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ABSTRACT

Purpose: To characterize colon and rectum walls, pericolic and 
perirectal spaces, using endoscopic ultrasonography miniprobes.

Methods: Sixty individuals (50% males), aged 18-80, were 
included. Using 12 and 20 MHz endoscopic ultrasonography 
miniprobes, all different colon segments (ascending, transverse, 
descending, sigmoid) and rectum were evaluated according to the 
number and thickness of the different layers in intestinal wall, to 
the presence and (largest) diameter of vessels in the submucosa and 
of peri-intestinal nodes.

Results: The 20 MHz miniprobe identified a higher number 
of layers than the 12 MHz miniprobe, with medians of 7 and 5 
respectively (p < 0.001). The rectal wall (p = 0.001), its muscularis 
propria (p < 0.001) and mucosa (p = 0.01) were significantly thicker 
than the different segments of the colon, which had no significant 
differences between them. Patients aged 41-60 presented thicker 
colonic wall and muscularis propria in descending (p = 0.001 and 
p = 0.004) and rectum (p=0.01 and p=0.01). Submucosal vessels 
were identified in 30% of individuals in descending and rectum, and 
in 12% in ascending. Adenopathies were observed in 9% of the 
colon segments and 5% in rectum. 

Conclusions: A higher frequency enabled the identification 
of a higher number of layers. Rectal wall is thicker than the one 
from all the segments of the colon and there are no differences 
between these, namely in the ascending colon. Moreover, peri-
intestinal adenopathies were rarely identified but present in 
asymptomatic individuals. All together, these results describe for the 
first time features which are relevant during staging and therapeutic 
management of colonic lesions.

Key words: Human colon. Miniprobes. Endoscopic ultrasonography. 
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INTRODUCTION

Although the use of endoscopic ultrasonography (EUS) 
in colonic pathology is well established for the assessment 
of subepithelial lesions and staging of rectal neoplasms, 
its use during staging of colon cancer (1,2) and manage-

ment of patients with inflammatory bowel disease (3-5) is 
still a matter of debate and research. In fact, with the cur-
rent techniques aiming at endoscopic resection of colonic 
lesions, such as mucosectomy and submucosa dissection, 
several authors defend the need to assess the lesion by EUS 
prior to these therapies (1,2,6-8) and compare the results 
obtained by different ultrasonographic frequencies (6,8). 
Moreover, colon wall thickness is sometimes a limiting 
factor in applying endoscopic resection techniques and 
may influence the management approach (9). 

Nevertheless, the normal status of colonic and rectal 
wall and peri-intestinal space has not previously been 
described using EUS. Thus, we aimed to characterize 
colon and rectum walls, as well as pericolic and perirectal 
spaces, using EUS miniprobes with 12 and 20 MHz in a 
group of healthy subjects.

MATERIAL AND METHODS

Study design and patients selection

This study was approved by our hospital’s Health Ethics Com-
mittee. All subjects included in the study signed a written informed 
consent.

Sixty asymptomatic patients (50% being males, age varying 
between 18-80 years old) without current colorectal disease were 
included, according to three age groups: 18 to 40 (n = 21), 41 to 60 
(n = 20) and 61 to 80 years old (n = 19); in each of these age groups, 
50% were males. 

Subjects between 41 and 80 years old were recruited in the Gas-
troenterology external service of our hospital among colon endo-
scopic polypectomy follow-up subjects and those submitted to 
colonoscopy for colon cancer screening; subjects between 18 and 
40 years old were asymptomatic volunteers. All included subjects 
were asymptomatic and with no previous history of colorectal dis-
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ease, except endoscopic polypectomy (Table I). Patients in which 
diverticular disease was identified during colonoscopy were exclud-
ed from the study. 

Procedures

Bowel preparation was conducted using a standard intake of 
4 liters of polyethylene glycol. EUS was performed using mini-
probes equipped with 12 or 20 MHz transducers providing 360° radi-
al images (Olympus UM-2R® and UM-3R®). All subjects underwent 
total colonoscopy and respective EUS under endovenous sedation 
with propofol, administered by an anesthesiologist. 

Ultrasonographic assessment was conducted in all segments  
–ascending (AC), transverse (TC), descending (DC), sigmoid (SC) 

colon and rectum (RE)– and data assessed separately. Colon seg-
ments and rectum were filled with water, in order to achieve an ade-
quate acoustic window to view the entire circumference of intestinal 
wall (Fig. 1). We recognize that the presence of water in the intesti-
nal lumen may interfere with wall thickness measurements, but this 
technique was applied equally for all segments and we poured only 
the minimum amount necessary to achieve proper acoustic window. 

