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Abstract
Introduction Efficient postoperative pain control is important after hemorrhoidal surgery. Although several locally applied 
medications have been used, current evidence regarding the optimal strategy is still conflicting. This network meta-analysis 
assessed analgesic efficacy and safety of the various topical medications in patients submitted to excisional procedures for 
hemorrhoids.
Methods The present study followed the Cochrane Handbook for Systematic Reviews of Interventions and the PRISMA 
guidelines. The last systematic literature screening was performed at 15 June 2023. Comparisons were based on a random 
effects multivariate network meta-analysis under a Bayesian framework.
Results Overall, 26 RCTs and 2132 patients were included. Regarding postoperative pain, EMLA cream (surface under 
the cumulative ranking curve (SUCRA) 80.3%) had the highest ranking at 12-h endpoint, while aloe vera cream (SUCRA 
82.36%) scored first at 24 h. Metronidazole ointments had the highest scores at 7 and 14 days postoperatively. Aloe vera 
had the best analgesic profile (24-h SUCRA 84.8% and 48-h SUCRA 80.6%) during defecation. Lidocaine (SUCRA 87.9%) 
displayed the best performance regarding overall morbidity rates.
Conclusions Due to the inconclusive results and several study limitations, further RCTs are required.

Keywords Ointment · Postoperative pain · Hemorrhoidectomy · Network · Meta-analysis · Randomized

Introduction

Rationale

Hemorrhoidal disease (HD) is among the most common 
benign anorectal disorders, with a notable impact on patient 
quality of life (QoL) [1–3]. Current estimations suggest that 
a significant proportion of the population will be diagnosed 
with hemorrhoids and, ultimately, submitted to surgical 
management of HD [2]. Moreover, it is expected that the 
demand for outpatient HD treatment will increase over 23% 
the next two decades [2].

Contemporary HD management includes a staged 
approach that incorporates both conservative measures, inter-
ventional modalities, and surgical procedures [4, 5]. Excision 
of hemorrhoids is considered the gold standard treatment for 
high-grade HD, since it is associated with minimal recurrence 
risk [4, 5]. However, the main drawback of such an approach 
is the increased rate of postoperative pain that debilitates the 
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patient, prolongs hospitalization, and postpones the return to 
normal daily routines [5]. Despite multiple technical varia-
tions, including closure of hemorrhoidectomy incision and 
the use of energy sources and staplers, postoperative pain 
remains a major issue after HD excisional procedures [6, 7].

Therefore, it becomes apparent that an efficient postop-
erative pain control strategy is of paramount importance 
to achieve optimization of HD management under a day-
case surgery framework [8, 9]. More specifically, failure of 
ambulatory management ranges from 0 to 61% in some stud-
ies, with unsatisfactory pain control being among the most 
common causes of hospitalization prolongation [9]. Sev-
eral approaches to minimize postoperative pain have been 
described, including multimodal analgesia, local anesthetics, 
electroacupuncture, anal infiltration with botulinum toxin, 
and topically applied pharmaceutic agents [10–14].

Theoretically, the local application of ointments allows the 
maximization of the analgesic effect of the active agent, while 
in parallel minimizing the risk of systematic adverse events 
[11, 13]. Several studies compared the various locally applied 
medications regarding the analgesic efficiency and agent-asso-
ciated morbidity, with conflicting results [15–17]. This was 
mainly attributed to the inconsistency in the experimental and 
control arms and assessed endpoints [15–17]. Finally, recent 
pooled analyses attempted to provide an overall evaluation 
of the various strategies without reaching definitive conclu-
sions [18, 19]. Recent meta-analyses by Jin et al. [18] and 
Yang et al. [19] compared a minimal sample of the reported 
ointment-based medications with interventions such as acu-
puncture and botulinum toxin without conclusive results, thus 
contributing to the lack of firm evidence [18, 19]. Addition-
ally, these studies focused mainly on pain outcomes, with-
out addressing the safety profile of the various local agents. 
Finally, the publication of several recent trials highlights the 
need for updated pooled data regarding the optimal local agent 
after excisional operations for HD [20, 21].

Objectives

Subsequently, the aim of this study was to compare the 
postoperative pain management efficacy and safety of the 
various ointment-based medications in patients submitted 
to excisional procedures for HD.

Methods

Study protocol

The present study adhered to the Cochrane Handbook for 
Systematic Reviews of Interventions [22] and the PRISMA 
guidelines [23].

