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Purpose: Hemorrhoids are the most common benign anorectal diseases. Mucopexy strengthens the anal canal mucosa, 
which can be performed alone or in combination with Doppler-guided (DG) hemorrhoidal artery ligation (HAL). In this 
study, we compared the postoperative complications between simple mucopexy plus HAL with and without a Doppler 
guide.
Methods: This study was performed as a single-blinded randomized clinical trial. Patients referred to a tertiary colorectal 
referral clinic with grade 3 and 4 hemorrhoids who were candidates for surgical intervention entered the study. Thirty-six 
patients were randomly divided into 2 groups. Group A including 18 patients underwent mucopexy and DG-HAL and the 
other 18 patients (group B) underwent standard mucopexy and HAL without a Doppler guide. Postoperative pain score 
and the duration of oral analgesic consumption were recorded. Additionally, postoperative symptoms and complications 
were recorded and compared between the 2 methods.
Results: There was no significant difference between the 2 groups in terms of pain score and the duration of postoperative 
analgesic consumption as well as the incidence of postoperative complications. Besides, the primary grade of hemorrhoids 
was not significantly associated with recurrence, but there was a significant association between body mass index and 
Wexner score (WS) with recurrence. The mean WS of patients showed a significant decrease in both groups postopera-
tively. However, the rate of WS reduction was not remarkably different between the 2 groups.
Conclusion: Simple mucopexy with blind HAL (without Doppler guide) might be considered for the treatment of grades 
3 and 4 hemorrhoids effectively.
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INTRODUCTION 

Hemorrhoids are the most common benign anorectal diseases 

caused by disruption of the supporting structures and vascular 
cushions of the anal canal which is affecting millions of people 
worldwide [1, 2]. Numerous factors such as gastrointestinal prob-
lems, chronic constipation, lifestyle, diet, and daily activity are as-
sociated with its incidence [3, 4].  Internal hemorrhoids are di-
vided into 4 grades based on the “Goligher classification” which is 
depended on the severity of prolapse and its reducibility [3, 5, 6].

Hemorrhoidectomy as an invasive surgical method is consid-
ered the gold standard approach for the treatment of severe symp-
tomatic hemorrhoids; however, minimally invasive surgical pro-
cedures have been introduced in the last 2 decades to reduce 
postoperative complications and improve patient satisfaction [7-
11]. Mucopexy and Doppler-guided (DG) hemorrhoidal artery 
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ligation (HAL) techniques have been recently emerged for the ef-
fective management of prolapsing hemorrhoids [12-16].

DG-HAL was first proposed by Morinaga et al. [17] with a proc-
toscope in conjunction with a Doppler transducer as a non-exci-
sional surgical option. DG-HAL tries to ligate distal branches of 
the superior rectal artery and patent venous drainage reducing 
blood flow of the hemorrhoidal plexus [13, 17, 18]. 

Recent study demonstrates the possibility of HAL without use of 
Doppler [19] and this study showed the possibility of this ap-
proach and adding Doppler was not change the outcome signifi-
cantly.

In this prospective randomized controlled trial, we aimed to 
compare postoperative complications, recurrence rates, the dura-
tion of analgesic consumption, and pain score after surgery be-
tween simple mucopexy plus HAL with and without a Doppler 
guide. Additionally, we investigated the factors affecting the re-
currence of hemorrhoids during the follow-up visits.

METHODS

This was a prospective, single-blinded randomized controlled 
trial. The study protocol was in accordance with the Helsinki 
Declaration at all stages, and approved by the Ethics Committee 
of Iran University of Medical Sciences, Firoozgar Clinical Re-
search Development Center (No. IR.IUMS.FMD.REC.1398.167) 
and registered at Iranian Registry of Clinical Trials (IRCT201909-
27044897N1). Informed written consent was obtained from all 
patients before the operation. 

Patients with symptomatic grades 3 and 4 internal hemorrhoids 
referred to colorectal clinic of Firoozgar Hospital (a tertiary 
colorectal referral center in Tehran, Iran) were enrolled in this 
study from July 2019 to October 2020. Experienced colorectal 
surgeon confirmed the diagnosis of grades 3 and 4 hemorrhoids 
through physical examination (digital rectal examination) and 

anoscopy. Participants with a previous history of surgical inter-
ventions for hemorrhoids or other proctologic conditions like in-
flammatory bowel disease, Solitary rectal ulcer and fistula in ano, 
presence of non-hemorrhoidal anorectal mass, thrombosed hem-
orrhoids and anal fissures were excluded. 

