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Abstract

Background: Postcholecystectomy pain (PCP) is characterized by abdominal pain after cholecystec-

tomy. However, prevention of PCP is not well known yet. The purpose of this study was to determine

whether Rowachol might be useful in preventing PCP.

Methods: Between May 2013 and January 2014, a total of 138 patients with gallbladder disease who

were scheduled to undergo laparoscopic cholecystectomy were randomly assigned to orally receive

100 mg Rowachol or placebo three times daily for 3 months after surgery. Abdominal pain was assessed

using the European Organization for Research and Treatment of Cancer QLQ-C30 questionnaire.

Results: Incidence of PCP in the placebo group (n = 9, 14.3%) was higher than that in the Rowachol

group (n = 3, 4.7%) with statistically marginal significance (P = 0.08). Risk factor analysis implicated PCP

with increased difficulty in performing LC, more frequent pathology with acute cholecystitis, and absence

of postoperative Rowachol treatment. Multivariate analysis revealed that greater difficulty of laparoscopic

cholecystectomy (HR = 5.78, 95% CI 1.36–24.40, P < 0.05), and absence of postoperative Rowachol

treatment (HR = 2.54, 95% CI 1.10–10.39, P < 0.05) were independent risk factors for development of

PCP.

Conclusion: Rowachol might be beneficial for prevention of PCP after laparoscopic cholecystectomy.
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Introduction

Since its introduction in 1986, laparoscopic cholecystectomy
(LC) has become more widely used and is now considered the
treatment of choice for various gallbladder (GB) diseases.1–5

However, many patients remain symptomatic after GB
removal. Approximately a third of all patients who undergo
cholecystectomy complain of persistent or recurrent pain after
surgery, and this phenomenon is referred to as post-
cholecystectomy pain (PCP).1,6–11

Anatomical factors may contribute to PCP and these include
sphincter of Oddi dysfunction (SOD),12,13 cystic-duct remnant
This manuscript was presented at A-PHPBA Singapore 2015, taking place
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neuroma,14 and retained cystic-duct remnant calculi.15 However,
the etiology for most of PCP remains unclear. As a result, the
clinical management of these patients is frequently without an
evidence-based approach.
Rowachol is a terpene mixture that enhances the solubility of

cholesterol, calcium carbonate, and calcium phosphate, which
makes it a potent choleretic agent.16–19 As a result, terpene
preparations are effective in resolving biliary stones.19 However,
the preventive effect of Rowachol as a choleretic drug for the
patients with PCP is unclear.16,20,21

This clinical trial was designed to determine whether Rowa-
chol is useful in the prevention of PCP and for the improvement
of symptoms after LC using a validated questionnaire. We also
explored the possible risk factors for PCP in the study.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Table 1 Difficulty scores for operative steps in laparoscopic

cholecystectomy23

Category Point: No (0)/Yes (1)

Difficult access into peritoneal cavity 0/1

Difficult dissection of adhesions from GB 0/1

Difficult dissection of Calot’s triangle 0/1

Difficult dissection of GB bed 0/1

Difficult GB extraction from abdomen 0/1

Total score (0–5)

GB, gallbladder.
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Methods

Patients
Male or female patients between 18 and 85 years of age with
suspected GB diseases were evaluated at the outpatient clinic or
emergency room. After a thorough examination that included a
physical examination, laboratory testing, and abdominal imaging
such as USG, or CT scan, the patients who were diagnosed with
symptomatic gallstone disease, cholecystitis, GB polyp, or early
GB cancer with LC were enrolled.
Patients diagnosed with severe psychiatric or neurologic dis-

eases were excluded, as were the patients who had received
immunosuppressive therapy days prior to enrollment, the pa-
tients having undergone chemotherapy or radiotherapy within 4
weeks prior to their operation, or those who were unable to
follow the instructions given by the investigator. Addition ex-
clusions were pregnant or lactating female patients and patients
who had a history of drug- and/or alcohol-abuse according to the
local standards.

