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The risk of surgical site infection of oral sulfate tablet
versus sodium picosulfate for bowel preparation in
colorectal cancer surgery: a randomized clinical trial
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Purpose: Oral sulfate tablets are abundantly used for bowel preparation before colonoscopy. However, their efficiency and
safety for bowel preparation before colorectal surgery remain ill-defined. Herein, we aimed to compare the surgical site
infection rates and efficiency between oral sulfate tablets and sodium picosulfate.

Methods: We designed a prospective, randomized, phase 2 clinical trial. Patients with colorectal cancer aged 19-75 years
who underwent elective bowel resection and anastomosis by minimally invasive surgery were administered oral sulfate
tablets or sodium picosulfate. Eighty-three cases were analyzed from October 2020 to December 2021. Surgical site
infection within 30 days after surgery was considered the primary endpoint. Postoperative morbidities, the degree of bowel
cleansing, and tolerability were the secondary endpoints.

Results: Surgical site infection was detected in 1 patient (2.5%) in the oral sulfate tablet group and 2 patients (4.7%) in
the sodium picosulfate group, indicating no significant difference between the 2 groups. Postoperative morbidity and the
degree of bowel cleansing bore no statistically significant differences. Furthermore, none of the investigated tolerability
criteria, namely bloating, pain, nausea, vomiting, and discomfort, differed significantly between the 2 groups. The patients’
willingness to reuse the drug was also not significantly different between the 2 groups.

Conclusion: Although we could not establish the noninferiority of oral sulfate tablets to sodium picosulfate, we found no
evidence suggesting that oral sulfate tablets are less safe or tolerable than sodium picosulfate in preoperative bowel

preparation.
[Ann Surg Treat Res 2022;103(2):96-103]
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INTRODUCTION

Notable effort has been put into preventing infection
complications after colorectal surgery. This is largely
implemented by decreasing the colonic content and intestinal
microorganismal load through appropriate bowel preparation
before surgery. In 1972, using a combination of mechanical

bowel preparation and oral antibiotics, a method still in use
[1-3], Nichols et al. [1] reported a reduction in the surgical
site infection rate from 43% to 9%. While other studies have
confirmed similar reductions in infection and anastomotic
leakage rates [2,3], whether infection complications in colorectal
surgery are consequently reduced remains controversial.

Many hospitals in Korea combine mechanical bowel
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preparation and oral antibiotics for elective colorectal cancer
surgery [4]. However, patients often complain about the
inconvenience of bowel preparation. In a previous study, 41%
of the patients who underwent mechanical bowel preparation
complained of nausea, vomiting, and abdominal pain [5], of
whom 8% had to discontinue bowel lavage. Only 12% of those
patients did not complain about discomfort. This is because
polyethylene glycol (PEG) solutions, which have been used
abundantly for bowel preparation since their introduction in
1980, have an unpleasant taste and a characteristic smell and
are typically administered in great volumes. To resolve these
problems, many alternative drugs have been developed. In a
previous randomized trial, Kim et al. reported that low-volume
oral picosulfate is more efficient in cleansing (91.5%) and better
tolerated than the typical 4 L of PEG (81.1%) [6]. Currently,
sodium picosulfate is used for bowel preparation before elective
colorectal surgery in several hospitals, including the National
Cancer Center.

Recently, oral sulfate tablets were developed and are currently
widely used for bowel preparation before colonoscopy. Yang
et al. [7] reported that oral sulfate tablets exhibited a bowel
cleansing efficiency of 95.5%, similar to that by oral sodium
sulfate (OSS: 98.2%), and were accompanied by fewer patient
complaints. However, oral sulfate tablet has not yet been used
for bowel preparation before colorectal surgery, and the surgical
outcomes and patient compliance associated with its usage
remain unknown. Regarding postoperative complications,
surgical site infection rates with sodium picosulfate have been
reported to amount to approximately 8% [§], but no studies have
been conducted on oral sulfate tablets yet. We hypothesized
that the use of oral sulfate tablets prior to elective colorectal
cancer surgery would exhibit similar effects on surgical site
infection as sodium picosulfate. To prove this, we compared
the surgical site infection rates between patients undergoing
bowel preparation with either agent. We also compared the
postoperative morbidity, degree of bowel cleansing, and
tolerability accompanying the administration of each of the 2
components.

