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Case Report

Ultrasonographic evaluation of changes over time in one
defecation cycle in adults with functional constipation: A report of
two cases

Masaru Matsumoto'?, Shiho Tanaka’, Koichi Yabunaka"**, Mikako Yoshida"’, Yuka Miura®,
Takuya Tsutaoka"’, Mayumi Handa"’, Gojiro Nakagami*’, Junko Sugama®, Shingo Okada’,

. . 2,3
Hiromi Sanada”

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

Tokyo, Japan;

* Institute for Frontier Science Initiative, Kanazawa University, Kanazawa, Ishikawa, Japan;

* Imaging Technology Center, Research & Development Management Headquarters, Fujifilm Corporation, Tokyo, Japan;
S Marketing Planning Group, Ultrasound Promotion Department, Fujifilm Medical Corporation, Tokyo, Japan;

” Department of Surgery, Kitamihara Clinic, Hakodate, Hokkaido, Japan.

Summary

We described fecal retention during the defecation cycles of adults with functional

constipation via ultrasonography (US) of the large intestine. US was performed continuously
after the last defecation until the next defecation. We defined the fecal finding level on US
as follows: weak fecal retention, a marginally high echo in the colonic lumen; or strong fecal
retention, a strongly echoic colon lumen with showing a crescent-shaped acoustic shadow on
transverse images and haustrations on longitudinal images. The findings confirmed weak
fecal retention in the colon throughout the defecation cycle and a pattern of strong fecal
retention in the descending and sigmoid colon and over the colon, including the transverse
colon and ascending colon, in patients with functional constipation.
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1. Introduction

Ultrasonography (US) can be used to observe the
position of fecal storage and the state of the feces,
and is therefore considered useful for the evaluation
of constipation. Previously, objective constipation
evaluations have confirmed the time of colon transit
as a measure of defecation function (/,2). However,
although these evaluations demonstrated the areas
of fecal stagnation, they could not provide real-time
information about where and what type of feces were
stored in the colon. Therefore, we demonstrated through
a comparison with computed tomography findings that
fecal properties, such as the existence of haustration
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and crescent-shaped, highly echoic area with acoustic
shadows, could be evaluated on US images (3). In
addition, we demonstrated that US could be used to
assess fecal retention patterns that did and did not
involve the rectum in patients with chronic constipation
(4). Functional constipation types can be classified as
normal transit, slow transit, and anorectal dysfunction
(AD) (5-7), and we demonstrated the ability to evaluate
the latter type by confirming fecal retention in the
rectum using US.

However, the previous study was a cross-sectional
investigation, and no study has investigated changes
in the fecal retention state over time in the large
intestine up to the point of fecal discharge. To clarify
the characteristics of colonic fecal retention patterns in
elderly patients with constipation, it is first necessary
to investigate the colonic fecal retention patterns in
adult patients with constipation. In this case report,
we observed the fecal retention status and subjectively
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Figure 1. Standards for ultrasonographic imaging evaluations. (A, B) Ultrasonography (US) images of weak fecal retention in a
32-year-old male patient. (A) A transverse US image showing a marginally highly echoic colonic lumen (arrows) and posterior echo
behind the descending colon. (B) A longitudinal US image showing a flattened outer boundary wall and highly echoic descending
colon wall (arrowheads). (C, D) US images of strong fecal retention in a 25-year-old male patient. (C) A transverse US image
showing a strongly echoic colonic lumen (arrows) and a strong acoustic shadow behind the descending colon (arrowheads). (D) A
longitudinal US image showing a crescent-shaped acoustic shadow with haustrations and strong echoes on the descending colon wall

(arrowheads).

evaluated one defecation cycle using US with a
longitudinal view in adult patients with functional
constipation, and compared the findings with those
from a case of non-constipation.

2. Case Report
2.1. Ultrasound technique

All subjects were adults without disease during
treatment and without morphological abnormalities
of the large intestine. US of the ascending, transverse,
descending and sigmoid colon and rectum was
performed continuously from after the most recent
defecation until after the subsequent defecation in our
laboratory, using an US system (FUJIFILM FC1-X,
FUJIFILM SonoSite, Bothell, WA, USA) with a
curved-array probe (2-5 MHz). The resulting images
were supplemented by transverse and longitudinal
sonographic scans. According to a previous study (3),
we defined the US levels of fecal finding as follows:
a weak fecal retention finding was indicated by a

marginally highly echoic colonic lumen and posterior
echo behind the colon on transverse images, and a
flattened outer boundary wall and highly echoic colon
wall on longitudinal images; a strong fecal retention
finding was indicated by a strongly echoic colonic
lumen and strong acoustic shadow behind the colon
on transverse image, and a crescent-shaped acoustic
shadow with haustrations and a strongly echoic colon
wall on longitudinal images (Figure 1). US was
performed by a trained researcher. Static images were
interpreted by a certified sonographer with 30 years of
experience.