Study design
This prospective, multicenter, randomized, single-blind (partic-
ipants), placebo-controlled study compared the efficacy of
Rowachol versus placebo as prophylaxis for the prevention of
PCP in patients receiving LC. Between May 2013 and January
2014, 160 patients were assessed for eligibility at Dongguk Uni-
versity Ilsan Hospital and Chung-Ang University Hospital. Both
are tertiary referral centers in South Korea. The Institutional
Review Board (IRB) at each hospital approved the study proto-
col, and written informed consent was obtained from all patients
before enrollment. The trial was also registered under
clinicaltrials.gov (trial no. NCT01765465) before the patient
recruitment commenced. The treatment assigned to each patient
was chosen randomly by the investigator using computer soft-
ware that incorporated a standard procedure for generating
random numbers. The assignments for each center were in
balanced blocks to ensure that approximately equal number of
patients was allocated to each treatment arm across the total
study population. To control or minimize potential bias in pa-
tients selection in using criteria such as technical difficulties for a
given LC, a study nurse performed randomization at post-
operative 1–2 days, and as a result, none of the surgeons involved
could know the allocation of patients before or at the time of
surgery.
Rowachol (Rowa Pharma, Cork, U.K.), as a mixture of

terpene (pinene 17 mg, camphene 5 mg, cineol 2 mg, menthone
6 mg, menthol 32 mg, and borneol 5 mg), and administration-
matched placebo (supplied by the onsite pharmacy) were orally
administered at a dose of 100 mg three times a day for 3
months. Rowachol has been widely used in more than 50
countries in Europe, the Middle East, East Asia, Africa, and
most countries in the American continent.22 The cost of
Rowachol somewhat differs with various countries, but it
HPB 2016, 18, 664–670 © 2016 International Hepato-P
usually costs less than a half a US dollar per capsule (100 mg
dose).22 Medication was given to patients immediately after
randomization, postoperative day (POD) 1 or 2 days. The use of
other choleretic drugs, such as ursodeoxycholic acid (UDCA),
during this period was prohibited. Follow-up evaluations were
performed after cessation of study treatment for up to 3 months
after surgery.
LC was performed by single or multiport methods at all in-

stitutes. All the operations were conducted by experienced
laparoscopic surgeons. Technical difficulties were assessed as
present (score of 1) or absent (score of 0) for each of the
following 5 operative steps: (i) access into the peritoneal cavity,
(ii) dissection of adhesions from the GB, (iii) dissection of the
triangle formed by the common bile duct, cystic duct, and liver
(Calot’s triangle), (iv) dissection of the GB bed, and (v) extrac-
tion of the GB from the abdominal cavity (Table 1).23 All GB
specimens were sent for histopathology.

Efficacy measurements
As there are no validated or translated questionnaires in Korean
suitable for evaluating PCP or other symptoms, PCP or other
symptoms were measured using the European Organization for
Research and Treatment of Cancer (EORTC) QLQ-C30 ques-
tionnaire in Korean in the outpatient clinics 3 months post-
operatively. Even though the EORTC QLQ C-30 was designed
for cancer patients, it has widely been used in various non-
cancer surgical diseases.24,25 The Korean version of EORTC
QLQ-C30 was developed by EORTC using a rigorous trans-
lation and back-translation process.26 The Patient comments
led to appropriate modifications to the questions and scales,
after which it was reviewed and approved by the EORTC QOL
Study Group.26 The questionnaires were self-reported by pa-
tients, and a trained nurse was available for patients that
required help in completing the surveys. Raw data underwent
linear transformation to standardize the raw scores, ranging
from 0 to 100, as recommended in the EORTC QLQ-C30
scoring manual.
Outcomes were analyzed according to the intention-to-treat

principle. There have been several reports about PCP,1,6–9,11
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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however, there have been no consensus on measuring and
assessing the extent of the associated pain. After a thorough
discussion among all the investigators, an EORTC QLQ C-30
score for abdominal pain exceeding 30 points at 3 months
postoperatively defined the PCP as the primary endpoint. The
Secondary endpoints in the study were for symptoms other than
PCP as reported on the EORTC QLQ C-30, and for values of the
liver function test (LFT).
Demographic information (age, sex, body mass index, and the

American Society of Anesthesiologists class) and pertinent sur-
gical information (presence of gallstone, type of surgery, con-
version rate, operation time, and difficulty score) were all pre-
defined. Routine hematology, biochemistry including LFT and
abdominal ultrasonographic (USG) evaluations were performed
at 3 months after LC. Outcomes were assessed by dedicated study
nurses who submitted the data to a dedicated computerized
database (MedicalDB, Seoul, KOR).