Endpoints

The primary endpoint of our network meta-analysis 
(NMA) was the comparison of the various local agents in 
terms of pain management efficacy at 12 h postoperatively. 
Postoperative pain measurements were based on the Visual 
Analog Scale (VAS). Secondar outcomes included VAS 
measurements at 24 h, 48 h, 7 days, and 14 days postopera-
tively. Perianal pain during defecation was also assessed 
during the above-mentioned time endpoints. Postoperative 
opioid consumption and overall and medication-specific 
complications were also examined.

Search strategy

A systematic screening of the electronic scholar databases 
(Medline, Scopus, Web of Science, and CENTRAL) was 
performed by two researchers (P.K., C.C.). The last search 
date was 15 June 2023. The following keywords combined 
with Boolean logic nexuses were introduced: “hemor-
rhoid”, “hemorrhoidectomy”, “postoperative”, “post”, and 
“pain”. The references of all relevant manuscripts were 
also reviewed.

Eligibility and exclusion criteria

All prospective randomized controlled trials (RCTs) that 
compared at least two ointment-based agents or a com-
bination of them, after hemorrhoidectomy, and provided 
relevant endpoint data were considered eligible. There was 
no restriction in terms of manuscript language or hemor-
rhoidectomy surgical technique; Milligan-Morgan, Fergu-
son, stapled, or energy device hemorrhoidectomies were 
all included.

The following exclusion criteria were introduced: (1) 
non-human studies, (2) non-RCT study design, (3) reviews 
or meta-analyses, (4) no outcome of interest, (5) no com-
parison group, (6) irretrievable or duplicate data, (7) non-
excisional management of HD (e.g., rubber band ligation, 
hemorrhoidal artery ligation, radio frequency ablation), 
(8) all arms not linked to other eligible studies’ groups, 
and (7) articles in the form of letters, abstracts, editorials, 
or conference abstracts.

Data collection and quality assessment

In addition to the above-mentioned endpoints, the following 
data were also extracted from all eligible trials: first author’s 
name, study methodology, study center information, publica-
tion year, follow-up period, and patients’ gender, age, and 
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body mass index (BMI). Moreover, information regarding 
patient characteristics, anesthetic technique, surgical proce-
dure details, and local treatment regimen was, also, recorded.

Quality evaluation of the included RCTs was based on 
Cochrane’s Risk of Bias 2 assessing tool [24]. All data extrac-
tion and quality assessment were performed in duplicate and 
blindly by two independent researchers (C.C., P.K.). In case 
of discrepancy that was not resolved through mutual revision, 
the opinion of a third researcher (B.I.) was considered.

Statistical analysis

Continuous and categorical variables were presented in the 
form of mean (standard deviation (SD)) and N (percentage), 
respectively. The corresponding effect estimates were pro-
vided in the form of mean difference (MD) and odds ratio 
(OR). All pooled effect sizes were reported with the respective 
95% confidence intervals (95%CI). In case that the mean or 
SD of an outcome was not provided, then they were estimated 
from the corresponding median, range, and interquartile range 
(IQR), based on the formula described by Hozo et al. [25].

Multiple arm comparisons were performed through the 
implementation of a random effects multivariate network 
meta-analysis under a Bayesian framework. Network geom-
etry plot consisted of nodes and edges that represented the 
interventions and direct comparisons, respectively. The 
weight of the nodes and the thickness of the edges repre-
sented the number of studies that examined a treatment and 
compared two given interventions, respectively.

Local medication ranking was completed through the 
introduction of Markov chain Monte Carlo simulations. 
More specifically, the analysis model performed 25,000 
sample iterations. The surface under the cumulative ranking 
curve (SUCRA) ranking and the respective ranking proba-
bilities were also calculated. Ranking summary was depicted 
in Litmus Ran-o-Gram plots [26–28]. Subgroup analysis 
included the re-estimation of all endpoints’ SUCRA values 
for each surgical procedure respectively (Milligan-Morgan, 
Ferguson, energy device, and stapled hemorrhoidectomy).

Publication bias estimation was based on the visual 
inspection of the primary endpoint funnel plot. Statistical 
significance was considered at the level of p < 0.05.

