events (%)

Retained capsule 2.6 0.5 1.4

Incomplete procedures 13 7 16

Other 0.9 - 1.1

Crohn’s capsule, Medtronic), to evaluate the small and large
intestine in the same procedure, are already available in
Europe. Additionally, an esophageal device (PillCam ESO2) was
developed to evaluate Barrett’s esophagus, but has found little use.
With scant pediatric data available on the esophageal, colon, and
Crohn’s capsules, this review focuses on small intestinal CE and
the newly emerging use of pan-enteric CE.

INDICATIONS

American and European endoscopic societies have promulgated
guidelines on the indications for CE (3–5). While both
recommend CE for evaluation of obscure gastrointestinal
bleeding and anemia (OGIBA) and suspicion of Crohn’s disease
(CD), they also suggest doing so after negative gastroscopy
and ileocolonoscopy.

Of note, the relative frequency of those indications differs
substantially in adults and children, and even within the pediatric
population when stratified by age. OGIBA in adults accounts for
66% of the indications for CE, with evaluation of CD accounting
for 10%, and 11% of CE performed for clinical symptoms of pain,
diarrhea, and /or weight loss (6). According to a pediatric meta-
analysis, the evaluation of suspected or known small intestinal
CD is the most common pediatric indication for CE in children,
accounting for 63% of the total (7). Over half of the procedures
for inflammatory bowel disease (IBD) indications, and 44% of the
total, relate to suspicion of CD, while 16% of the total CE were
to monitor those with known CD (16% of total). The evaluation
of abdominal pain, particularly in combination with diarrhea
represents another 10% of the procedures (8–28) (Table 1).

However, these clinical indications vary with age (25). Among
children aged 1.5–7.9 years who underwent CE, OGIB, accounted
for 30 (36%) of the 83 patients in the cohort. Suspected CD was
the indication for 20 patients (24%) of CEs with 11 (55%) having
positive findings; while three patients had CE to monitor their
CD. Evaluation of abdominal pain, malabsorption, and protein
loss each prompted CE for 12, 12, and nine patients (14, 14,
and 11%), respectively; those with suspected CD or recurrent
abdominal pain are typically older than those with protein losing
enteropathy and / or malabsorption. In contrast, OGIB and CD

FIGURE 1 | Polyp in the jejunum.

in older children and teens accounts for only 13–24 and 40–86%,
respectively, of the indications in those of 10–18 years of age (29).

Polyposis
Assessment of polyposis syndromes in the SB demonstrates
positive findings in 80.2% of CE in children, the highest
diagnostic yield of any indication (18, 26). Considered “feasible,
safe, and accurate” for the detection of small bowel polyps
(Figure 1), CE allows for screening and surveillance of Peutz-
Jeghers (PJS) and similar syndromes (familial adenomatous
polyposis, Gardner’s syndrome). While clinical guidelines
generally recommend beginning to screen asymptomatic
symptoms in those with PJS at 8 years of age, the frequency of
repeating the exams every 1–5 years thereafter, and whether to
do so with CE and then obtain an MRE or to directly proceed
with deep enteroscopy for management are still debated (CE
can miss proximal polyps, but CE and MRE are less invasive
and together detect large and small polyps with accuracy equal
to enteroscopy) (29, 30). Of note, screening the SB in cases of
juvenile polyposis has shown no benefit (31).

Inflammatory Bowel Disease
Since pediatric patients with CD will have small bowel (SB)
involvement up to 70% of the time, with 40% estimated to
have active disease exclusively in the SB, guidelines of European
and North American societies suggest full evaluation of the
gastrointestinal tract at the approximate time of CD diagnosis in
pediatric patients to assess the extent/severity of CD and to clarify
a classification of indeterminate colitis (30, 32–34) (Figures 2–7).

Repeated studies have shown the superiority of CE to
accomplish that task, especially early onset or more proximal SB
disease, either alone or following magnetic resonance imaging
with oral contrast (MR enterography, MRE), which also can also
detect strictures that would be a contraindication for CE (35–40).

A number of studies have now demonstrated the feasibility
of sequential CE as a minimally invasive method to evaluate
the mucosal response to treatment (41–45). Subsequently,
pan-enteric capsule endoscopy (PCE) has been adapted to
guide a treat-to-target therapeutic modifications strategy using
a modified colon capsule to perform pan-enteric capsule
endoscopy (PCE). In a cohort of 48 pediatric patients with CD,
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FIGURE 2 | Moderate Crohn’s with superficial and deepening ulcers.