The Rome IV criteria were used to determine the
presence or absence of functional constipation (3). Two
items were selected from the Constipation Assessment
Scales and used to evaluate subjective discomfort due
to constipation (8). Fecal properties were evaluated
using the Bristol stool form scale (9,10), and fecal
amounts were evaluated using King's stool chart (/-
13). This study was approved by the Ethical Committee
of the Graduate School of Medicine, The University of
Tokyo, Japan (No. 11521).
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Table 1. Ultrasonographic findings and subjective evaluation during observation period

Evaluation Site/item Immidiately after After 8 After 16 After 24 After
last defecation hours hours hours  defecation
Non-constipation  Ultrasonographic ~ Ascending colon + + + + +
evaluation Transverse colon - + + + +
Descending colon - + + + -
Sigmoid colon - - + ++ +
Rectum - - - - -
Subjective Abdominal distention or bloating 0 0 1 1 0
evaluation Sensation of rectal pressure or fullness 0 0 0 0 0
After 1 After2 After3 After
day days days  defecation
Casel Ultrasonographic ~ Ascending colon - + ++ +
evaluation Transverse colon ++ ++ ++ ++
Descending colon ++ ++ ++ +
Sigmoid colon ++ ++ ++ ++
Rectum - - - -
Subjective Abdominal distention or bloating 1 1 1 0
evaluation Sensation of rectal pressure or fullness 0 0 0 0
Case2 Ultrasonographic ~ Ascending colon + + + +
evaluation Transverse colon + + + +
Descending colon + ++ ++ ++
Sigmoid colon + ++ ++ ++
Rectum - - - -
Subjective Abdominal distention or bloating 0 0 1 0
evaluation Sensation of rectal pressure or fullness 0 0 0 0

After 1 day indicates the day after the last defecation day. +: Weak fecal loading (+), ++: Strong fecal loading (++), — No fecal loading findings.

Number: the score of subjective evaluation: 0, none; 1, some; 2, severe.

2.2. Non-constipation

A 32-year-old healthy man with a history of daily
defecation was followed up. US follow-up was
performed for 8 hours from the last defecation until the
next defecation during a 2-day period. The US findings
and subjective evaluations during the observation
period are shown in Table 1. Weak fecal retention
was observed only in the ascending colon at baseline,
whereas strong fecal retention was also confirmed in the
distal intestine over time. Findings indicative of strong
fecal retention were observed in the sigmoid colon after
24 hours (Figure 2). The strong fecal retention in the
sigmoid colon and 'abdominal distention or bloating'
were resolved after defecation. The defecated stools
were assigned a 4-point score (normal stool) on the
Bristol stool form scale and a F-type score (> 200 g) on
King's stool chart.

2.3. Functional constipation
2.3.1. Case 1
A 25-year-old man with a defecation cycle of 3-4 days

was followed up. His diet comprised regular meals.
US follow-up was performed for approximately 24

hours from the last defecation until the next defecation
over a 4-day period. The US findings and subjective
evaluations during the observation period are shown in
Table 1. Fecal retention was almost always observed
in the colon, excepting the rectum. After 3 days, fecal
retention was found in the ascending colon, as well as
the transverse, descending and sigmoid colon. Strong
fecal retention finding was observed in the transverse
and sigmoid colon throughout the observation period.
As shown in Figure 2, findings of strong fecal retention
finding were observed in the transverse and sigmoid
colon, despite defecation. The patient received a score
of 1 point for 'abdominal distention or bloating' after
1-3 days, which decreased to 0 points after defecation.
During the observation period, the 'sensation of rectal
pressure or fullness' was 0-point. The defecated stools
were classified as 2 points (hard stool) on the Bristol
stool form scale and as B-type (100-200 g) on King's
stool chart.

2.3.2. Case 2

A 28-year-old female with a defecation cycle of
3-4 days was followed up. Her diet comprised
regular meals. The US follow-up was performed for
approximately 24 hours from the last defecation to the
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Figure 2. Fecal retention observed by ultrasonography in cases of non-constipation and functional constipation. (A) A post-
defecation longitudinal ultrasonography (US) image of a 28-year-old female subject with no constipation after 24 hours. (B) A post-
defecation longitudinal US image of a 25-year-old male patient with functional constipation after 3 days. (C) A post-defecation
longitudinal US image of a 28-year-old female patient with functional constipation after 3 days. Arrowheads indicate fecal retention,
as depicted by a crescent-shaped acoustic shadow with haustrations and strong echoes on the longitudinal US image.

next defecation over a 4-day period. The US findings
and subjective evaluations during the observation
period are shown in Table 1. Fecal retention was always
observed in the colon, except for the rectum, although
findings of strong fecal retention were only observed
in the descending and sigmoid colon throughout
the observation period. In addition, as shown in
Figure 2, these findings of strong fecal retention in
the descending and sigmoid colon persisted despite
defecation. The score of 'abdominal distention or
bloating' was only 1 point after 3 days, but decreased
to 0 points after defecation. During the observation
period, the 'sensation of rectal pressure or fullness'
score remained at 0 points. The defecated stools were
classified as 2 points (hard stool) on the Bristol stool
form scale, and as A-type (< 100 g) on King's stool
chart.

