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Efficacy of metronidazole in reducing pain
after hemorrhoidectomy: a meta-analysis
of randomized controlled trials

Hui Dong', Wen-Xing Chen', Yue-Juan Li' and Deng-Chao Wang'”

Abstract

Objective Pain is a significant issue in post-hemorrhoidectomy. Metronidazole is being explored as an adjunctive
pain management option. This meta-analysis of randomized controlled trials (RCTs) assesses metronidazole’s
effectiveness and safety compared to a placebo post-hemorrhoidectomy, aiming to provide evidence-based pain
management guidance.

Method We conducted a systematic search of the Cochrane Library, Embase, PubMed, Web of Science, and
ClinicalTrials.gov for RCTs comparing metronidazole to placebo after hemorrhoidectomy, covering the period from
database inception to July 21, 2024. After screening per inclusion/exclusion criteria, study quality was assessed using
Cochrane Handbook's risk of bias tool (version 5.1.0). The meta-analysis was conducted using RevMan 5.3 software,
the quality of outcome indicators was assessed using the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) system, and trial sequential analysis (TSA) was employed to verify the adequacy of the sample
size.

Results A total of 9 RCTs were included. The meta-analysis results showed that the pain scores on the first day
post-operation [MD=-1.07, 95% Cl (-1.85,-0.30), P=0.006], the second day post-operation [MD=-1.72, 95% Cl (-2.62,
-0.81), P=0.0002], the seventh day post-operation [MD=-1.73, 95% Cl (-2.70, -0.76), P=0.0005], and the fourteenth
day post-operation [MD=-1.80, 95% Cl (-2.67,-0.94), P<0.0001] in the metronidazole group were lower than those in
the placebo group. Additionally, the rate of additional analgesia was reduced [RR=0.48, 95% Cl (0.27,0.84), P=0.01].
No statistically significant differences were found between the metronidazole and placebo groups in terms of the
overall incidence of complications [RR=0.69, 95% Cl (0.41, 1.16), P=0.16] and time to return to normal activities
[MD=-1.69, 95% Cl (-6.58, 3.20), P=0.50]. Sensitivity analysis indicated that the results for pain scores on the first day
post-operation were unstable. High heterogeneity was observed in pain scores on the first, second, seventh, and
fourteenth days post-operation, as well as in the time to return to normal activities. The TSA indicated that the sample
size for the primary outcome measures had achieved the required information size (RIS), supporting the strength and
dependability of the meta-analysis findings.
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Conclusion Metronidazole may be effective and safe in reducing postoperative pain in patients undergoing
hemorrhoidectomy. However, due to the limitations of this study, further verification is needed from future large-

sample, multi-center, well-designed high-quality RCTs.
Clinical trial number Not applicable.
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Introduction

Hemorrhoids are a common condition in proctology
[1]. However, due to the unique anatomical location of
the anus, which is sensitive to pain, postoperative pain
is the primary symptom of hemorrhoids [2—4]. Severe
anal pain can lead to complications such as difficulty in
defecation, urinary retention, and elevated blood pres-
sure [5, 6]. Moreover, the pain can impact wound healing,
reduce the patient’s sleep quality [7, 8], bringing signifi-
cant discomfort to the patient. In severe cases, patients
may even refuse to cooperate with postoperative wound
management, thereby negatively impacting postopera-
tive recovery and potentially the prognosis [9]. With the
advancement of people’s understanding of pain and the
rising demand for quality of life, the issue of postopera-
tive pain has been increasingly recognized and the prob-
lem of pain management after hemorrhoidectomy has
emerged as a research hotspot in recent years [10—13].
However, recent research has started exploring the utili-
zation of various other types of drugs or methods for the
management of post-hemorrhoidectomy pain, showcas-
ing many advantages. Numerous RCTs have researched
the use of oral, intravenous, or local metronidazole as an
adjunctive analgesic for post-hemorrhoidectomy pain
management. Yet, the sample sizes of single-center stud-
ies are limited, and the reported outcomes vary among
different studies [14—22]. In this study, we adopt a meta-
analysis methodology incorporating RCTs on the use
of metronidazole and placebo as adjunctive analgesia
post-hemorrhoidectomy. By comparing their analgesic
effects and safety profiles, we aim to evaluate the appli-
cability and value of metronidazole. What sets our study
apart from others is its exclusive focus on comparing the
metronidazole group with the placebo group, providing
more specific and detailed evidence. Through this unique
research design, we seek to evaluate the actual effective-
ness of metronidazole in post-hemorrhoidectomy pain
management. The GRADE system is utilized to assess
outcome indicators, with the goal of providing evidence-
based medical guidance for pain management following
hemorrhoidectomy.

Materials and methods

We conducted and reported this systematic review
in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses for

Protocols guidelines [23]. The registration number is
INPLASY202390108.