Results

The application of the literature screening algorithm 
(Fig. 1) resulted to the retrieval of 6534 entries (Medline 
2562, Scopus 2167, Web of Science 801, CENTRAL 984). 
After the removal of 2681 duplicate records, 3853 titles 
and abstracts were screened. Application of the eligibility 
criteria resulted to the exclusion of 3808 entries during 
this phase. Overall, 45 studies were submitted to a full text 

review, with 20 reports considered non-eligible (1 non-
RCT [29], 2 studies with not linked study arms [30, 31], 3 
conference abstracts/ editorials, and 14 irrelevant records). 
Moreover, 1 study was identified through reference list 
hand searching. Subsequently, 26 RCTs [15–17, 20, 21, 
32–52] were included in the present meta-analysis.

Table 1 summarizes the characteristics of the eligible 
studies. Only two RCTs [15, 48] were performed in multiple 
centers. The publication year ranged from 2004 [51] to 2021 
[20]. In total, 2132 patients were included in this pooled 
analysis. Gender, age, and BMI allocations in the various 
study subgroups were also provided in Table 1. Mean post-
operative follow-up spanned from 1 [36] to 378 days [38]. 
Data regarding patient characteristics, anesthetic technique, 
surgical procedure details, and the local treatment regimen 
were provided in Supplementary Material Tables.

Quality evaluation of the eligible studies (Supplementary 
Material Figures) confirmed that most of them had minor 
methodological deficits and thus were associated with a low or 
moderate risk of bias. Kohen’s k statistic (k 80.2%, p < 0.001) 
confirmed a substantial level of interrater agreement.

Statistical analyses were available for all time endpoints 
of postoperative pain VAS measurements. Figure 2 sum-
marizes the network geometry of the respective outcomes. 
Regarding the primary endpoint (VAS at 12 h), EMLA 
cream (combination of lidocaine and prilocaine) had the 
highest probability of ranking first (44%) and achieved 
an 80.3% SUCRA value (Fig. 3, Supplementary Mate-
rial Tables). At 24 h, an aloe vera based cream ranked 
first (SUCRA 82.36%), while at 48 h, glyceryl trinitrate 
(SUCRA 89.6%) and aloe vera (SUCRA 77.7%) regimens 
had the highest probability of reducing postoperative pain. 
Similar results were estimated for Milligan-Morgan hem-
orrhoidectomies (Supplementary Material Tables), while 
diltiazem ranked first at 24- and 48-h VAS endpoint in the 
Ferguson subgroup. Metronidazole including ointments 
consistently had the highest scores at 7 (SUCRA 74.2%) 
and 14 days (SUCRA 91.6%) postoperatively.

Results regarding postoperative pain during defecation 
were provided for the 24-h, 48-h, and 14-day endpoints 
(Fig. 3, Supplementary Material Tables). In the immedi-
ate postoperative period, aloe vera ointments had the best 
analgesic profile (24-h SUCRA 84.8% and 48-h SUCRA 
80.6%). At 14 days postoperatively, atorvastatin had the 
highest probability (SUCRA 82.5%) of ranking first.

Diclofenac-containing creams (Supplementary Material 
Tables, Supplementary Material Figures) were associated 
with the highest probability of reducing postoperative opi-
oid consumption at 12 (SUCRA 85.6%) and 24 h (SUCRA: 
85.2%). Cholestyramine ointments systematically had the 
worst opioid-sparing performance.

Lidocaine-based ointments (SUCRA 87.9%), followed 
by lidocaine and nifedipine combinations (SUCRA 85.6%), 
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displayed the best performance regarding overall morbid-
ity rates (Supplementary Material Tables, Supplementary 
Material Figures). Similar performance for lidocaine was 
noted in the Milligan-Morgan and stapled subgroup (Sup-
plementary Material Tables), whereas placebo ranked first 
in the Ferguson and energy device arm. Furthermore, lido-
caine ointments received the higher score in terms of post-
operative itching (SUCRA 72.4%) and headache (SUCRA 
92.2%), while glyceryl trinitrate (GTN) (SUCRA 16.5%) 
and its combinations (SUCRA 21.6%) had the worst per-
formance. In terms of postoperative nausea and vomiting, 
EMLA (SUCRA 66.4%) creams had the highest ranking.

Visual inspection of the primary outcome funnel plot did 
not reveal the presence of publication bias (Supplementary 
Material Figures) since a symmetrical distribution of the eli-
gible studies over the combined effect size line was identified.