Statistical analysis
Sample size computation was based on the reduction of pain
score determined by the EORTC QLQ C-30. Adopting a power
of 80%, a 2-sided type I error (a) of 0.05 and an anticipated
dropout rate of 10%, the calculated sample size was 69 patients
per group. The Chi-square test was used to determine whether
prophylactic Rowachol therapy prevented the development of
PCP in patients with LC. The remaining secondary endpoints
for other symptoms on EORTC QLQ C-30, and for level of
LFT were summarized with informal descriptive analyses.
Figure 1 Screening, randomization, and follow-up of study participants
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Multivariate analysis was performed using a proportional haz-
ards regression model including 95% confidence interval (CI)
and P value. Data were analyzed by use of the Statistical Package
for the Social Sciences version 21.0 (SPSS, Chicago, IL, USA).
The trial results were presented according to the CONSORT
guidelines.27
Results

Patients
Of the 160 patients who were screened, 22 were excluded,
including 8 who refused consent. In the intent-to-treat analysis,
138 patients with GB disease after LC were randomized to
Rowachol (n = 71) or placebo (n = 67) (Fig. 1). Study enrollment
and follow-up occurred between March 2013 and January 2014.
Nine patients including 6 patients in the Rowachol group and 3
in the placebo group were non-evaluable due to loss to follow-up
after postoperative 3 months (Fig. 1). No change to the methods
or drug was made after the beginning of the trial. Also, no major
side effects related to Rowachol occurred. None of the differences
between groups including age, sex, difficulty score to perform
LC, incidence of postoperative complication, or operative time
was significant (Table 2).

Laboratory findings after postoperative 3 months
There were no significant differences between the Rowachol and
placebo groups in laboratory findings, such as, bilirubin levels
and white blood cell counts (Table 3).
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 2 Patient characteristics in the intent-to-treat population

Rowachol
(n [ 71)

Placebo
(n [ 67)

P

Age in years 51.5 ± 15.6 48.0 ± 13.8 0.21

Gender (male: female) 26: 45 33: 34 0.13

BMI (kg/m2) 24.6 ± 3.7 25.2 ± 3.5 0.90

ASA class
(minimal/moderate/severe)

46/25/0 43/24/0 0.94

Preoperative ERCP stone removal 8 (11.3) 6 (9.0) 0.65

GB stone 66 (93.0) 62 (92.5) 0.81
aCombined comorbid diseases 22 (31.2) 21 (31.3) 0.96

Single port cholecystectomy 5 (7.0) 7 (10.4) 0.48

Difficulty score in LC 0.5 ± 1.0 0.8 ± 1.2 0.54
bPostoperative complication 0 1 (1.5) 0.49

Open conversions 0 0 1.00
cPathology (acute: chronic) 6: 61 13: 53 0.17

Operative time (min) 51.9 ± 27.2 58.8 ± 30.0 0.14

Values denote mean values ± standard deviation or no. (%) of patients.
BMI indicates body mass index; ASA, American Society of
Anesthesiologists; ERCP, Endoscopic Retrograde
Cholangiopancreatography; LC, laparoscopic cholecystectomy.
a Cardiovascular, Cerebrovascular, Diabetes mellitus, Chronic obstruc-
tive lung disease, Chronic renal failure, etc.
b 1 case of minor bile leak only, no other complication occurred.
c 3 cases xanthogranulomatous cholecystitis, 2 cases T1 GB cancer.
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Incidence of abdominal pain after postoperative 3
months
The incidence of PCP after LC as determined using the EORTC
QLQ C-30 questionnaire was 4.7% (3 of 64) in the Rowachol
group and 14.3% (9 of 63) in the placebo group with a statis-
tically marginal significance (P = 0.08; Fig. 2). Patients with PCP
were more likely to have more difficulty in performing LC
(1.8 ± 1.5 vs. 0.6 ± 1.0, P < 0.01), and had a higher frequency of
acute cholecystitis (41.7%, 5 of 12 vs. 10.4%, 12 of 115,
P = 0.03) compared to those without PCP on univariate analysis
(Table 4). Twelve patients (3 patients with PCP in the Rowachol
group and 9 patients with PCP in placebo group) scored �30
points in the questionnaire completed 3 months after LC. The
Table 3 Laboratory findings between Rowachol and placebo groups

