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Introduction: Delayed gastric emptying (DGE) remains an important problem after pan-
creaticoduodenectomy (PD). There is a lack of effective treatments for early recovery of oral
dietary intake. Rikkunshito (RKT), a Japanese herbal medicine, has been gaining attention as
a facilitator of gastric emptying. We evaluated the effects of RKT on DGE after PD.
Methods: In this prospective, randomized, open-labeled study, patients were randomly
allocated before PD in a 1:1 ratio to the RKT group or the control group that received no
additional treatment. The RKT group received 2.5 g of RKT three times daily (7.5 g/day)
from postoperative day (POD) 1 to POD 21. The primary endpoint was the incidence of
DGE. Secondary endpoints were short-term postoperative outcomes including oral dietary
intake volume and perioperative changes in levels of the hormones ghrelin and leptin.
Patients were observed until hospital discharge.

Results: Twenty-six patients in each group (n = 52) completed the protocol treatment and
were included in the analysis set. There were no statistically significant differences in basic
characteristics and operative factors. The overall incidence of DGE was not statistically
different between the RKT and control groups (30.8% vs 30.8%, p>0.9999). There were no
statistically significant differences in the amount of postoperative oral dietary intake repre-
sented by total dietary intake (TDI) up to POD 14 and POD 21, complications, and length of
hospital stay. No adverse events related to this study were observed. In the RKT group, total
ghrelin and acyl-ghrelin were significantly upregulated and leptin was significantly down-
regulated earlier than in the control group.

Conclusion: RKT treatment from POD 1 to 21 did not reduce the incidence of DGE and
had no clinically beneficial effect on short-term postoperative outcomes irrespective of
changes in hormone levels.
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Introduction

Delayed gastric emptying (DGE) remains an important problem after pancreaticoduode-
nectomy (PD). Effective treatments for early recovery of oral dietary intake are lacking,
resulting in prolonged hospital stay and interval before the induction of adjuvant
therapy.'” The incidence of DGE after PD varies from 4.5% to 100% across studies,**
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implying difficulties in defining diagnostic criteria and incom-
plete understanding of its pathophysiology. We previously
traced oral dietary intake after PD in detail to clarify the impact
on the diagnosis of DGE and short-term postoperative
outcomes."> We found that the International Study Group of
Pancreatic Surgery (ISGPS) definition of DGE® based on oral
dietary intake and short-term outcomes after PD was reason-
able, although some patients with low oral dietary intake were
not diagnosed with DGE, ' suggesting that the recovery process
after PD is complex. Numerous studies have reported strate-
gies to decrease DGE. In general, surgical procedures influ-
enced DGE, indicating the superiority of pylorus resection,’
antecolic duodenojejunostomy

Billroth 1I
12,13

gastrojejunostomy  or

recorlstruction,8 Braun anastomosis,9

10,11

reconstruction and side-to-side gastrojejunostomy.

However, recent studies including a meta-analysis reported

conflicting findings,® '+

resulting in a lack of evidence-
based effective procedures that decrease DGE consistently.
Few studies have focused on pharmacological treatment for
DGE after PD. Previous reports have shown the effectiveness
of the motilin agonist erythromycin.'”'® Additional effective
pharmacological approaches are urgently needed to improve
DGE after PD.

Rikkunshito (RKT), a Japanese herbal medicine, has been
drawing attention as an effective treatment option for anorexia,
epigastric distress, and dyspepsia in patients with functional
dyspepsia,'**° proton pump inhibitor (PPI)-refractory non-
erosive reflux disease (NERD),?" after gastrectomy,*” or under-
going chemotherapy.”*** Furthermore, RKT has been reported
to improve gastric emptying in patients with Parkinson’s
disease®® or profound handicaps®® and after pylorus-
preserving gastrectomy.>’ Pharmacological studies have
revealed that RKT enhances the secretion and function of
ghrelin, a 28-amino-acid peptide hormone that enhances appe-
tite, gastric motility, and growth hormone secretion.”**® The
effects of RKT on the ghrelin system might be important
mechanisms underlying its clinical benefits.”***** We con-
ducted a prospective, randomized, open-labeled study to elu-
cidate the role of RKT in short-term postoperative outcomes
such as the incidence of DGE, amount of oral dietary intake,
and changes in plasma ghrelin levels after PD. To the best of
our knowledge, no previous studies have evaluated the effects
of RKT on DGE after PD.

