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Abstract

Aim Novel minimally invasive techniques aimed to

reposition the haemorrhoidal zone have been estab-

lished for prolapsing haemorrhoids. We present a

prospective randomized controlled trial to evaluate the

efficacy of additional Doppler-guided ligation of submu-

cosal haemorrhoidal arteries (DG-HAL) in patients with

symptomatic Grade III haemorrhoids. The trial was reg-

istered as ClinicalTrials.gov identifier NCT02372981.

Method All consecutive patients with symptomatic

Grade III haemorrhoids were randomly allocated to one

of the two study arms: (i) Group A, DG-HAL with

mucopexy or (ii) Group B, mucopexy alone. End-points

were postoperative pain, faecal incontinence, bleeding,

residual prolapse and alterations of the vascularization

of the anorectal vascular plexus. Vascularization of the

anorectal vascular plexus was assessed by transperineal

contrast enhanced ultrasound. Patients recorded their

symptoms in a diary maintained for a month.

Results Forty patients were recruited and randomized to

the two study groups. Patients in Group A had less pain

in the first two postoperative weeks. At the 12-month

follow-up, two patients in Group A (10%) and one in

Group B (5%) showed recurrent Grade III haemorrhoids

(P = 0.274). No significant morphological changes were

observed in the transperineal ultrasound findings

between the preoperative assessment and the assessment

at 1 and 6 months in either group (P > 0.05).

Conclusion Mucopexy techniques for treating prolaps-

ing haemorrhoids are effective, but DG-HAL does not

add significantly to the results achieved by mucopexy.

Repositioning the haemorrhoidal zone is the key to suc-

cess, and mucopexy should be placed at the sites of the

largest visible prolapse.
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What does this paper add to the literature?

The data presented here confirm that haemorrhoidal
artery ligations additional to mucopexy techniques are
not beneficial for treatment of Grade III haemorrhoids
and that repositioning of the haemorrhoidal zone is the
key to success in this minimally invasive method.

Introduction

Technical improvements in the treatment of haemor-

rhoids in the last decades have been closely related to

new insights into the pathophysiology of one of the

most common benign coloproctological disorders [1,2].

The complex anatomy of the anorectal junction and the

blood supply of the anorectal vascular plexus (AVP)

have been extensively investigated, especially by novel

imaging techniques such as colour Doppler ultrasound

and vascular casting methods [2–5]. Novel minimally

invasive techniques were established for prolapsing

haemorrhoids to minimize the drawbacks of conven-

tional surgical haemorrhoidectomy, which was regarded

as the gold standard. Ligation techniques, such as

Doppler-guided haemorrhoidal artery ligation (DG-

HAL), were introduced to reduce blood flow to the
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AVP. Apart from its inappropriate application for

higher-grade haemorrhoids, high recurrence rates after

DG-HAL of up to 38% [6] are due to technical failure

of the ligation technique itself. Doppler-guided ligations

can be placed too high above the transitional zone,

missing the targeted submucosal branches of the supe-

rior rectal artery (SRA), as recently described by Ratto

et al. and our own group [4,7]. Prolapsing haemor-

rhoids have, however, been felt to be insufficiently trea-

ted by solely interrupting the arterial inflow without

repositioning the AVP by mucopexy in DG-HAL [8]. To

overcome the shortcomings of DG-HAL, modifications

of suture ligation have been made which address the pexy

of the haemorrhoidal prolapse by fixing it above the den-

tate line. Many descriptive terms have been established,

such as ‘recto anal repair’ (RAR)’ [9], ‘transanal haemor-

rhoid mucopexy’ [10] and ‘anal lifting’ [11]. In this

paper, we use the term ‘mucopexy’. We designed a

prospective randomized controlled trial to evaluate the

efficacy of Doppler-guided ligation additional to muco-

pexy of submucosal haemorrhoidal arteries in patients

with symptomatic Grade III haemorrhoids.

Method

All consecutive patients with symptomatic Grade III

haemorrhoids referred to the coloproctological unit of

our clinic between July 2010 and September 2013 were

recruited for this prospective randomized controlled sin-

gle-centre trial (Fig. 1). The primary end-point was

defined as recorded postoperative pain at postoperative

day 7. Secondary end-points were haemorrhoidal symp-

toms, recurrence rate and morphological changes in the

vascularization pattern of the AVP assessed by dynamic

transperineal contrast-enhanced ultrasound (TCEUS) as

a further development to the data described previously

[2]. Grade III haemorrhoids were defined as piles pro-

lapsing during defaecation but manually reducible

according to the Goligher classification [12]. Recurrence

was defined as clinically evident Grade III haemorrhoids

at 1-year follow-up in patients admitted to the trial.