Inclusion and exclusion criteria

Inclusion criteria

(1) Study subjects: Patients undergoing either open hem-
orrhoidectomy (Milligan-Morgan technique, also known
as excision-ligation surgery) or closed hemorrhoidec-
tomy (Ferguson hemorrhoidectomy), with no restrictions
on gender. (2) Intervention measures: Patients in the
metronidazole group receive metronidazole either orally,
intravenously, or topically after hemorrhoidectomy, while
the control group receives placebo treatment. (3) Type of
study: RCTs, with language restricted to English. (4) Out-
come indicators: Pain scores on the first day post-opera-
tion, pain scores on the second day post-operation, pain
scores on the seventh day post-operation, pain scores on
the fourteenth day post-operation, additional analgesia
rate, overall incidence of complications, time to return
to normal activities, with pain scores based on the Visual
Analogue Scale (VAS).

Exclusion criteria

Exclusion criteria: (1) Non-RCT studies; (2) Case reports,
abstracts, conference reports, and reviews; (3) Control
group not receiving a placebo intervention; (4) Inabil-
ity to extract relevant indicators from the literature; (5)
Unavailability of full-text articles.

Retrieval strategy

The Cochrane Library, Embase, PubMed, Web of Science,
and ClinicalTrials.gov databases were systematically
searched. The search period spanned from the incep-
tion of each database until July 21, 2024. The following
English search terms were used to search the literature:
metronidazole, hemorrhoid, hemorrhoidectomy, haem-
orrhoidectomy, Milligan Morgan, Ferguson. Additionally,
manual searches were conducted by tracing the refer-
ences of relevant literature.

Literature screening and data extraction

In accordance with the set inclusion and exclusion cri-
teria, two authors independently read the retrieved lit-
erature. When disagreements arose, a third author was
involved in discussions to resolve them. If there were
missing data, efforts were made to contact the original
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authors for supplementation. The literature screening
process involved firstly reading the title and abstract.
Once clearly irrelevant literatures were excluded, the full
text of the remaining literatures was read to determine
the final inclusion. The extracted data primarily included:
(1) General information: first author, year of publication,
country, sample size, gender, age, type of surgery, inter-
vention methods, postoperative pain management plan;
(2) Outcome indicators: pain scores on the first day post-
operation, pain scores on the second day post-operation,
pain scores on the seventh day post-operation, pain
scores on the fourteenth day post-operation, additional
analgesia rate, overall incidence of complications, time to
return to normal activities.

Quality assessment

Two authors independently evaluated the quality of the
included studies and cross-verified the results. In the
event of any disagreement during the evaluation process,
the issues were resolved through discussion or adjudi-
cated by a third author. The quality of the included RCTs
was assessed using the bias risk assessment tool recom-
mended by the Cochrane Reviewer’s Handbook 5.3. This
primarily includes the generation of random sequences,
allocation concealment, blinding of participants and per-
sonnel, blinding of outcome assessment, incomplete out-
come data, selective reporting, and other biases. Each of
these aspects was categorized as low risk, unclear, or high
risk [24].

Statistical analysis

The Meta-analysis was conducted using RevMan 5.3
software provided by the Cochrane Collaboration. For
dichotomous variables, the risk ratio (RR) was used as
the measure of effect, and for continuous variables, the
mean difference (MD) was used as the measure of effect.
Each effect measure was expressed with a 95% confi-
dence interval (CI). Heterogeneity between the results of
the included studies was assessed with a chi-square test,
combined with the I? statistic to quantify the magnitude
of heterogeneity. If there was no statistical heterogene-
ity among the results of the studies (P>0.10, *<50%), a
fixed-effect model was used for the meta-analysis. Con-
versely, after excluding obvious clinical heterogeneity,
a random-effects model was used for the meta-analysis
[25]. For studies with clear clinical heterogeneity, a sub-
group or sensitivity analysis was performed, or only a
descriptive analysis was performed. Sensitivity analysis
involved conducting the meta-analysis again after each
study was removed one by one to evaluate the impact of
each study on the combined effect. When the number of
included studies for a related indicator was > 10, publica-
tion bias was examined using a funnel plot [26].
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Quality of evidence assessment

According to the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) criteria, we
used GRADEprofiler 3.6 to assess the quality of evidence
for each outcome indicator. Based on the risk of bias in
the studies, consistency, indirectness, imprecision, and
publication bias, the outcome indicators were divided
into four levels: high, moderate, low, and very low [27].

TSA analysis

In this study, TSA was conducted by specifying an
assumed effect size, a significance level (x=0.05), and
statistical power (1-p=0.80). Crossing the TSA bound-
ary suggests that the available evidence is adequate for
drawing reliable conclusions, whereas failure to cross it
implies that further research may be needed to confirm
the meta-analysis outcomes. Using the meta-analysis
results, the mean difference, variance, and heterogeneity
correction values were determined to develop and assess
the TSA model.

Ethical statement

All included RCTs reported obtaining ethical approval
from their respective institutional review boards and
informed consent from participants. As this study is a
meta-analysis based on previously published studies, no
additional ethical approval was required.

Results

Literature search results

Initially, a total of 136 articles were retrieved through
various databases, along with an additional 2 articles
identified through manual searches. After reviewing
titles and abstracts, 25 duplicate articles, 83 irrelevant to
the research purpose, and 12 empirical summaries and
reviews were eliminated. Of the remaining 18 articles,
7 were excluded as their control groups did not use pla-
cebos, and 2 employed drug interventions for their con-
trol groups. Following the layered screening, 9 articles
were finally included [14-22]. The screening process
is detailed in Fig. 1. The characteristics of the studies
included in this meta-analysis are provided in Table 1.