Methods

This prospective, randomized, open-label study comparing
a group of patients who received RKT to a control group
who received no additional treatment was conducted at

Sapporo Medical University Hospital as a pilot study.
The study protocol was approved by the institutional
review board (approval number: 25-29) and carried out
in accordance with the 2004 revision of the Declaration of
Helsinki. This study was registered in the University
Hospital Medical Information Network (UMIN) Clinical
Trials Registry as UMIN000012052 on October 16, 2013
(https://upload.umin.ac.jp/cgi-open-bin/ctr e/ctr view.cgi?
recptno=R000014089). Written informed consent was
obtained from all subjects prior to their participation in

the study. The study was conducted and completed by
academic surgeons. No funding or staff from pharmaceu-
tical companies was involved in any aspects of the study.

Patient Eligibility

Patients aged 20 to 79 years with Eastern Cooperative
Oncology Group performance status (ECOG-PS) of 0 or
1 who were scheduled to undergo PD at Sapporo Medical
University Hospital were considered eligible to enroll in
the study. Exclusion criteria were as follows: 1) another
active cancer outside of the pancreatobiliary-duodenal
region; 2) concurrent chemotherapy; 3) use of any herbal
medicines within 2 weeks before start of the study; 4)
serious comorbidities or hypersensitivities; 5) pregnancy,
lactation, or intention to become pregnant during the
study; or 6) study participation considered to be inap-
propriate by the investigators. Patient eligibility was eval-
uated from November 2014 to May 2017.

Study Protocol

After providing written informed consent, patients were
allocated randomly in a 1:1 ratio to the RKT or control
group before surgery. Randomization was conducted by
researchers according to a table of random numbers gen-
erated using Excel software (Microsoft Japan Co., Ltd.,
Tokyo, Japan) without concealment. The RKT group
received 2.5 g of RKT (TJ-43, Tsumura & Co., Tokyo,
Japan) three times daily (7.5 g/day) from
postoperative day (POD) 1 to POD 21. From POD 1 to
4, RKT and other drugs were administered via tube jeju-
nostomy; oral administration began on POD 5. If patients
did not tolerate the taste of RKT, tube jejunostomy admin-
istration was used upon request to maintain treatment
compliance. In general, we prohibited the concomitant
use of prokinetic drugs, herbal medicines, and motilin
receptor agonists up to POD 21. Gastric acid secretion
inhibitors such as PPIs and histamine H2 blockers were
allowed to be administered concomitantly, but changes in
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medications or dosages were not allowed until POD 21.
However, these drugs were allowed if urgently needed due
to postoperative condition or complications. Patients were
observed up to hospital discharge.

Study Endpoints

The primary endpoint was the incidence of DGE. DGE
was diagnosed based on ISGPS criteria.® Secondary end-
points were short-term postoperative outcomes including
oral dietary intake represented by total dietary intake
(TDI), which was calculated as previously reported’ up
to POD 14 and POD 21. Briefly, the maximum oral dietary
intake for breakfast, lunch, and dinner was evaluated and
one representative maximum value ranging from 0 to 1
(0-0.5 for rice and 0-0.5 for main dishes) was assigned to
each POD. TDI was calculated as the cumulative max-
imum oral dietary intake for each POD from POD 1 to
POD 14 (range, 0—14) and from POD 1 to POD 21 (range,
0-21). Postoperative complications were defined based on
the Clavien-Dindo
International Study Group for Pancreatic Fistula (ISGPF)

classification ~ system.’®  The
definition was used to diagnose postoperative pancreatic
fistula (POPF).*' Secondary endpoints included changes in
serum hormones such as acyl-ghrelin, desacyl-ghrelin,
leptin, insulin, and C-peptide. Ghrelin concentration was
measured as previously reported.’? Blood samples were
obtained preoperatively and on PODs 7, 14, and 21 at rest
during the early morning before breakfast.

Adverse Events and Criteria for Study

Discontinuation

In this study, an adverse event was defined as any unfavor-
able or unexpected symptom or sign with the possibility of
a causal relationship with RKT treatment. Adverse events
were monitored through daily medical examinations and
regular perioperative blood tests and imaging studies. The
criteria for study discontinuation were as follows: 1) with-
drawal of consent, 2) decline in the use of RKT until POD
21, 3) low treatment compliance, 4) adverse event, wor-
sened medical condition, postoperative complication,
pregnancy, or another situation considered inappropriate
for continued study participation by the investigators.