We performed four measurements, one for each of the four quad-
rants of the wall, and used the average as our final result. Half the 
patients were examined using 12 MHz probes and the other half 
using 20 MHz. For all patients, the peridigestive space was examined 
using a 12 MHz probe, due to larger tissue penetration capability 
at this frequency. 

Variables 

Parameters assessed: Number of layers identified in intestinal 
wall; thicknesses of mucosa, submucosa, muscularis propria and 
total wall; identification and determination of largest diameter of 
vessels in the submucosa and of peri-intestinal nodes. 

Total wall was defined as the distance between the interface edge 
resulting from ultrasounds with epithelium and subserosa, serosa 
or adventitia.

Statistical analysis

Wilcoxon test was used in the assessment of the different mea-
surements. The number of layers detected by both miniprobes (12 
and 20 MHz) was compared by the median test, as the values were 
not individually paired.

Table I. Distribution of probes by gender and age groups

12 MHz n (%) 20 MHz n (%) Total n (%)

Gender

Female 15 (25) 15 (25) 30 (50)

Male 14 (23.3) 16 (26.7) 30 (50)

Total 29 (48.3) 31 (51.7) 60 (100)

Age group

18 to 39 10 (16.7) 11 (18.3) 21 (35)

40 to 59 9 (15) 11 (18.3) 20 (33.3)

60 to 80 10 (16.7) 9 (15) 19 (31.7)

Total n (%) 29 (48.3) 31 (51.7) 60 (100)

Fig. 1. Seeking ideal conditions for the performance of EUS by miniprobe. A. Colon lumen filled with water, miniprobe. B. Respective ultrasonographic 
image.
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Mann-Whitney and Kruskal-Wallis tests were used for compari-
sons between genders and age groups, respectively. 

Friedman test was used to compare the number of layers in the 
different segments of the same subject (AC, TC, DC, SC and RE). 

Statistical analysis admitted a type I error of 0.05. 
Software used in the analysis was PASW® version 21.

RESULTS 

Number of layers in intestinal wall

When the results obtained with the 12 and 20 MHz 
probes were analyzed together, there were no significant 
differences among the segments assessed, whether in what 
concerns the total number of layers identified per segment 

(p = 0.30), whether in the identification of each of the 
layers: mucosa (p = 0.65); submucosa (p = 0.70); muscu-
laris propria (p = 0.12); subserosa/serosa or adventitia (p 
= 0.96). 

When we compared the assessments made by 12 and 
20 MHz miniprobes, we observed statistically significant 
differences in all segments (Table II); 20 MHz miniprobe 
always identified a higher total number of layers. In what 
concerns the subdivision of the different layers, the behav-
ior between segments is not uniform. In AC, DC and RE, 
submucosa and muscularis propria present a significantly 
higher number when observed by the 20 MHz miniprobe. 
In TC and SC, there are no significant differences in the 
subdivision of these layers when assessed at 12 or 20 MHz. 
At the level of mucosa and subserosa/serosa or adventitia, 
there were no significant differences between the 12 and 

Table II. Total number of identified layers and correspondent subdivision in the different segments

