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Abstract. A precise endoscopic diagnosis is necessary for
endoscopic therapy for neoplastic and non‑neoplastic lesions,
including juvenile polyps (JPs). Therefore, the present study
aimed to clarify the characteristic endoscopic findings of JPs.
A total of 154 JPs were evaluated by magnifying chromoendoscopy, 20 of which were also assessed by endocytoscopy
using an ultra‑high magnification endoscope. Endoscopic
images were evaluated in terms of gross appearance, color,
pit pattern, surface inflammatory changes and vascularity of
polyps. Endocytoscopic images were evaluated with regard
to the morphology of glandular cavities, nuclei of glandular
cells and interstitial features. Reddish surfaces (98.1%),
surface erosion (92.2%), open pits (90.3%) and low pit density
(90.3%) were observed in the majority of JPs by chromoendoscopy. In addition, dilated ductal openings surrounded by
normal glandular cells (100%), greater distances between
gland basal layers (100%) and interstitial infiltration by
inflammatory cells (100%) were observed in all JPs examined by endocytoscopy. These findings indicate that there
is a tetralogy of magnifying chromoendoscopic findings
characteristic of JPs: Reddish surfaces, surface erosion, open
pits and low pit density. There is also a triad of endocytoscopic findings characteristic of JPs, namely dilated ductal
openings surrounded by normal glandular cells, greater
distances between gland basal layers, and interstitial infiltration by inflammatory cells. The aforementioned magnifying
chromoendoscopic and endocytoscopic characteristics of JPs
may be useful factors for diagnosing JPs.
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Introduction
Juvenile polyps (JPs), which are considered to be a type of
hamartomatous polyp (1), account for a small proportion of
colorectal polyps. Solitary sporadic JPs are often observed in
childhood, with a prevalence of 1‑2% (2,3). When JPs meet the
following criteria, juvenile polyposis syndrome (JPS), which
is an autosomal dominant disorder characterized by the presence of multiple JPs in the gastrointestinal tract, is diagnosed:
ⅰ) >3‑5 JPs in the colorectum; ⅱ) JPs throughout the intestinal
tract; or ⅲ) any number of JPs in combination with a positive
family history of JPS (4). JPs are typically considered to be
hamartomatous lesions with little malignant potential (5). JPS
is reported as a risk factor for colorectal cancer and it has been
reported that patients with JPS have a significantly elevated
relative risk (34.0) of developing colorectal cancer compared
with the general population (6).
Although certain studies have reported an association
between their origin and genetic polymorphism, much remains
uncertain, including why JPs originate from the colorectal
mucosa, how they undergo malignant transformation and
what the typical endoscopic and chromoendoscopic findings
are (7,8). In clinical practice, JPs may present as childhood
intussusceptions or bloody stools, and they may also cause
positive fecal occult blood tests in adulthood. JPs are usually
detected incidentally as a result of colonoscopy for gastrointestinal tract complaints. Following the identification of JPs on
endoscopic examination, lesions are resected endoscopically,
and a definitive diagnosis is usually confirmed by pathological
examination (9,10).
Precise endoscopic diagnosis is important, however, there
are few reports describing the endoscopic features of JPs (2).
It is often difficult to differentiate JPs from adenomas, inflammatory myoglandular polyps, other hamartomatous polyps
(such as solitary Peutz‑Jeghers polyps), inflammatory polyps
and hyperplastic polyps with inflammatory changes (10,11).
Therefore, the present study retrospectively analyzed the
endoscopic findings of JPs, particularly regarding the magnifying chromoendoscopic findings. In addition, the current
study made the first attempt to evaluate JPs by endocytoscopy
(EC). The EC system allows observation of living gastrointestinal cells, nuclei and vascularity in vivo under ultra‑high
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Table Ⅰ. Relevant patient characteristics and the gross appearance and endoscopic therapy of each juvenile polypa (patients, n=128;
polyps, n=154).
Characteristic

MCa

MC+ECa

Age, years
Mean
47.2
46.7
Median
47.0
47.5
Range
2‑88
27‑77
Gender, n			
Male
91
5
Female
17
15
Gross appearance, n
Pedunculated
53
9
Semi‑pedunculated
49
8
Non‑pedunculated
32
3
Therapy, n
Hot biopsy
6
0
Polypectomy
90
12
Endoscopic mucosal resection
36
7
Endoscopic piecemeal mucosal resection
0
1
Endoscopic submucosal dissection
2
0