Operative Procedures and Postoperative

Management
All surgeries and postoperative management were per-
formed by two surgeons certified by the Japanese Society

of Hepato-Biliary-Pancreatic Surgery (YK and MI) or
under their supervision. Subtotal stomach-preserving pan-
creaticoduodenectomy (SSPPD) or pylorus-preserving
pancreaticoduodenectomy (PPPD) was performed in
a standardized manner by a specialized surgical team
depending on the preoperative and intraoperative diag-
noses. The stomach was transected 2 to 3 cm proximal to
the pylorus ring in SSPPD. The duodenum was transected
3 to 5 cm distal to the pylorus ring in PPPD. Lymph node
dissection was performed according to the classification of
pancreatic cancer by the Japan Pancreas Society® for
pancreatic diseases and the Union for International
Cancer Control classification system®* for biliary tract
diseases. D2 or complete dissection of prescribed locore-
gional lymph nodes was defined as the standard.

After resection, a modified child’s reconstruction was
performed. The proximal jejunal stump was brought to the
pancreatic stump through the posterior space of the mesen-
terium or behind the colon. An end-to-side anastomosis
between the bile duct and jejunum was made with inter-
rupted sutures and the distal pancreas was reconstructed
via pancreaticojejunostomy using a modified Blumgart
method.*> The stomach was transposed anterior to the
transverse colon for antecolic and Billroth II reconstruc-
tions. A side-to-side gastrojejunal anastomosis was made
with staplers in SSPPD and a hand-sewed end-to-side
duodenojejunal anastomosis was made using the Gambee
method in PPPD. A Braun anastomosis and tube jejunost-
omy were always created. A 3.0 mm jejunostomy catheter
(Covidien Japan, Tokyo, Japan) was inserted 30 cm into
the jejunum and through the Braun anastomosis. The
catheter was fixed to the jejunal wall using the Witzel
technique. Next, the part of the jejunum with the catheter
insertion site was fixed to the left abdominal wall. Two
closed-system drains were placed, in the foramen of
Winslow and around the pancreaticojejunostomy.

Postoperative management was based on the team’s
standardized clinical pathway. The nasogastric tube was
immediately removed after surgery on POD 0. Drinking
water was allowed starting on POD 1. Enteral feeding
through the tube jejunostomy started on POD 2. The anti-
biotic flomoxef sodium was used until POD 2. Liquefied rice
and easily digestible main dishes were started on POD 5.
Solid food intake was gradually increased. Rice gruel and
solid main dishes, which were considered solid foods, were
started on POD 7 to assess tolerability. Amylase concentra-
tion of the fluid from the drains was measured on PODs 1, 3,
and 5 to monitor for POPF. Computed tomography was
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performed to evaluate postoperative status on POD 6. If
there were no signs and symptoms of POPF or other com-
plications, the drains were removed by POD 6.

Sample Size Calculation

In a previous study at our institution, the incidence of
DGE after PD based on the ISGPS criteria was 43.9%."
Erythromycin was associated with a 37% reduction in the
incidence of DGE."” We speculated that RKT may be
twice as effective as erythromycin based on numerous
promising findings.'®?’° We hypothesized that the inci-
dence of DGE in the control group would be 50%. We
expected that the incidence of DGE in the RKT group
would decrease to 15%, an estimated 70% reduction.
Applying 1:1 allocation to the control and RKT groups
with a two-sided a of 0.05 and statistical power of 0.80
while taking into account that 15% of participants might
be excluded from the analysis, we determined that 25
patients would be required for each group (50 in total).

Data Analysis and Statistical methods

Short-term postoperative outcomes were analyzed by
blinded researchers who fixed the data, which was then
linked to group allocation for further analysis. Continuous
valuables related to short-term postoperative outcomes were
reported as medians (range) and analyzed using the Mann—

Whitney U-test. Perioperative changes in serum hormone
levels were reported as means (SEM) and analyzed using
two-way ANOVA when differences between groups were
compared or the paired #-test when preoperative versus post-
operative changes were compared within each group.
Categorical valuables were analyzed using Fisher’s exact
p<0.05 was
Statistical analysis was performed using GraphPad Prism 7
software (GraphPad Software, San Diego, CA).

test. considered statistically significant.

