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Abstract
Background Intestinal pacing (IP) has been previously shown
to delay gastric emptying and reduce food intake in animals.
The aims of this study were to investigate the effect and
mechanism of IP on nutrient absorption in healthy volunteers.
Methods Twelve healthy volunteers (six men, six women)
were involved in a two-session (one session without IP and
one with IP) study. At the beginning of each session, a
nasal-duodenal feeding tube, with two ring electrodes (used
for IP) on the tip of the tube, was incubated into the
duodenum under endoscopy. After a complete recovery
from the incubation, the duodenum was infused via the
feeding tube with 150 ml 30% intralipid + 25 g D-xylose
within 30 min, and the stool was collected for 24 h for the
analysis of fecal lipid during which a controlled meal was

taken. Then 100 ml 1mCi99Tc-labeled non-absorbable
solution was infused within 3 min. The subject was asked
to lie under a γ camera for at least 1 h for the measurement
of small bowel transit. The movement of isotopes was
monitored by γ camera at an interval of 10 s. The first
appearance of isotopes in the cecum was considered as
small intestinal transit time. The order of the two sessions
was randomized and 1 week apart. In the IP session,
intestinal pacing was performed via the pair of the ring
electrodes for 2 h initiated at the beginning of infusion with
a pacing frequency of 13 pulses/min, pulse width of 300 ms
and amplitude of 5 mA.
Results (1) IP significantly reduced lipid and D-xylose
absorption. The fecal lipid was 6.6±4.6 g without IP and
almost doubled with IP (11.1±6.5 g, P=0.047). Similarly, the
D-xylose in urine was 3.46±2.22 g with IP, which was
significantly lower than that without IP (6.63±5.06 g, p=
0.049). (2) IP accelerated intestinal transit. The transit time
was 39±17 min in the control session and reduced to 28±10
min in the IP session ( p<0.03). (3) Diarrhea was reported in
one subject without IP but in six subjects with IP ( p<0.05).
Conclusions The increased fecal lipid and induction of
diarrhea with intestinal pacing suggest that intestinal pacing
is capable of inducing malabsorption. This effect maybe
contributed to the acceleration of intestinal transit.
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Introduction

Obesity is the most prevalent public health problem which
affects more than 1.7 billions of global population and
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causes 2.5 millions deaths every year [1, 2]. Currently, this
disease is still lack of satisfactory therapeutics although
various treatment options are available, such as diet, exercises,
pharmacotherapy, and surgery. There is an urgent need to
develop safer andmore effective methods to treat patients with
morbid obesity, as concluded by a panel of expert at a National
Institutes of Health consensus conference [3].

Previous studies have suggested that gastric electrical
stimulation maybe a potential therapeutic method on the treat-
ment of obesity. Preliminary clinical studies by Cigaina et al.
[4] showed that gastric electrical stimulation induced weight
loss in morbidly obese patients. Shikora et al. [5] reported a
multicenter, randomized, double-blinded clinical trial in
which the safety and efficacy of a transcend implantable
gastric stimulation system for weight loss was evaluated. In
these methods, electrical stimulation was performed using
serosal electrodes implanted on the gastric serosa.

Preliminary human studies in our laboratory have shown
that electrical stimulation of the small intestine delays gastric
emptying and reduces water intake in healthy volunteers [6].
Our animal studies have also shown that intestinal electrical
stimulation (IES) delayed gastric emptying [7], induced
gastric relaxation [8], reduced food intake in dogs [8], and
significantly decreased lipid absorption in rats [9]. All these
preliminary studies suggested that IES may have a therapeutic
potential for obesity. But no previous study has ever
investigated the effect of IES on nutrient absorption in human
and its possible mechanisms.

Therefore, the aims of this clinical study were to
investigate the possible effect of the novel nonsurgical
method, IES by using intraluminal electrodes, on nutrient
absorption, dyspeptic and malabsorption symptoms, and its
possible mechanisms.

Methods

Subjects

Twelve healthy volunteers (6 men and 6 women, mean age
22, range 22–24 years) were involved in this study. The
body mass index (BMI) was 20.53±2.17 kg/m2. All the
subjects were free of any symptoms, had no history of
gastrointestinal disease or surgery, and had not taken any
medications during the past 2 weeks. Furthermore, bio-
chemistry measurement of liver function, renal function,
fasting blood glucose, and ultrasound examinations were
performed to exclude the possible disease, which might
impair the absorption function. Written consent was
obtained from every participant, and the study protocol
was approved by the ethical review board of the institution
of Tongji Medical College.