at 3 months postoperatively

Rowachol
(n [ 64)

Placebo
(n [ 63)

P

Total bilirubin (mg/dL) 0.7 ± 0.5 0.6 ± 0.2 0.43

Direct bilirubin (mg/dL) 0.3 ± 0.3 0.2 ± 0.2 0.40

Alkaline phosphatase (IU/L) 242.8 ± 449.8 209.6 ± 145.5 0.670

Aspartate aminotransferase (IU/L) 105.1 ± 60.5 50.8 ± 41.2 0.33

Alanine aminotransferase (IU/L) 44.3 ± 43.8 56.1 ± 49.1 0.35

White blood cells (× 106/ml) 6.8 ± 2.1 7.2 ± 2.4 0.38

Values denote mean ± standard deviation.
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characteristics of these patients are summarized in Table 5.
Multivariate analysis revealed that, a more difficult LC
(HR = 5.78, 95% CI 1.36–24.40, P = 0.02), and absence of
postoperative Rowachol treatment (HR = 2.54, 95% CI
1.10–10.39, P < 0.05) were independent risk factors for the
development of PCP (Table 6).

Comparison of the other symptoms at postoperative
3 months
Other symptom scales, excepting PCP on EORTC QLQ C-30
questionnaire and functional scales, were not statistically
significantly different between groups (Table 6).
Discussion

LC is a very effective treatment for GB disease, but PCP is not
uncommon.3,8–11,28 Approximately 30–50% of patients who
undergo cholecystectomy remain symptomatic, where the
management of PCP can be quite challenging.1,6–9,28,29 The ef-
ficacy of choleretic drugs has been questioned,16,20,21 as those
studies did not focus directly on preventing or minimizing PCP.
This study demonstrates that Rowachol can be beneficial for
prevention of PCP after LC; absence of postoperative Rowachol
treatment was an independent risk factor to develop PCP after
the multivariate analysis (Table 5). Also, no major side effects
Figure 2 Incidence of abdominal pain 3 months postoperatively. Pain

was assessed by the EORTC QLQ C-30 questionnaire 3 months

postoperatively. The Rowachol group (n = 3, 4.7%) showed lower

incidence of PCP compared with that of placebo group (n = 9, 14.3%)

with statistically marginal significance (P = 0.076). *PCP was defined

as pain score �30 on the EORTC QLQ C-30 questionnaire 3 months

postoperatively. PCP, postcholecystectomy pain; EORTC QLQ C-30,

European Organization for Research and Treatment of Cancer Quality

of Life Questionnaire-Core 30

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 4 Risk factor analysis for postcholecystectomy pain at 3

months postoperatively

PCP
(n [ 12)

No PCP
(n [ 115)

P

Age in years 51.3 ± 12.1 49.3 ± 14.7 0.61

Sex (male: female) 5:7 48: 67 1.00

BMI (kg/m2) 26.4 ± 4.0 24.9 ± 3.5 0.24

ASA class
(minimal/moderate/severe)

7: 5 75: 40: 0 0.64

Preoperative ERCP stone removal 1 11 (9.6) 1.00

GB stone 12 105 (91.3) 0.60
aCombined comorbid diseases 4 36 (31.3) 1.00

Single port cholecystectomy 0 11 (9.6) 0.60

Difficulty score to perform LC 1.8 ± 1.5 0.6 ± 1.0 <0.01
bPostoperative complication 1 0 0.81