METHODS
Trial design

This study was designed as a single-center, prospective,
randomized, phase 2 clinical trial. As participants were not
enrolled in other institutions, the study was conducted only at
the National Cancer Center of Korea. All study procedures were
conducted in accordance with the tenets of the Declaration
of Helsinki. This study was registered with ClinicalTrials.
gov (NCT04593446) and approved by the Institutional Review
Board (IRB) of National Cancer Center (No. NCC 2020-0138). All
participants provided written informed consent.

Participants
Patients with colorectal cancer aged 19-75 years who

would undergo elective bowel resection and anastomosis
by laparoscopic or robotic minimally invasive surgery were
enrolled in the study. Patients who met the inclusion criteria
were randomly administered oral sulfate tablets (ORA'FANG,
Pharmbio Korea Co., Ltd., Seoul, Korea) or sodium picosulfate
(Picosolution, Pharmbio Korea Co.) after they were made aware
of the study protocol and provided informed consent.

Patients bearing the following characteristics were excluded
from the study: (1) bowel obstruction due to a tumor; (2)
familial adenomatous polyposis or inflammatory bowel
disease; (3) pregnancy or breastfeeding; (4) history of an allergy
to a bowel preparation agent; (5) severe renal impairment; (6)
ascites; and (7) congestive heart failure.

Randomization
A randomization table was generated using SAS version

0.4 (SAS Institute, Cary, NC, USA) in accordance with the
block randomization method with stratification of the tumor
location and block sizes of 2, 4, and 6. Patients were randomly
assigned to experimental and control groups by an independent
statistician with no clinical involvement in this trial.
Throughout the trial, the surgeons who evaluated the degree
of bowel cleansing during surgery were blinded to which group
each patient was assigned.

Interventions
Each patient in the oral sulfate tablet group was administered

14 tablets with 425 mL of water on the penultimate evening
before surgery and subsequently drank 425 mL of water twice
or more within 1 hour. The process was repeated the following
morning (the last morning before surgery). In the sodium
picosulfate group, the participants drank 1 bottle (170 mL)
of sodium picosulfate solution on the penultimate evening
before surgery and were recommended to consume 250 mL of
water per hour thereafter. The procedure was repeated on the
morning of the following day (the day before surgery).

Endpoints and assessment
Surgical site infections (primary endpoint) were assessed

using the definitions published by the U.S. Centers for Disease
Control and Prevention in 1999 [9]. They were classified as
incision site infections or organ/space infections within 30 days
after surgery. Incision site infections were defined as those of
the skin, subcutaneous tissue, muscle, or fascia. Organ/space
infections were defined as infections in all areas opened or
manipulated during surgery except for those at the incision site.
Surgical site infections were assessed by clinicians during the
postoperative hospital stay or the first outpatient visit 3 weeks
after surgery. Morbidities were evaluated up to 30 days after
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surgery based on the Clavien-Dindo classification. The degree
of bowel cleansing was classified into 4 grades of remaining
stool in the resected colon lumen during surgery (solid, soft,
fluid, and none) and evaluated by the surgeon. The latter
was unaware of which type of bowel preparation had been
administered to the patient. Tolerability of bowel preparation
was based on the patient’s answers to a questionnaire provided
before surgery and involved their evaluation of bloating, pain,
nausea, vomiting, and discomfort using the following 4 grades:
1, none; 2, mild; 3, significant; and 4, unbearable.