Results

The study flow chart is shown in Figure 1. Patient eligibility
was evaluated from November 2014 to May 2017. Written
informed consent for study enrollment was obtained from 60
patients randomly allocated to the RKT and control groups
in a 1:1 ratio before surgery. One patient in the RKT group
and four patients in the control group were excluded based
on intraoperative findings of unresectable disease or the need
for major liver resection concomitantly. Postoperatively,
three patients in the RKT group were excluded because of
withdrawal of consent (n=1) and discontinuation due to
(n=1) or
a pseudoaneurysm (n=1). No adverse events defined as

postoperative  delirium bleeding  from

related to this study were observed. Ultimately, 26 patients
in each group (52 patients total) completed the protocol

60 were enrolled and randomized

!

!

30 were assigned to the RKT group

30 were assigned to the control group

1 did not undergo PD

v

29 underwent PD

1 withdrew consent
2 discontinued the protocol

v

4 did not undergo PD

v

26 underwent PD

v

26 completed the protocol

26 completed the protocol

Figure | Study flow chart.
Abbreviations: PD, Pancreaticoduodenectomy; RKT, rikkunshito.
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treatment and were included in the analysis set, fulfilling the

Table 2 Operative Factors of the Study Participants

calculated sample size requirement for the study. RKT Group | Control Group | p
(n=26) (n=26)
Basic Characteristics and Operative orocedure
Factors of the Study Participants PPPD 16 (61.5%) | 18 (692%) 07712
. - . SSPPD 10 (38.5% 8 (30.8%
There were no statistically significant differences (85%) (08%)
between the RKT and control groups in basic character- Lymph node dissection
istics (Table 1) and operative factors (Table 2). Because "essdex;e"swe than 5 (19:2%) 7 (269%) 07432
. . X . standar
diabetes is an important cause of gastroparesis, the home- Standard 21 (808%) 19 (73.1%)
ostasis model assessment of insulin resistance (HOMA-
R lculated t luate i li ist d th Combined resection
) was calculated to evaluate insulin resistance and the Portal vein 6 23.1% 277% 02485
potential risk for diabetes among patients not taking Hepatic artery | (3.8%) 0 >0.9999
insulin. In the RKT group, the incidence of combined Colon I (3.8%) 0 >0.9999
Total 8 (30.7%) 2 (7.7%) 0.0751
Table | Characteristics of the Study Participants Operative time, min 500 (287-806) | 500.5 (296-568) | 0.4646
RKT Group Control Group | p Blood loss, mL 177.5 (20-435) | 155 (40-490) 0.8170
(n=26) (n=26) Intraoperative blood 2 (7.7%) 1 (3.8%) >0.9999
transfusion
Age, years 66.5 (41-78) 68.5 (48-79) 0.1999 pYes p— — p—
o o reviations: , pylorus-preserving pancreaticoduodenectomy; , sub-
Male sex 17 (65.4%) 15 (57.7%) 07761 total stomach-preserving pancreaticoduodenectomy; RKT, rikkunshito.
Underlying disease
Pancreatic Il (42.3%) 8 (30.8%) 0.5653
ductal resection during PD tended to be higher than in the
adenocarcinoma control group (p=0.0751), although this result did not
Distal bile duct 5 (19.2%) 3 (11.5%) 0.7030 reach statistical Signiﬁcance.
carcinoma
A Il 2 (7.7% 3 (11.5% >0.9999 H H
mpullary 7.7%) (11.5%) Primary Endpoint (Table 3)
carcinoma L. .
IPMN 5 (19.2%) 8 (30.8%) 05230 The overall incidence of DGE in the RKT and control
Other 3 (11.5%) 4 (15.4%) >0.9999 groups was 30.8% and 30.8%, respectively (p>09999)
In addition, the severity of DGE based on ISGPS grade
Neoadjuvant 8 (30.8%) 3 (11.5%) 0.1729 s o
was also not statistically significant between the two
treatment
groups.
Diabetes 5 (19.2%) 8 (30.8%) 05230
Insulin use 3 (11.5%) 4 (15.4%) >09999 | Secondary Endpoints for Short-Term
Preoperative 555 45-88) | 575(4595 |oi7is | Postoperative Outcomes (Table 4)
HbAlc, % Postoperative oral dietary intake as represented by TDI up
HOMA-R in 138 (0.55-6.36) | 1.4 (034-421) | 0.7683 to POD 14 and POD 21 and hospital stay were not
patients not taking
insulin Table 3 Primary Endpoint
Preoperative 22.23 21.93 0.7820 RKT group | Control group | p
BMI, kg/m> (15.28-2739) | (16.22-28.53)
(n=26) (n=26)
ASA score
All patients with DGE | 8 (30.8%) 8 (30.8%) >0.9999
[ 9 (34.6%) 7 (26.9%) 0.7645
Grade A DGE 4 (15.4%) 5 (19.2%) >0.9999
2 17 (65.4%) 17 (65.4%) >0.9999
Grade B DGE 2 (7.7%) 2 (7.7%) >0.9999
3 0 2 (7.7%) 0.4902
Grade C DGE 2 (7.7%) 1 (3.8%) >0.9999
Abbreviations: IPMN, intraductal papillary mucinous neoplasm; HbA I c, hemoglo- Grade B+C DGE 4 (15.4%) 3 (11.5%) >0.9999
bin Alc; HOMA-R, homeostasis model assessment insulin resistance; BMI, body
mass index; ASA, American Society of Anesthesiologists; RKT, rikkunshito. Abbreviations: DGE, delayed gastric emptying; RKT, rikkunshito.
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Table 4 Secondary
Outcomes