The chief complaint of all patients such as rectal bleeding, pro-
trusion of the anus, pain during defecation, etc. were obtained 
through history taking at the first visit. Moreover, patients’ char-
acteristics including age, sex, weight, height, and body mass index 
(BMI) were recorded. The initial Wexner score (WS) of patients 
(from 0 to 20) was recorded as well. 

As shown in Fig. 1, initially 81 patients were enrolled in the 
study, 30 patients decline entering the study and 15 patients ex-
cluded because of concomitant pathology such as fistula, throm-
bosed hemorrhoids, and chronic fissures. The 36 remained pa-
tients were randomly divided into 2 groups. Group A including 
18 patients underwent DG-HAL-rectoanal repair (RAR). In fact, 
vessels located around the circumference in the right posterolat-
eral, right mid-lateral, right anterolateral, left anterolateral, left 
mid-lateral, and left posterolateral (1, 3, 5, 7, 9, and 11 o’clock) po-
sitions were ligated under a Doppler guide. Also, mucopexy was 
performed at 1, 5, 7, and 11 o’clock. However, patients in group B 
including 18 patients underwent mucopexy and rectoanal repair 
at standard areas mentioned above without using a Doppler 
guide. Arterial ligation was also performed at standard zones. In 
order to have the same procedure for both groups, the DG-HAL-
RAR device was used as a retractor but Doppler was not activated. 

All surgical procedures were performed by the same surgeon 
and operating team. Only participants were blinded to the surgi-
cal method. Simple randomization was performed using sealed 
envelopes. 

The device used for DG-HAL procedure was an anoscope 
equipped with a Doppler probe at the tip (Trilogy TRI2010, A.M.I 
GmbH, Feldkirch, Austria). Up to 6 vessels ligation was done dur-

Fig. 1. The study flowchart. DG-HAL, Doppler-guided hemorrhoidal artery ligation. 

81 Initial enrolled patients

36 Patients included

Randomization 

18 Patients: mucopexy with DG-HAL18 Patients: mucopexy without DG-HAL

45 Patients excluded:
• Patients declined participation consent (n= 30)
• Patients met the exclusion criteria (n = 15)
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ing this method. Patients were instructed for postoperative recov-
ery and discharged on the operation day with adequate non-ste-
roidal anti-inflammatory drugs. Initial assessment was performed 
to define postoperative pain score at 48 hours postoperatively us-
ing visual analogue scale in which zero indicates absence of pain, 
while 10 represents the most intense pain possible [20]. In addi-
tion, the duration of analgesic consumption was asked at 14 days 
after surgery by a telephone call. Further follow-ups were per-
formed at 1, 3, and 6 months after surgery through history taking 
and physical examination. Incidence of postoperative complica-
tions including bleeding, infection evidences like perianal abscess 
formation and purulent discharge, gas incontinence, fecal incon-
tinence, anal stricture, and recurrence of prolapsing hemorrhoids 
were assessed during these intervals.

Statistical analyses
All statistical analyses were performed using IBM SPSS Statistics 
for Windows ver. 26 (IBM Corp., Armonk, NY, USA). Demo-
graphic data presented as mean ± standard deviation or crude 
numbers with frequency. Normal distribution of data was tested 
using Shapiro-Wilk test. Pearson chi-square or Fisher exact test 
was used to assess nominal variables between the groups. Mann-
Whitney U-test was also used when appropriate. A P-value below 
0.05 was considered as statistically significant.

RESULTS

Baseline demographic characteristics of the study subjects are 
presented in Table 1. The main complaints by patients before the 
operation were bleeding (63.9%), protrusion (19.4%), pain during 
defecation (13.9%), and constipation (2.8%). At 48 hours after the 
operation, in group B, the mean pain score of patients was 7.06±  
1.58 vs. 6.67± 1.49 in patients in group A with no significant dif-
ference (P = 0.406). At 14 days, the duration of oral analgesics 
consumption days did not differ significantly between the 2 
groups (8.33 ± 2.24 in group B vs. 8.72 ± 2.49 in group A, P =  

0.696). Further follow-ups at 1, 3, and 6 months after the opera-
tion were performed in all 36 patients. No patients were lost to 
follow up. The study flowchart is depicted in Fig. 1. 

