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Abstract

Background and purpose: Endoscopic mucosal resection (EMR) is frequently used for the removal of colorectal neopla®
However, the use of prophylactic antibiotics in patients undergoing EMR is debatable. The aim of this randomized controlled trial
was to assess whether antimicrobial prophylaxis is crucial in the perioperative period of EMR, especially for 10- to 20-mm lesions
in this setting.

Methods: Two hundred and sixty-four patients were randomized equally into 2 groups, the antibiotic (cefixime) group and
the control group. The occurrence of adverse events was examined at 1 to 3 days after EMR. Plasma levels of inflammatory
markers were analyzed at pre-operation, 1 day post-operation and 3 days post-operation. Blood samples collected at 1 day
post-operation were used for culture.

Results: A total of 264 and 268 polyps were removed by EMR in the antibiotic group and the control group, respectively. There
were 5 cases of fever, with 2 in the antibiotic group and 3 in the control group. In the antibiotic group, 12 patients had abdominal
pain and 10 suffered bleeding, whereas in the control group, abdominal pain and bleeding were observed in 10 and 11 patients,
respectively. There were no significant differences in the proportion of patients with fever or the incidences of postoperative
complications between the groups. No significant differences between the groups were reported in plasma levels of white blood
cell count, erythrocyte sedimentation rate, C-reactive protein or procalcitonin at pre-operation or post-operation. No patients
provided positive blood cultures.

Conclusions: The use the prophylactic antibiotics for EMR procedures in the perioperative period is no longer required when
the lesions are 10 to 20mm in size.

Abbreviations: CRC = colorectal cancer, CRP = C-reactive protein, EMR = endoscopic mucosal resection, ESD = endoscopic
submucosal dissection, ESR = erythrocyte sedimentation rate, PCT = procalcitonin, PP = Per-protocol, PPCS = postpolypectomy
coagulation syndrome, WBCC = white blood cell count.
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1. Introduction

Colorectal cancer (CRC) is the third and second most com-
mon cancer reported in males and females, respectively. It
is also a leading cause of cancer-related deaths across the
globe.!l Since CRC may develop from adenoma, the primary
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strategy for the prevention of CRC is screening colonoscopies
and polypectomies.

Endoscopic mucosal resection (EMR) is a simple, safe and
effective procedure and one of the main modalities of polypec-
tomies that finds wide usage in the treatment of superficial col-
orectal lesions. Presently, the major concerns associated with
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EMR are high rates of recurrence (3%-39%), bleeding (0.4 %—
16%), and perforation (0%-5%).>%! There has been little
research on the occurrence and management of postoperative
infection in patients undergoing EMR. The use of prophylactic
antibiotics in the perioperative period of EMR remains contro-
versial,” especially for the size 10 mm or more.

The objective of this study was to prospectively assess the
impact of prophylactic antibiotics in the perioperative period
on the occurrence of clinical adverse events and plasma levels of
inflammatory markers in patients undergoing EMR for 10- to
20-mm colorectal polyps. We hypothesized that the use of pro-
phylactic antibiotics is not necessary in the perioperative period
of EMR for lesions 10 to 20 mm in size.

2. Patients and Methods

2.1. Study design and inclusion criteria

This was a prospective, randomized, controlled single-blind
study. In the single-blind design, the doctors and nurses knew
whether the patients were assigned to the antibiotic group or
the control group, but the patients did not to which group they
were assigned. The study was approved by the ethics committee
of the 900th Hospital of PLA (Fujian, China) and was registered
as Chinese Clinical trial registry ID: ChiCTR-IOR-15007613.

The inclusion criteria were as follows: patients who were aged
between 18 and 80 years; patients who had been diagnosed with
10- to 20-mm colorectal polyps by colonoscopy at the outpatient
clinic or other hospitals; patients who did not suffer from other
major diseases, such as cardiopulmonary diseases or hepatic and
renal failure; patients who had not recently taken any drugs that
might have an impact on the experiment, for example, those
not taking antibiotics a week ago; and patients who had nor-
mal clotting time and bleeding time. Meanwhile, if polyps were
smaller than 10mm in the enrolled patients, we used cold snare
polypectomy or biopsy forceps to remove diminutive polyps.
The exclusion criteria of the study were coagulation dysfunc-
tion, taking anticoagulants, submucosal invasion lesions, allergy
to cefixime and organ-related diseases such as myocardial and
cerebral infarction.