12 MHz 20 MHz

AC Minimum Maximum Median Minimum Maximum Median p

n layers
n mucosa
n submucosa
n m. p.
n subserosa

5
2
1
1
1

7
2
1
3
1

5
2
1
1
1

5
2
1
1
1

9
4
3
3
1

7
2
1
3
1

< 0.001
0.16

< 0.007
< 0.001

1

TC

n layers
n mucosa
n submucosa
n m. p.
n subserosa

5
2
1
1
1

7
2
1
3
1

5
2
1
1
1

5
2
1
1
1

7
2
3
3
1

6
2
1
1
1

0.03
1

0.12
0.14

1

DC

n layers
n mucosa
n submucosa
n m. p.
n subserosa

5
2
1
1
1

9
2
3
3
1

5
2
1
1
1

5
2
1
1
1

9
4
3
1
1

7
2
1
3
1

0.001
0.08
0.05

< 0.01
1

SC

n layers
n mucosa
n submucosa
n m. p.
n subserosa

5
2
1
1
1

7
2
1
3
1

5
2
1
1
1

5
2
1
1
1

9
2
3
3
1

7
2
1
2
1

0.04
1

0.12
0.21

1

RE

n layers
n mucosa
n submucosa
n m. p.
n subserosa

5
2
1
1
1

9
2
3
3
1

5
2
1
1
1

5
2
1
1
1

9
4
3
3
3

7
2
1
3
1

< 0.001
0.16
0.04
0.001
0.33

n layers: Total number of layers identified in the assessed segment; n mucosa: Number of layers in which the mucosa layer was subdivided; n submucosa: Number of layers 
in which the submucosa layer was subdivided; n m. p.: Number of layers in which the muscularis propria layer was subdivided; n subserosa: Number of layers in which the 
subserosa/serosa or adventitia layer was subdivided. 
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regarding identification and diameter depending on the fre-
quency used (12 or 20 MHz) and neither between gender and 
age groups and so the results are presented together (Table IV).

Identification of peri-intestinal nodes

In table IV, we also present the results of node identifica-
tion in the different segments. Minimum and maximum diam-
eters were of 0.2 and 3.9 mm, respectively, both cases in AC.

Table III. Total thickness of the wall and its layers 
throughout the assessed segments (mm)

AC Minimum Maximum Median

Total wall
m. p.
Submucosa
Mucosa

1.3
0.3
0.3
0.3

3.8
1.2
1.5
1.2

2
0.6
0.6
0.6

TC

Total wall
m. p.
Submucosa
Mucosa

1.3
0.4
0.3
0.3

2.4
1

0.8
0.9

1.9
0.6
0.6
0.6

DC

Total wall
m. p.
Submucosa
Mucosa

1.2
0.3
0.2
0.3

3.9
1.2
1.8
1

2
0.6
0.7
0.6

SC

Total wall
m. p.
Submucosa
Mucosa

1.3
0.4
0.2
0.3

2.4
1.3
1

0.8

2.1
0.8
0.5
0.6

RE

Total wall
m. p.
Submucosa
Mucosa

1.6
0.4
0.4
0.4

4.5
2.4
1.7
1.2

2.6
0.8
0.8
0.7

m.p.: muscularis propria.

Table IV. Identification and diameter (mm) of vessels in the submucosa and of peri-intestinal nodes, in assessed segments

Vessels (12 and 20 MHz) Peri-intestinal nodes (12 MHz)

Segment
Non identified 

n (%)
Identified 

n (%)

Diameter Non identified 
n (%)

Identified 

Min. Max. Median n (%) Diameter (mm)

AC 53 (88.3) 7 (11.7) 0.2 0.3 0.2 55 (91.7) 5 (8.3) 0.2; 1.5; 1.8; 2 and 3.9

TC 51 (85) 9 (15) 0.5 0.4 0.3 58 (91.7) 2 (3.3) 1.2 and 1.4

DC 41 (68.3) 19 (31.7) 0.2 1.1 0.3 57 (95) 3 (5) 1; 1.7 and 2

SC 43 (71.7) 17 (28.3) 0.2 0.8 0.3 58 (91.7) 2 (3.3) 1.2 and 1.5

RE 42 (70) 18 (30) 0.2 1.5 0.6 57 (95) 3 (5) 2.2; 3 and 3.1

20 MHz miniprobe assessments, although the maximum 
number of layers in which the mucosa is subdivided is 
different: 4 by the 20 MHz miniprobe and 2 by 12 MHz in 
AC, DC and RE. In TC and SC, the value is equal: 2 layers.

Minimum and maximum numbers of identified layers 
by both frequencies were equal, respectively 5 and 9. In 
statistical terms, the number of layers more frequently 
found was 7 at 20 MHz. 

The number of layers identified in the different seg-
ments was similar between genders and age groups, with 
no significant differences identified. 

Intestinal wall thicknesses

In table III we present the results of the total thickness 
of the intestinal wall and of its different layers. When we 
compared the different segments, we observed that sta-
tistically significant differences existed only between the 
thicknesses of the rectum and that of the different segments 
of the colon. Total thickness of the rectum wall (p = 0.001), 
muscularis propria (p < 0.001) and mucosa (p = 0.01) was 
larger than in the other segments of the colon. We did 
not observe any statistically significant difference in every 
calculation conducted regarding the wall thickness and its 
layers, depending on the frequency (12 or 20 MHz) used. 
We found a single statistically significant difference (p 
= 0.04) when comparing males and females: Muscularis 
propria of AC presented a larger thickness in woman than 
in man. In what concerns age, we observed that total wall 
and muscularis propria layer thicknesses were significantly 
higher in left colon (p-values of 0.01 and 0.004, respec-
tively) and rectum (same p-value for both determinations, 
0.01) in the age group ranging from 41 to 60 years old.