Statistical analyses
This study was originally designed to assess the noninferiority

of oral sulfate tablets to sodium picosulfate in reducing surgical
site infection rates. Previous studies suggested that the incidence
of surgical site infections in patients with mechanical bowel
preparation agents is 8% [8]. In our study, with a noninferiority
margin set to 7%, 80% power, and 5% 1-sided type I error, based
on a previously derived lower limit of the confidence interval [10],
a total of 186 patients would have been required for each group to
establish noninferiority. Considering a dropout rate of 10% would
raise the required number of patients to 207 for each group and a
total of 414 patients.

However, because of the low participation rate, only &3
patients were enrolled for the analysis. Nevertheless, we
decided to proceed with the analysis because the efficiency
of oral sulfate tablets for preoperative bowel preparation has
not been evaluated or reported before, The post-hoc statistical
power of the analysis was 0.1 alpha error and 13.1% power.

Categorical variables were analyzed using Pearson chi-square
test or Fisher exact test as required. Continuous variables were
analyzed using a t-test or a Wilcoxon rank-sum test following a
test for normality; all statistical analyses were conducted using
SAS version 9.4 (SAS Institute, Cary, NC, USA) and R version 3.5.0
(The R Project, Vienna, Austria).

| Assessed for eligibility (n = 100) |

RESULTS

Characteristics
From October 2020 to December 2021, a total of 83 patients

were included in the analysis: 40 patients in the sodium
picosulfate group and 43 patients in the ORA-FANG group
(Fig. 1). Table 1 shows the participants’ characteristics. The
mean age of the patients was 574 * 83 years in the sodium
picosulfate group and 61.1 = 8.2 years in the oral sulfate tablet
group (P = 0.041). Body mass index, sex, American Society of
Anesthesiologists physical status classification, comorbidity,
previous abdominal surgery, preoperative stage, preoperative
carcinoembryonic antigen, and neoadjuvant chemoradiotherapy
were not significantly different between the 2 groups. The
operation time was significantly different, with a median of 220
minutes (range, 130-645 minutes) required for preparation with
sodium picosulfate and a median of 185 minutes (range, 90—
430 minutes) required with oral sulfate tablets (P = 0.046) (Table
2). Tumor size, pathological stage, operation type, additional
operation, diverting ileostomy, open conversion, intraoperative
events, and hospital stay did not differ significantly between
the 2 groups.

Outcomes
The primary outcome was a comparison of the surgical site

infection rates between the 2 groups. Surgical site infection was
found in 1 patient (2.5%) from the sodium picosulfate group and
2 patients (4.7%) from the oral sulfate tablet group, indicating
no significant difference between the 2 groups (P > 0.999)
(Table 3). The secondary outcomes studied were postoperative
morbidity, the degree of bowel cleansing, and tolerability, none
of which was found to differ significantly between the 2 groups.
Specifically, postoperative morbidity was observed in 2 patients
(5.0%) in the sodium picosulfate group and 3 patients (7.0%) in
the oral sulfate tablet group (P > 0.999), whereas anastomotic
leakage was present in 1 patient in each group. Regarding the
degree of bowel cleansing in the proximal segment (Table 4), no
significant difference was identified, with 11 patients (275%) in

4>| Excluded (n =7)

A 4

| Randomized (n = 93) |

l l

Oral sulfate tablet group
(n=47)

Sodium picosulfate group
(n = 46)

Excluded (n = 4)
Reoperation (n = 1)

A

Excluded (n = 6)
Not operated (n = 2)

Failed eligibility criteria
(n=3) v v

A4

Failed eligibility criteria
(n=4)

Analyzed (n = 43) | |

Analyzed (n = 40)

Fig. 1. Study flowchart.
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Table 1. Characteristics of the study participants