Previous study has reported that the incidences of fever in
patients of the antibiotic and non-antibiotic groups were 0.9%
and 8.4%, respectively,l®! following endoscopic polypectomy
for colorectal polyps. Assuming a significance level of 5%, a
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statistical power of 80% and a grouping ratio of 1:1, the sample
size was 120 participants per group. The final sample size was
estimated to be 132 participants per group based on a potential
drop-out rate of 10%. A total of 264 patients who met the inclu-
sion criteria were referred for endoscopic resection and admitted
to the hospital for EMR from January 2016 to November 2019.
Among them, 5 patients dropout study and 7 patients were aller-
gic to cefixime in antibiotic group, 6 patients dropout in the con-
trol group. All the remaining patients underwent EMR (Fig. 1).

2.2. Treatment allocation and intervention

The digital random method was employed for allocating patients
to treatment using Microsoft Excel 2010 (Microsoft, Redmond,
WA). After the random digitals were generated, all patients enrolled
in the study were randomized into 2 groups, the antibiotic group
(n = 132) and the control group (n = 132). The random table was
preordered by a researcher who was not involved in the study.

In the antibiotic group, patients were administered 1.0-g cefix-
ime and 100-mL saline solution intravenously 30 minutes before
EMR, followed by another dose 6 hours after surgery. Conversely,
patients in the control group were not given any antibiotic. The
preoperative preparation of EMR included measurement of pro-
thrombin time and international normalized ratio, in addition to
electrocardiography. pretreatment of the colon comprised ingestion
of 3-L polyethylene glycol solution to have clean bowel preparation.

2.3. EMR procedure

All EMR procedures were executed by experienced endosco-
pists using an endoscope (CF-HQ260; Olympus Co., Tokyo,
Japan), with an endoclip (HX-610-135 EZ CLIP; Olympus
Co.), polypectomy snare (Captivator M00562301, Captivator
MO00562321; Boston Scientific Co, Natick, MA) and an injec-
tion needle (NM-4U; Olympus Co.). The local injection solution
consisted of 1:10,000 adrenaline and 0.5% methylene blue solu-
tion. Other device included an incisional generator (VIO200S;
Elektromedizin Gmbh, Tubingen, Germany).

2.4. Data collection

Demographic and clinical data of the patients were collected
from their medical records. The characteristics of polyps were

264patients were assessed for eligibility

Antibiotic group (n=132)
(1.0-g cefixime and 100-mL saline solution)
Endoscopicmucosal resection

Control group (n=132)
Endoscopic mucosal resection

Excluded (n=12):

5 patientsdropout study — 6 patientsdropout
7 were allergic to cefixime

Excluded (n=6):

study

Analysis (n=120)
adverse events and inflammatory markers

Analysis (n=126)
adverse events and inflammatory markers

Figure 1. Flowchart of the prospective randomized trial.
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also recorded, including the size, number, location and shape,
in operation. While polyps were endoscopically classified using
the Paris classification,”! colorectal adenomas were histologic
classified according to the Vienna classification.!'%

The primary outcome measure was the proportion of patients
with fever after EMR. Secondary outcome measures included
the incidence of postoperative complications and plasma lev-
els of inflammatory markers. Clinical adverse events including
fever (axillary temperature > 37.2°C), abdominal pain, bleed-
ing, postpolypectomy coagulation syndrome (PPCS) and perfo-
ration, were documented. The body temperature of patients was
recorded at 6 AM and 8 pM during their hospital stay. In addi-
tion, blood samples were collected from all patients for assess-
ing white blood cell count (WBCC), erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), and procalcitonin (PCT)
at pre-operation, 1 day post-operation and 3 days post-opera-
tion. Blood samples collected at 1 day post-operation were also
used for bacterial culture under aerobic and anaerobic condi-
tions (Fig. 2).

2.5. Statistical analysis

Outcome data were assessed by using SPSS 19.0 (IBM Corp.,
Armonk, NY). Continuous variables (patient characteristics
and inflammatory markers) are expressed as the mean = SD
or median (interquartile range), whereas categorical variables
(polyp characteristics and adverse events) are expressed as the
count (percentage). All data were first checked for the normality
of the distribution by Shapiro-Wilk test. The Student’s # test was
used to compare normally distributed continuous variables (e.g.,
WBCC and ESR) between the 2 groups, and Mann—Whitney U
test was applied to non-normally distributed continuous vari-
ables (e.g., CRP and PCT). The chi-square test was applied for
the comparison of categorical variables between the 2 groups,
except that the proportion of patients with fever was compared
by the Fisher exact test. The statistical significance was set at
P <.0S.

