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Abstract

AIM: To study the prolonged colonic motility under
normal conditions with a novel capsule-style micro-
system and to assess its clinical significance.

METHODS: A single use telemetry capsule (10 mm in
diameter, 20 mm in length) embedded with a pressure
sensor was ingested by the subjects. The sensor is
capable of transmitting colonic pressure wirelessly for
more than 130 h. The time of capsule entering the
segmental colon was detected by ultrasound. The
ultrasonic electrodes were mounted on the surface of
the ileocecum and navel and at the junction of the left
and rectosigmoid colon of the subjects in sequence,
which were identified by abdominal X-rays with
radiopaque markers. To verify the accuracy and reliability
of ultrasonic detection of telemetry capsules at key
points of colon, the segmental colonic transit time was
simultaneously recorded by using radiopaque markers.

RESULTS: The signal lamp showed that all recorders
could receive the radio signal transmitted by the
telemetry capsule. The X-rays showed that all telemetry
capsules were detected successfully when they were
passing through the key points of colon. There was
a significant correlation between the transit results
obtained by ultrasonic detection or by radiopaque
markers. Colorectal recording was obtained from 20
healthy subjects during 613 h (411 h during waking,
202 h during sleep). Compared to waking, the number
of pressure contractions and the area under pressure
contractions were significantly (P < 0.05) decreased
during sleep (21 £ 5 h’ vs 15 + 4 h™', 463 + 54
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mmHg's/min vs 342 = 45 mmHg-s/min). The colonic
motility exhibited significant regional variations both in
the circadian behavior and in response to waking and
meal.

CONCLUSION: The capsule-style micro-system is
reliable and noninvasive, and may represent a useful
tool for the study of physiology and pathology of colonic
motor disorders.
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Key words: Colon; Pan-colonic pressure; Pan-colonic
motor activity; Telemetry

Zhang WQ, Yan GZ, Yu LZ, Yang XQ. Non-invasive
measurement of pan-colonic pressure over a whole digestive
cycle: Clinical applications of a capsule-style manometric
system. World J Gastroentero/ 2006; 12(47): 7690-7694

http://www.wjgnet.com/1007-9327/12/7690.asp

INTRODUCTION

Colonic motility disorders are frequently encountered in
clinical practice. Intraluminal manometry (via perfused
and solid-state catheters) allows a direct study of colonic
contractile activity over prolonged periods. However,
catheter studies have generally been performed in the
left and rectosigmoid colon, because of the technical
difficulties in accessing the right colon'".

Hagger et al” have reported a pan-colonic manometry
by combined antegrade/retrograde intubation. However,
due to sensor failure and/or catheter displacement, they
could not assess the amplitude of pressure activities in the
right colon.

Recent technological advances facilitate prolonged pan-
colonic investigations. The success of Israeli M2A capsule
endoscope has led to the research and development of
other capsules aimed at monitoring either functional or
organic diseases”. The American SmartPill capsule is
capable of transmitting pressure, temperature and pH data
continuously for 72 h, and suitable for diagnosing small
intestine motility or delayed emptying of the stomach™”.

To satisfy the need of prolonged and noninvasive
monitoring colonic pressures, the authors have developed

a novel capsule-style manometric micro-system with its
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prototype reported”’. The system was approved by the
Food and Drug Administration of China in 2005. The
system is composed of a one-off telemetry capsule, a data
recorder, an ultrasonic location detector and a computer
with analysis software. The capsule-style manometric
system is capable of acquiring and transmitting intralu-
minal pressure data continuously for more than 130 h.

The aim of this study was to evaluate the pan-colonic
motor activity under the physiological conditions with
a capsule-style manometric system. A study petriod of a
whole digestive cycle (26-53 h) was used to characterize the
infrequent patterns of motor activity of the colorectum.

