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Summary

Twenty-nine children with suspected gastroesophageal reflux disease (GERD) 
and 17 children as a reference group were enrolled in the study. A conventional 
white light endoscopy of the oesophagus was supplemented by a probe-based 
confocal laser endomicroscopy (pCLE) and followed by a biopsy for histological 
examination. A comparative analysis of endoscopic, endomicroscopic, and histo-
logical data were performed. The pCLE allows detecting oesophagitis with the 
sensitivity and specificity of 93% and 94%, respectively; gastric and intestinal 
metaplasia typical for Barrett oesophagus with 83% and 100%, respectively; and 
polyps of the cardioesophageal passage with the sensitivity of 89% in patients 
with long-term GERD. Thus, this method allows taking an optical biopsy of path-
ological changes of esophageal mucosa just during the standard endoscopic 
investigation.
Key words: Confocal laser endomicroscopy; Gastroesophageal reflux disease; Polyps of 
cardioesophageal passage; Pediatrics; Barrett oesophagus; GERD; Children; pCLE.

INTRODUCTION
Oesophageal diseases are one of the most urgent problems in modern pediatric 
gastroenterology. Gastroesophageal reflux disease (GERD) and its complications: 
Barrett oesophagus (BE) and polyps of esophagogastric junction, rate of detection 
of which has significantly increased in recent years according to literature sources, 
have the leading place in the structure of oesophageal diseases.1–3 At the same time, 
the number of publications devoted to the diagnostics of BE in children is not 
great, and the true morbidity rate has not been yet known.

An interest in BE and adenomatous polyps among adult patients is caused by a 
high level of adenocarcinoma diagnosed at an incurable stage of the disease. For 
this reason, attention shall be focused on the early diagnostics of dysplasia of the 
esophageal mucosa. The development of new technologies in intra-luminal endos-
copy, such as narrow-band imaging and high resolution endoscopy, allows improv-
ing the diagnostics of these lesions; however, one does not rule out the necessity of 
taking biopsy for histological confirmation of the diagnosis, evaluating the efficacy 
and duration of drug therapy, the need for surgical correction, and the duration of 
follow-up of patients.3,4 A method of four-square biopsy performed in every 2 cm 
in GERD complicated with BE results in additional injuries of the mucosa, psycho-
logical stress of a patient, an increase in the required time, and costs associated 
with histological examination.
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Recent engineering achievements have decreased a 
confocal scanning microscope to a size allowing its insertion 
through the working channel of a standard flexible endo-
scope. This technique was called probe-based confocal laser 
endomicroscopy (pCLE), and it allows endoscopists receiv-
ing a real-time histological image of the mucosa or its optical 
biopsy. However, significance of pCLE in the evaluation of 
treatment results in paediatric GERD has not been yet 
defined.

MATERIALS AND METHODS
Twenty-nine children (19 girls and 10 boys) from 3 to 18 
years old (average age: 11.6 ± 3.6 years old) with suspected 
GERD, treated at the Gastroenterological, Nephrological, 
and Surgical Department of FSBI “Scientific Center of Chil-
dren’s Health”, RAMS, were enrolled in the study. Heartburn, 
belching, pain syndrome, dysphagia, and hiccup were the 
leading clinical symptoms of GERD in all children. Refer-
ence group include 17 children with normal oesophageal 
mucosa (EM). All children were examined endoscopically 
supplemented with target biopsies of the EM.

An endoscopic examination of oesophagus and stomach 
was performed in all 46 children with video endoscope 
equipment—Fujinon EVE-500 and a video gastroduodeno-
scope Fujinon EG450WR5.

Interpretation of endoscopic semiotics typical for 
oesophagitis was made according to the classification of G. 
Tytgat in the modification of Privorotskiy.5 Polypoid masses 
in the area of a cardioesophageal passage were assessed 
using the international endoscopic grading of polyps adopt-
ed in Stockholm in 1982; according thereto, polyps with a 
diameter up to 5 mm and more than 5 mm were addition-
ally identified.6

An intraluminal examination of EM in all 46 children 
was supplemented with pCLE. The method is based on the 
principle of confocal fluorescence microscopy. A laser of a 
wavelength of 488 nm located on the workstation generates a 
laser beam and transmits it by means of a multifilament 
fiberoptic probe conducted through the working channel of 
the endoscope to the mucosal surface. A part of light is 
absorbed and the laser-induced fluorescence effect causes 
tissue light emission defined by a confocal microscope and 
processed by a computer, allowing obtaining a dynamic 
monochrome image in the monitor.