Endpoints for Short-Term Postoperative

RKT Group Control Group | p
(n=26) (n=26)
Complication (CD 15 (57.7%) 13 (50.0%) 0.7813
grade 2 llIA)
A 15 (57.7%) 13 (50.0%) 0.7813
[11I:) 0 0
v 0 0
\ 0 0
POPF
A 5 (19.2%) 7 (26.9%) 0.7432
B 7 (26.9%) 6 (23.1%) >0.9999
C 0 0
TDI (POD 1-14) 2.925 (0.56-9.08) 3.765 (0.00-7.95) | 0.1533
TDI (POD 1-21) 6.415 (1.06-16.08) | 7.65 (0.00-14.50) | 0.5551
Duration of parenteral 20.5 (9-47) 19 (11-43) 0.6860
nutrition, days
Duration of hospital 28 (16-48) 29 (17-44) 0.9746
stay, days

Abbreviations: CD, Clavien-Dindo classification; POPF, postoperative pancreatic
fistula; TDI, total dietary intake; POD, postoperative day; RKT, rikkunshito.

statistically significantly different between the two groups.
In addition, there were no statistically significant differ-
ences in terms of postoperative complications, incidence
of POPF, and duration of parenteral nutrition. We checked
the distribution of TDI values of all patients by DGE grade
(Supplemental Figure 1). TDI values among patients with

grade B or C DGE were significantly lower than values
among patients without DGE or with grade A DGE. This
finding suggested that TDI is a reliable and reproducible
indicator of postoperative oral dietary intake after PD by
DGE grade, as previously reported.'

Hormonal Changes

There were no significant differences between the two
groups in levels of total ghrelin (sum of acyl-ghrelin and
desacyl-ghrelin: p=0.3999); acyl-ghrelin, an active form of
ghrelin (p=0.4059); and leptin (p=0.3931) or the ratio of
acyl-ghrelin to total ghrelin (p=0.5499) (Supplemental
Figure 2). When postoperative values of these hormonal
factors were compared with preoperative values in each
group, total ghrelin was significantly upregulated at POD
14 and POD 21 in the RKT group, but no significant
changes were observed in the control group (Figure 2A
and B). Acyl-ghrelin was also significantly upregulated at
POD 14 and POD 21 in the RKT group and at POD 21 in

the control group (Figure 2C and D). The ratio of acyl-
ghrelin to total ghrelin was significantly upregulated in the
RKT group from POD 7 to POD 21, but upregulation was
observed only on POD 7 in the control group (Figure 2E
and F). Levels of leptin were significantly lower from
POD 7 to POD 21 in the RKT group but levels of leptin
were lower only on POD 21 in the control group than
preoperative levels, respectively (Figure 2G and H).