Characteristic Total Sodium picosulfate Oral sulfate tablet P-value
No. of patients 83 40 43
Age (yr) 574+ 8.3 61.1+8.2 0.041
Body mass index (kg/mz) 249 + 4.2 23.7+29 0.163
Sex 0.488
Male 55 28 (70.0) 27 (62.8)
Female 28 12 (30.0) 16 (37.2)
ASA PS classification 0.242
I+1 80 40 (100) 40 (93.0)
1 3 0 (0) 3 (7.0
Comorbidity 0.614
No 35 18 (45.0) 17 (39.5)
Yes 48 22 (55.0) 26 (60.5)
Previous abdominal open surgery 0.545
No 64 32 (80.0) 32 (74.4)
Yes 19 8 (20.0) 11 (25.6)
Preoperative T stage 0.150
cT1 12 (17.5) 5(11.6)
cT2 3 (7.5) 0 (0)
cT3 68 (75.0) 38 (88.4)
cT4 0 (0) 0 (0)
Preoperative N stage 0.163
cN- 35 20 (50.0) 15 (34.9)
cN+ 48 20 (50.0) 28 (65.1)
Preoperative CEA 2.65 (1-22) 3.5 (1-99) 0.068
Neoadjuvant CRT 0.146
No 62 27 (67.5) 35(81.4)
Yes 21 13 (32.5) 8(18.6)

Values are presented as number only, mean + standard deviation, number (%), or median (range).
ASA, American Society of Anesthesiologists; PS, physical status; cT, clinical T stage; cN, clinical N stage; CRT, chemoradiotherapy.

the sodium picosulfate group vs. 6 patients (14.0%) in the oral
sulfate tablet group presenting soft to solid stools (P = 0.310).
In the distal bowel segment, 10 patients (25.0%) bore soft to
solid stools in the sodium picosulfate group, thus exhibiting
no significant difference compared with the 4 (95%) patients
identified in the oral sulfate tablet group (P = 0.310). There
was no statistical significance between the 2 groups in the 4
tolerability parameters examined for each bowel preparation
agent (Table 5), i.e., bloating (P = 0.191), pain (P > 0.999), nausea
(P > 0999), vomiting (P > 0.999), and discomfort (P = 0.229).
The patients’ willingness to reuse the drugs did not differ
significantly between the 2 groups (P > 0.999).

DISCUSSION

The effect of mechanical bowel preparation on surgical
site infection has remained elusive [2,11]. In our study, we
compared the surgical site infection rate, morbidity, degree
of bowel cleansing, and tolerability between the oral sulfate
tablet and sodium picosulfate groups. Bacteria may infect the
abdominal wall or cavity upon fecal spillage during colorectal

surgery; hence, many surgeons prefer a mechanical bowel
preparation prior to surgery. In a survey of 74 Korean colorectal
specialists, most surgeons (98.6%) required patients to undergo
bowel preparation, and most patients (83.3%) used PEG [4].
PEG affords high bowel cleansing efficiency and safety but is
accompanied by poor compliance owing to the large amounts
that patients need to take and its unpleasant taste and flavor
[12,13]. Kim et al. [6] reported that sodium picosulfate showed
higher bowel cleansing and lower adverse event rates than did
the conventional 4-L PEG used for colonoscopy. Its tolerability
was also better compared to that with PEG. Therefore, recently,
sodium picosulfate has also been widely used in mechanical
bowel preparation for colorectal surgery [8,14].

Recently, an oral sulfate agent in tablet form was introduced
[7]. It contains 90% of the salts of a typical OSS formulation and
simethicone as an antifoaming component. However, only 1
study on the efficiency and tolerability of oral sulfate tablets as
a new bowel preparation agent has been reported. In a recent
randomized trial, the efficiency, safety, and tolerability of
oral sulfate tablets in bowel preparation for colonoscopy were
compared with those of OSS. Bowel cleansing was achieved
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Table 2. Patients’ intraoperative and postoperative characteristics