The examination was performed by means of confocal 
laser scanning system Cellvizio® (Mauna Kea Technologies, 
France) with Gastroflex probes. The pCLE has a display 

area of 30,000 pixels and generates 12 frames per second 
allowing inspection of the mucosa within the field of view 
of 600 µm and an image depth of 50 µm. UHD probes with 
the resolution of 50,000 pixels are used to obtain images 
with higher resolution in order to visualize a micro blood 
vessels of the mucosa. All of them may be introduced 
through the working channel of an endoscope with a mini-
mum size of 2.2 mm, which allows using an overwhelming 
majority of flexible endoscopes. It is important to adjust the 
equipment in accordance with the instruction, to calibrate 
the probe and prepare it for operation. The optimal time for 
obtaining the image of the highest quality is the first 8–10 
min after contrast injection, however, interpretable images 
can be obtained even after 60 min after contrast injection.7 
In order to minimize such artifacts as vascular leak and 
minimal tissue damage, the probe shall be carefully contact-
ed with the mucosal surface without excessive pressure or 
injure of tissue, and the most optimal position of the probe 
shall be considered the one perpendicular to the surface of 
the mucosa. Maintaining a stable position of the probe is 
crucial in getting high-quality picture. Microscopic images 
can be recorded and replayed for a detailed analysis. It 
should be noted that confocal images differ from standard 
histological specimens, as they do not have a longitudinal 
orientation of sections, more familiar to the morphologists, 
but a horizontal one.

A disinfection of the probes is performed with solutions 
used in automatic reprocessors similarly to the high level 
disinfection of the endoscopes. Taking into account the 
increase in the duration of the diagnostic procedure within 
the range of 15 to 30 min and maintaining probe stability for 
good image acquisition, the procedure should be performed 
under sedation or general anaesthesia.

It is important to note that intravenous administration of 
a contrast agent is necessary to obtain high-contrast images 
in confocal endomicroscopy, e.g., a 10% fluorescein sodium 
solution commonly used in diagnostic practice in adult 
patients. Once in the bloodstream, it is rapidly bond to serum 
albumins, distributed through capillaries, enters tissues and 
stains surface epithelium cytoplasm, membrane, crypts, cell 
infiltration, and blood vessels. The nucleus and mucin are 
not stained and seem to be dark.

Serious side effects of fluorescein such as allergic reac-
tions (including anaphylaxis), cardiac and/or pulmonary 
insufficiency are extremely rare and have not been registered 
in confocal endomicroscopy. The most common side effects 
were short-term icteritiousness of skin and a bright yellow 
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urine colour, which completely disappeared within 2–6 
hours.7–9

According to the recommendations on the drug usage, 
the decision of the Local Ethics Committee of our centre, and 
approval of the members of the Academic Council of FSBI 
“Scientific Center of Children’s Health”, RAMS, we used the 
intravenous administration of a 10% fluorescein sodium 
solution at the dose of 5 mg/kg of body weight. Children with 
allergic reactions, as well as those with severe liver and 
kidney diseases were excluded from this study. Short-term 
icteritiousness of skin and a bright yellow urine colour, which 
completely disappeared within 2 hours after the administra-
tion of the drug, were observed as side effects. 

The interpretation of the obtained pCLE images was 
carried out according to the Miami classification (2008) for 
adult patients.10 

Traditional white light endoscopy with the pCLE was 
supplemented with biopsy of the EM in all 46 children. 
Polyps >5 mm size with the endomicroscopic criteria of 
adenomatius transformation was an indication for endo-
scopic electroexcision of the polyp with polypectomy loop. A 
microscopic examination of EM biopsy and removed polyps 
was performed at the Pathology Laboratory of FSBI “Scien-
tific Center of Children’s Health”, RAMS. Biopsy material was 

retained in 10% formalin solution. Standard histological 
sections were made, and then they were stained with hema-
toxylin and eosin and the PAS reaction. Detected changes 
were evaluated according to the conventional histological 
criteria, highlighting the inflammation activity, gastric or 
intestinal metaplasia, presence of erosions and ulcers.

RESULTS AND DISCUSSION
The endoscopic semiotics of the esophageal mucosa was 
conducted according to the proposed classification, and 
inflammatory changes of EM were observed in 20 (43.4%) of 
the 29 children with suspected GERD. Oesophagitis of Grade 
I was observed in 7 (35.0%) patients, Grade II ‒ in 4 (20.0%) 
patients, Grade III ‒ in 1 (5.0%) patient, and Grade IV ‒ in 8 
(40.0%) patients. Polypoid masses of the esophagogastric 
passage were found in 9 children (19.5%), of which polyps <5 
mm were detected in 5 children, and >5 mm were observed 
in 4 patients. 

Confocal endomicroscopy of the normal EM showed 
squamous cells without villi or crypts and bright colored 
intrapapillary loops (Fig. 1). In case of inflammatory changes 
a failure of acuity of a squamous epithelial cell structure, an 
increased vascularity with ecstatic and tortures vessels and 
cellular infiltration were observed (Fig. 2). Regular colum-

Figure 1:  Left to right: Endoscopic, endomicroscopic, and histological (microscopic pictures of Prof. MD, SG 
Khomeriki) images of the normal esophageal mucosa.