FIGURE 3 | Deep erosion (presumably Crohn’s).

FIGURE 4 | Severe Crohn’s with ulceration and stenosis.

inflammation was present in 34 (71%) patients at baseline, 22
(46%) patients at 24 weeks, and 18 (39%) patients at 52 weeks (P
< 0.05) (46). These findings resulted in therapeutic adjustment
for 34 (71%) patients at baseline and 11 (23%) patients at 24
weeks based on PCE, while only 2 (4%) patients with PCE-
negative results changed therapy based on their imaging studies.
The treat-to-target strategy increased mucosal healing (MH) and
deep remission (clinical and mucosal normality; DR) from 21%
at baseline to 54% at 24 weeks and 58% at 52 weeks (P <

0.05 compared to baseline); whereas two patients (4%) did not
respond to treatment.

Using an ITT analysis, complete MH at 52 weeks was
associated with a decreased relapse rate clinically (p < 0.003),

FIGURE 5 | Crohn’s small bowel stricture.

FIGURE 6 | UC-like mucosa in jejunum (of a girl with prior colectomy).

FIGURE 7 | Apthous ulcers in the colon.

reduced steroid use (p < 0.0005), less treatment escalation (p
< 0.0003), and decreased hospitalization (p < 0.0001). The
decreased need for surgery was not statistically significant (p
= 0.065). From the initial cohort, PCE was performed on 42
patients at 104 weeks (two developed an ileo-cecal valve stricture
at 52 weeks; four were lost to follow-up) (47). MH decreased by
7% compared to their year 1 results.

At each assessment, PCE was compared to the other tested
modalities. At 52 weeks, PCE showed DR in 28 (58%), complete
MH in 6 (who had partial MH at 24 weeks), and new lesions
detected in four subjects. MRE and SICUS had good concordance
in evaluating DR (24/28, 86%), but they did not identify the
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TABLE 2 | Simple endoscopic score for Crohn’s disease (CE-CD) (51).

Variable 0 1 2 3

Size of ulcers None Aphthous ulcers (0.1–0.5 cm) Large ulcers (0.5–2 cm) Very large ulcers (>2 cm)

Ulcerated surface None <10% 10–30% >30%

Affected surface Unaffected segment <50% 50–75% >75%

Presence of narrowing (stenosis) None Single, can be passed Multiple, can be passed Cannot be passed

new lesions in the four patients or mucosal improvements after
therapy (p< 0.05). C-reactive protein and fecal calprotectin were
not able to evaluate DR as well at 24 or 52 weeks (BR in 65 and
69%, respectively). The overall diagnostic yield of PCE,MRE, and
biomarkers were 54, 37, and 33%, respectively (p < 0.05) (46).

However, to make these advances more effective, a challenge
remains: to standardize CE interpretation in order to consistently
diagnose and monitor CD findings. Two main CE scores exist
for CD: the Lewis score (LS) and the CE Crohn’s Disease
Activity Index (CECDAI) (47, 48). While the LS is currently
the most widespread CE score, the score is largely driven by
stenosis and also includes villous edema, which is not considered
a major feature of CD and it leads to the risk of errors in
the assessment of mucosal healing (MH). Both indices have
been used in small pediatric series, but remarkable discrepancies
between the two were reported, with CECDAI better reflecting
intestinal inflammation than LS (49). A newmethod, the Capsule
Endoscopy - Crohn’s Disease (CE-CD) index was devised
adapting the Simple Endoscopic Score for Crohn’s Disease (SES-
CD), which is well-validated and widely used for ileocolonoscopy
(50). Similar to SES-CD, CE-CD considers ulcers as elemental
lesions of CD and takes into account the number of ulcers, size
of the largest ulcer, the affected surface (as a percentage), and
the presence or absence of stenosis in both the small and large
intestine (Table 2). To date, the CE-CD has proven to be simple,
reliable, and reproducible in the evaluation of SB inflammation in
312 pediatric patients with CD. This score seems also predictive
of disease outcomes over time. The Pediatric Crohn’s Disease
Activity Index (PCDAI) appears to be correlated reasonably well
(CE-CD ≥ 9; the area under the curve or AUC: 0.779) with
a high specificity (90.1% for PCDAI ≥ 15) and low sensitivity
(60.5%). Of particular note, 35 out 132 (26.5%) patients in clinical
remission (PCDAI < 10) had surprisingly severe endoscopic
patterns (CE-CD > 13), suggesting that CE-CD might be a
useful pre-clinical predictor of CD exacerbations rather than
overestimating disease severity (52).