Results of literature quality evaluation

All nine studies were RCTs [14—-22], seven of which [15—
17,19-22] described the specific randomization methods
used. Seven studies [14—17, 20-22] used allocation con-
cealment, and seven studies [14-17, 20-22] employed
blinding for both the subjects and implementers as well
as the outcome assessors. There were no missing out-
come data, selective outcome reporting, or other biases
in all studies [14—22]. As shown in Figs. 2 and 3.
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Fig. 1 Study selection

Meta-analysis results

Pain scores on the first day post-operation

Six studies [14, 16—20] reported the pain scores on the
first day post-operation. Given the statistical heterogene-
ity among the studies (P<0.00001, I?=88%), a random-
effects model was used to conduct a meta-analysis of the
effect sizes. The results suggest that the pain scores on
the first day post-operation in the metronidazole group
were lower than those in the placebo group [MD=-1.07,
95% CI (-1.85, -0.30), P=0.006], indicating a statistically
significant difference. A sensitivity analysis indicated
that after excluding the study by Ala 2008 [14], the dif-
ference in the pain scores on the first day post-operation
between the two groups was not statistically significant.
This suggests a lack of stability in the results and it is rec-
ommended that future researchers conduct more studies
on this topic, as shown in Fig. 4.

Pain scores on the second day post-operation

Five studies [14, 16-18, 20] reported the pain scores
on the second day post-operation. Given the statis-
tical heterogeneity among the studies (£<0.00001,
I>=88%), a random-effects model was used to conduct a

meta-analysis of the effect sizes. The results suggest that
the pain scores on the second day post-operation in the
metronidazole group were lower than those in the pla-
cebo group [MD=-1.72, 95% CI (-2.62, -0.81), P=0.0002],
indicating a statistically significant difference. In the sen-
sitivity analysis, excluding each study one by one did not
change the direction of the combined effect value, sug-
gesting that the results of this study are essentially stable,
as shown in Fig. 5.

Pain scores on the seventh day post-operation

Seven studies [14, 16—21] reported the pain scores on the
seventh day post-operation. Given the statistical hetero-
geneity among the studies (P<0.00001, I*=96%), a ran-
dom-effects model was used to conduct a meta-analysis
of the effect sizes. The results suggest that the pain scores
on the seventh day post-operation in the metronida-
zole group were lower than those in the placebo group
[MD=-1.73, 95% CI (-2.70, -0.76), P=0.0005], indicating a
statistically significant difference. In the sensitivity analy-
sis, excluding each study one by one did not change the
direction of the combined effect value, suggesting that
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Table 1 Characteristics of the studies included in this meta-analysis
Study Country  Group Sam- Age Type of operation  Intervention Postoperative pain Outcome
ple (years) measures management plan indicators
size
(M/F)
Ala2008 Iran Metronidazole 25 37411 Open Topical Metronida- Patients used analgesics
[14] (5/20) hemorrhoidectomy  zole 10% ointment  as needed
(The duration of use
is not reported.)
Placebo 22 38+14 Open Placebo
(7/15) hemorrhoidectomy
Balfour UK Metronidazole 18 52 (31-84) Closed Metronidazole Codeine (30 mg) com-  GE®
2002 [15] (8/10) hemorrhoidectomy 400 mg tablet three  bined with acetamino-
times daily for seven  phen (500 mg) in a
days compound
Placebo 20 56 (35-82) Closed Placebo tablet (used as needed)
(8/12) hemorrhoidectomy and the NSAID diclof-
enac (50 mg, used as
needed)
Carapeti UK Metronidazole 20 47 (24-65) Day-case Metronidazole Acetaminophen or Co-
1998 [16] (10/10) haemorrhoidectomy 400 mg tablet three  dydramol containing
times daily for seven  dihydrocodeine
days (30 mg) and acet-
Placebo 20 51 (36-64) Day-case Placebo aminophen (500 mg per
(7/13) haemorrhoidectomy tablet) used as needed
Chandra  Australia Metronidazole 21 45 (34-60) Milligan-Morgan Metronidazole 1000 mg oral acetamin-
2020 [17] (13/8) or Ferguson 400 mg tablet three  ophen (four times daily),
haemorrhoidectomy times daily for seven 50 mg diclofenac
days (three times daily), and
Placebo 19 44 (32-58) Milligan-Morgan Placebo 5mg oxycodone as
(12/7) or Ferguson needed
haemorrhoidectomy
Di Vita [taly Metronidazole 15 35420 Milligan-Morgan Metronidazole Intravenous diclofenac ~ ®@®
2004 [18] (9/6) haemorrhoidectomy 400 mg administered 100 mg for pain relief
intravenously 30 min  and oral nimesulide
before the surgical tablets (100 mg) as
procedure, followed  needed
by metronidazole
tablets 400 mg three
times daily for seven
days after surgery.
Placebo 15 406+18  Milligan-Morgan Placebo
(8/7) haemorrhoidectomy
Gonzalez-  México Metronidazole 22 50.1+16.0 Ferguson 500 mg of metroni-  Diclofenac (100 mg
Ojeda (17/5) hemorrhoidectomy dazole given orally ~ orally, every 12 h) and
2015 [19] every 8 h for seven acetaminophen (1 g
days orally,
Placebo 22 424+185 Ferguson Placebo every 8 h). If the pain
(11/11) hemorrhoidectomy score exceeded 5, sub-
cutaneous buprenor-
phine (150 pg) was
administered
Nicholson USA Metronidazole 10 47.7+£3.2  Harmonic Scalpel 2.5 milliliter of 10%  Oxycodone 10 mg orally
2004 [20] (6/4) hemorrhoidectomy metronidazole cream every 4-6 h
to the surgical site
three times daily
Placebo 10 485+3.1  Harmonic Scalpel Placebo
(7/3) hemorrhoidectomy
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Table 1 (continued)

