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Abstract

Objective—The aims was to investigate the energy-dose response effect of IES on small bowel
motility, to compare the effect of forward and backward IES; to explore the possibility of using
intermittent IES and mechanism of IES on intestinal motility.

Material and Methods—Five dogs implanted with a duodenal cannula and one pair of intestinal
serosal electrodes were studied in 5 sessions: 1) energy-dose response study; 2) forward IES; 3)
backward IES; 4) intermittent IES vs. continuous IES; 5) administration of guanethidine. The
contractile activity and tonic pressure of the small intestine were recorded. The duration of
sustained effect after turning off IES was manually calculated.

Results—1) IES with long pulses energy-dose dependently inhibited contractile activity and
tonic pressure of the small intestine (p < 0.001). 2) The duration of sustained inhibitory effect of
IES on the small intestine depended on the energy of IES delivered (p < 0.001). 3) The potency of
the inhibitory effect was the same between forward and backward IES. 4) The efficacy of
intermittent IES was the same as continuous IES in inhibiting matility of the small intestine. 5)
Guanethidine blocked the inhibitory effect of IES on intestinal motility.

Conclusions—IES with long pulses inhibits small intestinal motility; the effect is energy-dose
dependent, diffused and sustained. Intermittent IES has the same efficacy as the continuous IES in
inhibiting small intestinal motility. Forward and backward IES have similar inhibitory effects on
small bowel matility. This IES-induced inhibitory effect is mediated via the sympathetic pathway.
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INTRODUCTION

Electrical stimulation as a unique modality is an attractive option for various gastrointestinal
disorders refractory to conventional therapies. Gastric electrical stimulation (GES) has been
used to either enhance gastric motor function in case of treating gastric motility disorders
(1-4) or inhibit gastric motor function in treating obesity (5, 6) based on the pattern and
energy of electrical stimulation delivered to the stomach as well as the stimulation location.
It has been reported that short pulse gastric electrical stimulation improved dyspepsia
symptoms in patients with gastroparesis (7), while long pulse gastric electrical stimulation
affected gastric slow waves and improved gastric emptying (8, 9). Furthermore, forward
GES (electrodes located at the corpus along the great curvature) or sequential GES (annular
electrodes encircled the distal two thirds of the stomach) increased gastric emptying, while
backward GES (electrodes located at the antrum) delayed gastric emptying.

Compared to GES, the effects of intestinal electrical stimulation (IES) on intestinal
contractile activity are less understood. IES has been used to treat patients with short bowel
syndrome (10-12), patients with dumping syndrome post-gastrectomy (13, 14), and patients
with Roux stasis syndrome (15). In animal experiments, the results of IES on gastrointestinal
motility were conflicting. Cranley showed IES on Roux limb delayed gastric emptying (15)
while Sawchuk showed IES on Roux limb enhanced gastric emptying (16). Chen et al
showed IES accelerated small intestinal transit slowed by fat in the ileum (17) whereas
Gladen et al showed IES decreased small intestinal output and consequently enhancing
water and glucose absorption (11). However, little is known on the effects and mechanisms
of IES on intestinal contractile activity and tonic pressure (18, 19).

Forward and backward GES showed opposite effects on gastric motility. It is unclear
whether it is also true for IES. It has been postulated that the inconsistency in the effect of
IES on small bowel motility might be attributed to different energies of IES delivered and/or
forward or backward IES applied (17, 20). However, there has been no data showing the
energy dose response of contractile activity of the small intestine to IES and there have been
no published studies comparing the effects on the small intestinal contractile activity and
tone between forward IES and backward IES. In order to better understand the effect of IES
on contractile activity of the small intestine, more information is needed to fulfill the gaps of
our knowledge regarding IES. It was also of great interest and clinical significance to know
whether IES would have an excitatory or inhibitory effect on contractile activity of the small
intestine; whether this effect would be localized or diffused; and whether the effect of IES
would be sustained

The aims of this study were, therefore, (1) to investigate the energy dose dependent effect of
IES on contractile activity of the small intestine; (2) to compare the effects of backward IES
and forward IES on small intestinal motility and (3) to study the sustained effect of IES on
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small intestinal motility, (4) to investigate the possible mechanism by which the effect of
IES on intestinal motility is mediated.