Symptom-Based Evaluation
In children, the diagnostic yield of CE for evaluation of OGIB
is estimated to be 42% (7). In a study of 72 patients, positive
findings in the assessment of abdominal pain with negative
inflammatory markers were apparent in 21%, rising to 67% when
inflammatory markers were present (51). However, the range
of positive findings includes angioectasia and other vascular
lesions (Figures 8, 9), Crohn’s disease or other ulcers, gastritis,
eosinophilic or other gastroenteropathy, polyps, graft-vs.-host
disease, lymphangiectasia (Figures 10, 11), Meckel’s diverticuli,

FIGURE 8 | Arteriovenous malformation.

FIGURE 9 | Vascular malformation.

scalloping or villous atrophy typical of celiac disease (Figure 12),
and active bleeding without any source (29). Of note as well, CE
has been used to acutely evaluate and re-evaluate graft-vs.-host
disease after stem cell transplantation, and other protein-losing
enteropathies. However, it also important to recognize that some
findings are entirely normal (Figures 13–15).

Pan-Enteric Capsule Endoscopy
The development of a slightly larger colon capsule (11.6 ×

31.5mm) with a 12-h battery life, two cameras with wider
angles enabling nearly 360◦, with a second iteration with higher
resolution imaging of greater magnification than the first, and
an “adaptive image acquisition rate” depending on the capsule’s
speed (53) has been able to be adapted and released in Europe,
where it is termed a Crohn’s capsule (Medtronic) PCE to evaluate
both the small and large intestine in a single procedure.
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FIGURE 10 | Lymphangiectasia (patchy).

FIGURE 11 | Lymphangiectasia (extensive).

FIGURE 12 | Celiac scalloping distally (with normal EGD).

While it has a few disadvantages: its larger size (though the
same size as the colon capsule); bowel cleansing resembles that
for a colonoscopy, with an additional booster dose during the
actual procedure; and the procedure and reading times are longer,
its utility has been shown in several studies.

The first published study evaluated the adapted devise in
40 pediatric subjects (age 13.1 ± 3.1 years) with known
CD who underwent protocolized, comparative procedures in
the course of disease re-evaluation. PCE demonstrated 90%
sensitivity, 94% specificity in the SB, with PPV and NPV of
95 and 90%, respectively. PCE sensitivity was 89% in detecting
colonic inflammation, while specificity was 100%. The positive
predictive value (PPV) was 100% and negative predictive value
(NPV) was 91% for colonic inflammation compared to MRE

FIGURE 13 | Ampulla of vater.

FIGURE 14 | Lymphoid hyperplasia.

(sensitivity 85%, specificity 89%) and small intestine contrast
ultrasonography (SICUS) (sensitivity 90%, specificity 83%).
There were no serious adverse events related to the PCE
procedure or the preparation reported (54).

Subsequently, the commercially available PCE and
ileocolonoscopy (IC) were studied in 66 adult subjects with
known CD and bowel patency. The diagnostic yield for active
CD lesions was 83.3% for PCE and 69.7% for IC [95% confidence
interval (CI), 2.6–24.7%]; with both modalities identifying active
CD lesions in 65% of subjects. Of the 12 subjects where only
PCE showed active CD, five had their lesions in the terminal
ileum. Of note, IC, but not PCE, demonstrated active CD in
three subjects (55). Two other larger studies of 99 and 93 adult
patients subsequently reached similar conclusions, also showing
the superiority of PCE over MRE, the latter study finding that
C-reactive protein and fecal calprotectin were insensitive in
recognizing active CD (0.48 and 0.59, respectively) (56, 57).

OVERCOMING CAPSULE ISSUES

As with any procedure, even a minimally invasive one like CE,
some capsule issues continue to present challenges, especially in
children (28).

• Swallowing the capsule
• Endoscopic placement
• Capsule retention
• Bowel cleansing
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FIGURE 15 | Intussusception.

Swallowing the Capsule/Placement for
Those Who Cannot Swallow
Swallowing the capsule may be difficult for some patients at
any age (in the same way that some individuals are unable or
unwilling to ingest pills). A technique called stimulus fading has
been used to teach swallowing small, then progressively larger
gelatin capsules or candies, with water, other liquids or even a
small amount of yogurt, pudding, or apple sauce (58).