MATERIALS AND METHODS

Subjects

Twenty healthy subjects (12 females and 8 males, median
age 35 years, range 23-52 years) were studied. The subjects
had a normal bowel habit which was defined as a stool
frequency of < 3 stools per day and = 3 stools per
week. The subjects were not on any medication and had

no gastrointestinal symptoms and no history of previous
gastrointestinal disorder or gastrointestinal surgery. Female
subjects had a negative pregnancy test. An informed
written consent was obtained from all subjects. The study
protocol was approved by the Ethics Committee of
Capital Medical University Chaoyang Hospital.

Capsule-style manometric system

Telemetry capsule: The newly-developed telemetry
capsule (10 mm in diameter, 20 mm in length, and weigh-
ing 2.9 g ) developed by the authors is shown in Figure 1.
The effective range could reach 3-5 m between the capsule
and the recorder.

The pressure sensor can be used from -60 to 200 mmHg
with its error < * 1.5 mmHg, and the temperature sensor
is sensitive in range of 33-42°C with its error < £ 0.25°C.
Changes in pressure sensor output due to fluctuations of
temperature can be compensated automatically.

Data recorder: The data recorder consists of three
functional blocks: a wireless receiver module, a micro-
controller and an outer pressure transducer. The outer
pressure transducer records the pressure changes induced
by the surrounding altitude. The timer in the micro-
controller records the time of received data. The obtained
pressure data, temperature data, ultrasonic location
information and relevant time are stored in a flash memory
card.

Ultrasonic detection of capsule location: When the
telemetry capsule passes through the ultrasonic electrodes
mounted on the surface of key points of colon, the echo
from batteries in the capsule would be much stronger than
other echoes. When the amplitude of an echo is higher
than the preset threshold, it can be regarded as returning
from the capsule. Detailed technical information about
the ultrasonic detection of the capsule positions has been
reported clsewhere™.

Colon was divided into three segments by three key
points (ileocecum, navel and the junction of the left
and rectosigmoid colon), which were identified by an

Pressure
sensor

Temperature
sensor

Figure 1 A vitamin pill (left) and a telemetry capsule (right).

experienced doctor with the help of abdominal X-rays
with radiopaque markers.

Analysis software: In addition to the novel manometric
system, a Matlab-based (The MathWorks, Natick, MA)
software program was developed to correct baseline
shifts, eliminate artefacts, and calculate the number of
pressure contractions, amplitude and area under curve
(AUC) in a fully automated way. The software features an
intuitive graphical user interface that supports graphical
and statistical data analysis. The baseline pressures were
determined by identifying the minimum pressure in each
30 min, which was then subtracted from the raw signals.
Pressure contractions with an amplitude = 10 mmHg
from the bascline and a duration = 6 s were included in
the analysis.

Experimental protocol

To verify the accuracy and reliability of ultrasonic
detection of telemetry capsules at the key points of colon,
the segmental colonic transit time was simultaneously
recorded by using radiopaque markers.

After an overnight fast, the subjects ingested 20
radiopaque markers contained in a gelatin capsule (Binhai
Hospital, Tianjin, China) at 8:00 AM next morning. A
daily abdominal X-ray was taken at the same time on the
following consecutive days until the number of remained
markers was < 4. The total and segmental colonic transit
time (CTT) was calculated using the following formula:
CTT = 1.2 X Xni, where 1.2 = time interval (24 h)/number
of radiopaque markers (20), 1 = day of X-rays taken, and
ni = the total number of markers present on a given film
sector on day 1,

The subjects took the telemetry capsule an hour after
ingestion of the markers. The subjects wore the recorder
and checked the signal lamp on the receiver.

To help mounting the ultrasonic electrodes on the
surface of the ileocecum of the patients correctly, an
abdominal X-ray was taken at 6 h after the telemetry
capsule was taken.

The ultrasonic electrodes were first mounted on the
surface of the ileocecum by an experienced doctor with
the help of radiopaque markers and bony landmarks in the
X-ray film. The subjects put on the waistcoat containing
an ultrasonic signal processor and an alarm buzzer. When
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Figure 2 An X-ray after
ultrasonic detection con-
firming capsule in the
ileocecum.

alarming occurred, an abdominal X-ray was taken to
confirm the location of telemetry capsules.