Study Country  Group Sam- Age Type of operation  Intervention Postoperative pain Outcome
ple (years) measures management plan indicators
size
(M/F)

Rabelo Brazil Metronidazole 17 42 Excisional Metronidazole Ephedra/Plantago

2021 [21] (6/11)  (37-56.5)  hemorrhoidectomy 400 mg tablet every  seeds (once daily),

8 h for seven days scopolamine/
Placebo 17 52 Excisional Placebo metamizole
(7/10)  (43-60.5)  hemorrhoidectomy (four times daily), and
nimesulide (twice daily)
Wilkie Australia Metronidazole 21 45 (34-60) Milligan-Morgan Metronidazole 1000 mg oral acetamin- @
2021 [22] (13/8) or Ferguson 400 mg tablet three  ophen (four times daily),
haemorrhoidectomy times daily for seven 50 mg diclofenac
days (three times daily), and
Placebo 19 44 (32-58) Milligan-Morgan Placebo 5 mg oxycodone as
(12/7) or Ferguson needed

haemorrhoidectomy

UK, United Kingdom; M, Male; F,Female; Na, not available

®pain scores on the first day post-operation; @pain scores on the second day post-operation; ®@pain scores on the seventh day post-operation; @pain scores on the
fourteenth day post-operation; ®additional analgesia rate; ®overall incidence of complications; @time to return to normal activities

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

0% 25% 50% 75%  100%

|:| Low risk of bias

D Unclear risk of bias

Bl High risk of bias

Fig. 2 Risk of bias graph for randomized controlled trials included in this study

the results of this study are essentially stable, as shown
in Fig. 6.

Pain scores on the fourteenth day post-operation

Five studies [14, 17, 19-21] reported the pain scores on
the fourteenth day post-operation. Given the statistical
heterogeneity among the studies (P<0.00001, I*>=96%),
a random-effects model was used to conduct a meta-
analysis of the effect sizes. The results suggest that the
pain scores on the fourteenth day post-operation in the
metronidazole group were lower than those in the pla-
cebo group [MD=-1.80, 95% CI (-2.67, -0.94), P<0.0001],
indicating a statistically significant difference. In the
sensitivity analysis, excluding each study one by one did
not change the direction of the combined effect value,

suggesting that the results of this study are essentially
stable, as shown in Fig. 7.

Additional analgesia rate

Three studies [15, 16, 22] reported the additional anal-
gesia rate. In the metronidazole group, the additional
analgesia rate was 11/59 (18.6%), while in the placebo
group, it was 23/59 (38.9%). Given the lack of statistical
heterogeneity among the studies (P=0.23, 1*°=32%), a
fixed-effects model was used to conduct a meta-analysis
of the effect sizes. The results suggest that the additional
analgesia rate in the metronidazole group was lower than
that in the placebo group [RR=0.48, 95% CI (0.27, 0.84),
P=0.01], indicating a statistically significant difference, as
shown in Fig. 8.
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Fig. 3 Summary of the risk of bias analysis for the randomized controlled trials included in this study