Variable Total (n = 83) Sodium picosulfate (n = 40) Oral sulfate tablet (n = 43) P-value
Tumor size (cm) 3.1+2.0 3.9x2.1 0.088
pT stage (n = 82) 0.135
1 19 13 (33.3) 6 (14.0)
2 10 10.3) 6 (14.0)
3 52 22 (56.4) 30 (69.8)
4 1 0) 1(2.3)
pN stage (n = 82) 0.147
0 52 29 (74.4) 23 (53.5)
1 22 17.9) 15 (34.9)
2 8 7.7) 5(11.6)
Operation type 0.221
Right hemicolectomy 14 22.5) 5(11.6)
Left hemicolectomy 3 0) 3(7.0)
Anterior resection 24 10 (25.0) 14 (32.6)
Low anterior resection 41 20 (50.0) 21 (48.8)
Total colectomy 1 2.5) 0 (0)
Additional operation 0.348
No 79 37 (92.5) 42 (97.7)
Yes 4 3(7.5) 1(2.3)
Operative time (min) 220 (130-645) 185 (90-430) 0.046
Diverting ileostomy 0.161
No 56 24 (60.0) 32 (74.4)
Yes 27 16 (40.0) 11 (25.6)
Open conversion >0.999
No 82 40 (100) 42 (97.7)
Yes 1 0 (0) 1(2.3)
Intraoperative event >0.999
No 6 3(7.5) 3(7.0)
Yes 77 37 (92.5) 40 (93.0)
Hospital stay 15 7 (3-18) 8 (6-23) 0.797
Values are presented as mean =+ standard deviation, number only, number (%), or median (range).
pT, pathologic T; pN, pathologic N.
Table 3. Patients’ postoperative complications Table 4. Patients’ grade of bowel cleansing
- Sodium  Oral sulfate Sodium Oral sulfate
Complication Total . Bowel Total ;
(n=5) (n = 83) picosulfate  tablet  P-value preparation  (n = 83) picosulfate tablet P-value
(n = 40) (n=43) (n =40) (n=43)
Surgical site infection 3 1(2.5) 2 (4.7) <0.999 Proximal bowel fecal leftovers 0.310
Incision site 3 1(2.5) 2 (4.7) Solid 0 0 (0) 0 (0)
Organ/space 0 0 (0) 0 (0) Soft 17 11 (27.5) 6 (14.0
Anastomotic leakage 2 1(2.5) 1(2.3) <0.999 Fluid 36 16 (40.0) 20 (46.5)
Values are presented as number only or number (%). D[:?a?ebowel stool Izgtovers (nf é322).5) 17395 0.148
Solid 0 0 (0) 0(0)
Soft 14 10 (25.0) 4 (9.5)
in 95.5% (107 of 112) of the patients in the oral sulfate tablet Fluid 39 16 (40.0) 23 (54.8)
group, suggesting that oral sulfate tablets are non-inferior None 29 14 (35.0) 15 (35.7)

to OSS. Although their advantages in bowel preparation for
colonoscopy were evident, there have been no studies on their
efficiency and tolerability in bowel preparation for colorectal
surgery. Therefore, we compared oral sulfate tablets with
sodium picosulfate, the efficiency and tolerability of which have

Values are presented as number only and number (%).

already been proven. The bowel clearance level is important for
bowel preparation agents and may be the factor most related
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Table 5. Tolerability for bowel preparation

Oral sulfate
tablet
(n=43)

Sodium
picosulfate
(n =40)

Total

(n = 83) P-value

Tolerability

Bloating 0.191
None 7
Mild
Bothersome
Distress

Pain
None 82 4
Mild
Bothersome
Distress

Nausea
None 7
Mild
Bothersome
Distress

Vomiting
None 3
Mild
Bothersome
Distress

Discomfort
None 3
Mild
Bothersome
Distress

Willingness to reuse
No
Yes 81

.0) 42 (97.7)
0 2.3)

O O v »

>0.999

o o =

>0.999

OO~ 0O

>0.999

O O O Ww

0.229

oo N =

>0.999

N

1(2.5) 1(2.3)
39(97.5) 42 (97.7)

Values are presented as number only and number (%).

to surgical site infection; however, other factors, such as a
change in the microbial environment in the bowel, edema,
or dehydration of the intestine, are also likely to play a role
in surgical site infection [15]. Therefore, this study focused on
examining the surgical site infection rate associated with oral
sulfate tablets rather than their bowel clearance level before
surgery.