Experimental Protocol

This study was composed of two sessions with two steps in
each session. The two steps were performed in two
consecutive days in each session and the duration between
each session was 1 week. All the subjects were fasted for
12 h prior to the initiation of each session. A regular nasal-
jejunal feeding tube with a diameter of 0.4 cm (Flexiflo
Flocator, Ross Product Division, Abbott Laboratories,
Columbus, OH) attached with three ring electrodes was
intubated via the nose under gastric endoscopy. To avoid
the possible effect of anesthesia on gastrointestinal motility
and sensation, no sedation was taken during the operation
of endoscopy. The end tip of the feeding tube was placed in
the duodenum about 15 cm beyond the pylorus. The three
ring electrodes at the end tip of the tube were arranged with
an interval of 5 cm and the two distal electrodes were used
for electrical stimulation and electrodes. The location of the
electrodes was checked by abdominal X-ray to confirm the
right position in duodenum before the initiation of every
step. Otherwise, replacement of tube was performed via
endoscopy. All steps were performed in a silent room with
temperature of 28°C.

Measurement of Small Bowel Absorption

In stimulation session first step, after a 1 h recovery time
from the intubation of feeding tube, a set of duodenal
electrical stimulation with parameter of frequency 13 cpm,
pulse width of 300 ms and amplitude of 5 mA generated by
a universal stimulator (WPI, Sarasota, Florida) was applied
via the electrodes for 1.5 h. At the initiation of stimulation,
the subject received an infusion of 250 ml test liquid meal
in 30 min, which was consisted of 150 ml 30% intralipid
(triacylglycerol emulsion, Kabi Pharmacia, Milton Keynes,
UK), 25 g D-xylose (Sigma) + 100 ml physical saline,
followed by an infusion of 480 ml 0.9% physical saline in
1 h. Infusion rate were 8 ml/min for both test liquid meal
and physical saline, which was controlled by an infusion

Fig. 1 Effect of IP on D-xylose absorption. IP significantly decreased
the volume of D-xylose in urine (p<0.05 vs control)
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pump (Terumo Corp, TE-171, Jpn). To avoid the possible
effect of movement on small bowel transit, subject was
required to keep supine position for 5 hours from the
beginning of the procedure. A standard meal with total
vegetable oil of 80 g was taken and nothing was taken after
then except water till the initiation of the 2nd step.

Measurement of Small Bowel Transit

The second step was undergone 24 h after the initiation of
the first step. A same set of electrical stimulation as step 1
was delivered via the electrodes for 1 h or γcamera scan
showed that isotopes arrived into cecum. Simultaneously,
100 ml 1mCi99Tc labeled nonabsorbable solution (25 mM
NaCl, 20 mMNaHCO3, 40 mMNa2SO4, 10 mM KCl, 5 g/L
PEG, 80 mM Mannitol) was infused into small intestine
via the feeding tube in 3 min followed by physical saline
infused at speed of 8 ml/l till the end of step 2 [10]. Gamma
camera imaging was started at the initiation of infusion in
order to monitor the movement of radiolabel along the small
intestine. Scans were taken every 10 seconds for 1 h or till
the isotopes arrived into cecum.

The procedure of control session was the same as
stimulation session except a sham stimulation (electrode
wire was connected with stimulator, no stimulation was
delivered) was applied during the infusion.

Symptoms Score

Symptoms of dyspepsia, which includes fullness, appetite,
abdominal pain, bloating, nausea and vomiting, were
scored by the subjects themselves at the initiation and end
of infusion, respectively. These symptoms were assessed
based on their severity and/or frequency (0: never; 1:
seldom; 2: often; 3: continues or cannot study). Symptom
of malabsorption, which was represented by the frequency
of diarrhea (0: none; 1: one time; 2: two times; 3: more than
three times). Diarrhea was defined by the Bristol criteria
and type 6 or 7 was considered as diarrhea.

Measurement of Fecal Lipid

The excreted stool was collected during the 24 h from the
initiation of procedure for the analysis of fecal lipid. The
feces were weighed, and stored at −20°C till the time for
fecal lipid analysis. The amount of lipid excreted in the feces
was quantified by the method of Van de Kamer et al. [11].

Measurement of Urinary D-xylose

Urine was collected for the analysis of D-xylose during the
5 h after the test meal was infused, and aliquots subsequently
stored at −20°C until process. Urinary D-xylose was mea-
sured by standard colorimetry [12].