Overall incidence of complications the metronidazole group, the overall incidence of compli-
Five studies [14-16, 19, 22] reported the overall inci- cations was 18/107 (16.8%), while in the placebo group,
dence of complications, which included wound itching, it was 25/102 (24.5%). Given that there was no statisti-
urinary retention, bleeding, swelling, and tenesmus. In  cal heterogeneity among the studies (P=0.86, I*=0%), a
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Metronidazole Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random,95% Cl 1V, Random, 95% CI
Ala 2008 27 04 25 42 05 22  20.5% -1.50 [-1.76, -1.24] o
Carapeti 1998 4 25 20 4.87 2.37 20 11.6% -0.87 [-2.38, 0.64] - 1
Chandra 2020 3.25 0.75 21 4 1 19 18.9%  -0.75[-1.30,-0.20] -
Di Vita 2004 555 1.94 15 477 153 15 13.5% 0.78[-0.47, 2.03] T
Gonzalez-Ojeda 2015 6.86 1.49 22 9.73 045 22 182%  -2.87[-3.52,-2.22] T
Nicholson 2004 7.2 0.93 10 7.82 0.86 10 17.2% -0.62[-1.41,0.17] - T
Total (95% Cl) 113 108 100.0%  -1.07 [-1.85, -0.30] -
Heterogeneity: Tau? = 0.74; Chiz = 41.45, df = 5 (P < 0.00001); I> = 88% 4 2 5 2 51
Test for overall effect: Z=2.73 (P = 0.006) Metronidazole Placebo
Fig. 4 Comparison of pain scores on the first day post-operation between two groups
Metronidazole Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ala 2008 21 04 25 45 05 22 235%  -2.40[-2.66, -2.14] -
Carapeti 1998 4 15 20 523 238 20 16.6% -1.23 [-2.46, 0.00] ]
Chandra 2020 45 15 21 575 1 19 20.3% -1.25[-2.03, -0.47] -
Di Vita 2004 3.79 0.93 15 6.94 1.29 15 20.1%  -3.15[-3.95, -2.35] -
Nicholson 2004 6.83 1 10 7.15 1 10 19.5% -0.32 [-1.20, 0.56] /T
Total (95% CI) 91 86 100.0%  -1.72[-2.62, -0.81] >
Heterogeneity: Tau? = 0.89; Chi2 = 33.29, df = 4 (P < 0.00001); |2 = 88% 4 2 0 2 i
Test for overall effect: Z = 3.72 (P = 0.0002) Metronidazole Placebo
Fig. 5 Comparison of pain scores on the second day post-operation between two groups
Metronidazole Placebo Mean Difference Mean Difference
r r Mean D Total Mean D Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ala 2008 1.3 04 25 28 05 22 151% -1.50 [-1.76, -1.24] -
Carapeti 1998 29 1.75 20 4.25 1.75 20 12.8%  -1.35[-2.43,-0.27] -
Chandra 2020 425 1.25 21 563 0.86 19 14.2% -1.38 [-2.04, -0.72] -
Di Vita 2004 199 0.6 15 3.75 0.69 15 14.7%  -1.76[-2.22,-1.30] -
Gonzalez-Ojeda 2015 3.14 1.03 22 7.36 1.39 22 14.0%  -4.22[-4.94, -3.50] -
Nicholson 2004 3.42 0.37 10 6.3 0.56 10 14.8% -2.88 [-3.30, -2.46]
Rabelo 2021 8.12 0.63 17 7.13 113 17 14.3% 0.99[0.37, 1.61] -
Total (95% ClI) 130 125 100.0% -1.73 [-2.70, -0.76] ’
Heterogeneity: Tau? = 1.61; Chi2 = 154.62, df = 6 (P < 0.00001); I> = 96% i 1 o 5 5 5 1’0
Test for overall effect: Z = 3.50 (P = 0.0005) Metronidazole Placebo
Fig. 6 Comparison of pain scores on the seventh day post-operation between two groups
Metronidazole Placebo Mean Difference Mean Difference
r r Mean D Total Mean D Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ala 2008 03 0.2 25 1.7 05 22 20.8% -1.40 [-1.62, -1.18]
Chandra 2020 225 0.75 21 425 0.75 19 19.9% -2.00 [-2.47, -1.53] -
Gonzalez-Ojeda 2015 2.14 0.46 22 545 1.29 22 193%  -3.31[-3.88, -2.74] -
Nicholson 2004 1 037 10 3.17 0.75 10 19.6%  -2.17[-2.69, -1.65] -
Rabelo 2021 3.13 0.37 17 3.38 0.63 17  20.4% -0.25[-0.60, 0.10]
Total (95% Cl) 95 90 100.0% -1.80 [-2.67, -0.94] <
Heterogeneity: Tau? = 0.93; Chiz = 99.41, df = 4 (P < 0.00001); I2 = 96% i 1 p 5 5 5 1’0

Test for overall effect: Z=4.08 (P < 0.0001)

Fig. 7 Comparison of pain scores on the fourteenth day post-operation between two groups

fixed-effects model was used to conduct a meta-analysis
of the effect sizes. The results suggest that the differ-
ence in the overall incidence of complications between
the metronidazole group and the placebo group was not
statistically significant [RR=0.69, 95% CI (0.41, 1.16),

P=0.16], as shown in Fig.

9.

Metronidazole Placebo

Time to return to normal activities
Four studies [15, 16, 19, 22] reported the time to return
to normal activities. Given the statistical heterogeneity
among the studies (P<0.0001, 12 =88%), a random-effects
model was used to conduct a meta-analysis of the effect
sizes. The results suggest that there was no statistically
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Metronidazole Placebo

Study or Subgroup Events Total Events Total Weight
Balfour 2002 1 18 5 20 20.6%
Carapeti 1998 9 20 13 20 56.6%
Wilkie 2021 1 21 5 19 22.8%
Total (95% CI) 59 59 100.0%
Total events 11 23

Heterogeneity: Chiz = 2.95, df =2 (P = 0.23); I> = 32%
Test for overall effect: Z = 2.54 (P = 0.01)