After successful detection of the ileocecum, the
ultrasonic sensors were then mounted on the surface of
the navel and at the junction of the left and rectosigmoid
colon in sequence.

The subjects stayed totally ambulatory during
inspecting, but drastic sport activities were prohibited. The
subjects ate 1000 keal standard meals. Ingestion of alcohol
and caffeine containing drinks was prohibited.

After defecation, the signal lamp on the receiver would
indicate whether the capsule was still in body or not. All
capsules were recovered to confirm the discharge.

Statistical analysis

The data were expressed as mean = SD unless otherwise
stated. High-amplitude contraction (HAC) analysis was
made by visual inspection of the pressure trace. The HAC
was defined as a pressure contraction with an amplitude
= 50 mmHg from the baseline, a duration = 20 s and a
peak-to-peak time interval = 40 s.

The diurnal and postprandial differences in AUC and
the number of contractions were compared using repeated
measures of ANOVA. P < (0.05 was considered statistically
significant in all analyses.

RESULTS

The signal lamp on recorders showed that all recorders
could receive the radio signal transmitted by the telemetry
capsule in the subjects. No discomfort was reported by any
volunteers during the experiment.

The telemetry capsules passed through the gastroin-
testinal (GI) tract without any difficulties. All capsules were
recovered with the guidance of the signal lamp.

Capsule location and transit results
All telemetry capsules could be detected successfully when
they were passing through the three key points of the
colon. Additional X-rays confirmed the capsule location
(Figure 2). The location of capsules could be recognized
with the help of bony landmarks and radiopaque markers.
The total transit time and segmental colonic transit
time obtained by ultrasonic detection and radiopaque
markers are shown in Table 1. There was a significant
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Table 1 Transit time detected by markers and ultrasound

(mean + SD)

Transit time (h) Total colon Right colon Left colon Rectosigmoid
Markers 31.5+6.8 8.6+33 114 +3.6 115 2= 3.3}
Ultrasonic 297 £59) 032585 10.8 +3.1 9.7+29
Correlation 0.92 0.91 0.93 0.86

Table 2 Colonic motility response to waking and meal

(mean + SD)

Waking Meal Ingestion
1 h before 1 h after 2 h before 2 h after

No. of Contrctions (h™)

Right colon 14 +4° 45+6° 21+6 44+8°

Left colon 113) 42 3 39+4 225 38+6

Rectosigmoid 195 29 +4° 32+7°
AUC (mmHg-s'min™)

Right colon 322+44 984 +91° 471 +£59 862+ 79

Left colon 307 +41° 835+ 82 465 + 52 812+ 74

Rectosigmoid 431+52°  725+64° 453 +52 773 +71

*P < 0.05, °P < 0.01 vs segmental colons.

correlation between the two methods for the detection
of transit results. It verified the reliability and accuracy of
ultrasonic detection for the segmental transit time.

Colonic motility

Colorectal recording was obtained from the 20 healthy
subjects for a total of 613 h (411 h during waking, 202 h
during sleep). In this study, the authors laid more emphasis
on the colorectal motility response to meal ingestion and
morning waking. During the colorectal pressure recording
period, 26 subjects were waking in the morning and 78 had
meal ingestions (1.3 and 3.9 per subject respectively).

Compared to waking, the number of pressure
contractions and the AUC of pressure contractions during
sleep were significantly decreased (21 £ 5h™ s 15 + 4 h',
463 + 54 mmHg s min” 25 342 £ 45 mmHg s min”, P <
0.05).

After waking and meal ingestion, both the number
of pressure contractions and the AUC of pressure
contractions were significantly increased. The contractile
response to waking was significantly higher in the left/right
colon than in the rectosigmoid colon (Figure 3), whereas
the waking response was lower in the left colon than in
the right colon, but was not significantly different. There
were no significant differences in segmental colon motility
response to meal ingestion. The details are shown in
Table 2.