METHODS

Animal Preparation

The procedures used in this study were approved by institutional animal care and use
committee at the University of Texas Medical Branch at Galveston, Texas, USA. Five
healthy female hound dogs (17.4~25.2 Kg) were included in the study. After an overnight
fast, the dog was operated under general anesthesia. The anesthesia was induced with
Pentothal (sodium thiopental 5 mg/kg, intravenous, Abbott Laboratories, North Chicago,
Illinois) and maintained on IsoFlo (isoflurane 1.5%, inhalation anesthesia, Abbott) in
oxygen-nitrous oxide (1:1) carrier gases delivered from a ventilator following endotracheal
intubation. The dog was monitored with the assessment of tongue color, pulse rate, and
breath rate. All dogs were surgically prepared with a chronic duodenal fistula located 20 cm
beyond the pylorus. The fistula was fitted with a modified Thomas cannula. Just proximal
and distal to the fistula, a Tygon tubing with a diameter of 2 mm was looped around the
intestine to create a tent, and fixed by sutures through the visceral peritoneal to the intestinal
wall. The length of tubing was individualized to be as short as possible without producing a
tightening effect on the lumen. The cannula was brought out through the abdominal wall and
fixed to prevent rotation. Two 28-guage cardiac pacing electrodes (A & E Medical,
Farmingdale, NJ) were implanted 1 cm apart on the serosal surface of small intestine 30 cm
distal to the duodenal cannula. The electrodes penetrated the subserosa and were affixed to
the intestinal serosa by non-absorbable sutures. The electrode wires were subcutaneously
tunneled through the anterior abdominal wall along the right side of the trunk and were
placed outside the skin around the right hypochondrium for attachment to the electrical
stimulator. Following completion of the operation, the anesthetic gases were discontinued.
Extubation was performed after the airway reflexes were retained. The dog received
medication for postoperative pain control and was transferred to a recovery cage. The study
was initialized after the dogs were completely recovered from the surgery, usually after 2
weeks.

Experimental Protocols

All dogs were fast overnight before the experiments. Each dog was studied in 5 randomized
sessions on 5 separate days (a minimum of three days apart). All experiments were
performed in the fed state after the ingestion of 8 oz of standard dog can food. In session 1,
the contractile activity and tone of the small intestinal segment distal to IES and the duration
of sustained inhibitory effect of IES were recorded during IES with different stimulation
parameters as the following combinations of pulse width (ms) with pulse amplitude (mA)
and orders: 50 ms with 2.5 mA; 50 ms with 5 mA; 50 ms with 7.5 mA; 50 ms with 10 mA;
100 ms with 2.5 mA; 100 ms with 5 mA; 100 ms with 7.5 mA; 100 ms with 10 mA; 200 ms
with 2.5 mA,; 200 ms with 5 mA; 200 ms with 7.5 mA; 200 ms with 10 mA; 300 ms with 2.5
mA; 300 ms with 5 mA; 300 ms with 7.5 mA; 300 ms with 10 mA. In session 2, the
contractile activity and tone of small intestinal segment proximal to IES was recorded for 40
minutes, 20-min at baseline and 20-min during IES. In session 3, the contractile activity and
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tone of small intestinal segment distal to IES was recorded for 40 minutes, 20-min for
baseline and 20-min after IES. In session 4, the contractile activity and tone of small
intestinal segment distal to IES was recorded for 20-min as baseline and 20-min during
intermittent IES (see intestinal electrical stimulation in experimental session 4). In session 5,
the contractile activity of small intestinal segment distal to IES was sequentially recorded for
20-min as baseline, 20-min after the administration of adrenergic blocking agent
guanethidine (3 mg/kg for 5-min), 20-min during IES and 20-min for recovery.