Infection was not found in any patient at 3 and 6 months. At 1 
month, bleeding occurred in 7 patients, 4 (22.2%) in group B and 
3 (16.7%) in group A (P> 0.999). No patients represented with 
bleeding at 3-month visit but bleeding was found in one patient at 
6-month which was in group B. 

Moreover, gas incontinency was reported in 4 patients (22.2%) 
in group B and 2 (11.1%) in group A at 1 month but did not differ 
statistically between 2 methods (P = 0.658). Fecal incontinency 
(soilage) was found in 3 patients only at 1 month (11.1% in group 
B and 5.6% in group A, P> 0.999). No significant differences were 
found between the 2 methods regarding the occurrence of anal 
stricture (Table 2). No recurrence of hemorrhoids was reported at 
1 month in any patient by physical examination. At 3-month visit, 
recurrent hemorrhoids were detected in 2 patients in group B 
(P= 0.486) and in 1 patient (5.6%) in group A, which was not sta-
tistically significant. The initial grade of hemorrhoid, BMI and 
initial WS were analyzed regarding the risk of recurrence. Hem-
orrhoid grade (3 or 4) had no significant effect on the recurrence 
regardless of the surgical method (P= 0.069 in group A and P=  
0.183 in group B), but there was a significant association between 
initial WS and recurrence (P= 0.010 in group A and P= 0.013 in 
group B). Furthermore, BMI had a significant association with 
hemorrhoid recurrence (P = 0.005 in group A and P = 0.013 in 
group B). Table 3 demonstrates the summery of recurrence risk 
factors.

The mean WS was measured at 5.27 ± 2.88 in group A and 
4.61± 3.03 in group B before surgery. Postoperative WS (2.11±  
1.56 in group A vs. 2.66± 2.49 in group B) decreased significantly 
in both groups (P< 0.001 in group A and group B), though the 
extent of decrease did not differ significantly between the 2 
groups (P= 0.397). 

DISCUSSION

In this investigation, we compared postoperative outcomes and 
complications of mucopexy plus blind HAL (without Doppler 
guide) with DG-HAL-RAR. Both groups underwent the proce-
dure using the same device; however, Doppler guide was not acti-
vated in group B patients. In fact, the device was used only as a re-
tractor in group B. We also evaluate the factors affecting hemor-
rhoid recurrence including initial grade of hemorrhoid, initial WS 
and BMI. Based on our results, there was no significant difference 
between the 2 surgical treatments regarding postoperative com-
plications at 1, 3, and 6 months. However, the pain score and the 
duration of oral analgesic consumption at 14 days were lower in 
mucopexy and DG-HAL, but this difference was not significant. 

BMI was reported as one of the risk factors for recurrence in our 
study; however, previous studies did not show obesity as a risk 
factor of recurrent external hemorrhoid [21]. Our study also 

Table 1. Baseline demographic characteristics of the study subjects 

Characteristic
Mucopexy 

with DG-HAL
Mucopexy 

without DG-HAL
P-value

No. of subjects 18 18

Age (yr) 44.7 ± 7.3 40.9 ± 8.3 0.15

Sex, male:female 9 (50.0)/9 (50.0) 8 (44.4)/10 (55.6) 0.73

Grade of hemorrhoid, 3/4 10 (55.6)/8 (44.4) 10 (55.6)/8 (44.4) 1.00

Weight (kg) 74.2 ± 11.1 77.6 ± 11.9 0.31

Height (cm) 162.6 ± 5.3 164.7 ± 6.8 0.43

Body mass index (kg/m2) 28.1 ± 3.9 28.6 ± 4.0 0.60

Wexner score (range, 0–20) 5.3 ± 2.9 4.6 ± 3.0 0.48

Values are presented as number only, mean ± standard deviation, or number (%). 
DG-HAL, Doppler-guided hemorrhoidal artery ligation. 
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showed the higher incidence of recurrence in the patient with 
higher WS one of the explanations for this could be the presence 
of occult mucosal rectal prolapse [22]. Indeed, we found obesity 
may be as a potential risk factor of hemorrhoid recurrence, while 
other studies did not reveal such finding. Hence, we propose fur-
ther studies on a larger population for evaluation of obesity as a 
risk factor for recurrence of hemorrhoid. Several studies have 
been performed to determine the advantages and disadvantages 
of surgical methods in the management of hemorrhoids [23-26].