Subgroup Analysis

We hypothesized that RKT may improve the outcomes of
patients diagnosed with DGE. We evaluated short-term
postoperative outcomes in patients with and without
DGE (Table 5). Treatment with RKT did not improve
short-term postoperative outcomes in patients with or
without DGE. In a previous study,”' RKT showed signifi-
cant effects against PPI-refractory NERD in patients with
a body mass index (BMI) under 22 kg/m?. Patients were
divided into the BMI < 22 kg/m? group or BMI > 22 kg/
m? group for additional analysis. There were no significant
differences in the incidence and severity of DGE and
short-term postoperative outcomes including TDI and
duration of parenteral nutrition and hospital stay between
the RKT and control groups after stratification by BMI
(Supplemental Table 1). A previous study’ also showed

a relationship between pylorus preservation and DGE. We
separated patients who underwent PPPD or SSPPD and
reanalyzed. There were no statistically significances in
primary and secondary endpoints between the RKT and
type

control groups when stratified by procedure

(Supplemental Table 2).

Discussion

We conducted a prospective, open-labeled randomized
controlled trial to evaluate the effect of RKT on DGE
after PD. Treatment with RKT did not show significant
effects on the incidence or severity of DGE. Similarly,
short-term postoperative outcomes did not significantly
improve with RKT. We first reported the importance of
TDI after PD for evaluating postoperative outcomes
reflecting actual oral dietary intake. TDI decreased sig-
nificantly with DGE severity. Furthermore, in patients
who did not satisfy the ISGPS criteria for DGE, TDI
was associated with the length of hospital stay.' In this
study, to evaluate oral dietary intake in detail, we cal-
culated TDI values at both POD 14 and 21. Of note, the
study findings suggest that TDI is a reliable and repro-
ducible indicator of oral dietary intake after PD.
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Figure 2 Perioperative changes in hormonal levels in the RKT group (A, C, E, and G) and the control group (B, D, F and H). Values on POD 7, 14, and 2| were compared

with preoperative values (Pre). Bars indicate means (SEM). *p<0.05, **p<0.01.

Abbreviations: NS, not statistically significant; RKT, rikkunshito, POD; postoperative day.

Treatment with RKT did not significantly improve TDI
values at either time point. In addition, RKT did not
have significant effects on TDI in patients with or with-
out DGE in the subgroup analysis.

reported that administration of RKT
via a nasogastric tube had a positive effect on reaching
50% of the target enteral feeding volume earlier and
more than

Hayakawa et al*’

increased plasma active ghrelin levels
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Table 5 Short-Term Postoperative Outcomes of Patients with and without DGE

RKT Group Control group p
(n=26) (n=26)
TDI (POD 1-14)
Patients without DGE 3.02 (1.19-9.08) 3.96 (2.41-7.95) 0.0790
All patients with DGE 2.89 (0.56—4.20) 2.31 (0-5.75) 0.9591
Patients with grade A DGE 3.41 (1.26-4.20) 3.79 (1.45-5.75) 0.9048
Patients with grade B or C DGE 2.055 (0.56-3.20) 0.9 (0-2.12) 0.4000
TDI (POD 1-21)
Patients without DGE 6.73 (2.77-16.08) 7.8 (3.60-14.50) 0.5418
All patients with DGE 4.295 (1.06-7.91) 4.05 (0-8.80) 0.8785
Patients with grade A DGE 6.895 (3.09-7.91) 7.04 (2.45-8.80) 0.9048
Patients with grade B or C DGE 3.68 (1.06—4.43) 1.65 (0-3.00) 0.2286
Duration of parenteral nutrition, days
Patients without DGE 19.5 (947) 18.5 (11-40) 0.8084
All patients with DGE 34.5 (14-41) 27 (13-43) 0.5910
Patients with grade A DGE 17.5 (14-37) 26 (13-35) 0.9048
Patients with grade B or C DGE 37 (34-41) 28 (27-43) 0.6286
Duration of hospital stay, days
Patients without DGE 27.5 (16—48) 28.5 (20-41) 0.9938
All patients with DGE 35.5 (21-48) 36.5 (1744) 0.9392
Patients with grade A DGE 26 (21-48) 37 (17-41) 0.6746
Patients with grade B or C DGE 38 (3547) 28 (28—44) 0.3429

Abbreviations: TDI, total dietary intake; POD, postoperative day; DGE, delayed gastric emptying; RKT, rikkunshito.

