
www.ddtjournal.com

Drug Discoveries & Therapeutics. 2018; 12(1):42-46.42

Assessment of rectal feces storage condition by a point-of-care 
pocket-size ultrasound device for healthy adult subjects: A 
preliminary study

Koichi Yabunaka1,2, Masaru Matsumoto1,2, Mikako Yoshida1,2, Shiho Tanaka3, Yuka Miura4, 
Takuya Tsutaoka1,5, Mayumi Handa1,6, Gojiro Nakagami2,3, Junko Sugama4, Shingo Okada7, 
Hiromi Sanada2,3,*

1 Department of Imaging Nursing Science, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan;
2 Global Nursing Research Center, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan;
3 Department of Gerontological Nursing/Wound Care Management, Graduate School of Medicine, The University of Tokyo, Tokyo, 

Japan;
4 Institute for Frontier Science Initiative, Kanazawa University, Kanazawa, Ishikawa, Japan;
5 Imaging Technology Center, Research & Development Management Headquarters, Fujifilm Corporation, Tokyo, Japan;
6 Marketing Planning Group, Ultrasound Promotion Department, Fujifilm Medical Corporation, Tokyo, Japan;
7 Department of Surgery, Kitamihara Clinic, Hakodate city, Hokkaido, Japan.

1. Introduction

Chronic idiopathic constipation is a common functional 
gastrointestinal disorder in communities (1). Elderly 
patients complain mainly of difficulty in defecating, 
hard feces, and a feeling of incomplete evacuation (2). 
In addition, constipation degrades quality of life and 
causes economic burdens for patients and healthcare 

providers (3,4). Therefore, it is very important for 
healthcare providers to make efforts to prevent chronic 
constipation and to initiate appropriate assessment to 
manage the condition in the case of it. For diagnostic 
tests for constipation, colonic transit, anorectal 
manometry, balloon expulsion parameters, and 
various imaging studies (plain abdominal radiography, 
barium enema, colonoscopy, defecography, abdominal 
computed tomography, magnetic resonance imaging) are 
widely recommended as physiologic tests (5). However, 
these procedures have a number of limitations. Plain 
abdominal radiography, barium enemas, defecography, 
and computed tomography scanning expose patients 
to radiation. Colonoscopy is often poorly tolerated by 
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patients. Magnetic resonance imaging and defecography 
are costy and lack standardization (6). 
 On the other hand, transabdominal ultrasonography 
(US) could be a practical test in primary and point-of-
care ultrasonography since it is low cost and fast, and 
the follow-up test is noninvasive (7). Furthermore, 
point-of-care examinations have come to be used more 
in home care and bedside by the spread of the pocket-
size ultrasonography (PUS) (8). Several recent studies 
have reported cases for which a US technique was 
used to diagnose constipation for measuring the rectal 
diameter in children. US images show a fecal mass in 
the rectum as a crescent-shaped acoustic shadow (9-14). 
Several authors have proposed the use of US as a first-
line clinical imaging and initial diagnostic technique for 
colon (15,16). In particular, rectal defecation care for 
chronic-constipation patients is important in home care 
setting since the high rate of recurrence of constipation 
with rectal outlet problems in elderly contributes to 
complications such as fecal impaction (17). 
 However, there is little information available 
on sonographic visualization of rectal feces storage 
condition in adults including elderly people. Since 
defecation desire of elderly with dementia are unclear, 
PUS needs to be performed to confirm normal rectal 
feces storage condition in healthy adults prior to 
investigation of defecation situation of constipation 
patients in home care and bedside. The objective of this 
study is to assess rectal feces storage condition by PUS 
in healthy adults so as to define normal rectal feces 
storage condition.

2. Materials and Methods

2.1. Patients

Fourteen healthy adult volunteers (6 men and 8 women; 
mean age 37.6 ± 10.8 years) underwent rectal US. The 
subjects had no history of abdominal surgery, irritable 
bowel syndrome, organic disease, feeling of unsatisfied 
defecation were excluded. The Ethical Review Board 
of The University of Tokyo approved the study protocol 
(#11521). The researchers obtained written informed 
consent from all volunteers for participation in the 
study. All participants were free to retract their consent 
at any time and were encouraged to report any pain or 
discomfort during the PUS examination.