Intestinal Electrical Stimulation

Various IES stimulation parameters have been tested in different experimental sessions as
indicated below. Preliminary testing was performed before the following systematic study to
make sure that none of the parameter sets to be tested would induce animal behaviors
suggestive pain or discomfort or retching or vomiting.

Experimental session 1. IES was delivered using following different stimulation parameters.
The stimulation frequency was fixed at 20 cpm, which was slightly higher than the
frequency of the intestinal slow wave in dogs (about 18 cpm). Four different pulse widths
(50 ms, 100ms, 200ms, and 300ms) and four different pulse amplitudes (2.5 mA, 5 mA, 7.5
mA, and 10 mA) were tested. The stimulation energy was calculated as axb?, where a was
the value of pulse width in ms and b was the value of pulse amplitude in mA. IES with each
set of parameters was applied for 90 seconds and a period without IES was provided
between two consecutive IES for the intestinal motility to recover to the baseline
postprandial level. An adjustitable electrical stimulator (Model A 301, World Precision
Instruments, Sarasota, FL, USA) was used for stimulation.

Experimental session 2, 3 and 5. IES was delivered with a frequency of 20 cpm, pulse
widths of 200ms and amplitude of 10 mA. These parameters of IES were selected based on
preliminary experiments that showed the most reliable and reproducible effect on intestinal
motility during IES.

Experimental session .4 IES was performed intermittently using the same parameters as in
experimental sessions 2 and 3. However, the stimulator was turned ‘on’ for a period of 90
seconds and “off’ for a period of 30 seconds during the 20-min IES period.

Measurement and analysis of small intestinal contractile activity and tone

Small intestinal contractile activity and tone were recorded using a manometric method via a
catheter with an 8 ml balloon at the end, and 4 side holes at an interval of 5 cm (Medtronic,
Synectic Medical AB, Stockholm, Sweden). The catheter was inserted through the duodenal
cannula to the small intestinal segment with the balloon positioned either 5 cm distal to the
IES site in experimental sessions 1, 2 and 4 or 5 cm proximal to the IES site in experimental
session 3. The manometric assembly was continuously perfused by a pneumohydraulic
capillary infusion system.

The manometric recording was made in the following sequence: 1) the animal was fed with
one can of dog food; 2) 10 min after eating, a continuous recording of intestinal contractile
activity was made for 20 min and this recording was considered as baseline); 3) various
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segmental recordings with or without IES as indicated in the experimental protocols for
various sessions.

The contractile activity of small intestine was assessed by using the mean area under the
contractile wave curve (mean AUC) per second. The mean AUC was computed by using the
Polygram function testing software (software Medtronic, Synectic Medical AB, Stockholm,
Sweden). A higher value in the mean AUC was indicative of increased contractile activities
of the small intestine.

The tone of the small intestine was assessed from the basal pressure measured from the
balloon channel. The mean basal pressure of the balloon channel was visually determined by
drawing the best-fit line on the tracing every one-minute and the information regarding
whether IES was performed was made unavailable during the assessment.

Sustained duration of IES—Sustained duration of IES was defined as the duration in
seconds between the cessation of IES and the time when the contractive activity or the basal
pressure returned to the baseline level before IES.

Statistics—In experimental session 1, the contractile activity, basal tone of the small
intestine, and duration of sustained inhibitory effect during IES with 14 different sets of
stimulation parameters were analyzed by One-way ANOVA. Bonferroni (All-Pairwise)
Multiple Comparison Test was used to test significant difference between each two different
conditions. Linear regression analysis was used to assess the correlation of two parameters.
Paired t-test was used to compare two test conditions. All data are expressed as mean+SD. P
value less than 0.05 was considered a statistically significant difference.

The study was well-tolerated by the animals. No animal behaviors suggestive pain or
discomfort was noted. No adverse events were reported during and after the study.