3. Results

Our study comprised 246 patients who underwent EMR
of 10- to 20-mm colorectal polyps. The antibiotic group
comprised 63 males and 57 females, with a mean age of
52.74 £ 8.89 years. The control group comprised 68 males
and 58 females, with a mean age of 51.11x9.52 years. No
significant differences were detected between the groups in
terms of patient age and gender (Table 1). During the course
of the treatment, none of the patients had perforation or
major bleeding and sudden changes in the clinical conditions
that required surgical intervention. Thus, all randomized
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cefixime in cefixime in
antibiotic antibiotic
Admission group group
EMR
D1 Half an hour Do 6 hour later D1 D2 D3

Figure 2. A schematic diagram of the study protocol. Blood samples of
inflammatory markers, such as the white blood cell count, ESR, CRP, pro-
calcitonin, were tested on D-1, D1, and D3. In addition, blood cultures were
collected on D1. In the antibiotic group, cefixime was intravenously adminis-
tered 30 min before EMR, followed by one more dose 6h later. The body tem-
perature was recorded at 6 av and 8 Pv, and adverse events were recorded
on D1, D2, and D3. CRP = C-reactive protein, EMR = endoscopic mucosal
resection, ESR = erythrocyte sedimentation rate.

www.md-journal.com

patients successfully completed the study and they were
included in per-protocol analyses.

A total of 264 polyps in the antibiotic group and 268 polyps in
the control group were removed by EMR. In the antibiotic group,
polyps were detected in the cecum—ascending colon (48 lesions;
18%), transverse colon (55 lesions; 21%), descending colon (56
lesions; 21%), sigmoid colon (55 lesions; 21%) and rectum (50
lesions; 19%). Regarding the macroscopic classification, pedun-
culated, semipedunculated and sessile polyps accounted for 67
(25%), 67 (25%) and 130 (50%) polyps, respectively. In the con-
trol group, the lesion sites where polyps were detected were the
cecum-ascending colon (47 lesions; 18%), transverse colon (56
lesions; 21 %), descending colon (52 lesions; 20%), sigmoid colon
(57 lesions; 21%) and rectum (56 lesions; 20%). Pedunculated,
semipedunculated and sessile polyps accounted for 66 (25%), 73
(27%) and 129 (48%) polyps in the control group, respectively.
No significant differences were observed in the proportion of pol-
yps with size 15 to 20mm and the location of lesions between the
2 groups. The histopathological examination of resected polyps
revealed no significant difference between the groups in the pro-
portions of tubular adenomas, tubulovillous adenomas, villous
adenomas, serrated adenomas, hyperplastic polyps and polyps
with or without dysplasia or carcinogenesis (Table 1).

The clinical outcomes of EMR in the 2 randomized groups
are presented in Table 2. Following the EMR procedure, 5
patients had an axillary temperature of >37.2°C, but none of
them reached 38.5°C. Two cases (1.7%) of fever were found in
the antibiotic group and 3 (2.4%) were in the control group. No
significant difference was found in the proportion of patients
with fever between the groups. None of the fever cases were
treated with antipyretics, and their body temperature returned
to normal after 10 to 12 hours. Blood cultures were negative in
these 5 cases.

Abdominal pain was observed in 22 patients, with 12
(10.0%) in antibiotic group and 10 (7.9%) in the control group.
However, the pain was mild and could be relieved by a spas-
molytic. In addition, bleeding was reported in 21 patients (10
in antibiotic group, 8.3%; and 11 in the control group, 8.7%)
after EMR. The bleeding was controlled with clips, and no sub-
sequent bleeding was reported. No cases of PPCS or perfora-
tion were observed in any groups. In comparison to the control
group, no significant differences were observed in WBCC, ESR,
CRP, and PCT levels at pre-operation, 1 day post-operation and
3 days post-operation in the antibiotic group. No patients had a
positive blood culture.