Open conversions 0 0
cPathology (acute: chronic) 5 12 (10.4) 0.03

Operative time (min) 52.1 ± 20.4 56.0 ± 29.5 0.56

Postoperative Rowachol treatment 3 61 (53.0) 0.08

Values denote mean values ± standard deviation or no. (%) of patients.
BMI indicates body mass index; ASA, American Society of
Anesthesiologists; ERCP, Endoscopic Retrograde
Cholangiopancreatography; LC, laparoscopic cholecystectomy.
a Cardiovascular, Cerebrovascular, Diabetes mellitus, Chronic obstruc-
tive lung disease, Chronic renal failure, etc.
b 1 case of minor bile leak only, no other complication occurred.
c 3 cases xanthogranulomatous cholecystitis, 2 cases T1 GB cancer.

Table 6 Multivariate analysis for postcholecystectomy pain at

3 months postoperatively

Hazard
ratio

95%
Confidence
intervals

P

Higher difficulty score in LC (�3) 5.78 1.36–24.40 0.02

Pathology (acute cholecystitis) 2.03 0.42–9.78 0.38

Absence of postoperative
Rowachol treatment

2.54 1.10–10.39 <0.05

LC, laparoscopic cholecystectomy.
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related to Rowachol occurred. As over 50,000 cholecystectomies
are performed annually in Korea,30 a relatively large number of
patients might benefit from Rowachol treatment for their PCP.
Bile crystals or microlithiasis have been previously identified

in patients with PCP.6,12 Rowachol, as a mixture of terpene, in-
hibits hepatic hydroxymethyl glutamylcoenzyme A reductase,
Table 5 Detailed characteristics in patients with postcholecystectomy

Age/
Gender

Group Difficulty
score

Pathology Combined
CBD stone

Postope
complica

70/F Rowachol 0 Chronic – –

41/M Rowachol 0 Chronic – –

36/F Rowachol 0 Chronic – –

66/F Placebo 4 Acute Yes –

35/M Placebo 4 Chronic – –

61/F Placebo 3 Acute – –

44/M Placebo 3 Chronic – –

64/M Placebo 2 Acute – Bile leak

44/F Placebo 2 Acute – –

46/F Placebo 2 Acute – –

58/M Placebo 1 Chronic – –

51/F Placebo 0 Chronic – –

CBD, common bile duct; LFT, liver function test.
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alters biliary cholesterol saturation, and can dissolve bile crystals.
It enhances the solubility of cholesterol, calcium carbonate, and
calcium phosphate, which makes it a potent choleretic
agent.17,18,31 Terpene preparations are known to be effective in
resolving biliary stones.19 Thus, Rowachol treatment for patients
with postcholecystectomy pain might be beneficial.
It has been reported that SOD may develop in some patients

after a cholecystectomy and may cause similar pain.1,12,13 Also,
remnant GB after partial cholecystectomy or cystic duct calculi
can be a source of recurrent biliary pain.1,15 Patients in this study
did not meet the criteria for type I or type II SOD, and were not
found retained GB and cystic duct calculi because there was no
evident bile-duct dilatation or retained stone on USG imaging,
and serum LFT abnormalities (Table 5).
Another possible explanation for PCP is that intraoperative

damage to nerves innervating visceral structures during the
operation causes postoperative pain.8 In this study, after multi-
variate analysis, score indicative of higher difficulty in
performing LC, in the absence of other definite visceral organ
damage, was an independent risk factor in developing PCP
(Table 6). This may be explained that the difficulty in dissection
of the triangle formed by the common bile duct, cystic duct, and
pain

rative
tion

LFT abnormality
at follow-up

Radiologic diagnosis
using USG at follow-up

Management
for pain

– Nonspecific Conservative

– Nonspecific Conservative

– Nonspecific Conservative

– Nonspecific Conservative

– Nonspecific Conservative

– Nonspecific Conservative

– Nonspecific Conservative

– Mild bile duct dilatation Conservative

– Nonspecific Conservative

– Nonspecific Conservative

– Nonspecific Conservative

– Nonspecific Conservative

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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liver (Calot’s triangle) might cause intraoperative nerve damage
innervating the visceral structures. To our knowledge, this is the
first report that the difficulty in surgical procedure without other
visceral organ damage affected PCP.
Cholecystectomy is associated with several physiological

