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ABSTRACT
Purpose: Intestinal dysfunction is a major problem
after gastroschisis repair, and causes poor oral intake
and poor body weight gain in infants with gastroschisis. Dai-kenchu-to (DKT) is often used in the treatment of gastrointestinal dysfunction in Japan. The
purpose of this study was to analyze the effect of DKT
on infants with uncomplicated gastroschisis. Methods:
In this retrospective cohort study from 1991 to 2009,
we assessed 16 infants with uncomplicated gastroschisis. Eight infants received 0.3 g/kg/day of DKT for
12 months (group 1) and 8 infants did not receive
DKT (group 2). We analyzed their body weight as an
indicator of the effect of DKT. Results: There were no
significant differences in the background characteristics. The body weight of group 1 was significantly increased at the ages of 9 months (p = 0.0348) and 12
months (p = 0.0097), compared with group 2. Multivariate analyses revealed that only DKT administration had a significant impact on body weight gain at
the ages of 9 months (p = 0.0201) and 12 months (p =
0.0111). No side effects related to DKT were reported.
Conclusion: DKT administration might worksafely
and effectively for improvingthe body weight gain in
infants with uncomplicated gastroschisis.
Keywords: Gastroschisis; Dai-Kenchu-to; Intestinal
Dysfunction; Body Weight Gain

1. INTRODUCTION
Gastroschisis is associated with abnormal intestinal motility and nutrient absorption, both of which gradually
improve over time in most patients [1]. The introduction
of enteral feeding is often delayed for weeks while
awaiting the return of bowel function. Gastrointestinal
*
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dysmotility is often treated with prokinetic agents in gastroschisis patients. However, there is little documentation
in the literature to support their use. Commonly utilized
prokinetic agents include erythromycin, metoclopramide,
domperidone and cisapride [2]. A randomized controlled
trial of erythromycin versus placebo showed that enterally administered erythromycin did not improve the time
required to achieve full enteral feeding compared with
placebo [3]. Meanwhile, a similar randomized trial examining the use of cisapride in postoperative neonates,
most of whom had gastroschisis, did show a beneficial
effect [4]. However, cisapride is only available on a compassionate basis in North America because of its relatively high risk of cardiovascular side effects, and therefore can only be used for severe intestinal dysmotility in
infants who have not responded to other agents and who
have undergone cardiac evaluation and clearance.
Dai-kenchu-to (DKT) is widely prescribed for patients
with gastrointestinal dysfunction, such as postoperative
ileus, postoperative intestinal paralysis and adhesive bowel
obstructions, by a large number of surgeons at medical
institutions, including all university-affiliated hospitals in
Japan [5-7]. Several double-blind placebo-controlled studies on DKT are now in progress in Japan and the United
States, and the results of a recent clinical pharmacological study clearly indicated that DKT accelerates intestinal transit in healthy humans [8]. The potential beneficial
effects of DKT (0.3 g/kg/day) for internal disorders, including irritable bowel syndrome and functional constipation, have also been investigated in pediatric patients
[9].
DKT is the most frequently prescribed traditional
medicine in Japan [7]. DKT has been in the Japanese
market for several decades with proven effectiveness for
gastrointestinal hypomotility, including ileus following
abdominal surgery, and has very few side effects [6].
DKT extract powder is manufactured through an aqueous
extract containing 2.2% Japanese pepper, 5.6% processed ginger, 3.3% ginseng and 88.9% maltose syrup
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powder, and the main ingredients of DKT include hydroxy-α-sanshool (from Japanese pepper), 6-shogaol (from
processed ginger) and ginsenoside Rb1 (from ginseng)
[7].
Previous pharmacological studies have suggested that
DKT and its ingredients have a wide variety of biological
effects, including stimulation of gastrointestinal motility
[7,10,11,12-14], increases in intestinal and colonic blood
flow [15-17], stimulation of motilin, vasoactive intestinal
peptide, 5-hydroxytryptamine (serotonin), Calcitonin GeneRelated Peptide (CGRP) and substance P release [16,1820,], contraction and relaxation of intestinal smooth muscle [21,22], improvement of postoperative bowel motility,
ileus and adhesive obstruction [23-26], anti-inflammatory effects [27] and suppression of bacterial translocation possibly mediated by ginseng ingredients [28]. Thus,
basic and clinical evidence-based studies are establishing
support for the use of DKT worldwide.
In this study, we investigated the safety and the effect
of DKT on body weight in infants after repair of uncomplicated gastroschisis. To our knowledge, this is the first
report of the effect of DKT on gastroschisis.