3. Discussion

In this study, we observed the fecal retention status
on longitudinal US images and subjective evaluations
during one bowel movement cycle in adult patients
with functional constipation; additionally, we compared
these findings with those from a non-constipated
subject for the first time. This study targeted adults
with a perception of normal bowel movements, which
may explain the lack of fecal retention in the rectum.
Therefore, the two cases of functional constipation in

this study appear to meet the criteria of the slow transit
type.

Our evaluation of functional constipation revealed
that feces are always stored in the colon (excluding the
rectum) throughout the defecation cycle. By contrast,
the subject without constipation did not exhibit fecal
storage in the colon after defecation, and the feces had
gradually moved to the distal colon. We note that the
post-defecation US findings from the non-constipation
case may not have coincided with the findings observed
after the previous defecation because of variations in
the time of US examination. As defecation occurred 24
hours after the last defecation, we considered that fecal
retention findings were observed in the transverse and
sigmoid colon after defecation because stool moved
distally from the proximal colon.

This study demonstrates the ability of US to
evaluate two types of slow transit in patients with
functional constipation. Previous studies based on
colon scintigraphy have reported that slow transit type
is characterised by a pattern exhibiting a transport delay
throughout the colon, as well as a pattern of transport
delay in the descending and sigmoid colon (2). In
our study, the evaluation of fecal retention findings
at two levels also revealed two slow transit patterns
associated with functional constipation; the first
exhibited persistent strong fecal retention, especially
in the descending and sigmoid colon, whereas the
second exhibited persistent strong fecal retention in
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descending and sigmoid colon, as well as the ascending
and transverse colon. The results of US were consistent
with those of colon scintigraphy. Our findings indicate
that US is more useful than previous bowel function
tests for the non-invasive evaluation of constipation
(1,2), as this tool can evaluate not only the site of fecal
retention, but also the properties of feces.

In conclusion, adults with functional constipation
always exhibit fecal accumulation in the colon
(excluding the rectum) throughout the defecation cycle.
Moreover, US could be used to confirm a pattern of
fecal retention findings characterised by strong echoes
and acoustic shadows in the descending and sigmoid
colon, as well as a pattern of echogenic findings
throughout the colon (including the transverse and
ascending colon) in adults with functional constipation.

Conflict of interest

This was a joint research program with FUJIFILM
Corporation, and the study was conducted under the
sponsorship of this organization. Masaru Matsumoto,
Koichi Yabunaka, and Mikako Yoshida belong to a
social collaboration department which receives funding
from FUJIFILM Corporation.

Acknowledgements

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

References

1. Alame AM, Bahna H. Evaluation of constipation. Clin
Colon Rectal Surg. 2012; 25:5-11.

2. Stivland T, Camilleri M, Vassallo M, Proano M, Rath
D, Brown M, Thomforde G, Pemberton J, Phillips
S. Scintigraphic measurement of regional gut transit
in idiopathic constipation. Gastroenterology. 1991;
101:107-115.

10.

13.

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

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; 5:1-4.

Whelan K, Judd PA, Taylor MA. Assessment of fecal
output in patients receiving enteral tube feeding:
Validation of a novel chart. Eur J Clin Nutr. 2004;
58:1030-1037.

Whelan K, Judd PA, Preedy VR, Taylor MA. Covert
assessment of concurrent and construct validity of a
chart to characterize fecal output and diarrhea in patients
receiving enteral nutrition. J Parenter Enteral Nutr. 2008;
32:160-168.

Frohmader TJ, Chaboyer WP, Robertson IK, Gowardman
J. Decrease in frequency of liquid stool in Enterally Fed
Critically III patients given the Multispecies probiotic
VSL#3: A pilot trial. Am J Crit Care. 2010; 19:e1-11.
McMillan SC, Williams FA. Validity and reliability of
the Constipation Assessment Scale. Cancer Nurs. 1989;
12:183-188.

Longstreth GF, Thompson WG, Chey WD, Houghton
LA, Mearin F, Spiller RC. Functional bowel disorders.
Gastroenterology. 2006; 130:1480-1491.

Lewis SJ, Heaton KW. Stool form scale as a useful guide
to intestinal transit time. Scand J Gastroenterol. 1997;
32:920-924.

Chumpitazi BP, Self MM, Czyzewski DI, Cejka S,
Swank PR, Shulman RJ. Bristol Stool Form Scale
reliability and agreement decreases when determining
Rome III stool form designations. Neurogastroenterol
Motil. 2016; 28:443-448.

Drossman DA, Dumitrascu DL. Rome III: new standard
for functional gastrointestinal disorders. J Gastrointestin
Liver Dis. 2006; 15:237-241.

Spinzi GC. Bowel care in the elderly. Dig Dis. 2007;
25:160-165.

(Received September 25, 2018; Revised October 23,
2018, Accepted October 26, 2018)

www.ddtjournal.com