4. Discussion

Nowadays, the development of endoscopic technique has caused
a progressive shift in the management strategy for colonic pol-
yps from surgery to endoscopic removal techniques.!''! Owing
to its minimally invasive procedure, minimal trauma, few com-
plications and reliable clinical efficacy, EMR is widely used these
days."> However, a recent upsurge in the EMR frequency is
likely to escalate the incidence of complications, which, in fact,
are inherent to this procedure.'s! The primary complications
associated with EMR are bleeding and perforation, which can
be treated by endoscopy and rarely need surgical treatment.
However, very few people are concerned with the occurrence
and management of infection caused by EMR. Reportedly, the
rates of bacteremia related to colonoscopy range from 0% to
25% (mean, 4.4%). Since bacteremia is usually short-lived and
does not cause clinical manifestations,®' the American Society
Gastrointestinal guidelines do not specify whether prophylac-
tic antibiotics should be used for patients undergoing EMR for
colonic polyps.

The PPCS is a rare complication of colonoscopic polypec-
tomy (rate: 0.003%-0.1%!'7), yet it could result in abdominal
pain, fever, peritoneal tenderness, guarding, leucocytosis and
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Demographic and clinical data of patients and characteristics of polyps in the 2 randomized groups (PP analysis).
Antibiotic group Control group Pvalue
Age (yn) 52.74+8.89 51.11+9.52 169
Gender (M:F) 63:57 68:58 818
Polyp size (15-20mm) 44 (36.7%) 50 (39.7%) 627
Location of polyps 972
Cecum-ascending 48 (18%) 47 (18%)
Transverse 55 (21%) 56 (21%)
Descending 56 (21%) 52 (20%)
Sigmoid 55 (21%) 57 (21%)
Rectum 50 (19%) 56 (20%)
Macroscopic type of polyps .888
Pedunculated 67 (25%) 66 (25%)
Semipedunculated 67 (25%) 73 (27%)
Sessile 130 (50%) 129 (48%)
Histological type of polyps .871
Tubular 94 (36%) 91 (35%)
Tubulovillous 65 (25%) 65 (24%)
Villous 62 (23%) 61 (23%)
Serrated 43 (16%) 51 (18%)
Polyps with dysplasia or carcinogenesis 917
Polyps with no dysplasia or carcinogenesis 163 (62%) 159 (59%)
Polyp-LG 76 (29%) 80 (30%)
Polyp-HG 19 (7%) 21 (8%)
CA 6 (2%) 8 (3%)
CA = adenocarcinoma, HG = high-grade dysplasia, LG = low-grade dysplasia, PP = per-protocol.
Clinical outcomes of endoscopic mucosal resection in the 2 randomized groups (PP analysis).
Antibiotic group Control group Pvalue
Adverse events
Fever 2 (1.7%) 3(2.4%) 1
Abdominal pain 12 (10.0%) 10 (7.9%) 571
Bleeding* 10 (8.3%) 11 (8.7%) 911
White blood cell count
Before surgery 6.01+1.62 6.02+1.77 975
1 d after surgery 6.18+1.39 6.38+1.41 .266
3 d after surgery 5.77+1.67 6.06+1.99 212
Erythrocyte sedimentation rate
Before surgery 12.08+7.01 12.89+6.68 317
1 d after surgery 11.48+10.18 11.10+8.18 741
3 d after surgery 10.06+8.15 10.92+8.46 417
C-reactive protein
Before surgery 0.36 (0.36-0.36) 0.36 (0.36-0.36) 372
1 d after surgery 0.36 (0.36-0.36) 0.36 (0.36-0.36) 732
3 d after surgery 0.36 (0.36-0.36) 0.36 (0.36-0.36) 357
Procalcitonin
Before surgery 0.025 (0.025-0.025) 0.025 (0.025-0.025) 1.000
1 d after surgery 0.025 (0.025-0.100) 0.025 (0.025-0.100) 469
3 d after surgery 0.025 (0.025-0.025) 0.025 (0.025-0.025) .324

*Delayed bleeding was defined as bleeding symptoms or hemoglobin loss (> 2 g/dL) within 30 days after endoscopic mucosal resection, PP = per-protocol.

abnormal levels of inflammatory markers. These events could
be managed by antibiotics without surgical intervention.!'®!
The risk factors associated with PPCS are hypertension,
large lesion size (210mm) and non-polypoid configuration
of lesions.!"”! In a prospective and randomized study, Lee et
al'" demonstrated that the prophylactic use of antibiotics in
colorectal endoscopic submucosal dissection (ESD) was asso-
ciated with the reduced risk of post-ESD electrocoagulation
syndrome, decreased CRP levels and decreased abdominal pain.
Although reasons for post-ESD electrocoagulation syndrome
are unidentified, it seems to be related to submucosal injec-
tion during the ESD procedure. A catheter-related infection
may directly inoculate bacteria into the blood stream during
submucosal injection,?**'! and mucosal defect is exposed after

polypectomy.l?-22 Therefore, in practice, hospitals frequently
use antibiotics to prevent intestinal infection during the EMR
and ESD procedures, especially when the lesions are >10 mm
in size.