Fig. 8 Comparison of additional analgesia rate between two groups

Metronidazole Placebo

Study or Subgroup Events Total Events Total Weight
Ala 2008 6 25 5 22 21.0%
Balfour 2002 5 18 9 20 33.6%
Chandra 2020 1 21 1 19 4.1%
Gonzalez-Ojeda 2015 1 22 1 22 3.9%
Wilkie 2021 5 21 9 19 37.3%
Total (95% Cl) 107 102 100.0%
Total events 18 25

Heterogeneity: Chi? = 1.29, df = 4 (P = 0.86); I? = 0%
Test for overall effect: Z=1.39 (P = 0.16)
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Risk Ratio Risk Ratio
M-H, Fixed, 95% CI M-H, Fixed, 95% CI
0.22[0.03, 1.73] -
0.69 [0.39, 1.24] —r
0.18 [0.02, 1.41] - =
0.48 [0.27, 0.84] <@
0.005 0.1 1 10 200
Metronidazole Placebo
Risk Ratio Risk Ratio
M-H. Fixed, 95% CI M-H. Fixed, 95% CI
1.06 [0.37, 2.99] -
0.62[0.25, 1.50] — &
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0.50 [0.20, 1.24] — &
0.69 [0.41, 1.16] s 1
0.005 0.1 1 10 200

Metronidazole Placebo

Fig. 9 Comparison of overall incidence of complications between two groups

Metronidazole Placebo

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Balfour 2002 16.75 7.75 18 15 7.75 20 22.7%
Carapeti 1998 17.5 4 20 19.25 6.75 20 25.8%
Gonzalez-Ojeda 2015 759 1.56 22 14.73 3.76 22 28.5%
Wilkie 2021 16.75 7.75 21 15 7.75 19 23.0%
Total (95% CI) 81 81 100.0%

Heterogeneity: Tau? = 21.09; Chi? = 24.18, df = 3 (P < 0.0001); I* = 88%
Test for overall effect: Z = 0.68 (P = 0.50)

Mean Difference
IV, Ran

Mean Difference

1.75[-3.19, 6.69]
-1.75 [-5.19, 1.69]
714 [-8.84, -5.44]
1.75 [-3.06, 6.56]

-1.69 [-6.58, 3.20]

1
T T T T

-50 -25 0 25 50
Metronidazole Placebo

Fig. 10 Comparison of time to return to normal activities between two groups

significant difference in the time to return to normal
activities between the metronidazole group and the pla-
cebo group [MD=-1.69, 95% CI (-6.58, 3.20), P=0.50].
A sensitivity analysis indicated that after excluding each
study in turn, the direction of the combined effect size
did not change, suggesting stability in the results, as
shown in Fig. 10.

Subgroup analysis results

Subgroup analysis was conducted based on the random-
ization method, blinding method, metronidazole admin-
istration method, surgical methods, study period, and
sample size in the included studies. The results are shown
in Table 2.

GRADE evidence quality assessment

In this study, the evidence levels for the pain scores on
the first day post-operation, pain scores on the sec-
ond day post-operation, pain scores on the seventh day

post-operation, pain scores on the fourteenth day post-
operation, overall incidence of complications, and time to
return to normal activities were low, while the evidence
level for the additional analgesia rate was moderate, as
shown in Table 3.