All patients
47.1
47.0
2‑88
96 (75.0%)
32 (25.0%)
62 (40.3%)
57 (37.0%)
35 (22.7%)
6 (3.9%)
102 (66.2%)
43 (27.9%)
1 (0.7%)
2 (1.3%)

Lesions were resected endoscopically after being assessed by MC alone or by MC+EC. MC, magnifying chromoendoscopy; EC, endocytoscopy.
a

magnification, enabling real‑time endoscopic assessment of
histological characteristics. The present study was approved
by the Ethics Committee of Showa University Northern Yokohama Hospital (Yokohama, Japan; approval no. 1509‑02) and
the requirement for consent was waived due to the retrospective nature of the study.
Patients and methods
Patients. A total of 154 JPs from 128 patients treated endoscopically at Showa University Northern Yokohama Hospital
between April 2001 and April 2014 were assessed in the
present study. Cases of JP diagnosed by colonoscopy were
extracted from the hospital database. Of those cases, the
diagnosis of JP was confirmed by histopathological diagnosis.
In addition, endoscopic features of all lesions were observed
by retrospectively assessing magnifying chromoendoscopy
images captured prior to endoscopic resection, and all were
ultimately diagnosed pathologically as JPs. Lesions that were
pathologically diagnosed as hyperplastic polyp, inflammatory
polyp and adenoma were excluded. In addition, 20 of these
lesions from 16 patients were observed by EC following
magnifying chromoendoscopy. Characteristic information
of patients was obtained from patient history and interview
data (Table I).
Assessment. Magnified chromoendoscopic images were retrospectively assessed to clarify the characteristic findings of JPs.
To identify the characteristic findings, the evaluation focused
on gross appearance, color, pit pattern and surface inflammatory changes. Furthermore, the morphology of glandular

Figure 1. Age distribution of patients with juvenile polyps.

Figure 2. Presenting symptoms that prompted colonoscopic examination.
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Table Ⅱ. Endoscopic findings of juvenile polyps (n=154 from 128 patients).
Finding
Color
Reddish
Non‑reddish
Pit pattern
Type Ⅰ
Type Ⅱ
Type Ⅲ‑L
Type Ⅳb
Open pit
Present
Absent
Mucus cap
Present
Absent
Lobular appearance
Present
Absent
Decreased pit density
Present
Absent
Surface erosion
Present
Absent
Increase of vascularity
Present
Absent

MCa, n

MC+ECa, n

All patients, n (%)

131
3

20
0

151 (98.1)
3 (1.9)

0
122
11
1

1
18
0
1

1 (0.7)
140 (90.9)
11 (7.1)
2 (1.3)

119
15

20
0

139 (90.3)
15 (9.7)

37
97

8
12

45 (29.2)
109 (70.8)

17
117

5
15

22 (14.3)
132 (85.7)

119
15

20
0

139 (90.3)
15 (9.7)

122
12

20
0

142 (92.2)
12 (7.8)

128
6

20
0

148 (96.1)
6 (3.9)

The lesions were resected endoscopically after being assessed by MC alone or by MC+EC. MC, magnifying chromoendoscopy; EC,
endocytoscopy.
a

cavities, nuclei of glandular cells and interstitial features
were also evaluated in EC images, and the EC findings were
compared with findings on conventional pathological examination.
Each magnified chromoendoscopic image was obtained
using a CF‑Q240Z or CF‑H260AZI (Olympus Corporation,
Tokyo, Japan) instrument. The ultra‑high magnification
images were obtained with an integrated type endocytoscope
(CF‑Y0020‑I, prototype; Olympus Corporation). The endocytoscope has a single lens on its tip with a hand lever, enabling
the magnifying power of conventional endoscopic images to
be increased to the ultra‑high magnification power of x380,
which covers a 700x600 µm area of tissue.
To obtain the magnified chromoendoscopic images, indigo
carmine (Nagase Medicals Co., Ltd., Hyogo, Japan) was
sprayed directly onto lesions through an endoscope instrument channel or using a non‑traumatic catheter (12) (Olympus
Corporation). To obtain the EC images, the non‑traumatic
catheter was subseqeuntly used to spray 0.05% crystal violet
(Koso Chemical Co., Ltd., Gyoda, Japan) and 1.0% methylene
blue dyes (Wako Pure Chemical Industries Ltd., Osaka, Japan)