For those unable or unwilling to swallow a capsule, those with
motility disorders or a tight esophageal sphincter, a capsule can
be placed directly into the stomach, or preferably, the duodenum,
during an endoscopy. This should be performed under general
anesthesia, since capsules have been placed in the trachea when
deep sedation was used (18). A front-loading capsule delivery
devise (AdvanCE TM, US Endoscopy) can be used for older
SB2 capsules. However, the newer SB3 and PCE capsules have
cameras at each end, so that launching them with the extruder
that pushes them out may mar the lens cover, interfering with
interpretation. The alternative, a Roth Net (US Endoscopy), an
extrudable fabric basket, has been shown to cause 50% more
mucosal trauma, and may be difficult to use to launch a capsule
in the small intestine (25).

A pediatric study compared the success rates and the
differences in 51 CEs that were swallowed and 53 where it
was placed. The median age was 12.8 (range: 1.6–18.5) years.
Endoscopic placement was needed for children who were
significantly younger (9.8 vs. 14.2 years; P < 0.001), lighter (34.5
vs. 54.9 kg; P < 0.0001), and had a longer small intestinal transit
time (308 vs. 229min; P < 0.0001). Children who ingested the
capsule were more likely to have positive findings (50 vs. 30%,
P = 0.017). Biopsies at the time of the endoscopy resulted in
Iatrogenic bleeding and decreased visibility in 30% (16/53) of
those who had CE placement, but that was not thought to change
the outcome or subsequent patient management (59).

Capsule Retention
Of note, prokinetics have made CE possible for those with
esophageal or gastric motility disorders; however, intestinal
dysmotility remains a contraindication similar to known stenosis
or obstruction of the gastrointestinal tract, which would be
most common in those with CD, those who have had intestinal
resection, or undergone radiation to the abdomen. Furthermore,

clinical signs of obstruction are a contraindication unless
the passage of a self-dissolving patency capsule within timed
guidelines (discussed below) or radiographic evidence proves
that patency or surgery is considered a pre-procedure, as above.
The potential for retention can also be discussed as being
potentially therapeutic, in that it may identify a stricture. In at
least one case, CE was performed specifically to help the surgeon
identify the stricture intraoperatively (8).

Ameta-analysis of 1,013 pediatric CE procedures documented
gastric retention in four and SB retention in 18, a pooled
retention rate of 2.3% (95%CI: 1.5–3.4%) (7). Endoscopy
removed five capsules, four from the stomach and one from
an ileal pouch with 13 surgically retrieved, simultaneously
mitigating the cause of the retention. In one case, a bowel
cleanout at 22 days post-ingestion evacuated a retained capsule.

Retention rates in children were 1.2% (95%CI: 0.9–1.6%),
2.6% (95%CI: 1.6–3.9%), and 2.1% (95%CI: 0.7–4.3%) for
evaluation of occult gastrointestinal bleeding (OGIB), CD, and
neoplastic lesions, respectively, with a pooled rate of 1.4%
(95%CI: 1.2–1.6%) (8). On a per-procedure basis, this pattern is
similar in adults, where capsule retention occurs at rate of 1.4, 2.2,
and 1.2% in evaluation of OGIB, CD, and polyps, respectively (6).

The greatest risk factors for capsule retention overall is known
IBD (5.2% risk), with that increasing when a previous small
bowel follow-through (SBFT) demonstrated small bowel CD
(35.7% risk) or if a body mass index below the fifth percentile
is combined with known IBD (43% risk). However, retention has
occurred despite the absence of strictures on SBFT (17). Among
four patients with CD where the capsule passage lasted > 5 days
(with three continuing on to retention), age was significant (18.8
± 0.9 vs. 14.6 ± 3.5), but not height or weight, compared to
patients who did not experience retention (17). Thus, it appears
that the risk of retention is dependent on the clinical indication,
and higher risk in patients with suspected chronic small bowel
obstruction (60). No perforations, aspirations, or small bowel
obstructions have been reported in children though rare cases
have been reported in adults.