2. MATERIALS AND METHODS
A retrospective study was performed on all infants who
were diagnosed with gastroschisis and managed at our
unit from June 1991 to August 2009. The surgical management and postoperative management were decided by
the attending surgeons. There were five pediatric surgeons during the study period. We reviewed the infant
birth history and hospital course and obtained perinatal
data and clinical information from the patient records as
well as from the neonatal intensive care unit database of
our unit. The perinatal data included the birth date, mode
of delivery, birth weight, gestational age and Apgar scores
at 1 minute. Each infant’s clinical history and surgical
records were reviewed for intestinal atresia, necrosis,
perforation, extraintestinal anomalies and mode of closure. Exclusion criteria were coexistence of other severe anomalies, gestational age of less than 32 weeks and
complicated gastroschisis. The term “complicated” gastroschisis is defined by the presence of gastrointestinal
defects and liver herniation, because these patients are
more likely to require extensive hospital resources and to
have a diminished chance of survival [29,30].
Parenteral nutrition was initiated in all patients and
continued until at least 80% of the caloric needs were
met via enteral feeding. We treated 26 gastroschisis infants, of whom 16 infants had uncomplicated gastroschisis. Of these 16 infants, eight received 0.3 g/kg/day of
DKT (group 1: n = 8) and eight did not receive DKT
(group 2: n = 8). Administration of 0.3 g/kg/day of DKT
extract powder (Tsumura & Co., Tokyo, Japan) was preCopyright © 2012 SciRes.
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scribed from the first day of sustained enteral feeding for
at least 12 months. If DKT administration became hard
to continue after the age of 12 months owing to the complex unpleasant taste, we discontinued DKT administration with informed consent. The outcome variable was
body weight as an indicator of the effect of DKT on infants with gastroschisis.
Statistical analyses were performed using StatView
4.5 (Abacus Concepts, Berkeley, CA). Clinical data were
analyzed using Student’s t test and the Mann-Whitney U
test. The differences in body weight relative to each
group were estimated by the Mann-Whitney U test. Multivariate survival analyses were performed for DKT administration and variables with p values of less than 0.10
in Table 1. The Cox proportional hazards model was
applied to test the significance of the independent influences of the clinical variables on body weight gain from
birth to the ages of 9 and 12 months. Data are pre- sented
as means ± SE. Values of p < 0.05 were consi- dered to
indicate statistical significance.

3. RESULTS
No side effects related to DKT administration were reported, such as skin eruption, abdominal pain, diarrhea
and liver dysfunction. All eight infants in group 1 continued DKT administration for 12 months, although four
infants (50%) were subsequently unable to continue
DKT administration because of the complex unpleasant
taste of DKT after the age of 12 months. The other four
infants (50%) could continue DKT administration without side effects for our observation period.
Table 1 shows the clinical characteristics of the two
groups. There were no significant differences in the
background characteristics including mode of delivery
and operation type. However, there were trends toward
increased birth weights (p = 0.0578) and decreased Apgar scores (p = 0.0826) in group 1 compared with group
2. Although we expected that DKT administration would
improve the time required to full feeds and length of
hospital stay, we did not observe any significant differrences in these data (Table 1).
Figure 1 shows the body weight changes from 3 to 12
months of age with or without DKT administration. Although we observed an increasing trend in the birth
weight of group 1 compared with group 2 (Table 1), there
was no significant difference in the body weights between the two groups at the age of 3 months (4058 ± 331 g
vs 3426 ± 554 g, p = 0.1649). At the age of 6 months, we
observed an increasing trend in the body weight of group
1 compared with group 2 (6277 ± 467 g vs 5268 ± 398 g,
p = 0.0845). At the ages of 9 and 12 months, the body
weights of group 1 were significantly increased compared with group 2 (9 months: 7914 ± 539 g vs 6612 ±
OPEN ACCESS
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Table 1. Clinical charasteristics in the infants with and without
DKT administration.
Group 1

Group 2
(n = 8)

p Value

(n = 8)

Sex

0.3135
Male

5

2

4. DISCUSSION

Female

3

6

The reported incidence of gastroschisis ranges from 0.4
to 11.7 cases per 10,000 live births, and studies in Japan,
the United States and Europe have indicated that the incidence has markedly increased in all maternal age groups
over the past two decades [31-38]. Gastroschisis is a
congenital condition with survival of greater than 90%
[39], although most patients with gastroschisis have initial gut dysmotility and require parenteral nutrition. The
etiology of the inherent dysmotility is likely to be a combination of exposure to amniotic fluid and constriction of
the bowel at the abdominal wall defect, and much of the
damage seems to occur toward the end of pregnancy
[40-44], although there is currently no evidence that amniotic exchange improves postnatal bowel motility in
humans. Delayed maturation of the intestinal pacemaker
and smooth muscle cells has been demonstrated in a rat
model of gastroschisis [45], which may explain the delayed onset of peristalsis in these patients. However, its
etiology has not yet been completely unveiled, and there
is no safe and effective treatment for the intestinal dysmotility other than awaiting spontaneous resolution [2,
3,46].
The main ingredients of DKT include hydroxy-asanshool (Japanese pepper), 6-shogaol (processedginger),
and ginsenoside Rb1 (ginseng radix). Contamination
studies have certified DKT to be free of unexpected pharmaceutical ingredients, toxins, pesticides, microbes, and
heavy metals [7].Several important, neurally mediated
mechanisms have been suggested as mediating the increased effective intestinal motility of DKT [12,47].One
of these mechanisms of action involves there lease of
CGRP, a neuropeptide produced by the sensory neurons
of the gut. Calcitonin gene-related peptide is one of the
most potent mediators of microvascular vasodilation in
the human body and is also known for its secretory, antiinflammatory, and trophic actions in the gut. As a protein
with broad spectrum of functions, the role of CGRP in
gut function may illuminate key pathways for understanding the diverseactions of DKT including improvement of gastrointestinal motility and intestinal blood
flow and even in the prevention of intestinal adhesions
resulting from inflammation [7].
In this retrospective study, we investigated the effect
of DKT administration on body weight gain in infants
with uncomplicated gastroschisis. We administered DKT
at a dose of 0.3 g/kg/day from the first day of sustained