metoclopramide in critically ill patients in a small prospec-
tive RCT. Furthermore, intragastric administration of RKT
improved gastric emptying in profoundly handicapped
patients*® and dogs.*® In this study, we allowed continua-
tion of RKT administration via tube jejunostomy upon
patient request to maintain treatment compliance. There
is a possibility that strict oral administration might change
the pharmacokinetics of RKT, which might have impacted
the results. In this study, relative changes before and after
surgery in levels of total ghrelin, acyl-ghrelin, and leptin
differed between the two groups, suggesting that RKT
affects the ghrelin system. In the RKT group, total ghrelin
and acyl-ghrelin were significantly upregulated and leptin
was significantly downregulated earlier than in the control
group, although significant differences were not observed
in these values between the two groups. Leptin was
reported to have an antagonist effect on ghrelin in animal
experiments.’’ Earlier postoperative downregulation of
leptin in the RKT group compared with the control
group may warrant further analysis to reveal the role of
RKT on leptin. Irrespective of changes in hormone levels
from POD 7 to POD 21 in the RKT group, RKT did not
have any observed clinical impact, reflecting the complex

pathophysiology of DGE after PD. Recently, Sasaki et al*®
focused on the anti-inflammatory effects of ghrelin. They
showed that a decrease in total ghrelin concentration on
POD 1 to <82% of the preoperative value is associated
with postoperative complications and longer hospital stay
after PD. In the RKT group, it took 2 weeks from the
initiation of the treatment to observe a significant increase
in total ghrelin concentrations. Preoperative intervention
and earlier upregulation of the ghrelin system, before POD
1, might be important for improving outcomes after PD.
Further studies are needed to evaluate the optimal timing
of the RKT treatment. Regarding improvements in out-
comes after PD, it should be noted that the median dura-
tion of hospital stay in this study was longer than that in
most Western countries, although the results were almost
compatible with hospital stay durations from other studies
in Japan, which ranged from 18 to 39.5 days.'7%!213.38
Differences in the health care insurance systems and med-
ical expenses might influence postoperative care and
patients behaviors, as discussed in other studies from
Japan,712:13

This study had several limitations. First, this study was
conducted in an open-label setting without placebo drugs.

584 submit your manuscript
Dove

Clinical and Experimental Gastroenterology 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Yamaguchi et al

Although there were no placebo effects because the con-
trol group did not receive any interventions, some biases
during the study should be considered. A recent meta-
analysis of RKT treatment pointed out a high risk of bias
among analyzed studies, especially due to the lack of
blinding.** We allowed continuation of RKT administra-
tion via tube jejunostomy to maintain treatment compli-
ance and reduce attrition bias. During data analysis,
blinded researchers analyzed the results and fixed the
data before linking it to treatment status in order to reduce
detection bias. We did not use control drugs for the study
because standard pharmacological treatment for DGE after
PD has not been established. RKT is an established drug
for upper gastrointestinal symptoms covered by the
Japanese healthcare insurance system. This study was
conducted at a single institution as a pilot study.
The second limitation is the small sample size, which
included patients with a variety of diseases who underwent
one of two operative procedures, PPPD or SSPPD. In our
prospective, nonrandomized study, SSPPD was associated
with a comparable incidence of DGE and postoperative
dietary intake as PPPD.> However, a larger sample size
and more precise specification of underlying diseases and
operative procedures are important to balance baseline
characteristics and reduce bias. To compensate for these
study limitations, we analyzed TDI in addition to the
incidence of DGE based on ISGPS criteria as an alterna-
tive reliable indicator of postoperative dietary intake.

Conclusions

RKT treatment from POD 1 to 21 did not reduce the
incidence or severity of DGE as defined using the ISGPS
criteria. Irrespective of hormonal changes from POD 7 to
POD 21 in the RKT group, RKT therapy was not asso-
ciated with clinical benefits in terms of short-term post-
operative outcomes, suggesting that DGE after PD has
a complicated pathophysiology. Earlier intervention and
upregulation of the ghrelin system before POD 1 should
be evaluated in future studies.

Abbreviations

BMI, body mass index; DGE, delayed gastric emptying;
HOMA-R, homeostasis model assessment of insulin resis-
tance; ISGPS, International Study Group of Pancreatic
Surgery; NERD, non-erosive reflux disease; PD, pancrea-
ticoduodenectomy; POD, postoperative day; POPF, post-
operative pancreatic fistula; PPI, proton pump inhibitor;
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