In a recent meta-analysis of 35 papers with 4,219 adult and
pediatric patients with CD, 3.32% suffered from retention [95%
confidence interval (CI), 2.62–4.2%]: this broke down to 4.63%
(95% CI, 3.42–6.25%) in established CD and 2.35% (95% CI,
1.31–4.19%) in suspected CD. Retention rates were 3.49% (95%
CI, 2.73–4.46%) in adults and 1.64% (95% CI, 0.68–3.89%) in
those <18 years of age. Retention risk in established CD was
3.4 times higher than suspected CD in adults, but no difference
existed in pediatric retention risk for established CD compared
with suspected CD. In established CD, retention decreased if a
patency capsule (2.88%; 95%CI, 1.74–4.74%) was used orMR/CT
enterography (2.32%; 95% CI, 0.87–6.03%) was performed (61).

The majority of retentions have occurred despite normal SB
radiographic studies, while radiologically documented strictures
do not preclude functional patency allowing CE performance.
A patency capsule (PC), identical in size to the SB capsule with
a radiofrequency identity tag, was developed to address these
concerns. The currently available version has barium, lactose, and
dual timer plugs that gradually dissolve and disintegrate after
30 h.
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Both a retrospective (9) and a prospective study (62) have
been performed in pediatric IBD undergoing CE after using
the first iteration of the PC (which had a 40-h time limit). In
the retrospective analysis, CE was performed successfully in all
but one of the 19 patients where patency was established. The
prospective trial of 10–16-year-olds who ingested the PC found
that 15 of 18 excreted an intact PC (mean 34.5 h) without any
PC or CE retentions or adverse events (62). CD was eventually
diagnosed in all patients having PC transit of more than 40 h
and in nine of 12 who passed the patency capsule in 40 h or less.
There were no capsule retentions or adverse events. Thus, the PC
can serve as a useful guide and may lessen the likelihood of CE
retention, particularly in known CD where the risk of retention
is greatest.

Other Contraindications
In pregnant women, CE should be restricted to urgent cases
where diagnosis cannot be postponed, since safety data are
not available. There is still an existing contraindication by
manufacturers that those with an implanted cardio-assistive
device should not have CE performed, though theoretical and
clinical evidence suggest that VCE can be performed safely. Of
note, patients undergoing an MRI with a capsule in the abdomen
show susceptibility artifacts on their scans but show no evidence
of clinical harm (63).

Bowel Cleansing
Because of the inability to flush or suction fluids or gas during
CE, adequate bowel cleaning is essential. Debris, bubbles, bile,
and blood, particularly in the distal small bowel, limit CE’s
diagnostic ability (64). Various cleansing regimens have been
tested in adults (65, 66). The only pediatric prospective study
evaluated 198 patients with five different preparations (67). Of
these, polyethylene glycol (PEG) solution, 1.75 g/25mL per
kg (up to 70 g/1,000mL) the night prior the procedure with
20mL (376mg) of oral simethicone given 30min was the most
successful, lessening discomfort and improving visualization
significantly in the distal ileum, the portion most often impaired
by debris.

A specific score to evaluate cleansing in the SB for CE
has recently been developed and validated by 20 readers who
independently read 1,233 duplicate images 4 weeks apart. Each

image was scored on two parameters: visualized mucosa and
the degree of the image obscured by debris, bubbles, and bile.
Almost perfect inter-rater and intra-rater reliability was observed
for what is to be known as the KODA score and can be used for
clinical trials (68).

A similar effort has been occurring for colon capsule
cleansing. In that grading scale (CC-CLEAR), the colon is
divided into three segments: right, transverse, and left colon.
Each is classified by an estimation of the mucosa visualized
clearly with the overall cleansing classification a sum of the
segment scores, grading between inappropriate and excellent,
although an inappropriate classification in any segment renders
the entire score as inappropriate. That scale was considered
superior to a previously developed score, the Leighton scale,
on 58 consecutive colon capsules, with excellent inter and intra
observer agreement (69).

The regimen devised for pediatric pan-enteric cleansing is
based on what was used for the treat-to-target studies, getting
an adequate cleaning level in >80% of cases (46, 47). This
regimen primarily uses polyethylene glycol (PEG), includes
domperidone, though metoclopramide can be substituted, and
sodium phosphate (NaP) as a booster to speed up the capsule
during the exam. This scheme was able to obtain completion and
excretion rates higher than 95 and 84%, respectively.

CONCLUSION

Over the two decades since its inception, CE has become part
of our diagnostic armamentarium, helping us to understand
and document both normal and abnormal findings in the small
intestine. Newer capsules now create opportunities to expand
that understanding and our practices so that we can learn when
and how to employ CE and PCE to better monitor and guide
therapy. This will take further studies to determine the best uses
for CE and how to select the appropriate candidates.
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