Prenatal
Diagnosis

0.4497
(+)

8

6

(−)

0

2

Mode of
Delivery

>0.9999
Transvaginal

2

2

C-Section

6

6

Gestational Age

(Weeks)

36.8 ± 0.49 36.6 ± 0.47

0.5286

Birth Weight

(g)

2413 ± 169 1977 ± 80

0.0578

6.4 ± 0.68

0.0826

Apgar Score

7.9 ± 0.55

Operation

0.2807
Primary
Closure
Delayed
Closure

Time to the First
Feed
Time to Full
Feeds
Length of
Hospital Stay

months by multivariate analyses including birth weight
and Apgar score, which had p values of less than 0.10 in
Table 1. The multivariate analyses revealed that only
DKT administration had a significant impact on body
weight gain at the ages of 9 and 12 months (9 months: p
= 0.0201; 12 months: p = 0.0111) (Table 2).

4

1

4

7

11.3 ± 2.3

14.5 ± 5.3

0.8748

(Days)

49.7 ± 18.7 32.2 ± 11.7

0.2936

(Days)

77.8 ± 18.2 86.8 ± 17.4

0.5995

Figure 1. Body weight changes from the
ages of 3 to 12 months. The infants in
group 1 received 0.3 g/kg/day of DKT,
while the infants in group 2 did not receive
DKT. *p = 0.0348; **p = 0.0097.

278 g, p = 0.0348; 12 months: 8290 ± 287 g vs 7545 ±
205 g, p = 0.0097) (Figure 1).
We then examined the relationship between DKT administration and body weight gain at the ages of 9 and 12
Copyright © 2012 SciRes.
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Table 2. Multiple linear regression evaluating the effect of DKT administration, birth weight and Apgar score on body weight gain at
the age of 9 months and 12 months.
Body Weight Gain at the Age of 9 Months

Body Weight Gain at the Age of 12 Months

Variables

[β]

95% CI

p

[β]

95% CI

p

DKT Administration (yes = 1)

2.828

(0.465 to 5.350)

0.0201

3.994

(0.901 to 7.872)

0.0111

Birth Weight (g)

0.001

(−0.001 to 0.004)

0.3933

0.002

(−0.001 to 0.006)

0.1596

Apgar Score

−0.519

(−1.104 to 0.027)

0.0618

−0.625

(−1.619 to 0.108)

0.0981

enteral feeding to at least 12 months of age. We observed
that the body weight of the DKT administration group
was significantly increased compared with that of the
non-administration group at the ages of 9 and 12 months.
Furthermore, multivariate analyses revealed that only
DKT administration had a significant impact on the body
weight gain at the ages of 9 and 12 months. We consider
that these observations originated from the pharmacological effect of DKT on the intestinal dysmotility in the
infants with gastroschisis. We further suggest that DKT
administration may be safe in infants, because DKT is
composed of natural herbs and no side effects related to
DKT administration were reported.
We did not observe any significant differences in the
data for the time to full feeds and length of hospital stay.
Two possibilities may account for these observations.
First, the dose of 0.3 mg/kg/day may be a low dose for
infants, and we may need to increase the dose to 0.6
mg/kg/day. Second, the start of the DKT administration
may be late, since we started it from the first day of sustained enteral feeding (group 1:11.3 days; group 2:14.5
days). Therefore, we may need to start administration from
the early postoperative phase using a nasogastric tube
before sustained enteral feeding.
The problem associated with DKT is its complex unpleasant taste (predominantly bitter or astringent) owing
to several of its active constituents, which frequently causes
noncompliance. Four infants (50%) were unable to continue DKT administration because of the complex unpleasant taste of DKT after the age of 12 months in our
study. We therefore suggest that DKT needs to be tastemasked to improve compliance, especially for children.
Our study has several limitations. First, the sample
size was small because it was a single-center retrospective study. Second, we did not analyze the laboratory data,
including rapid turn-over protein, gastric emptying and
intestinal transit time. Third, the surgical management
and postoperative management were decided by five
attending surgeons. These points should be analyzed in
future prospective studies.
In conclusion, this study has shown that DKT can increase the body weight gain in postoperative infants with
gastroschisis. DKT administration might work safely and
Copyright © 2012 SciRes.

effectively for improving the body weight gain in infants
with uncomplicated gastroschisis. Further studies with
larger samples or randomized controlled trials are necessary to obtain more accurate data for this medicine.
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