Informed consent was obtained from each patient

and the trial was approved by the local ethics committee

(UN4038; 290/4.4) and published on the ClinicalTri-

als.gov public site (ClinicalTrials.gov identifier

NCT02372981). All recruited patients were randomly

allocated to one of the two study arms (with the

patients not knowing the nature of treatment) by means

of sealed envelopes that were opened in the operating

theatre: (i) Group A, DG-HAL with mucopexy or (ii)

Group B, mucopexy alone. The inclusion criteria com-

prised patients with primary symptomatic Grade III

haemorrhoids over 18 years of age who provided signed

informed consent. The exclusion criteria were malignant

gastrointestinal disease, inflammatory bowel disease, any

type of previous proctological intervention (i.e. fistula

surgery), recurrent haemorrhoidal disease and a history

of anorectal trauma. Before inclusion in the study, an

accurate diagnostic assessment, including history, physi-

cal examination and proctoscopic and colonoscopic

findings if indicated, was performed to confirm haemor-

rhoidal disease. Patients with chronic bowel inflamma-

tory disease, anal fissure, anal fistula or abscess and a

history of pelvic surgery and/or radiotherapy were

excluded.

Surgical technique

Preparation for surgery
Two evacuant enemas were prescribed atleast 2 h before

the operation. Antibiotic prophylaxis was not consid-

ered mandatory because in our experience no infections

have been observed following the operation. All patients

were treated by the same senior staff surgeon (FA) who

had long-term experience in haemorrhoidal treatment

with professional certification in coloproctology as a

Diplomate of the European Board of Surgery (EBSQ).

Intra-operative management
All transanal mucopexy procedures were performed

under general anaesthesia. The patient was placed in the

lithotomy position, which allowed a more realistic

assessment of the prolapsing haemorrhoids and rectal

mucosa. Accurate intra-operative monitoring of blood

pressure with systolic pressure at 120 mmHg enabled

the constant equal auscultation of a Doppler signal nec-

essary for identifying the haemorrhoidal arteries. A uri-

nary catheter was inserted in all patients and removed

on the morning of postoperative day 1.

Equipment
Mucopexy with or without DG-HAL was performed

using a specific device produced by THD SpA (Correg-

gio, Italy), consisting of a proctoscope equipped with a

Doppler probe and a light source. The proctoscope

model in our study (THD SlideTM, THD SpA) has a slid-

ing part comprising the operating window and Doppler

probe for better proximal and distal movement without

repositioning the proctoscope during mucopexy.

DG-HAL with mucopexy
First, the proctoscope with the Doppler probe was

inserted completely into the anal canal and the positions

of the Doppler detected arteries around the anorectal

circumference were noted. The proctoscope was then

withdrawn to follow the artery distally up to the apex of
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the haemorrhoid. Secondly, the sites of the largest pro-

lapsing haemorrhoids were noted in the study forms for

later mucopexy. Thirdly, the arteries demonstrated by

Doppler were directly ligated with a ‘Z-stitch’ at the

site of the best signal, which was somewhat different

from the initial site of the best Doppler signalling due

to sequential ligation and compensating arterial sig-

nalling. Once the arteries were transfixed, the sites of

greatest prolapse were then treated by a mucopexy

using the THD SlideTM, which was reinserted as near as

possible to the targeted area of prolapse. A ‘Z-stitch’

was made as a proximal ‘fixation point’ for the muco-

pexy. The knot was tied, and the rectal mucosa was

then exposed by withdrawing the sliding part of the

proctoscope so that mucopexy could be performed

under direct observation. A running suture was taken

up to the apex of the haemorrhoidal cushion, effectively

providing a haemorrhoid-sparing procedure. The proc-

toscope was removed and the suture was then gently

tied. The proctoscope with the Doppler probe was rein-

serted into the distal rectum and arterial signals

detected around the anal circumference were recorded.

Mucopexy alone
In the mucopexy alone group, the procedure was

performed as described above, except that the haemor-

rhoidal arteries were not ligated separately with a ‘Z-

stitch’ at the site of the most significant Doppler signals.

Postoperative care

An anal dressing rinsed with local anaesthetic (xylocaine

2%) to give tamponade was inserted at the end of the

operation and removed on the morning of postopera-

tive day 1. A diet rich in liquids and fibre was estab-

lished and then eventually supplemented by oral

administration of stool softeners.

All patients received standard pain medication

including paracetamol (500 mg twice daily), and

piritramide (7.5 mg subcutaneously) at the numerical

rating scale (NRS) ≥3 (0–10) on the day of surgery and

on demand afterwards. Consumption of analgesics was

recorded in the study protocol. Four-week pain diaries

were provided to the patients on admission to hospital.