2.2. Ultrasound technique

For all of the participants, rectum was assessed by 
PUS imaging immediately after defecation desire (pre-
defecation). Nurses checked the amount and quality 
of the participants' feces using King's Stool Chart and 
Bristol stool scale. Finally, PUS was performed after 
defecation with no defecation desire (post-defecation). 
PUS was scanned on the abdominal skin approximately 

2 cm above the symphysis with the supine position. 
The resulting PUS imaging was performed with 
behind a full or partially filled bladder at an angle 
of approximately 15 degrees downward from the 
transverse plane (10). The sonographic examinations 
lasted for a total of approximately 5 min. All of the 
PUS was performed by nurses who had received 
sufficient PUS training. A PUS system (SONOSITE 
iViz: PUD-A, Sonosite, Bothwell, WA, USA) with a 
curvedarray (5 MHz) probe was used. The iViz offers 
twodimensional imaging and allows adjustments of 
global gain and depth. Images were compressed and 
stored for review.

2.3. Data analysis

Image J software was used for image analysis and 
processing. For all of the ultrasound images, transverse 
rectal diameter from the outer to outer rectum wall 
was then measured at the level of high echo area three 
times by two certified sonographers (Figure 1). Two 
independent certified sonographers evaluated the 
ultrasound images to ensure inter-rater reliability. All 
images were evaluated under blind conditions. The 
relations between the rectal diameters were assessed by 
Cohen's kappa statistic to establish agreement between 
the two certified sonographers. All statistical analyses 
were conducted using SPSS for Windows version 22.0 
software (SPSS Inc., Chicago, Illinois, USA). The 
following variables were recorded: age, gender, amount 
of defecation after constipation by King's Stool Chart 
and Bristol stool scale.

3. Results and Discussion

Participant characteristics are shown in Table 1. 
Among the 14 eligible participants, 3 participants were 
excluded for their feeling of unsatisfied defecation after 
defecation; thus the final analysis was performed for 11 
patients (5 men, 6 women; mean age, 40.1 years; range, 
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Figure 1. Presence of feces US image showing a crescent 
shaped high echoes area in transverse sections (arrows). 
Measured rectal crescent (seen behind the urinary bladder).
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storage condition for pre-defecation PUS and post-
defecation PUS in healthy adults. The normal rectal 
with defecation desire indicated high echo area with 
average 4 cm in diameter, and hard stool correlated with 
AS since the deep AS indicated loading of hard feces 
in the colon (15). Moreover, all of post-defecation PUS 
did not detect high echo area with no defecation desire, 
indicating no residual feces in rectum.
 The pelvic US was used in similar studies to 
evaluate rectal diameter in children (9-11,13,14). 
Children with normal defecation patterns in the 
studies by Joensson at al. (9) and Singh et al. (11) 
had an average rectal diameter of 2.1 cm and 2.4 cm, 
respectively. However, US increased the rectal diameter 
with age in both the patient and healthy groups (healthy 

30-60 years). All of pre-defecation PUS detected high 
echo area with defecation desire in 100% (11/11). All 
of post-defecation PUS did not detect high echo area 
with no defecation desire, perfectly no recognizable 
high echo area in 54.5% (6/11), high echo line in 36.4% 
(4/11), and low echo of all circumference in 9.1% 
(1/11) (Figure 2). Average diameter of the measured 
rectal high echo areas was 4.22 ± 0.8 cm (Mean ± SD). 
Table 2 shows comparison of Bristol Stool Scale and 
pre-defecation PUS findings. Bristol Stool Scale 1 or 
2 of pre-defecation PUS findings indicated high echo 
area and AS in 100%. Intra class correlations (95% 
CI) for the measured rectal diameters were: inter-rater 
reliability (r = 0.99).
 The present study assessed normal rectal feces 

Table 1. Clinical characteristics of the participants (n = 11)

ID

1
2
3
4
5
6
7
8
9
10
11

Age

60
32
32
30
43
53
32
30
55
54
31

Sex

F
F
F
F
M
M
M
M
M
F
F

AS, acoustic shadows.