TSA results

A TSA was conducted on six studies that reported pain
scores on the first day post-operation, with a two-sided
type I error probability (a=0.05) and a type II error prob-
ability (=0.20). In the figure, after crossing the RIS, the
Z-curve continues to extend with the addition of new
research data and ultimately reaches the pre-specified
boundary. This indicates that although there was already
sufficient sample size upon crossing the RIS, subse-
quent data further strengthened the results, causing the
Z-curve to eventually meet the significance boundary,
thereby enhancing the reliability and significance of the
study conclusions, as shown in Fig. 11.
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Outcome Number of  Heterogeneity Effect Meta-analysis results
indicator Studies test results
Grouping method Group ?(%) P-Value Model Effect Size (95% P-Value
Cl)
Pain scores Randomization method  Described 4 90 <0.00001 Random -1.31(-2.52,0.10) 0.03
on Not described 2 92 0.0005 Random -0.45(-2.67,1.78) 0.7
the Blinding method Described 4 68 0.03 Random -1.02(-1.57,-047) 0.0003
Z;Syt Not described 2 % <000001 Random  -1.09(-466249) 055
post-operation Metronidazole Oral/intravenous 4 92 <0.00001 Random -0.98(-2.50,0.53) 0.2
administration method Topical 2 77 0.04 Random -1.14(-1.99,-0.29) 0.008
Study period Before 2010 4 81 0.001 Random -0.66(-1.61,0.30) 0.18
After 2010 2 96 <0.00001 Random -1.80(-3.88,0.27) 0.09
Sample size >40 4 88 <0.0001  Random -1.56(-2.40,-0.71) 0.0003
<40 2 71 0.06 Random -0.01(-1.37,1.35) 0.99
Surgical method Traditional 4 92 <0.00001 Random -1.20(-2.19,-0.21) 0.02
Modern 2 0 0.77 Fixed -0.67(-1.37,002) 0.06
Pain scores Randomization method  Described 3 27 0.26 Fixed -0.91(-1.44,-0.38) 0.0007
on Not described 2 67 0.08 Random -2.67(-3.38,-1.97) <0.00001
the Blinding method Described 4 89 <0.00001 Random -1.35(-242,-0.28) 0.01
second day Not described 1 - - - -315(:395-235)  <0.00001
post-operation
Metronidazole Oral/intravenous 3 84 0.002 Random -1.91(-3.25,-0.56) 0.005
administration method Topical 2 95 <0.00001 Random -1.40(-3.44,0.63) 0.18
Study period Before 2010 4 89 <0.00001 Random -1.83(-2.91,-0.75) 0.0009
After 2010 1 - - - -1.25(-2.03,-047) 0.002
Sample size >40 3 80 0.006 Random -1.73(-2.66,-0.80) 0.0003
<40 2 95 <0.00001 Random -1.74(-4.51,1.03) 0.22
Surgical method Traditional 3 83 0.003 Random -2.28(-3.12,-143) <0.00001
Modern 2 28 0.24 Fixed -0.67(-1.53,0.20) 0.13
Pain scores Randomization method ~ Described 5 97 <0.00001 Random -1.77(-3.52,-0.02) 0.05
on Not described 2 0 0.34 Fixed -1.56(-1.79,-1.34) <0.00001
theseventh  gjinqing method Described 5 9% <000001 Random  -123(239-008) 004
SZ‘[—operaﬁon Not described 2 97 <000001 Random  -297(:538-056) 002
Metronidazole Oral/intravenous 5 97 <0.00001 Random -1.54(-3.15,0.07) 0.06
administration method Topical 2 97 <0.00001 Random -2.18(-3.53,-0.83) 0.002
Study period Before 2010 4 90 <0.00001 Random -1.91(-2.65,-1.18) <0.00001
After 2010 3 98 <0.00001 Random -1.53(-4.45,1.39) 03
Sample size >40 4 94 <0.00001 Random -2.12(-3.36,-0.87) 0.0008
<40 3 98 <0.00001 Random -1.23(-3.27,0.82) 0.24
Surgical method Traditional 4 94 <0.00001 Random -2.18(-3.16,-1.20) <0.0001
Modern 3 98 <0.00001 Random -1.23(-3.78,1.61) 043
Time Randomization method  Described - - - - - -
to Not described - - - - - -
return Blinding method Described 3 0 037 Fixed -0.00(-2.44,2.43) 1
E\oormal Not described 1 - - - -7.14(-8.84,-5.44) <0.00001
activities Metronidazole Oral/intravenous - - - - - -
administration method  Topical - - - - - -
Study period Before 2010 2 23 0.67 Fixed -0.61(-3.43,2.22) 0.67
After 2010 2 91 0.0006 Random -2.99(-11.68,5.70) 0.5
Sample size >40 3 88 0.0002 Random -2.73(-8.06,2.60) 032
<40 1 - - - 1.75(-3.19,6.69) 049
Surgical method Traditional 3 90 <0.0001  Random -1.51(-8.47,5.45) 0.67
Modern 1 - - - 1.75(-3.19,6.69) 0.49

Since the outcome indicator “Time to return to normal activities” could not be subgrouped based on “Randomization method” and “Metronidazole administration
method,” a subgroup analysis was not conducted
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Fig. 11 TSA for pain scores on the first day post-operation

Discussion

The anatomical structure of the anus is quite unique, with
the anal canal tissue and the terminal nerves of the anal
part beneath the dentate line being relatively abundant,
mainly controlled by the spinal nerves. The skin tissue
has a high sensitivity to pain [28-30]. Incisions from
hemorrhoidectomy are typically not sutured, resulting
in open wounds. After the surgery, patients typically uti-
lize gauze packing for hemostasis. The stimulation of the
surgical wound by bowel movements and inflammatory
substances, as well as difficulties in initial urination post-
surgery and urinary retention, can all exacerbate anal
sphincter spasms, leading to poor local blood circulation
and intensifying pain [31, 32]. The fear of pain in patients
can lead to a reduction in cooperation with postopera-
tive treatment, which is not conducive to postoperative
recovery. Therefore, it is necessary to take early measures
to alleviate postoperative pain in patients [33, 34].

In this study, we included nine RCTs involving a total of
333 patients who underwent hemorrhoidectomy, with 169
in the metronidazole group and 164 in the placebo group.
From this meta-analysis, it can be seen that the metronida-
zole group showed better results in reducing patient’s pain
scores on the first, second, seventh, and fourteenth day post-
operation, compared to the placebo group. This suggests
that metronidazole may be effective in alleviating postop-
erative pain following hemorrhoidectomy. The mechanism
by which metronidazole alleviates postoperative pain has
not been fully elucidated [35]. Its action may be related
to the following aspects: (1) Persistent stimulation from
trauma after hemorrhoidectomy and the release of inflam-
matory mediators from tissue damage, termed “pain-caus-
ing factors,” can lead to postoperative anal sphincter spasm