Figure 2:  Left to right: Endoscopic, endomicroscopic, and histological (microscopic pictures of Prof. MD, SG 
Khomeriki) images of the inflammatory changes of esophageal mucosa.
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Figure 3:  Left to right: Endoscopic, endomicroscopic, and histological (microscopic pictures of Prof. MD, SG 
Khomeriki) images of the gastric metaplasia.

Figure 4:  Left to right: Endoscopic, endomicroscopic, and histological (microscopic pictures of Prof. MD, SG 
Khomeriki) images of the Barrett oesophagus.

Figure 5:  Left to right: Endoscopic, endomicroscopic, and histological (microscopic pictures of Prof. MD, SG 
Khomeriki) images of the hyperplastic polyp.

nar-lined epithelium with round and regular gastric glands, 
and inflamed, ectatic blood vessels corresponds to gastric 
metaplasia (Fig. 3). BE is represented by villi-like structures 
with regular columnar-lined epithelium and dark coloured 
goblet cells (Fig. 4). Hyperplastic polyps were characterized 
by a typical narrow, slit-like or star-shaped lumen of crypts, 
regularity of crypts and epithelium, and vessels decreased in 
diameter (Fig. 5). In case of adenomatous polyps, villi-like 
structures of irregular shape (even in tubular adenomas), 
dark irregularly thickened epithelium, and dark colored 
goblet cells were observed (Fig. 6).

According to the pCLE data, esophagitis was observed in 
15 children (32.6%), gastric metaplasia in 2 children (4.3%), 

intestinal metaplasia in 5 children (10.8%), hyperplastic 
polyps in 6 children (13%), and adenomatous polyps in 2 
patients (4.3%).

A microscopic examination of biopsy specimens of the 
normal EM showed a multilayered squamous epithelium of 
oesophagus with mucous glands (Fig. 1). Inflammatory 
changes of EM were accompanied by mucosal capillary ecta-
sia (“vascular lakes”), increase of cellular infiltration (neutro-
phils, lymphocytes, eosinophils > 6/biopsy sample), presence 
erosions and balloon cells with swollen cytoplasm and 
pyknotic nuclei (Fig. 2). Gastric metaplasia was character-
ized by differentiated gastric tissue with chief cells and pari-
etal cells (Fig. 3). BE was represented by the presence of glan-
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dular epithelium with goblet cells (Fig. 4). Hyperplastic 
polyps were characterized by edematous lamina propria with 
mixed inflammatory infiltrate, evident crypt elongation, 
branching and cystic dilatation of foveolae (Fig. 5). Frag-
ments of glandular tissue and villous structures with colum-
nar epithelium and mild lymphoplasmacytic infiltration in 
lamina propria were observed in adenomatous polyps (Fig. 
6). Dysplasia or neoplasia were not found during research. 

Histologically oesophagitis was confirmed in 14 children 
(23.9%), gastric metaplasia in 2 children (4.3%), intestinal 
metaplasia in 4 children (8.7%), hyperplastic polyps in 7 chil-
dren (15.2%), and adenomatous polyps were found in 2 chil-
dren (4.3%).

Only the microscopic examination of biopsy specimens is 
considered to be “the gold standard” in evaluation of the EM 
structure in gastric metaplasia, BE, hyperplastic, and adeno-
matous polyps. For determination of the pCLE sensitivity 
and specificity, we compared the results of histological and 
endomicroscopic methods (Table 1).

This study showed that pCLE is able to detect oesophagi-
tis with sensitivity of 93% and specificity of 94%, gastric 
metaplasia and BE with 83% and 100%, respectively.

A confocal endomicroscopy showed sensitivity of 89% in 
diagnostics of polyps of an oesophagogastric junction. Until 

recently, the only reliable method of differentiate diagnosis 
between adenomatous and hyperplastic polyps has been 
performing a histological examination after their removal. 
Detection of confocal criteria of the adenomatous polyp was 
an indication for an endoscopic electroexcision of the polyp. 
This method allows differentiating adenomatous and hyper-
plastic polyps and using an approach of a single-step diag-
nostics and removal without histological confirmation.

Confocal endomicroscopy may become one of the lead-
ing methods in gastroenterology, as it allows endoscopists 
examining the mucosa at the cellular level during the proce-
dure and may help to determine the diagnosis. In contrast to 
the histological examination of EM, where biopsy samples 
are limited by sizes of the specimens, pCLE not only provides 
in vivo data on its inflammatory activity, but also gives the 
opportunity to inspect its surface on longer sections, as well 
as perform an unlimited number of optical biopsy without 
injury of the EM. The ability of the pCLE to differentiate 
normal, metaplastic and displastic EM during the standard 
white light endoscopy helps in determining the histological 
diagnosis and making a decision on the necessity of submu-
cosal dissection, an evaluation of the drug therapy efficacy 
and the duration of follow-ups for patients. This shall allow 
avoiding unnecessary biopsies eliminating the risks of 
complications, which is very important in paediatric prac-
tice, reducing the time to make a decision for further treat-
ment of the patient and reducing the burden on histologist.
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