Here, we examined whether the use of prophylactic antibi-
otics is necessary during the perioperative period of EMR for
10 to 20 mm polyps through a randomized controlled trial. For
surgery, the second-generation cephalosporins, such as cefixime,
are the first choice of prophylactic antibiotics.**! In our study,
the first dose of cefixime (1.0 g) was intravenously administered
30 min before the initiation of the EMR procedure, followed by
an additional injection 6 hours after EMR. In total, we found
5 cases of fever in our patients, with 2 in the antibiotic group
and 3 in the control group. Their axillary temperature did not
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reach 38.5°C and without antipyretic therapy, the temperature
returned to normal 10 to 12 hours later. As the blood cultures
were negative in all cases, the fever might be related to common
cold or stress. Reportedly, the frequency of post-ESD fever was
over 40% in a cohort of 199 patients with colorectal lesions,?*!
which was much higher than rates of post-EMR fever in our
patients (mean, 1.9%). This difference could be attributed to
significant mucosal wounds because of ESD that is influenced by
exposure to some enterobacteria rather than exposure of EMR.

Furthermore, we reported 22 patients with mild abdominal
pain that could be relieved by a spasmolytic in the 2 groups. The
assumed cause for this complication was the excessive insuffla-
tion air during colonoscopy. Bleeding, one of the complications of
EMR, is categorized by intraprocedural bleeding and post-proce-
dural bleeding.? Its incidence varies widely from 4% to 38%.1¢!
In our study, we observed 21 cases of delayed bleeding in the 2
groups after the EMR procedure. The bleeding was controlled with
clips, and we observed no subsequent bleeding. Moreover, we did
not report any occurrence of PPCS, and no patient presented with
signs of perforation in either group. These adverse events need to
be explored by future studies with a larger number of participants.

In comparison to the control group, we observed no signif-
icant difference in the antibiotic group with regard to plasma
levels of inflammatory markers (WBCC, ESR, CRP, and PCT)
at pre-operation or post-operation. In addition, no patient
displayed positive blood culture, suggesting no impact of the
administration of prophylactic antibiotics on endotoxemia of
the patients undergoing EMR. Recently, a study discouraged the
use of antibiotics after EMR of colon polyps to prevent infec-
tion,”! but it did not specify the size of polyps. In 2015, Zhang
et al® reported the efficacy of prophylactic antibiotics in patients
with colorectal lesions undergoing polypectomy and found that
the administered antibiotics could reduce the incidence of clini-
cal adverse events such as abdominal pain, diarrhea, hematoche-
zia and fever. However, the study examined many small lesions
(<10mm in size) and included ESD cases.

The study has a few limitations. First, this is a single-center
study. Even though the results will serve as guidelines for the
current clinical practice, a multi-center, randomized controlled
trial is warranted to confirm our findings. Second, sample size
of the study is moderate, but the number of patients could be
thought as scarce to explore infrequent adverse events such as
fever, PPCS and perforation. Further studies with larger sample
size are needed for verification purpose. Third, other risk factors
are not considered in the randomized controlled trial. For exam-
ple, one must take into account the ratio of coagulating and
cutting current when using high-frequency current in EMR, as
a high ratio may increase the proportion of patients with PPCS
after EMR.?%I

In conclusion, this study highlights that the prophylactic use
of antibiotics does not affect the occurrence of adverse events
(such as fever, abdominal pain and bleeding) or plasma levels of
inflammatory markers (such as WBCC, ESR, CRP, and PCT) in
colorectal EMR of 10 to 20mm polyps. Therefore, we do not
recommend the conventional application of antibiotics in the
perioperative period of EMR for healthy people without comor-
bidities with 10 to 20 mm colorectal polyps.
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