Identification of vessels in the submucosa

The characterization of vessels in the submucosa and its 
respective diameter distribution was conducted for the number 
of subjects for whom it was possible to identify those struc-
tures. We did not find any statistically significant difference 
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DISCUSSION

Indications to conduct EUS in the colon are starting to 
emerge and correspondent findings may influence thera-
peutic decisions (1-3). Therefore, there is the need to create 
an echoendoscopic database concerning colon and rectum 
walls and surrounding spaces, for subsequent comparison 
with the results obtained in patients. 

Number of layers identified in the intestinal wall

Some works refer the colon wall division into 5 layers 
by the 12 MHz (10) or 15 MHz frequencies (11), as well as 
the division into 9 layers by the 20 MHz frequencies (12). 
However, contrarily to ours, these have different objectives, 
not comparing different frequencies in the same segments 
and providing no other information besides the reference to 
the number of layers identified by a determined frequency.

The subdivision of the digestive wall in a different num-
ber of layers is not consensual; some authors identify a dif-
ferent number of layers with the same frequency (12,13), 
higher frequencies identifying a lower number of layers 
(12), and the same number of layers identified with much 
different frequencies (12,14).

These differences may be due to several reasons. The 
number of layers may change according to the organ 
assessed (13,15), to the degree of wall distension and/or 
compression or to its functional status (16). Another reason 
is the inter-observer variability, as we are facing an oper-
ator-dependent diagnosis method. 

Another current problem is the correlation between the 
different layers observed in the digestive wall by EUS and 
its histological correspondence, namely when 9 or even 
11 layers were identified (17,18).

Most of the authors (15-17) agree upon the correlation 
established between the different histological and echo-
endoscopic layers: The first two layers are related with 
the mucosa, the third with the submucosa, the fourth with 
muscularis propria, and the fifth layer with subserosa/sero-
sa or adventitia. This depends on the location of the organ 
under analysis.

The subdivision of the intestinal wall in 9 layers, when 
identified by the 20 MHz probe, is interpreted by some 
authors (19) as follows: The first layer, hyperechogenic, 
corresponds to the interface between ultrasounds and epi-
thelium; the second, hypoechogenic, corresponds to the 
epithelium; the third one, hyperechogenic, corresponds to 
the interface between the epithelium and the lamina pro-
pria and the lamina propria itself; the fourth, hypoecho-
genic, will be muscularis mucosa. The fifth layer, hypere-
chogenic, corresponds to the submucosa and its interfaces 
with muscularis mucosa and muscularis propria. The sixth, 
hypoechogenic, corresponds to the internal circular mus-
cular layer. The seventh, hyperechogenic, is the interface 
between the two layers of the muscularis propria. The 

eighth, hypoechogenic, corresponds to the external lon-
gitudinal muscular layer. Finally, the ninth layer, hyper-
ecogenic, corresponds to the interface between muscu-
laris propria and peridigestive fat, and includes serosa or 
adventitia. We also found this wall division in 9 layers, 
dependant on the mucosa subdivision in the 4 mentioned 
layers, which was only possible at 20 MHz and in a limited 
number of assessments.

However, more frequently, our division into 9 layers 
was due to the submucosa layer subdivision into 3 layers 
(layers 1 and 2, mucosa; layers 3, 4 and 5, submucosa; 6, 
7 and 8, muscularis propria; 9, subserosa/serosa). 

The submucosa subdivision into 3 layers and its correla-
tion with histology is one of the hardest findings to explain. 
This subdivision was also observed by another author, who 
does not give any interpretation for it (17). We believe that 
the very developed plexus of vessels existing in the submu-
cosa (20) may be responsible for the submucosa ultrasono-
graphic subdivision, which would justify the observation 
of 3 layers, from which the central one, hypoechogenic, 
would be the one related with vessels.

Colorectal wall division into 7 layers was our most 
frequent finding at 20 MHz. Correlation with histology 
would be as follows: The first layer, hyperecogenic, cor-
responds to the ultrasounds interface with the epithelium 
and superficial part of the mucosa; second layer, hypoe-
chogenic, corresponds to the deep part of the mucosa; third 
layer, hyperecogenic, to the submucosa; the 3 following 
layers correspond to the muscularis propria, the fourth is 
the internal circular muscular, the fifth is the connective 
tissue beam, which separates it from the sixth, the external 
longitudinal muscular; finally, the seventh layer, that cor-
responds to the subserosa/serosa, or adventitia. 