Energy-dose-dependent inhibitory effect of IES on small intestinal motility

IES inhibited small intestinal contractile activity in an energy-dose—dependent manner. As
shown in Table 1, the contractile activity of the small intestine presented as the mean AUC
was 9.1 £ 2.0 during IES with the lowest energy to 1.7 + 0.2 during IES with the highest
energy (p < 0.001, one-way ANOVA). Linear regression analysis of 80 individual test
periods from 5 dogs showed that IES inhibited small intestinal contractile activity in a
manner that was dependent on energy-dose (r = -0.698, p < 0.001) (Figure 1). IES with
energy ranged from 2.5 to 17 ms-mAZ2 showed reliable and reproducible inhibitory effects on
small intestinal contractile activity. The inhibitory effect of IES on small intestinal
contractile activity was less predictable if the stimulation energy was less than 5 ms-mA?Z as
shown in Figure 1. On the other hand, the maximum inhibition was reached when the
stimulation energy was higher 17 ms:-mAZ, Figure 2 showed the effects of IES on the
intestinal contractions with pulse width ranging from 50 ms to 300ms and pulse amplitude
ranging from 2.5 mA to 10 mA.
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Similarly, IES reduced the tonic pressure of the small intestine in an energy-dose-dependent
manner. As shown in table 1, the basal tonic pressure of the small intestine decreased from
0+0 mmHg during IES with the lowest energy to 19.2+11.4 mmHg during IES with the
highest energy (p < 0.001, one-way ANOVA). Linear regression analysis of 80 individual
test periods from the 5 dogs showed that IES decreased the tonic pressure of the small
intestine in a manner that was dependent on energy dose (r= 0.710, p < 0.001, Figures 3).
Figure 4 showed the effects of IES on tonic pressure changes with pulse width ranging from
50 ms to 300 ms and the pulse amplitude ranging from 2.5 mA to 10 mA.

Diffused inhibitory effects of IES on small intestinal motility

IES with long pulses (pulse width of 200 ms, amplitude of 10 mA and frequency of 20 cpm)
significantly and substantially inhibited the contractile activity and tonic pressure of the
small intestine. The mean AUC measured from the location either proximal or distal to the
stimulation site during IES was 1.9+0.7 mmHg and 2.4+0.3 mmHg, which were
substantially lower than that during baseline of 10.2+3.5 mmHg and 15.4+2.6 mmHg,
respectively. The mean tonic pressure measured from the location either proximal or distal
to the stimulation site during IES was 2.0+0.4 mmHg and 2.0+0.5 mmHg, which were
substantially lower than that during baseline of 13.4+1.7 mmHg and 12.9+2.3 mmHg,
respectively.

No difference was noted in the effect of IES on the contractile activity or tonic pressure of
the small intestine between the forward stimulation and the backward stimulation. The mean
AUC of the contractions measured from the small intestinal segment proximal to the IES
site was inhibited by 81% compared to the mean AUC at baseline, whereas the mean AUC
of the contraction of small intestinal segment distal to the IES was decreased by 85%
compared to the mean AUC at baseline. These two values were not statistically different (p
> 0.05). Similarly, the IES-induced inhibitions in the tonic pressure measured from the small
intestine proximal to the IES site and distal to the IES site showed no difference (p > 0.05).

There was a diffused and consistent inhibitory effect as shown in the sample tracing (Figure
5): the phasic contractions were significantly suppressed in all four channels, spreading both
forward (distal) and backward (proximal) from the IES site along the small intestine. Similar
inhibitory effect of IES on tonic pressure of the small intestine was seen in balloon channel
of the sample tracing (Figure 5).