Statistics

All values were expressed as mean ± STD. The data were
compared using Student’s t test. The symptom of diarrhea
was analyzed by Chi-square test. p<0.05 was considered
significant.

Results

Effect of IP on Nutrient Absorption

IP decreased lipid and D-xylose absorption. As shown in
Fig. 1, in stimulation session, the volume of D-xylose in the
collected urine during the 5 h after the test meal was
infused were significantly lower than those in control
session ( p<0.05). Similarly, the volume of lipid in

Fig. 2 Effect of IP on lipid absorption. IP significantly increased the
volume of fecal lipid ( p<0.05 vs control)

Fig. 3 IP significantly increase dyspepsia symptoms score during
nutrition infusion. In the stimulation session first step, the symptoms
score after the nutrition was infused was significantly higher than that
at baseline and accordingly period in control session ( p<0.003 vs control
or baseline). In control session first step, the symptoms score after the
nutrition infusion was significantly higher than those at baseline and
during nonabsorbable liquid infusion step (second step; p<0.05)
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stimulation session was significantly higher than those in
control session, which meant that more lipids were excreted
and less were absorbed ( p<0.05; Fig. 2).

Effect of IP on Malabsorption and Dyspepsia Symptoms

IP induced more symptoms of malabsorption and dyspep-
sia. In stimulation session first step, the mean dyspepsia
symptoms score during the test meal was infused was 8.5±
5.7, which was significantly higher than that in its baseline
(1.3±1.5) and accordingly period in control session (4.1±
3.0; p<0.003; Fig. 3). This difference were contributed to
all the symptoms, including fullness, appetite, abdominal
pain, bloating, nausea, and vomiting ( p<0.05; see Fig. 4).
Whereas, in the stimulation session second step, which non-
absorbable liquid was infused, IP did not induce more
malabsorption symptoms when comparing to its baseline
and that in control session ( p>0.05). Furthermore, as the
typical malabsorption symptoms-diarrhea was concerned,
six subjects presented symptoms of diarrhea in the IP
session and only one subject had diarrhea in the control
session ( p<0.05, Chi-square test; Table 1).

Effect of IP on Small Bowel Transit

IP significantly accelerated the small bowel transit. The
mean time of arrival of isotopes into the cecum in IP

session was 28±10 min, which was significantly lower
than that in control session ( p<0.05). But the relationship
between small bowel transit and D-xylose absorption was
not significant ( p>0.05; Fig. 5)

Discussion

In the present study, we demonstrated that IES significantly
decreased the volume of D-xylose in the urine: increased
the volume of fecal lipid. Furthermore, our data suggested
that IES induced dyspeptic and malabsorption symptoms
when nutrient was infused. The small bowel transit was
also accelerated with IES.

An intraluminal stimulation method was used in this IP
study and certain dose of intralipid plus D-xylose were used
as the marker for investigating intestinal absorption ability.
Our previous canine study investigated the effect of
intestinal electrical stimulation on intestinal slow wave
using the same intraluminal ring electrodes and showed that
intestinal slow waves recorded by the ring electrodes were
exactly the same as those recorded by the serosal electrodes
[13]. In our previous human study, the regular duodenal
slow waves were also recorded by the same electrodes,
which proved the reliability of the contact between the ring
electrodes and intestinal mucosa and lead to the possibility
of using intraluminal probe for electrical stimulation in the
small intestine [6]. D-xylose is the common marker for the
analysis of small intestinal absorption. It’s absorbed
unchangingly in jejunum and excreted into the urine, which
allowing it for the measurement [14]. According to our
knowledge, the dose of D-xylose for analyzing intestinal
absorption change in the range of 5 to 25 g [15]. In this
study, to investigate the effect of IP on inducing malab-
sorption, we used the highest dose of 25 g. Similarly, the
dose of lipid for intestinal infusion is in the range of 3 to
32 g [16, 17]. Also, it is reported that common dose of lipid
only consume 58% of the small intestine absorption
capacity [18]. In our preliminary study, the dose of 50 g
lipid induced diarrhea even in control session although it

Table 1 Effect of IP on malabsorption symptoms

Session Diarrhea (n) No diarrhea (n)

Control 1 11
IP 6 6*

IP significantly increased the symptom of diarrhea. In stimulation
session, six of twelve subjects presented moderate to severe diarrhea.
While in control session, only one subject showed mild diarrhea.
*( p<0.05, Chi-square test)

Fig. 5 There was no relationship between small bowel transit and
lipid absorption

Fig. 4 Effect of IP on individual symptom score. IP significantly
increased all the individual symptom score during test meal infusion
( p<0.05)
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was much less than the limit of human daily energy
consumption. This maybe due to the infusion of intralipid
in our study was directly into the small intestine instead of
into stomach. Therefore, we chose the dose of in the present
study and only one subject presented symptom of diarrhea
in control session.