Bristol
Stool  Scale

1
2
2
3
3
4
4
4
4
4
4

kings stool chart (g)

Less than100
100-200

Less than100
Over 200
100-200
100-200

Less than100
100-200
Over 200
100-200
Over 200

Measuring rectal
crescent (cm)

3.615
3.935
4.185
3.881
2.832
4.099
4.394
4.490
4.861
4.565
4.980

Pre-defecation 
US findings

High echo area
High echo area
High echo area
High echo area
High echo area
High echo area
High echo area
High echo area
High echo area
High echo area
High echo area

AS

+
+
+
-
-
-
-
-
-
+
-

Post-defecation US findings

High echo line
High echo line
Low echo of all circumference
Low echo of all circumference
High echo line
Low echo of all circumference
High echo line
Low echo of all circumference
High echo line
Low echo of all circumference
High echo line

Table 2. Comparison of Bristol Stool Scale and pre-defecation PUS findings (n = 11)

Pre-defecation PUS findings

High echo area
    +
    -
AS
    +
    -

1 (n = 1)

1 (100.0%)
0 (0.0%)

1 (100.0%)
0 (0.0%)

2 (n = 2)

2 (100.0%)
0 (0.0%)

2 (100.0%)
0 (0.0%)

3 (n = 2)

2 (100.0%)
0 (0.0%)

0 (0.0%)
2 (100.0%)

4 (n = 6)

6 (100.0%)
0 (0.0%) 

1 (16.7%)
5 (83.3%)

Bristol stool form scale

Figure 2. Absence of feces: (a) US image showing perfectly no recognizable high echo area (circle). (b) US image showing 
high echo line in transverse sections (arrow). (c) US image showing low echo of all circumference (arrowhead).
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age group were: ≤ 3 years 2.7 cm, 3.1-6.0 years 2.92 
cm, 6.1-12.0 years 3.28 cm, and > 12.0 years 3.18 cm) 
(12). Therefore, US of an enlarged rectal diameter 
cannot be the sole predictor to determine whether a 
child is constipated (9). Moreover, the fecal retention 
was defined to be present when a stool mass was 
palpable on digital rectal examination (14). However, 
it is difficult to define fecal retention on digital rectal 
examination since defecation desire is unclear in 
children. In this study, PUS detected average 4 cm 
rectal diameter in healthy adults with defecation desire. 
In a healthy subject, it may be possible to define 
defecation desire that represents fecal retention of the 
rectum. However, elderly people with dementia have 
difficulty in expressing defecation desire as well as 
infants. Therefore, rectum diameter greater than 4 cm 
may be defined as defecation desire of elderly people. 
In the next step, we have to investigate rectum diameter 
in elderly people with defecation desire. 
 US for rectal may be more appropriate for children 
than for adults because of less attenuation of the 
ultrasonic beam by subcutaneous fat and muscle, 
both of which are thinner in pediatric subjects (18). 
Several studies have used high-performance device 
or portable laptop type ultrasound equipment which 
can clearly visualize colon of fecal loading in adults 
(15,16). In our study, the authors have found that PUS 
is capable of clearly visualizing fecal retention of the 
rectum. We presume that PUS for defecation care tools 
will someday become an integral part of the physical 
assessment and be used as frequently as the stethoscope 
is (7) since the elderly population with chronic 
constipation which require home health care will be 
increasing (17). 
 The design of this study had some obvious 
limitations. First, the number of subjects was small. 
Future studies with large numbers of healthy subjects 
are required to further examine the use of US for 
determining the causes of normal rectal defecation 
status. Second, an additional consideration needs to 
be given to the dependence of the efficacy of US on 
operator skill and technique. Finally, PUS evaluation 
of the colon did not include sigmoid colon since it 
is difficult to perform a sigmoid colon located in 
the pelvis due to gastrointestinal gas and complex 
arrangement (19).
 In conclusions, this study shows that healthy adult 
with defecation desire had a rectal diameter greater than 
4.0 cm and PUS may be able to define rectum diameter 
for defecation desire of elderly people. PUS is capable 
of assessing fecal retention of the rectum for point-of-
care examinations in home care.

Conflict of Interest

This was a joint research program with FUJIFILM 
Corporation, and the study was conducted under the 

sponsorship of this organization. 

Acknowledgements

The authors are deeply grateful to the study participants, 
all of whom greatly contributed to this study.

References

1. Bharucha AE, Pemberton JH, Locke GR. American 
Gastroenterological Association technical review on 
constipation. Gastroenterology. 2013; 144:218-238. 