Mucopexy alone [27] or in combination with DG-HAL is one of 
the evolving methods widely used by surgeons to treat hemor-
rhoids instead of removing the hemorrhoidal tissue by previous 

invasive procedures like hemorrhoidectomy. Less postoperative 
pain, bleeding, and tissue damage during the operation, shorter 
time of the operation, and fewer postoperative complications are 
some of the reasons advocating the new methods [12, 25, 28, 29].

In the early 1970s, the role of arterial flow and arteriovenous 
anastomoses in the pathogenesis of hemorrhoids was recognized. 
In 1994, Galkin et al. [30] effectively treated hemorrhoids by en-
dovascular catheterization of the superior hemorrhoidal artery 
and embolization of its distal branches. Thereafter, in 1995, Mori-
naga et al. [17] reported an alternative method for treating hem-
orrhoids by hemorrhoidal dearterialization using a specially de-
signed proctoscope coupled with a Doppler transducer to identify 
the hemorrhoidal arteries. Thereafter, mucopexy was added to 
DG-HAL and DG-HAL-RAR using transanal hemorrhoidal de-
arterialization device was introduced. 

As described previously, other modifications in DG-HAL-RAR 
method is published in the literature. Mucopexy alone has been 
shown to be effective in treating patient symptoms [27] blind 
HAL also used [19] and seems to be effective in treating hemor-
rhoid symptoms.

Omitting Doppler localization of arteries and blind ligation is 
becoming popular in the literature. The significance of present 
study is the location of blind HAL which is different from a previ-
ous report [19] that was ligate the vessels in 3 points but regarding 
previous observations in detecting the pulse in described 6 points 
we intend to do this ligation at 6 points.

This study has some limitations, the sample size is low and this 
might be one of the descriptions of nonsignificant differences that 
were observed. Unfortunately, the operative time was not com-
pared which might be different in 2 groups. Since the procedures 
were done by one surgeon, blinding the surgeon was practically 
not possible but the physician that was evaluating the patient’s 
postoperative course was blind. So the authors highly recommend 
a large size double-blind study to compare blind HAL using 3 
points or 6 points ligation with longer follow-up. 

In conclusion, mucopexy with DG-HAL is a more expensive 
treatment than simple mucopexy. According to the similar thera-
peutic outcomes, recurrence rate, and postoperative complica-
tions between the 2 groups, simple mucopexy and rectoanal re-
pair with blind HAL (without Doppler guide) at standard zones 
(1, 5, 7, and 11 o’clock) could be considered for the treatment of 
grades 3 and 4 hemorrhoids effectively.

Table 2. Postoperative variables and complications between the mu-
copexy with and without DG-HAL (n = 36)

Postoperative variable
Mucopexy 

with DG-HAL 
(n = 18)

Mucopexy 
without DG-HAL 

(n = 18)
P-value

Pain score at 48 hours 6.7 ± 1.5 6.7 ± 1.5 0.406

Duration of analgesic consumption 
(day)

8.8 ± 2.5 8.3 ± 2.2 0.696

Infection

At 1 mo 3 (16.7) 5 (27.8) 0.691

At 3 mo 0 (0) 0 (0) > 0.999 

At 6 mo 0 (0) 0 (0) > 0.999 

Bleeding 

At 1 mo 3 (16.7) 4 (22.2) > 0.999 

At 3 mo 0 (0) 0 (0) > 0.999 

At 6 mo 0 (0) 1 (5.6) > 0.999 

Gas incontinence

At 1 mo 2 (11.1) 4 (22.2) 0.658

At 3 mo 0 (0) 2 (11.1) 0.486

At 6 mo 0 (0) 0 (0) > 0.999 

Fecal incontinence

At 1 mo 1 (5.6) 2 (11.1) > 0.999 

At 3 mo 0 (0) 0 (0) > 0.999 

At 6 mo 0 (0) 0 (0) > 0.999 

Anal stricture

At 1 mo 0 (0) 2 (11.1) 0.486

At 3 mo 1 (5.6) 2 (11.1) > 0.999 

At 6 mo 0 (0) 0 (0) > 0.999 

Recurrence 

At 1 mo 0 (0) 0 (0) > 0.999 

At 3 mo 2 (11.1) 0 (0) 0.486

At 6 mo 1 (5.6) 2 (11.1) > 0.999 

Values are presented as mean ± standard deviation or number (%). 
DG-HAL, Doppler-guided hemorrhoidal artery ligation. 

Table 3. Overall risks of recurrence

Risk factor
P-value

Group A Group B

Initial hemorrhoid grade 0.069 0.183

Wexner score 0.010 0.013

Body mass index 0.005 0.013
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