The effect of intestinal electrical stimulation on small
bowel transit has been explored previously [19–24]. The
majority of the studies were designed to delay intestinal
transit using backward stimulation so that the absorption
would be increased and the diseases, such as dumping
syndrome or short bowel syndrome, might be resolved.
Acceleration of intestinal transit in a canine model of ileal
brake was also reported with forward intestinal stimulation
[25]. To the best of our knowledge, all of these previous
studies were performed in animals. In this preliminary
clinical study, we found that forward IP accelerated small
bowel transit in healthy humans and the results were
consistent with previous canine studies.

The mechanism by which small bowel transit was
accelerated with IP is not understood. Intestinal electrical
stimulation, using the long pulses similar to this current
study, has shown to be capable of entraining intestinal slow
waves and normalizing dysrhythmia [13, 26, 27]; its effect
dose not seem to be mediated via central cholinergic vagal
pathway [28]. Our recent canine study has suggested that
intestinal stimulation with long pulses decrease the intra-
luminal pressure in small intestine and it is partly mediated
by a nitric oxide pathway [29]. This maybe the cause for
the acceleration of small bowel transit with long pulse
stimulation since the resistance in small intestine is reduced
when the intraluminal pressure is decreased. Further studies
are needed to investigate possible mechanisms involved
with intestinal electrical stimulation.

Huge amount of studies have confirmed that the
absorption of D-xylose and lipid is associated with the
surface of the small intestine which the nutrient contacted
and in the condition of reduced small bowel surface, such
as short-bowel syndrome, the absorption of D-xylose is
significantly impaired [12]. In the present study, we
demonstrated that IP significantly decreased the volume of
D-xylose in the urine and increased the volume of fecal
lipid, which meant that IP reduced both lipid and D-xylose
absorption. This is consistent with previous studies in our
lab, which also found that IP can significantly decrease
lipid absorption in rats [9]. This may largely contribute to
the effect of IP on accelerating the small bowel transit,
which shortened the time for the nutrient to contact the
intestinal mucosa. Unfortunately, the present study did not
find the relationship between nutrition absorption and small
bowel transit, which suggested that some other factors, such
as ingestive enzyme secretion, which may also participated
in the absorption [23].

In the present study, we noted that IP induced no
symptoms during the nonabsorbable liquid was infused, nor
in control session. Interestingly, the effect of IP on the
symptoms was noted during the nutrition was infused. We
suspect this may contribute to accelerated nutrient transit
induced by IP. Our previous study has already demonstrated
that IP significantly decreased water intake and gastric
emptying, which suggested that IP may impair the gastric
accommodation and have the potential to induce dyspeptic
symptoms [6]. Cherbut have proven that rapid nutrition
input can evoke the ileum brake reflex, which can also
delay gastric emptying [30]. Also the infusion of lipid into
the small intestine can impair the food intake and appetite
[17]. This may be the cause which nutrient infusion induces
more symptoms of dyspepsia. We noted that the symptoms
of dyspepsia and malabsorption were mild to moderate, and
none of all 12 subjects quit the study for intolerable
symptoms, which suggests the symptoms are safe and may
benefit for reducing the food intake.

Obesity is a popular medical problem with a lack of
optimal therapies. The result of this study (decreased
nutrition absorption, accelerated small bowel transit, in-
duced dyspeptic and malabsorption) combining the result in
our previous human study suggests that intestinal electrical
stimulation may have a therapeutic potential for obesity.
Although this was an acute study and the clinical meaning
of the data is subjective to further verification with chronic
studies, we anticipate the dyspeptic and malabsorption
induced by IP would prolong the interval and reduce the
energy intake of meals. The reduction of nutrient absorption
is also helpful for the decrease of overweight. Furthermore,
the result of IP induces no dyspeptic and malabsorption
symptoms when energy-free meal is taken suggests that this
method may not impair the subjects’ common life, which
indicates that IP is very meaningful for its clinical
application. Chronic study with IP should be performed to
access the therapeutic potential of IP for obesity.

In conclusion, IP with a long pulse decreases absorption
of nutrients, induces dyspeptic and malabsorption symp-
toms during intake, accelerates small bowel transit, and
may have a therapeutic potential for obesity.
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