Regional variations in colonic contractile activity were
apparent. During the daytime, the contractile frequency
was significantly higher in the right colon than in the
left and rectosigmoid colon. However, the contractile
frequency was significantly higher in the rectosigmoid
colon than in the left/right colon during the night. The
HAC was recorded in all of the subjects, with 13.5 £ 6.1
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Figure 3 Pressure curve 1 h before and after waking in the right colon of a healthy subject.
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Figure 4 Occurrence of 4 consecutive HACs 1 h after waking in the right colon.

times per subject (Figure 4). The regional variation was
strongly associated with the incidence of HACs. The
incidence of HACs was significantly higher in the right
and rectosigmoid colon than in the left colon (39%, 44%,
and 17%, respectively).

DISCUSSION

This study introduced a new technique for examining pan-
colonic pressures under physiological conditions. Human
studies demonstrated that the capsule-style manometric
system was safe and easy to handle. The single-use
telemetry capsule is encased in inert. The bio-compatible,
medical-grade polycarbonate makes it safe for human
consumption and easy to swallow. The sensors are surface
mounted at the ends of the outer shell. All the other parts
are sealed in the shell by medical silicone. The solid-state
pressure transducer with a stainless cover is robust and
biocompatible.

Location detection of telemetry capsules is a critical
issue, since it can move freely through the digestive tract.
Some telemetry capsules, such as M2A and Smartpill,
can be localize at the capsule’s position in the upper
digestive tract by detecting the angle and intensity of radio
signalm’lzl. Radio signal detection can trace the capsule in
real time, yet the precision is limited to 6-10 cm.

In this study, the authors verified that ultrasonic
detection of telemetry capsules at the key points of colon
was simple and accurate, suggesting that it is suitable for
detection of telemetry capsules and segmental transit time
in colon. However, it failed to trace the capsule in real
time, indicating that a real-time tracing method based on

2.5 3 3.5 min

magnetic field mapping should be developed.

The major advantages of telemetry capsule include
noninvasiveness, long battery lifespan and low cost.
During the process of inspecting, subjects even cannot
feel the existence of the telemetry capsule which ensures
the examination under physiological conditions. The
lifespan of batteries in capsule and a memory capacity of
128 MB of recorder make it feasible to record telemetry
capsules and segmental transit time in colon for more than
130 h. The cost of a single-use capsule is also relatively
inexpensive.

The major disadvantage of the capsule-style system is
hard to judge the propagation and direction of pressure
contractions with a single recording point, which will be
tested by a multi-capsule method in following studies.

Water-perfused and solid-state catheters are currently
available for intraluminal manometry. Water-perfused
catheters have the advantages of simplicity, relatively
inexpensive components and applicability to the
measurement of colon motor activity in several regions.
Importantly, they are fully autoclavable, enabling simple
sterilization. The major disadvantage of the system is
that the catheter is linked to a pneumohydraulic infusion
pump and a recording sensor, which almost precludes any
ambulatory study.

Solid-state catheters allow measurements over a
prolonged period from totally ambulant subjects. However,
the transducers in solid state catheters are expensive,
rather fragile and hard to be sterilized, and the maximum
number of recording sensors available is notably reduced.

Compared to catheter manometry, capsule-style
manometry has become a necessary supplement due to its
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noninvasiveness and long battery life.

Our results have confirmed in general the circadian
behavior of the colonic motility, as well as its response to
waking and meals'"™"",

There is no currently accepted gold standard for
catheter manometry, because of the differences in catheter
type and configurations, and methodology. As a result, the
values of some parameters are significantly different. For
example, it was reported that the amplitude threshold of
HAC in catheter manometry ranges from 50 mmHg to
135 mmHg!"”",

It was difficult to compare our results with previous
results. However, the average amplitude of pressure
contractions in colon obtained with the capsule in this
study was lower than that obtained with water-perfused or
solid-state catheters™ >, This may reflect the stimulation
of catheters on colon.

In the present study, the colon also exhibited regional
variations in the circadian behavior of the colonic motility,
as well as its response to waking and meals, emphasizing
the importance of studying the pancolonic motility
activities.

In summary, the capsule-style manometric system is
reliable and safe for the study of pancolonic motor activity
under physiological conditions, representing a useful tool
for the study of physiology and pathology of colonic
motor disorders.
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