Sustained inhibitory effect of IES on small intestinal motility

A sustained inhibitory effect of IES on small intestinal motility was observed (Figure 6).
The duration of the sustained inhibitory effect of IES on the small intestinal contractile
activity was increased with the increased stimulation energy and these two variables were
significantly correlated with each other (r = 0.769, p < 0.001, table 1). The duration of the
sustained effect ranged from 0 second with IES of the lowest energy to about 436 seconds
with IES of the highest energy. (p < 0.001, one-way ANOVA). Figure 7 shows the different
dose response curves of IES with pulse width ranging from 50 ms to 300ms with pulse
amplitude ranging from 2.5 mA to 10 mA on the duration of the sustained inhibitory effect.
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Efficacy of intermittent IES

Based on the sustained effect of IES, we proposed a method of intermittent IES, that is, IES
was programmed to be alternatively and repetitively “on” for a certain period and “off” for
another period. The duration of the “off” time was determined according to the duration of
the sustained effect of IES with a particular set of parameters. It was found that such a
designed intermittent IES was as effective as the continuous IES but apparently consumed
less energy. Intermittent IES for 20 min (repetitively 90s-on and 30s-off) inhibited
contractile activity of the small intestine by 65.0+14.3% compared to the baseline (p < 0.05,
paired t-test) and significantly decreased the tone of the small intestine by 8.8 + 5.8 mmHg
compared to relative baseline (p<0.01). The mean AUC was 4.2+3.1 during continuous IES
compared to the mean AUC of 12.7+4.0 in the baseline and the mean AUC was 4.5+1.4
during the intermittent IES compared to the mean AUC of 13.6+2.2 during the baseline. The
mean decreased tonic pressure of the small intestine was 10.1+5.8 during continuous IES
and the mean decreased tonic pressure of the small intestine was 8.7+5.8 during the
intermittent IES. The potency of the inhibitory effects of IES on the contract tile activity and
the tone of the small intestine was not different between the intermittent IES and the
continuous IES (p > 0.05, paired t-test).

Aadrenergic mechanisms of IES

The inhibitory effect of IES on intestinal motility was blocked by guanethidine. As it can be
seen from Figure 8 that in the session 5, regular intestinal contractions were recorded at
baseline, not affected by guanethidine (except an initial brief inhibition) and not altered even
with IES. The mean AUC was 14.5+1.0 after guanethidine infusion without IES and
maintained unchanged during IES (14.3£1.9, p > 0.05, paired t-test).

DISCUSSION

While the effect of IES on intestinal transit and absorption has been previous studied, little is
known on the effect of IES on intestinal contractions and tone. In this study, we found that
1) IES significantly inhibited the contractile activity and decreased the tonic pressure of the
small intestine; 2) these inhibitory effects were diffused as they were noted from both
segments proximal and distal to the IES site; 3) the potency and duration of the sustained
inhibitory effects of IES on the small intestine were energy dose-dependent; 4) the effects of
appropriately designed intermittent IES on the contractile activity and tonic pressure of the
small intestine were the same as the continuous IES; 5) the inhibitory effect of IES on
intestinal contractions was blocked by guanethidine, suggesting the involvement of the
sympathetic pathway.

In this study, we used an established chronic canine model with a duodenal cannula and the
clinically established manometric method to comprehensively and systematically determine
the effect of IES on intestinal contractile and tonic activity. To the best of our knowledge,
this was the first systematic study investigating the effects of intermittent IES on intestinal
contractions. Previous studies have investigated the effects of IES on intestinal transit (17)
and absorption (10, 21) and gastric emptying (16) without actual assessment of intestinal
phasic and tonic activities. Moreover, none of previous studies has systematically
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investigated the dose/energy response. Contrast to the data presented in this study, it had
previously been assumed that backward IES and forward IES had opposite effects on
intestinal motility (14, 16, 22, 23).

A number of significant findings were reported in this study regarding the effects of IES on
intestinal motility, which have not been reported elsewhere. Firstly, the effect of IES on
intestinal motility was found inhibitory and energy-dose dependent. Secondly, the inhibitory
effect of IES on intestinal motility was sustained after the cessation of IES and the sustained
duration was also proportional to the stimulation energy. Thirdly, based on this sustained
effect, an intermittent IES was proposed and the efficacy of the proposed intermittent IES on
intestinal motility was the same as the continuous IES. If a battery is used as the energy
source for IES, one-third energy will be preserved by using the proposed intermittent IES,
which will be translated into prolongation of one-third of battery life. In addition, the
proposed intermittent IES is superior to the continuous IES with regarding to possible
muscle fatigue or tissue adaptation to IES. Finally, IES showed the same inhibitory effect on
the contractile activity and tonic pressure of the small intestinal segments both proximal and
distal to the IES site. This suggests that the effect of IES on small intestinal motility may not
be a local myogenic effect but a diffused, and possibly a neurogenic reflexive phenomenon.
This finding is also critical to understand why IES is able to extend its inhibitory effect to
the stomach (24).