Discussion

Summary of evidence

Hemorrhoidectomy is the standard of care for grade III and 
IV hemorrhoidal disease [53]. However, the main disadvan-
tage of excisional approaches is the increased rate of severe 

postoperative pain [53]. Efficient analgesia is an important 
step in the effective application of a day-case hemorrhoidal 
surgery protocol [53]. Inadequate pain control after hem-
orrhoidectomy is directly associated with prolonged length 
of hospital stay, elevated patient inconvenience, extension 
of sick leave period, further need for medication regimens, 
and increased overall hospitalization costs [54]. According 
to Xia et al. [55], the inpatient conversion rate of day-case 
hemorrhoidectomies was 11.2%, with non-manageable pain 
being the leading cause of readmission.

A recent procedure-specific postoperative pain manage-
ment guideline group [53] recommended that analgesia 
after hemorrhoidectomy should be based on a multimodal 
approach. However, the topical application of a medication 
after hemorrhoidectomy displays multiple advantages, such 
as higher local concentration of the active agent, avoidance 
of potentially serious adverse events, and increased patient 
compliance [56]. However, despite several available options, 
the local medication with the optimal analgesic profile is still 
not found [19].

In our pooled analysis, EMLA had the highest efficacy 
during immediate postoperative period. This is in parallel 
with the results of Shiau et al. [34] and Rahimi et al. [36], 
where the application of the local anesthetic combination 
showed a significant analgesic effect. Although aloe vera 

Fig. 1  Study flow diagram
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Fig. 2  Postoperative pain network plots a at 12 h, b at 24 h, c at 48 
h, d at 7 days, e at 14 days, f during defecation at 24 h, g during def-
ecation at 48 h, and h during defecation at 14 days; The weight of 

the nodes (orange) and the thickness of the edges (grey) represent the 
number of studies that examined a treatment and compared two given 
interventions, respectively

Fig. 3  Ranking of treatments using Litmus Rank-O-Gram. Higher 
SUCRA values (green) correspond to higher ranking and better per-
formance over lower SUCRA estimations (yellow and red). Postop-

erative pain Visual Analog Scale assessments: a at 12 h, b at 24 h, c 
at 48 h, d at 7 days, e at 14 days, f during defecation at 24 h, g during 
defecation at 48 h, and h during defecation at 14 days
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ranked first at 24 h, glyceryl trinitrate had the best prob-
ability of optimal analgesia at 2 days after hemorrhoidec-
tomy. GTN increases anorectal blood flow and reduces the 
posthemorrhoidectomy sphincter spasm, thus providing a 
notable analgesic effect [37]. Accordingly, Karanlik et al. 
[37] reported a significant reduction in mean VAS scores of 
the GTN arm during the whole postoperative period after 
hemorrhoid excision.

Interestingly, metronidazole ointments had the highest 
SUCRA values in the medium- and long-term postopera-
tive pain endpoints. The analgesic effect of metronidazole 
is still unclear [57]. Possible explanations include the pre-
vention of wound infection by gut anaerobic bacteria and 
the anti-inflammatory properties of metronidazole [57]. On 
a clinical level, multiple studies reported an analgesic role 
for metronidazole after hemorrhoidal surgery [51, 52]. A 
recent meta-analysis by Lyons et al. [57] estimated a sig-
nificant reduction of postoperative pain on days 1, 2, and 7. 
On the contrary, Wanis et al. [58] questioned the analgesic 
role of metronidazole, since after a sensitivity analysis and 
the exclusion of a low-quality study, the overall effect was 
not significant.

Due to the postoperative presence of scars in a well-
innervated anatomical area [56], the evaluation of analgesia 
efficacy during defecation is pivotal in selecting the optimal 
local regimen. We estimated that aloe vera creams had the 
highest probability of reducing VAS scores during defeca-
tion in the first 48 h. Similarly, Eshghi et al. [43] reported 
that aloe vera had a significant effect on pain during bowel 
movement in the early postoperative period; this effect was 
not apparent, though, at the rest of the follow-up period [43]. 
Current literature supports that aloe vera preparations have 
multiple biological effects, including immunomodulatory, 
anti-inflammatory, antioxidant, and wound healing proper-
ties [43]. These could possibly be the pathophysiological 
basis of these significant clinical effects of aloe vera [43].

However, atorvastatin preparations outperformed aloe 
vera in terms of defecation analgesia at the 2-week endpoint. 
These findings are supported by a recent RCT from Ala et al. 
[49], where atorvastatin emulgel significantly reduced pain 
during defecation at 7 and 14 days postoperatively. Atorv-
astatin is a 3-hydroxy-3-methylglutaryl coenzyme A (HMG 
CoA) reductase inhibitor that has several pleiotropic effects 
[49]. Animal studies showed that atorvastatin-based analge-
sia is due to the attenuation of the neuropathic pain through 
inhibition of oxidative stress in the sciatic nerve, spinal cord, 
and brain parenchyma, while subsequent trials confirmed 
that this effect becomes apparent after 48 h [49].