Since our study was conducted on participants who
underwent minimally invasive surgery, we speculate that the
number of incision site infections was lower than the expected
8% incidence, with no statistically significant difference
between the 2 groups. This can be explained by the possible
indirect relationship between surgical site infection rate and
bowel cleansing. In both groups, there were no differences in
clearance of the proximal (P = 0.310) and distal (P = 0.148)
bowels. Further, bowel cleansing was adequate and mostly
devoid of solid stool. This may explain the overall low rate of
surgical site infection and the lack of differences between the 2
groups.

Although no significant difference was observed in tolerability
between the 2 groups, patients in the oral sulfate tablet group

exhibited no symptoms in more than 95% of the cases and for
all parameters investigated. In addition, 97.7% of the patients
were willing to reuse oral sulfate tablets. Similarly, in their
study, Yang et al. [7] reported that 96.4% of the patients in the
oral sulfate tablet group described the taste of the tablets to be
good or tolerable, while only 79.6% of patients in the OSS group
passed similar remarks. Similarly, the willingness to repeat the
same preparation bore a significantly higher rate in the oral
sulfate tablet group (76.8%) than in the OSS group (41.6%). Being
tablets, oral sulfate tablets may be more convenient to take than
solutions. They also contain fewer salts and require less water
compared to OSS, resulting in superior tolerability and lower
gastrointestinal discomfort. However, since OSS is not superior
to PEG in terms of safety, oral sulfate tablets should be used
with caution in patients with impaired renal function. Hence,
oral sulfate tablets can be useful for patients with normal renal
function who are reluctant to take bowel preparation agents as
solutions.

The randomization and single-blinded design of our study
are of particular importance. We randomly assigned our
participants into 2 groups to minimize selection bias. Owing
to the nature of the drugs and their administration, all
participants knew which drug they had been administered,
but the surgeons were unaware of which group each patient
belonged to, both during surgery and while determining the
degree of bowel cleansing intraoperatively. There have been
very few studies on oral sulfate tablets; ours is the only one on
preoperative bowel preparation using oral sulfate tablets. Our
results suggest that oral sulfate tablets can be useful and are
safe for preoperative bowel preparation.

Nevertheless, our study bears some limitations. First, to
confirm noninferiority, 207 patients in each group and a total
of 414 patients are required. However, patient enrollment was
considerably slower than anticipated because we excluded
patients with symptoms of obstruction or who had to undergo
colonoscopy again for tattooing or polypectomy after bowel
preparation while hospitalized for surgery. In addition, an
attempt was made to recruit participants from multiple
institutions; however, meeting the requirements for conducting
a clinical trial, such as approval from IRBs, took a long time.
Eventually, this study was conducted in a single institution.
This slow enrollment made it difficult to extend the contract
with the funding agency, leading to early termination of the
study. Therefore, an adjustment of sample size was inevitable,
Consequently, only &3 patients were examined, rendering our
analysis insufficiently powerful to firm up our conclusions.
Second, the surgical site infection rate as a primary endpoint
was found to be particularly low, possibly reflecting the elective
and only minimally invasive method of surgery implemented,
as well as the exclusion from our study of patients with
intestinal obstruction caused by tumors.
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Although we could not establish the noninferiority of oral
sulfate tablets to sodium picosulfate in terms of surgical site
infection, we found no evidence suggesting that oral sulfate
tablets are any less safe or tolerable than sodium picosulfate in
preoperative bowel preparation.
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