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Introduction

Since Thomson proposed the concept of “anal cushion” (1),  
people have realized that hemorrhoids are caused by the 
alteration of anorectal anatomic structures in humans. 
When the venous drainage of the anus is altered, the 

venous plexus and connecting tissue will dilate, creating an 
outgrowth of anal mucosa from the rectal wall, which causes 
the formation of hemorrhoids and a series of symptoms (2).  
In 1954, Blaisdell for the first time attempted to treat 
internal hemorrhoids with rubber band ligation. After  
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9 years, Barron improved this method, achieving favorable 
efficacy (3). In the traditional rubber band ligation, a small 
rubber band is placed at the base and then released. The 
constricting bands remain in place until they eventually fall 
off. In respect of the anatomic structure of the hemorrhoids, 
rubber band ligation has its own advantages (it can preserve 
the anal function). However, although this treatment can 
improve the symptoms of hemorrhoids, the techniques 
used vary among centers and the degree of hemorrhoids 
may also affect the therapeutic efficacy and post-operative 
outcome, especially for patients with grade III hemorrhoids 
(hemorrhoid prolapses) (4,5). In the present study, we 
modified the traditional rubber band ligation for the 
treatment of grade III hemorrhoids, in which an elastic coil 
was used to ligate the hemorrhoid. Herein, we reported the 
clinical efficacy of modified rubber band ligation (MRBL). 
We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-19-657).

Methods

Patients

A total of 120 patients with grade III hemorrhoid were 
recruited from the Department of Coloproctology, Yueyang 
Hospital of Integrated Traditional Chinese and Western 
Medicine, Shanghai University of Traditional Chinese 
Medicine between May 2017 and September 2017. The age 
ranged from 18 years to 65 years. Exclusion criteria were as 
follows: patients received treatments with other instruments 
or surgery within prior 6 months; patients had acute 
infectious diseases (active hepatitis B, Treponema pallidum 
antibody >+1:8, positive for human immunodeficiency 
virus); the fasting blood glucose was ≥8 mmol/L; patients 
had severe anemia (Hb <60 g/L); patients had coagulation 
disorders; menstrual or pregnant women or those with other 
severe diseases were also excluded. In addition, patients 
who developed serious adverse events, complications or 
other special diseases and those who had incomplete clinical 
records which affected the determination of clinical efficacy 
and safety were also excluded from this study. Patients were 
randomly assigned to receive MRBL or Milligan-Morgan 
haemorrhoidectomy (MMH) (n=60 per group). The study 
was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
institutional ethics board of Yueyang Hospital of Integrated 
Traditional Chinese and Western Medicine, Shanghai 

University of Traditional Chinese Medicine (No. 2016-099) 
and informed consent was taken from all the patients.

Therapeutic procedures

All the patients received routine blood test, routine stool 
test, and detections of liver function, kidney function, 
fasting blood glucose, prothrombin time, Treponema 
pallidum antibody, hepatitis B virus antibodies and HIV 
antibody, and electrocardiography, aiming to exclude the 
contradictions to surgery. The resting anal pressure (RAP) 
was measured before surgery. The surgery was performed 
by the experienced surgeons. 

The procedures for MRBL: The patient was placed 
in a right lateral position. After intravenous anesthesia 
and routine disinfection, the hemorrhoids were directly 
localized under the oblique transparent anal endoscope and 
graded. Based on the severity of hemorrhoid prolapse, the 
areas for ligation were determined (a total of 3 to 4 areas). 
The mucosa (greater than 1 cm in width) remained intact 
between the adjacent two area. The mucosa above the anal 
cushion (hemorrhoid) in the prolapsed area is subjected to 
vertical ligation at different sites, and the hanging position 
of each area was 1 and 3 cm directly above the dentate line. 
The instrument with disposable elastic band (Well, Wuhan 
Medical Technology Co., Ltd., B-6H) was used for the 
hemorrhoid ligation. The mucosa and submucosal tissues 
were suctioned into the instrument, but the suction of the 
muscular tissues should be avoided. The negative pressure 
was -0.1 MPa. In this way, the affected area close to the 
dentate line was firstly ligated, and then the affected areas 
distant to the dentate line. After ligation, anus was examined 
for bleeding and stenosis. Once the hemorrhoid retracted 
well, the anus was filled with hemostatic sponge and an 
exhaust tube. The external anus was covered with gauzes 
which were fixed with tapes (Figure 1).

Procedures for MMH: Preoperative disinfection 
was above mentioned. After disinfection, the prolapsed 
hemorrhoid was clamped and lifted up, and the mucosa was 
separated with a high-frequency electric knife along the 
boundary between the base of hemorrhoid and the normal 
mucosa from the lower part of dentate line to the root of 
hemorrhoid above the dentate line. Deep separation should 
be avoided, or it could damage the internal sphincter. When 
the operation site was close to the dentate line, the incision 
should be done inward as more as possible, avoiding the 
removal of excessive normal mucosa. When the root of the 
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internal hemorrhoid was separated, ligation was done with 
a suture. If the base of the hemorrhoid was too large, the 
suture run through the hemorrhoid, which was then ligated. 
At least 1-cm normal anorectal mucosa should be preserved 
at the wound after removal of the hemorrhoid. After the 
operation, the suture for ligation was fastened, the wound 
was examined for active bleeding and stenosis. Then, the 
anus was filled with hemostatic cotton and an exhaust tube. 
Finally, the anus was covered with gauzes, which were fixed 
with tapes.