Opioids are considered a major pillar of postoperative 
analgesia [59]. However, opioids display a major adverse 
event risk that affects their overall safety profile [59]. Due 
to the increased level of postoperative pain, opioid-based 
rescue analgesia is quite common in patients submitted to 

hemorrhoidectomy [60]. As a result, reduction of opioid 
requirements is an important efficacy endpoint for local 
preparations. Our network meta-analysis validated that 
diclofenac has the highest potential of reducing opioid con-
sumption at 12 and 24 h postoperatively. In a 3-arm RCT 
by Rahimi et al. [36], diclofenac surpassed EMLA regard-
ing overall opioid dosage. Diclofenac is a NSAID that 
acts through the inhibition of prostaglandin release [36]. 
Although previous studies describe a sustained sphincter 
spasm relieving effect of diclofenac, we did not provide 
long-term results due to the scarcity of relevant data.

The ideal topical regimen should also be characterized by 
minimal adverse effects. More specifically, the active agent 
that will be locally applied after HD surgery should reduce 
the risk for local and systemic complications, thus ensuring 
the safety of the treatment protocol. Although pairwise com-
parisons regarding the adverse event risk are abundant [15, 
32, 35], this is not the case for pooled analyses. In a recent 
network meta-analysis by Yang et al. [19], the authors failed 
to identify overall morbidity data and thus to estimate the 
respective treatment rankings. In our study, lidocaine and 
lidocaine combined with nifedipine creams had the lowest 
risk of local and systematic complications. Similarly, in the 
RCT by Perrotti et al. [15], the addition of nifedipine to a 
lidocaine-based cream did not significantly increase the risk 
of adverse events (1.5% vs 0.7%).

Local adverse events, such as skin irritation and itching 
may be the result of multiple factors, including the surgi-
cal technique, the presence of contact allergens in the com-
position of the ointment, and the irritation potential of the 
active agent itself [15]. Although this complication is rarely 
reported, the clinical impact may be considerable in some 
cases, resulting to a substantial decrease in the postoperative 
quality of life [44, 52]. We confirmed that topical application 
of lidocaine was associated with the lowest risk for itching 
symptoms during the treatment regimen.

GTN-based regimens are traditionally associated with a 
significant risk of headache that may result to dose reduction 
or treatment cessation after HD surgery [39]. Although the 
exact pathway of GTN-induced headache is not still clear, 
current evidence suggests that NO release from blood ves-
sels or brain parenchyma acts as a trigger mechanism for 
headache [61]. Our pooled analyses were on par with these 
findings; GTN-based ointments had the worst performance 
while lidocaine regimens ranked first, in terms of headache 
risk reduction.

Limitations

First, methodological deficits and small sample size of the 
included RCTs may have impacted the validity of the analy-
ses’ outcomes. Furthermore, the discrepancies in terms of 
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patient characteristics, anesthesia, and technical details were 
another considerable source of bias. Regarding the latter, 
although a subgroup ranking analysis was performed for 
all procedure types, the reported results should be critically 
acclaimed since comparisons for all interventions were 
scarcely available in most endpoints. Thus, in most cases, 
SUCRA ranking was reported for only a small proportion 
of the initial treatment pool. Moreover, the reported altera-
tions in the dosage schemes may have impacted the clinical 
significance of the final outcomes. It must also be mentioned 
that the considerable variations in terms of follow-up period 
could have significantly affected time-related outcomes. 
Finally, the inconsistency in the examined local agents and 
time endpoints prohibited the safe extrapolation of conclu-
sions regarding the ranking of all available treatments in 
terms of postoperative morbidity and perianal pain scores.

Conclusions

The present network meta-analysis confirmed that the 
optimal ointment-based medication for topical application 
after excisional procedures for HD is not yet established. 
The examined regimens showed an optimal performance 
in some outcomes, but no agent displayed superiority in all 
endpoints. The ideal topical medication should be associ-
ated with an acceptable safety profile, while in parallel, it 
should provide a consistent and long-term analgesic effect 
and minimize symptoms during defecation. Subsequently, 
and given several study limitations, further high-quality 
RCTs are required to provide paired comparisons and elu-
cidate the efficacy and safety of the various topical medi-
cations in the posthemorrhoidectomy setting.
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