These included the NRS and pain was recorded four
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Excluded n = 57 
Did not meet inclusion 

criteria n = 50 
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Other reasons n = 1
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Did not receive intervention n = 0 

Allocated to group B n = 20 
Received intervention n = 20 
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Figure 1 CONSORT diagram.
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times a day (morning, noon, afternoon, evening) based

on a self-administered questionnaire. Observations

started on postoperative day 1. Follow-up assessments

at 1, 6 and 12 months were carried out by a surgeon

blinded to the operation performed.

Transperineal contrast-enhanced ultrasound

Transperineal contrast-enhanced ultrasound (TCEUS)

was performed with a standard iU22� ultrasound device

(Philips�, Washington, DC, USA) using a covered lin-

ear array 9.3-MHz broadband transducer. Each patient

received a standard bolus of 2.4 ml of a second-genera-

tion contrast agent (SonoVue�, Bracco, Italy) adminis-

tered intravenously. TCEUS was performed once before

surgery and at 1 and 6 months after surgery.

Statistical analysis

Baseline characteristics and outcome measures were given

as median and range for continuous variables and relative

and absolute frequencies for categorical variables. The

Mann–Whitney U-test (in case of normality in ANOVA)

and the chi-square test were applied to assess significant

differences. Wilcoxon’s paired test was used to assess the

groups pre- and postoperatively. In making a power cal-

culation, a sample size of 20 patients in each treatment

group was required to detect a mean difference of 0.75

points on the pain scale on postoperative day 7, assuming

a standard deviation of 0.73 points with a statistical

power of 80% at a significance level of P < 0.05.

Results

During the period of the study, 97 patients with Grade

III haemorrhoids were admitted to our coloproctological

unit. Fifty-seven did not reach the inclusion criteria, pri-

marily due to recurrent haemorrhoidal disease or previ-

ous anorectal surgery (Fig. 1). This left 40 consecutive

patients with Grade III haemorrhoids according to the

Goligher classification [12] who were randomized into

Group A (mean age 49.2 � 12.6 years) and Group B

(mean age 57.5 � 16.2 years) (P = 0.08). There were

more male patients in each group (12 in Group A and 11

in Group B; P = 0.749). In Group B significantly more

mucopexy sutures were used [Group A median 3 (1–6),
Group B median 4 (3–5); P = 0.031]. The main symp-

toms at the first visit, apart from prolapsing piles,

included bleeding and mucous discharge. There was sig-

nificant improvement at 1 month of follow-up in both

groups (Table 1). The only significant difference in

symptoms between the two groups was observed at

1 month after the operation, with 20% of patients in

Group B still reporting mucous discharge compared with

0% in Group A (P = 0.035; Table 1). Pain and faecal

incontinence were not present preoperatively or during

longer follow-up (> 1 month), but patients in both

groups typically experienced these symptoms within the

first postoperative week (Fig. 2, Table 1). Patients in

Group A had less pain in the first postoperative week

(Fig. 2), but this difference was not statistically signifi-

cant. After the first postoperative week, pain scores were

tolerable (NRS < 3) in both groups, without any demand

for analgesics.

With the Doppler proctoscope, arterial signalling

could be detected throughout the anorectal circumfer-

ence, with the lowest intensity at the 6 o’clock litho-

tomy position (data not shown). The number of

Table 1 Intergroup analysis of Group A (HAL + mucopexy)

and Group B (mucopexy alone).

Group A

(n = 20)

Group B

(n = 20) P

NRS

Preoperative 1.7 � 2.4 1.6 � 2.2 0.946*

1 month 0.2 � 0.4 0.1 � 0.2 0.304*

6 month 0.1 � 0.5 0.3 � 1.1 0.581*

12 month 0.6 � 1.8 0 0.171*

Vaizey score

Preoperative 1 1 0.897*

1 month 0 1 0.081*

6 month 1 1 0.886*

12 month 1 1 0.728*

Bleeding (Y/N)

Preoperative 17/3 18/2 0.633†

1 month 2/18 4/16 0.376†

6 month 5/15 2/18 0.212†

12 month 5/15 1/19 0.077†

Urgency (Y/N)

Preoperative 4/16 7/13 0.288†

1 month 3/17 5/15 0.429†

6 month 4/16 3/17 0.677†

12 month 4/16 3/17 0.677†

Discharge (Y/N)

Preoperative 11/9 11/9 1.0†

1 month 0/20 4/16 0.035†

6 month 2/18 2/18 1.0†

12 month 3/17 1/19 0.292†

Pruritus (Y/N)

Preoperative 7/13 8/12 0.744†

1 month 3/17 5/15 0.429†

6 month 2/18 3/17 0.633†

12 month 2/18 1/19 0.548†

HAL, haemorrhoidal artery ligation; NRS, numerical rating

scale; Y, yes; N, no.