All patients were asked to stay in bed within 24 h after 
surgery and the defecation was strictly controlled. After 24 h,  
normal defecation was allowed. Routine clinical care, diet 
adjustment, hip bathing and postoperative analgesia (oral or 
intramuscular) were performed after surgery. 

The primary outcome was 1-year recurrence rate. The 
secondary outcomes included postoperative anal pain, 
anal bleeding, urinary retention, feeling of anal distension, 
and postoperative RAP. The postoperative anal pain was 
evaluated with the visual analog scale (VAS) at 24 h, 1 day,  
3 days, 7 days and 14 days after surgery. Bleeding was 
evaluated at 24 h, 1 day, 3 days, 7 days, and 14 days after 
surgery. Criteria for evaluation: no bleeding; mild bleeding 
(staxis in dressing); moderate bleeding (drops of blood or 
ejection of blood, and hemostatic medication required); 
severe bleeding (heavy blood in the stool, and suture or 

surgical intervention needed). Urinary retention was 
evaluated at 24 h, 1 day, and 3 days after surgery. Criteria 
for evaluation: no urinary retention (patent urination after 
surgery); mild urinary retention (difficult urination which 
resolved spontaneously after use of hot compress at the 
bladder area; moderate urinary retention (dysuria which was 
resolved after muscular injection of neostigmine); severe 
urinary retention (urinary catheterization was required). 
The postoperative feeling of anal distension was evaluated at 
24 h, 1 day, 3 days, 7 days and 14 days after surgery. Criteria 
for evaluation: no feeling of anal distension; mild feeling 
of anal distension (slight sensation of anal distension); 
moderate feeling of anal distension (obvious sensation of 
anal distension which resolved after resting); severe feeling 
of anal distension (serious and persistent sensation of anal 
distension which affected daily life).

The RAP was measured before surgery and 1 month 
after surgery in all the patients.

The patients were followed up via telephone at 1 month, 
6 months, and 12 months after surgery. They were followed 
up for repeated bleeding and symptoms of hemorrhoids 
prolapsing. The presence of one manifestation was 
indicative of recurrence.

Statistical analysis 

Data with normal distribution are expressed as mean 
± standard deviation (x+s), and those with abnormal 
distribution are expressed as median and quartile 
range. Quantitative variables were compared using the 
independent t test or Mann-whitney U test between two 
groups. Chi-square test is used for the comparisons of 
qualitative variables. The recurrence rate was analyzed by 
calculating the cumulative incidence. A value of P<0.05 
was considered statistically significant. Statistical analysis 
was performed using the SPSS version 21.0 and GraphPad 
Prism 5.

Results 

The baseline characteristics of patients in two groups are 
shown in Table 1 (gender, age, and pre-operative RAP). 

Post-operative secondary outcomes

At 24 h, 1 day, 3 days, 7 days and 14 days, the anal pain was 
improved significantly in the MRBL group and markedly 
better than in the MMH group (P<0.01) (Figure 2). At 1 day,  

Figure 1 Vertical ligation of the mucosal tissue 1 cm and 3 cm 
directly above the dentate line.
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3 days and 7 days after surgery, the post-operative bleeding 
was markedly improved in the MRBL group as compared 
with the MMH group (P<0.05). At 24 h (P=0.65) and 
14 days (P=0.28) after surgery, the bleeding was similar 
between two groups (Table 2). The post-operative feeling 
of anal distension in the MRBL group was superior to 
that in the MMH group although no significant difference 
was noted between them (P>0.05) (Table 3). Difficult 
urination of different extents was observed in both groups 
after surgery, but the urinary retention in the MRBL was 
improved significantly as compared with the MMH group 
(P<0.05) (Table 4). 

Post-operative RAP 

In the MRBL group, the RAP remained stable after 
surgery (P>0.05). At 1 month after surgery, the RAP 
was significantly higher than that before surgery in the 
MMH group (P<0.01), and it in the MMH group was also 
markedly higher than in the MRBL group (P<0.01) (Table 5). 

Recurrence rate within 1 year

None was lost to follow up in two groups, and serious 
adverse effects were not observed in two groups. In the 
MRBL group, 1 patient developed bloody stool (mild 
bleeding), and 3 patients developed prolapsing hemorrhoid 
which could be reduced spontaneously. In the MMH 
group, 2 patients developed blood stool (mild bleeding). 

Figure 2 VAS score at different time points after surgery in two 
groups.