Table Ⅲ. Endocytoscopic findings of juvenile polyps (n=20).
Finding
Endocytoscopy classification
1a
1b
Atypical cells
Present
Absent
Dilated opening duct
Present
Absent
Elongated distance between gland basal layers
Present
Absent
Interstitial infiltration of inflammatory cells
Present
Absent

n (%)
1 (5.0)
19 (95.0)
0 (0.0)
20 (100.0)
20 (100.0)
0 (0.0)
20 (100.0)
0 (0.0)
20 (100.0)
0 (0.0)
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Figure 3. Endoscopic images (A and B) and microphotographs of hematoxylin and eosin‑stained images (C and D) of juvenile polyp (diameter, 5 mm).
(A) Endoscopic images of juvenile polyps in white light and (B) after spraying with indigo carmine. Caps of white mucus adhering to the polyp are apparent, as
are surface erosions and low pit density in the epithelium between glandular cavities. (C and D) Microphotographs of hematoxylin and eosin‑stained images of
juvenile polyp show the characteristic findings, namely, erosive changes in the surface epithelium, cystic dilated glandular ducts, inflammatory cell infiltration
and proliferation of blood vessels. (D) Surface of juvenile polyp is erosive and epithelium layer of polyp are fallen away. Cystic dilated gland is filled with mucus.
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Figure 4. Endocytoscopy images (A and B) and microphotographs of hematoxylin and eosin‑stained images (C and D) of juvenile polyp. (A and B) Inflammatory
cell infiltration, proliferation of blood vessels, and cystic dilated glandular ducts are visible. (C) There is a low density of pits, which means the distances
between gland basal layers are greater than in normal colonic mucosa. (B and D) EC image well reflects the characteristic features of juvenile polyp.
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softly onto lesion to stain the cell cytoplasm and cell nuclei,
respectively.
To evaluate the lesions, the pit pattern classification for
magnifying chromoendoscopy (13) and the EC classification
for EC (14) were used. The pit pattern classification relies on
the features of the glandular duct lumen: Type Ⅰ, round pits,
regular in size; Type Ⅱ, larger in size than normal, star‑shaped
or onion‑like pits; Type Ⅲs, lesions with compactly arranged
pits, smaller in size than normal ones; TypeⅢ‑L, elongated pit;
Type Ⅳ, branched pit; Type Ⅴ, irregular pit (13). We further
divided Type Ⅳ pit patterns into Type Ⅳb (branch‑like) and
Type Ⅳv (villous‑like) lesions. The EC classification, relies on
the features of glandular duct lumens and the shape of nuclei
in the superficial layers of tumors: EC1a, rounded lumens and
fusiform nuclei; EC1b, narrow, serrated lumens and small
rounded nuclei; EC2, slit‑like, smooth lumens and uniform
fusiform or rounded nuclei; EC3a, irregular and rough lumens
and a large number of rounded nuclei; EC3b, unclear gland
formation and agglomeration of distorted nuclei (14).
Results
Patient characteristics. A total of 128 patients, comprising
96 males and 32 females with a mean age of 47.1 years, a
median age of 47 years, and an age range of 2‑88 years, were
included in the study (Fig. 1; Table I). The most common
symptomatic presentations were associated with bleeding from
the gastrointestinal tract [total, 53.9%; melena (2.6%); hematochezia (11.0%); detection of fecal occult blood (40.3%)] (Fig. 2).
Lesion characteristics. Of the 154 polyps assessed, the median
size of the lesions was 11.6 mm. With regard to location,
3 lesions were detected in the cecum, 25 in the ascending
colon, 19 in the transverse colon, 8 in the descending colon,
59 in the sigmoid colon and 40 in the rectum. In terms of
gross appearance, 62 of the lesions were pedunculated polyps,
57 semi‑pedunculated polyps and 35 non‑pedunculated polyps.
Sporadic JPs accounted for 126 of the cases. There were only
2 cases of JPS with multiple polypoid polyps in the colorectum.
The polyps were treated by hot biopsy in 6 cases, polypectomy
in 102 cases, endoscopic mucosal resection in 43 cases, endoscopic piecemeal mucosal resection in 1 case and endoscopic
submucosal dissection in 2 cases (Table I). No adenomatous or
malignant changes were detected in any of the JPs.
Endoscopic findings. In white light, 151 polyps were observed
to have reddish surfaces. Caps of white mucus adhering to the
surfaces of the polyps were observed in 45 lesions (Fig. 3) and
reddish areas, reflecting an increase in vascularity surrounding
the pits were present in 148 lesions. Type II pit patterns were
observed in 140 lesions, type III L pit patterns in 11 lesions,
and a type IVb pit pattern in 2 lesions. There were frequent,
relatively small, round pits in the majority of the polyps with
the type II pit pattern. Open pits were observed in 139 lesions.
There were 22 lobulated polyps. Low pit density was observed
in 139 lesions. Erosion was observed in epithelial cells between
glandular cavities in 142 lesions (Fig. 3; Table II).
EC findings. Of the 20 polyps observed by EC, 1 polyp was
classified as EC1a and 19 polyps as EC1b according to the EC