changes in the upper gastrointestinal tract, which may account
for persistence of symptoms or the development of new symp-
toms after GB removal besides abdominal pain.1,7,9,10 Chole-
cystectomy can give rise to gastrointestinal symptoms like
indigestion, nausea, vomiting, and food intolerance.7,9,32 In this
study, the other symptom scales, except PCP on EORTC QLQ C-
30 and functional scales, did not differ significantly between
groups (Table 7). However, this study did not include a rela-
tionship analysis for pain with other symptoms. Further planned
studies will address the so-called postcholecystectomy syndrome
among various symptoms after LC, with the aim of identifying
risk factors affecting postcholecystectomy syndrome for patient
management.
There are some potential limitations of the study. Ideally, a bile

examination after Rowachol treatment should be performed to
correlate clinical outcomes with resolution or persistence of
microlithiasis. However, in this study, ERCP was not indicated in
all patients with PCP because all patients showed normal LFT
level and no significant abnormality at postoperative USG ex-
amination (Table 5). Also, the types and proportions of
Table 7 Comparison of other symptoms on EORTC QLQ C-30 at 3

months postoperatively

Rowachol
(n [ 64)

Placebo
(n [ 63)

P

aFrequently present symptom scales

Fatigue 42 (65.6) 37 (58.7) 0.42

Nausea and vomiting 21 (32.8) 20 (31.7) 0.90

Dyspnea 12 (18.8) 13 (20.6) 0.79

Insomnia 39 (60.9) 35 (55.6) 0.59

Appetite loss 39 (60.9) 38 (60.3) 0.94

Constipation 28 (43.8) 22 (34.9) 0.31

Diarrhea 44 (68.8) 35 (55.6) 0.13

Financial difficulties 4 (6.3) 5 (7.9) 0.71
bImpaired functional scale

Physical function 1 (1.6) 1 (1.6) 1.00

Role function 1 (1.6) 2 (3.2) 0.62

Emotional function 2 (3.1) 2 (3.2) 1.00

Cognitive function 5 (7.8) 2 (3.2) 0.44

Social function 0 1 (1.6) 0.50

Global health status/Quality of Life 17 (26.6) 15 (23.8) 0.72

Values denote no. (%) of patients.
EORTC QLQ C-30, European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire-Core 30.
a Symptom scales �30 points at postoperative 3 months.
b Functional scales �50 points at postoperative 3 months.

HPB 2016, 18, 664–670 © 2016 International Hepato-P
persistent symptoms are reported to differ from those that rise de
novo, suggesting that these two entities may have different
causes.9 In this study, the symptomatic evaluation using the
EORTC QLQ C-30 questionnaire was done once at 3 months
postoperatively, and we could not differentiate between persis-
tent and de novo postoperative symptoms. Future research
should explore the preventive effect of Rowachol on PCP with
these distinctions particularly with longer follow-up.
In this study, we revealed absence of postoperative Rowachol

treatment was an independent risk factor to develop PCP after
multivariate analysis (Table 6), the incidence of PCP after LC in
the Rowachol groupwas lower than that in the placebo groupwith
statistically marginal significance after univariate analysis (Fig. 2).
It might be caused by relatively small sample size. As a result,
future research should take an expanded sample size into account.
In conclusion, this prospective, multicenter, randomized,

single-blind, placebo-controlled study compared the efficacy of
Rowachol versus placebo as prophylaxis for the prevention of
PCP in patients with LC. Multivariate analysis revealed that
Rowachol might be beneficial for prevention of post-
cholecystectomy pain after LC. Most prior studies for symp-
tomatic evaluation after LC had not focused on prevention or
treatment of symptoms, but rather on the etiology or natural
course of symptoms.8−11,15

To our knowledge, this is the first report that the difficulty to
perform LC could contribute to onset of PCP. It is noteworthy
that difficulty in performing LC, without any injury to the bile
duct or other visceral organs, can produce postoperative pain.
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