Previous studies have suggested different effects of IES on gastrointestinal transit described
as “forward pacing” or “backward pacing”. Forward pacing was used to enhance the transit
of the small intestine segment that located caudally to the IES site, such as to treat Roux
stasis syndrome (25, 26). In contrast, backward pacing was used to inhibit transit of the
small intestinal segment that located cranially to the IES site (13, 22, 27-31). However, a
few studies showed that both forward and backward IES enhanced glucose and water
absorption in both the intact and the transected small intestinal loop (22, 27, 30-32). A few
recent studies showed that IES accelerated intestinal transit in a canine model of ileal brake
(17) and decreased fat absorption in a rat model (33). In this study, the inhibitory effects of
IES was found to be unrelated to the stimulation direction, whether forward or backward. It
should be mentioned that none of previous studies systematically compared the performance
difference between forward and backward stimulation. Most often, the stimulation was
performed using electrodes either proximal to or distal to the testing segment but not both
(22, 30, 34).

The mechanisms of diffused, sustained inhibitory effects of IES on motility of the small
intestine are not fully understood. Nitric oxide (35-37), neuropeptide Y'Y (38-40), VIP (41—
44), and sympathetic pathway (45, 46) are potential mediators of the IES-induced inhibitory
effect on small bowel motility. The diffused inhibitory effect of IES suggests that the IES-
induced inhibitory effect on small bowel motility might involve certain neural reflex (46,
47). Guanethidine is an adrenergic blocker for preventing release of norepinephrine and the
present study showed that the administration of guanethidine prevented the inhibitory effect
of IES on intestinal motility, indicating that the inhibitory effect of IES on intestinal motility
was mediated via the sympathetic nerve activation. This was in agreement with a previous
study in which the inhibitory effect of IES on intestinal contractions was found to be
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mediated via sympathetic but not nitrergic, serotoninergic 5-HT3 or opiate pathway (48).
The diffused and inhibitory effect of IES reported in this study suggests that IES may have a
therapeutic potential for severe motility disorders featured with hypertensive and/or
uncoordinated contractions, such as neuropathic intestinal pseudo-obstruction and spastic
colon.

Based on its inhibitory effects on intestinal motility observed in this study, IES is anticipated
to have a number of clinical applications in the future. Firstly, inhibited intestinal motility is
expected to delay intestinal transit and therefore, the IES method presented in this study may
be effectively applied to treat dumping or short bowel syndromes. Although this application
was previously explored by Kelly and his colleagues (15, 16), more effective methodologies
may be derived based on the findings of the present study. Secondly, in a subgroup of
patients with intestinal pseudo-obstruction, intestinal motility is featured with uncoordinated
hypertensive intestinal contractions (49). The inhibitory IES may be applied to treat this
group of patients with intestinal pseudo-obstruction. Thirdly, it is known that,
neurotransmitters, peptide Y'Y and Glucagon-like peptide-1 (GLP-1), secreted in the distal
intestine, play an important role in the control of satiety and food intake (50, 51). IES may
be performed at the distal intestine to delay intestinal transit (52) and enhance the release of
these satiety-related peptides, leading to an increased satiety. In addition, a separate study
performed in our lab has shown that in addition to its inhibitory effects on intestinal motility,
IES with appropriate parameters also inhibits gastric contractions and delays gastric empting
in normal dogs (24). Taken together, IES is expected to have a therapeutic potential for
obesity as shown in a recent study in dogs and humans (53, 54).