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classification criteria. No atypical changes were observed in
the nuclei of the glandular cells of any polyps. A number of the
glandular cavities were dilated by abundant mucus (Fig. 4). In
addition, numerous compact nuclei, which were considered to
be nuclei of inflammatory cells, were observed in the intercellular substance between glandular cells (Fig. 4; Table III).
Discussion
The pathological characteristics of JPs are erosive changes in
the surface epithelium, inflammatory cell infiltration, proliferation of blood vessels and cystic dilated glandular ducts (4).
These characteristics are readily identifiable by optical
microscopy, in which desquamated epithelium consequent to
inflammatory changes in the surfaces of the polyps, serrated
and cystic dilated glandular ducts, and infiltration by inflammatory cells, such as lymphocytes, are clearly visible (4).
However, we hypothesize that it is often difficult to visualize
these pathological characteristics endoscopically.
According to the current findings, the characteristic endoscopic features of JPs are reddish surfaces, surface erosion,
caps of white mucus on the surfaces, open pits surrounded
by inflammatory changes, and low pit density. When the
endoscopic and pathological findings were compared, they
were found to correspond. The inflammatory changes lead to
epithelial erosion and account for the colonoscopic findings
of reddish surfaces and caps of white mucus adhering to the
polyps (4). The open pits visible by colonoscopy correspond
with the cystic dilated glandular ducts filled with mucus
observed pathologically. The low pit density is caused by the
increased interstitial volume and cystic dilated glandular ducts
stretching the polyp surfaces (11). Thus, the colonoscopic
findings accurately reflect the pathological findings. It may
therefore be concluded that the following tetralogy of endoscopic findings, which is found in most JPs, is characteristic of
these polyps: i) reddish surfaces; ii) surface erosion; iii) open
pits; and iv) low pit density.
The observations provided by EC assessment of the JPs
were also consistent with the pathological findings. On EC,
the areas that had appeared inflamed and reddish on magnifying chromoendoscopy were observed to contain increased
blood vessels, particularly surrounding the pits. These findings
suggest that the following triad of EC findings is characteristic
of JPs: i) dilated ductal openings surrounded by normal glandular cells; ii) greater distances between gland basal layers;
and iii) interstitial infiltration by inflammatory cells.
Patients with JPS are known to be at increased risk of
colorectal cancer (6,15). Adenomatous or malignant changes
have been observed in subjects with JPS and also in those with
sporadic JPs (16,17). In the present study, no malignant changes
were detected; nonetheless, EC is able to detect malignant
changes as it enables the assessment of nuclei in real time. A
number of studies have reported the usefulness of EC in the
diagnosis of epithelial neoplastic lesions (14,18,19). The current
study supports previously reported endoscopic findings (6).
However, to the best of our knowledge, no previous studies have
described the use of EC with regard to JPs. Upon comparison of
current EC results with previous pathological findings, EC data
was found to accurately reflect the pathological findings (4,11).
Considering that the current findings indicate that EC images
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accurately reflect the pathological findings of JPs, EC may be
of value, not only for diagnosing neoplastic lesions, but also for
diagnosing non‑neoplastic lesions including JPs. JP has similar
endoscopic features to other polyps, such as inflammatory and
hyperplastic polyps; therefore, clarifying the features of magnifying endoscopic and EC findings will aid in differentiating
between these disease entities (11).
Although JPs are relatively rare, they are occasionally
discovered in daily medical practice, particularly by colonoscopic examination (20). It is important to make a precise
diagnosis to enable optimal treatment (5). The risk of bleeding
after colonoscopic polypectomy was reported as 0.3‑6.1% (21).
Precise endoscopic diagnosis will make it possible to avoid
endoscopic biopsy or resection for confirming pathological
histology, and, thus, enable the risk of bleeding caused to be
reduced, particularly in patients that have been administered
anticoagulant treatments. Furthermore, although the malignant
potential of JPs not particularly high, their diagnosis of JPs on
the basis of endoscopic features is important, as it allows clinicians to consider whether immediate treatment is required (5).
Precise endoscopic diagnosis prevents unnecessary biopsy
or resection, and reduces the risk of bleeding caused by treatment. Therefore, the present findings are of great significance
in the endoscopic diagnosis and management of JPs.
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