2. Harari D, Gurwitz JH, Avorn J, Bohn R, Minaker KL. 
How do older persons define constipation? Implications 
for therapeutic management. J Gen Inter Med. 1997; 
12:63-66. 

3. Dennison C, Prasad M, Lloyd A, Bhattacharyya SK, 
Dhawan R, Coyne K. The health-related quality of life and 
economic burden of constipation. Pharmacoeconomics. 
2005; 23:461-476.

4. Zeitoun JD, de Parades V. Chronic constipation in adults. 
Presse Med. 2013; 42:1176-1185. 

5. Remes-Troche JM, Rao SS. Diagnostic testing in patients 
with chronic constipation. Curr Gastroenterol Rep. 2006; 
8:416-424. 

6. Rao SS, Ozturk R, Laine L. Clinical utility of diagnostic 
tests for constipation in adults: A systematic review. Am J 
Gastroenterol. 2005; 100:1605-1615. 

7. Moore CL, Copel JA. Point-of-care ultrasonography. N 
Engl J Med. 2011; 364:749-757.

8. Andersen GN, Graven T, Skjetne K, Mjolstad OC, 
Kleinau JO, Olsen O, Haugen BO, Dalen H. Diagnostic 
influence of routine point-of-care pocket-size ultrasound 
examinations performed by medical residents. J 
Ultrasound Med. 2015; 34:627-636. 

9. Joensson IM, Siggaard C, Rittig S, Hagstroem S, Djurhuus 
JC. Transabdominal ultrasound of rectum as a diagnostic 
tool in childhood constipation. J Urol. 2008; 179:1997-
2002. 

10. Klijn AJ, Asselman M, Vijverberg MA, Dik P, de Jong 
TP. The diameter of the rectum on ultrasonography 
as a diagnostic tool for constipation in children with 
dysfunctional voiding. J Urol. 2004; 172:1986-1988. 

11. Singh SJ, Gibbons NJ, Vincent MV, Sithole J, Nwokoma 
NJ, Alagarswami KV. Use of pelvic ultrasound in the 
diagnosis megarectum in children with constipation. J 
Pediatr Surg. 2005; 40:1941-1944. 

12. Bijoś A, Czerwionka-Szaflarska M, Mazur A, Romanczuk 
W. The usefulness of ultrasound examination of the 
bowel as a method of assessment of functional chronic 
constipation in children. Pediatr Radiol. 2007; 37:1247-
1252. 

13. Karaman A, Ramadan SU, Karaman I, Gokharman D, 
Erdogan D, Kacar M, Cavusoglu YH, Kosar U. Diagnosis 
and follow-up in constipated children: Should we use 
ultrasound? J Pediatr Surg. 2010; 45:1849-1855. 

14. Hatori R, Tomomasa T, Ishige T, Tatsuki M, Arakawa 
H. Fecal retention in childhood: Evaluation on 
ultrasonography. Pediatr Int. 2017; 59:462-466. 

15. Yabunaka K, Matsuo J, Hara A, Takii M, Nakagami 
G, Gotanda T, Sanada H. Sonographic visualization 
of fecal loading in adults: Comparison with computed 
tomography. J Diagn Med Sonog. 2015; 31:86-92. 



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2018; 12(1):42-46.46

16. Yabunaka K, Nakagami G, Komagata K, Sanada H. 
Ultrasonographic follow-up of functional chronic 
constipation in adults: A report of two cases. SAGE Open 
Med Case Rep. 2017; 5:2050313X17694234. 

17. Gallegos-Orozco JF, Foxx-Orenstein AE, Sterler SM, 
Stoa JM. Chronic constipation in the elderly. Am J 
Gastroenterol. 2012; 107:18-25. 

18. Taniguchi DK, Martin RW, Myers J, Silverstein FE. 

Measurement of the ultrasonic attenuation of fat at high 
frequency. Acad Radiol. 1994; 2:114-120. 

19. Yabunaka K, Sanada S, Fukui H, Tamate S, Fujioka M. 
Transabdominal sonographic appearance of adult colonic 
polyps. J Med Ultrason (2001). 2006; 33:231-237.

 (Received January 8, 201; Revised February 4, 2018; 
Accepted February 21, 2018)