In conclusions, IES with long pulses inhibits motility of the small intestine mediated by the
sympathetic pathway. This inhibitory effect is energy-dose dependent, diffused and
sustained. IES performed intermittently based on the sustained duration is as effective as
continuous IES. More studies are needed to explore clinical potentials of IES in treating
various disorders related to intestinal motility or obesity.
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Figure 1.
Correlation of small intestinal contractile activity (mean AUC) with IES energy (ms-mA?2).

R2=0.487, p < 0.001.
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Figure 2.

10 mA

Dose-dependent curves of IES on small intestinal contractile activity (mean AUC) with four
different long pulse IES (50 ms, 100 ms, 200 ms and 300 ms) combined with four different

amplitudes of IES (2.5 mA, 5 mA, 7.5 mA, and 10 mA).
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Figure 3.
Correlation of decreased tonic pressure of the small intestine with IES energy (ms:mAZ2). R2

=0.504, p<0.001.
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Figure 4.

Dose-dependent curves of IES on decreased tonic pressure of the small intestine with four
different long pulse IES (50 ms, 100 ms, 200 ms and 300 ms) combined with four different
amplitudes of IES (2.5 mA, 5 mA, 7.5 mA, and 10 mA).

Neuromodulation. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyny vd-HIN 1duosnue N Joyny vd-HIN

1duosnuel Joyiny vd-HIN

Zhao et al.

Page 17

(A)

Balloon

L’-wf\——,—.#-v‘\-—ﬁwmﬁr——mﬁ—w—-ﬂ

Baseline Forward IES

(B)

J1 VJ‘.MW4¢-MMM-*AJLWv=JJ

-
————

Baseline T Backward IES

Figure 5.
The sample manometric recordings of the small intestinal segment distal to IES site (A) and

proximal to IES site (B) at base line and with long pulse IES of 200 ms, 10 mA of
amplitude, and 20 cpm of frequency. Balloon 25 cm distal to IES site. J1: small intestine 5
cm from balloon. J2: small intestine 10 cm from balloon. J3: small intestine 15 cm from
balloon. J4: small intestine 20 cm from balloon.
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Figure 6.
Manometric recording of the small intestine with IES of different energy ranged from 1.25

to 20.0 (ms-mA?2). IES was on for 2 min shown in block lines and the off for a period times
shown in arrows until the contraction and basal tonic pressure of the small intestine were
restored back to baseline level before next IES delieved. J1: small intestine 20 cm from
balloon. J2: small intestine 15 cm from balloon. J3: small intestine 10 cm from balloon. J4:
small intestine 5 cm from balloon.
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Figure 7.
Dose-dependent curves of duration of sustained inhibitory effect (seconds) with four
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different long pulse IES (50 ms, 100 ms, 200 ms and 300 ms) combined with four different

amplitudes of IES (2.5 mA, 5 mA, 7.5 mA, and 10 mA).
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Manometric tracings showing the effects of IES with long pulses on small intestinal motility
in session 5. Guanethidine prevented the inhibitory effect of IES on small intestinal motility.
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Table

IES energy-dose-dependently inhibited small intestinal motility

Energy delivered to Contractile Tonic Pressure Duration of
small intestine by activity during  Decreased during Sustained
IES IES IES (mmHg) Inhibitory effect
(ms-mA?2) (mean AUC) (Second)
0.312 9.1+20 0+0 0£0
0.625 86+1.9 14+31 0+0
1.250 74+16 15+28 9.8+17.3
1.880 44+16 6.8+2.0 92.6+34.4
2.500 75+14 34+32 13.4+18.6
2.810 7117 32+29 16.3+16.6
5.000 48+25 5947 54.7+37.9
5.630 41+08 8.6+3.2 46.0 £13.4
7.500 29+14 11.2+44 124.6 + 38.6
10.00 35+0.6 10.2+£4.0 81.2+17.9
11.25 26+0.3 7.8+3.7 1448 +81.3
16.88 20+05 134+51 2944 +213.8
20.00 2303 12.0£55 267.2 +156.9
30.00 1.7+£0.2 19.2+114 436.8 + 304 6
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