*ANOVA.

†Pearson chi-square.
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detectable arterial signals decreased during the proce-

dure but did not differ between both groups pre- and

postintervention [median number of arteries detected:

preintervention, 8 (1–10) vs 7.5 (4–10), P = 0.766;

postintervention, 5 (1–9) vs 4.5 (1–10), P = 0.947, for

Group A vs B, respectively; Fig. 3].

At the 12-month follow-up, two (10%) patients in

Group A and one (5%) in Group B showed recurrent

and symptomatic Grade III haemorrhoids (Table 2,

P = 0.274). Asymptomatic residual piles (Grades I or II)

were observed in both groups in up to 50% of patients

throughout the period of follow-up (Table 2). The

TCEUS assessment of the AVP showed no significant

changes between the preoperative scan and those taken

at 1 or 6 months following treatment (data not shown).

Discussion

Continence-preserving strategies in anorectal surgery

are of highest priority for the nonconservative

treatment of haemorrhoidal disease [13]. Ligation-

based techniques such as HAL and RAR were

developed to reposition the anal transitional zone by

lifting the AVP in a similar manner as occurs in stapled

haemorrhoidopexy. These minimally invasive methods

use the tissue-preserving approach of ligation and/or

mucopexy and result in function similar to or even bet-

ter than stapled haemorrhoidopexy [11,14].

According to the vascular theory of the pathophysio-

logical vicious circle described by Thomson [15], newer

techniques aimed to interrupt the arterial inflow to the

AVP by ligating submucosal branches of the SRA.

Long-term follow-up studies, however, revealed an

unacceptable recurrence rate of up to 40% with HAL

alone [6] and indicated that the addition of mucopexy

was the key to success, with some authors reducing the

technique to segmental mucopexy without any Doppler

guidance [8,16]. Furthermore, others questioned

whether Doppler identification can detect the variable

branching patterns of the SRA [3,7] any better than

can be determined by intra-operative ultrasound

(Fig. 3). Typical symptoms of haemorrhoidal disease

including bleeding, urgency and mucous discharge sig-

nificantly improved in both groups (Table 1) and overt

haemorrhoidal prolapse could be reduced to being clini-

cally no longer observable (Table 2). We defined recur-

rent haemorrhoidal prolapse as clinically evident Grade

III haemorrhoids at 1 year after previous abolition of

prolapse, although residual prolapse was observed in far

more cases in both groups, as was objectively assessed

during follow-up. However, there may be an increased

risk of recurrence when performing these minimally

invasive and less painful treatments. Sparing of the sen-

sitive anoderm and a rapid return to normal life without

pain are greatly appreciated by patients [17]. No signifi-

cant differences in the clinical or morphological out-

come were observed between the two study groups.

The transperineal ultrasound findings indicated a slight

trend towards improved filling and drainage of the

AVP, although this was not the primary end-point of

this study (data not shown).

We therefore conclude that repositioning the anal

transitional zone is the key step in satisfactorily treating

prolapsing haemorrhoids. Detecting submucosal arterial

signals might be confusing for the surgeon because arte-

rial signals can be derived from any part of the anal cir-
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cumference and they did not significantly differ between

the two study groups before and after intervention. In

some patients even more arterial signalling was detected

after the intervention, probably due to compensatory

hypervascularization. Our results support previous stud-

ies suggesting that the use of Doppler localization of ves-

sels does not contribute to the marked beneficial effect of

improving drainage and filling of the AVP [8,18].

We share the opinion of Schuurman et al. [18] that

the beneficial effect of any mucopexy procedure may

not be caused by the Doppler-guided localization of the

supplying arteries and subsequent ligation. We were

able to show similar results in the non-Doppler group

with the addition of slightly more pain in the first two

postoperative weeks, which could be related to the

higher number of sutures inserted in the mucopexy

alone group (Group B). In contrast to the study of

Schuurman et al. we have strictly limited our patient

selection to those with Grade III haemorrhoids and

applied the more effective technique of mucopexy than

simply using HAL alone [10,11]. We believe that in

some patients additional HAL could be associated with

clinical benefit, especially when bleeding is the predomi-

nant symptom. Contrast medium-enhanced TCEUS is

an appropriate tool for the preoperative assessment of

which patients would and would not need additional
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submucosal haemorrhoidal artery ligations (data not

shown).

Mucopexy is a minimally invasive and inexpensive

method to treat prolapsing haemorrhoids. It is highly

likely that mucopexy alone achieves adequate ligation of

the arteries. A tailored approach should be targeted when

facing segmental rather than circular prolapse [13].
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