and perianal edema, making postoperative anal pain more
significant than pain after other surgeries. Metronidazole
may inhibit the release of these inflammatory mediators,
thereby relieving pain [28, 36]. (2) Infection in the surgi-
cal area can easily occur after hemorrhoidectomy, poten-
tially leading to symptoms such as pain, fever, and swelling.
Metronidazole can inhibit the growth and reproduction of
bacteria, exhibiting direct antibacterial properties, thereby
reducing the infection of the anal wound or the formation
of “micro abscesses, ultimately alleviating postoperative
pain in patients [20, 37, 38]. (3) When pain occurs, neurons
release inflammatory mediators and other neurotransmit-
ters to transmit pain signals. Metronidazole may inhibit the
release of these inflammatory mediators and neurotrans-
mitters to a certain extent, thereby blocking the conduction
of nociceptive stimuli by neurons, and hence regulating the
perception and transmission of pain [39, 40]. (4) The inflam-
matory response following hemorrhoidectomy can lead
to the production of a series of free radicals and oxidants.
These chemicals can further exacerbate tissue damage and
neuroinflammation in the surgical area. The antioxidant
properties of metronidazole can neutralize these harmful
molecules, thereby reducing the inflammatory response
and tissue damage, and consequently alleviating the sensa-
tion of pain [41-44]. In addition to alleviating postoperative
pain, this meta-analysis also suggests that metronidazole
can reduce the rate of additional analgesia, which could
potentially reduce the use of analgesics, thereby preventing
issues such as drug misuse and dependence. The metroni-
dazole group demonstrated a trend towards lower overall
incidence of complications and shorter time to return to
normal activities compared to the placebo group. However,
these differences were not statistically significant. Given the
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small sample size of the studies, it is necessary to validate
these findings through further high-quality, large-scale,
multi-center randomized double-blind trials.

While metronidazole demonstrates some effectiveness
in alleviating postoperative pain from hemorrhoidectomy,
with increasing awareness regarding the significance of
antibiotic use, we should recognize that unless the anti-
biotic treatment provides substantial and irreplaceable
clinical benefits, it should not be used as an auxiliary
means for analgesia. Metronidazole is a cornerstone in the
global treatment of anaerobic bacterial infections; mis-
use could contribute to the emergence of drug resistance
in pathologically significant bacteria [45—47]. Although
the analgesic effect of metronidazole may be related to its
antibacterial properties, there is currently a lack of direct
evidence to support whether other antibiotics with similar
antimicrobial activity can also alleviate postoperative pain
through the same mechanism. For example, a study com-
paring intravenous cefoxitin with no antibiotic prophylaxis
found no significant effect of cefoxitin on postoperative
pain, wound edema, or other postoperative complications
[48]. This finding suggests that the selection of antibiotics
may be crucial for postoperative pain management, and
the unique effects of metronidazole may extend beyond its
broad-spectrum antibacterial activity, potentially involving
antioxidant and anti-inflammatory mechanisms [41-44].
In this study, the routes of metronidazole administration
included local application, intravenous injection, and oral
intake. Since local administration may reduce systemic tox-
icity of the drug and mitigate the risk of bacterial resistance,
future research could compare the analgesic effectiveness of
local use with oral or intravenous metronidazole after hem-
orrhoidectomy. Alternatively, it could be compared with
other methods of pain relief (such as local anesthetic infil-
tration in the surgical area, regional blockade, oral adminis-
tration of non-steroidal anti-inflammatory drugs) to find a
superior postoperative pain management method for hem-
orrhoidectomy. Additionally, future studies should consider
directly comparing the relative efficacy of metronidazole
with other antibiotics in postoperative pain management to
determine whether metronidazole has a unique advantage
in analgesia. The aim is to alleviate the degree of postopera-
tive pain for patients, improve their postoperative quality of
life, and minimize potential drug adverse reactions and the
emergence of drug resistance as much as possible.

This study has several limitations: (1) Due to the limited
number of studies included, no further comparison of the
efficacy and safety of metronidazole between local admin-
istration and oral or intravenous administration was con-
ducted. (2) The TSA results revealed that while the sample
size reached the RIS, the significance boundary was only
reached after including additional studies. This suggests
that despite sufficient sample size, more data was necessary
to confirm the robustness and reliability of the findings. (3)
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Differences in the analgesic effects of metronidazole after
different surgical methods were not analyzed. (4) Some
outcome indicators showed considerable heterogeneity,
which persisted even after performing subgroup analyses.
(5) The inconsistencies in postoperative pain management
protocols among the included studies may have a potential
impact on the evaluation of metronidazole or placebo as
an adjunct analgesic. (6) Some studies did not place ade-
quate importance on the significance of double-blinding
randomization and allocation concealment in randomized
controlled trials. (7) The GRADE evidence level for the
majority of outcome indicators is low, mainly because the
specific randomization methods were not described, allo-
cation concealment and blinding were lacking, I* > 50%,
and the confidence interval was wide. Therefore, these
findings should be interpreted with caution, and further
high-quality RCTs are needed to validate the results.

In conclusion, current evidence suggests that metronida-
zole may significantly alleviate postoperative pain following
hemorrhoidectomy. However, due to limitations, the con-
clusions of this study still need to be confirmed by large-
scale, multicenter, rigorously designed high-quality RCTs.
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