Median value at 20 MHz was 7 layers in all segments, 
with the exception of TC, in which it was 6. Median value 
at 12 MHz was 5 in all segments.

We did not observe any difference between genders or 
any other variation with age regarding the number of layers 
identified in the different segments.

Intestinal wall thickness and correspondent layers 

There are still no standardized measures of the colon 
and rectum walls thickness determined by EUS. We found 
4 works in the literature, all different in their methodology, 
in which, for the conduction of their studies, authors had 
the need to create a control group (21-24). Only two of 
them used EUS miniprobes and involved colon (23,24). 
The other two are limited to the rectum, one performed 
with rigid probe (22) and the other with an echoendoscope 
(21). None of them includes measurements for every wall 
layer and we couldn’t even compare the thicknesses we 
measured in the colon because no reference was made to 
the measurement site in those studies. The thickness of the 
rectal wall was similar to our results (22).
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When we compared the thicknesses of the different seg-
ments, we observed that there were statistically significant 
differences between the thicknesses of the rectum and all 
other colon segments, and no differences between the dif-
ferent colon segments. This latter finding contradicts the 
empirical idea that prevails among endoscopists that the 
AC walls have a lower thickness than the walls of the other 
colon segments (25). 

Total thickness of the rectum wall (median 2.6 mm) was 
higher than the total thickness of the other segments of the 
colon (p = 0.001). There were no significant differences 
among these.

The same behavior was observed in muscularis propria 
thickness and it was significantly higher in the rectum than 
in the colon segments (p < 0.001). Submucosa was the only 
layer that did not present differences between any segments. 
At the level of the mucosa layer, there were significant differ-
ences (p = 0.01) between the thickness value in the rectum 
and the value obtained for all other colon segments. 

Colorectal walls measurements were not influenced by 
the frequency used (12 or 20 MHz). 

In what concerns the comparison between females and 
males, we observed a single significant difference (p = 
0.04) in a particular segment and in a specific layer of 
intestinal wall: AC muscularis propria thickness is larger 
in females than in males. This difference had no reflec-
tion in the wall total thickness, which was the same for 
both genders. In what concerns the comparison between 
age groups, total wall and muscularis propria thicknesses 
in DC and RE were higher from 41 to 60 years old, and 
these differences were statistically significant. We do not 
know and did not find in the literature a response to the 

differences we observed between genders and in the 41 to 
60 years old age group.

Identification of vessels in the submucosa 

The identification of vessels in the submucosa (Fig. 2A) 
was not uniform in all segments, but lower values were reg-
istered in AC and TC than in DC, SC and RE. Therefore, in 
what concerns the identification of vessels in the submucosa, 
and only by the percentages in each segment, we could divide 
colon in two parts, AC and TC, with values between 11% 
and 15%, and all other segments with values around 30%. 
We did not observe a reason for these results. We didn’t find 
any reference in the literature concerning identification and/
or measurement of the vessels in the submucosa. 

Identification of peri-intestinal nodes

Identification of nodes in colic and perirectal space (Fig. 
2B) was very rare, with a maximum value of 8.3% (5 sub-
jects) registered at AC level. There is a work that searched 
for nodes in asymptomatic controls (21). However, the 
study was limited to 20 subjects and to the perirectal space. 
Nodes were not found in any of the assessed controls.

Limitations

We recognize that the fact that all measurements were 
made by a single operator may be a limitation. However, 

Fig. 2. Structures identification and characterization. A. Vessels in the submucosa. B. Peri-intestinal nodes in the colic or perirectal space.
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the fact that the operator had an extensive experience of 
more than 15 years when the study was performed and that 
diverse sequential measurements were performed, may 
also allow us to assume that no significant bias occurred.

CONCLUSION

As expected, a higher frequency enabled the identifica-
tion of an increased number of layers. Rectal wall is thicker 
than the one of all the segments of the colon and there 
are no differences between these, namely in the ascending 
colon.

Measurements of colorectal walls thickness were not 
influenced by the frequency used (12 or 20 MHz). 

Identification of vessels in the submucosa is not uni-
form throughout the colon, and it is more frequent in left 
segments of intestine and rectum.

Moreover, the presence of peri-intestinal adenopathies 
was rarely identified in asymptomatic subjects.

All together, these results describe for the first time fea-
tures which are relevant during staging and therapeutic 
management of colonic lesions.
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