Table 1 Demographic and clinical characteristics of patients in two 
groups

Characteristics
Modified RBL 

(N=60)
M-M (N=60) P

Male/female 25/35 28/32 0.58

Age, y 47.92±13.90 52.33±10.64 0.053

RAP (mmHg) 64.84±9.46 66.22±8.89 0.41

There were no marked differences in the age, gender and pre-
operative RAP between two groups (P>0.05). 
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Table 2 Postoperative bleeding in two groups

Group N
Time 
point

No 
bleeding

Mild Medium Severe

MRBL 60 24 h 56 3 1 0

1 d 33 27 0 0

3 d 44 16 0 0

7 d 27 30 3 0

14 d 59 1 0 0

M-M 60 24h 54 2 4 0

1d 19 38 3 0

3d 22 36 2 0

7d 14 39 6 1

14d 51 9 0 0

Number of patients with anal bleeding at different time points 
after surgery in two groups.

Table 3 Postoperative feeling of anal distention in two groups

Group N Time
No anal 

distention
Mild Medium Severe

Modified 
RBL

60 24h 44 16 0 0

1d 33 27 0 0

3d 24 26 10 0

7d 24 36 0 0

14d 59 1 0 0

M-M 60 24h 39 20 1 0

1d 26 31 3 0

3d 17 30 12 1

7d 20 36 4 0

14d 55 5 0 0

Number of patients with post-operative feeling of anal distension 
at different time points after surgery in two groups.
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The accumulated recurrence rate was similar between two 
groups (Figure 3). 

Discussion

Our study showed the therapeutic efficacy after MRBL 
was similar to that after MMH for patients with grade III 
internal hemorrhoids at 1 year, but the post-operative pain, 
bleeding and urinary retention were improved significantly 
in the MRBL group as compared with the MMH group, 
and the feeling of anal distension was comparable after 
surgery after two treatments. In addition, the RAP remained 
stable after MRBL as compared with the MMH. Pain is the 
most common complication after surgery for hemorrhoids. 
In our study, modified ligation was done at the mucosa 
and submucosal tissues 1 cm and 3 cm away from the 
dentate line, which significantly reduced the postoperative 
pain. The rubber band ligation does not directly produce 
a wound, and the wound is gradually healed while the 

necrotic tissues fall off. Thus, the bleeding after ligation is 
significantly better than that after the traditional surgery. 
Urinary retention is also a common complication of surgery 
for hemorrhoids. It has been reported that anesthesia, 
postoperative pain and fecal impaction are the risk factors 
for postoperative urinary retention (6,7). In the study, 
the anesthesia and preoperative bowel preparation were 
identical between two groups. The postoperative pain was 
attenuated in the MRBL group, and thus the incidence 
of dysuria was relatively reduced. The causes of sensation 
of anal distension are various. The postoperative pain 
may cause the fecal retention, which induce long-lasting 
compression on the rectal nerves, causing the sensation 
of anal distension. In addition, the sensation of nerve 
retraction in the mucosal tissues is evident after surgery, 
which may also cause the sensation of anal distension. In 
the present study, more mucosal tissues were ligated, which 
may cause the nerve retraction, inducing the feeling of anal 
distension. 

The anorectal pressure plays a crucial role in the 
defecation. Traditional surgery may cause the increase in 
the RAP due to the preservation of the skin bridge and 
postoperative scar contracture, which also increase the 
risk for anal canal stenosis, affecting the postoperative 
defection. However, the MRBL fails to destroy the anal 
canal epithelial area and maximize the function of the anus, 
and thus the postoperative RAP remains.

High postoperative recurrence rate is a common 
issue in the rubber band ligation. The post-operative 
recurrence rate varies significantly, depending on the 
surgical approaches, ligation instruments, and the severity 

Table 4 Postoperative urinary retention in two groups

Group N Time
No urinary 
retention

Mild Medium Severe

Modified 
RBL

60 24 h 41 16 2 1

1 d 42 15 2 1

3 d 53 6 0 1

M-M 60 24 h 28 20 9 3

1 d 30 19 8 3

3 d 39 16 2 3

Number of patients with post-operative urinary retention.

Table 5 Postoperative resting anal pressure in two groups

Group N Time point
Resting anal pressure 

(x+s, mmHg)

Modified 
RBL

60 Before surgery 64.84±9.46

60 One month after 
surgery

64.75±8.88
##

M-M 60 Before surgery 66.22±8.89

57 One month after 
surgery

71.09±7.63**

At 1 month after surgery, the RAP was significantly higher than 
that before surgery in the MMH group (**P<0.01), and it in the 
MMH group was also markedly higher than in the MRBL group 
(
##

P<0.01).

Figure 3 Number of patients with recurrence within 1 year in two 
groups.
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of internal hemorrhoids (8-14). In addition, the criteria for 
postoperative recurrence have not been widely accepted. 
Shanmugam et al. (15) proposed a definition for post-
operative recurrence, but this definition is inapplicable. 
Hemorrhoids are a group of benign diseases, and most 
clinicians speculate that the key to the successful treatment 
is the patient's subjective experience and no other surgical 
treatment (16-20). In the present study, the post-operative 
recurrence was defined as the presence of bloody stool or 
hemorrhoid prolapsing. In the MRBL group, only 2 patients  
developed blood stool or symptoms of hemorrhoid 
prolapsing within 1 year after surgery. Post-operative follow 
up showed these symptoms failed to significantly affect the 
quality of life in both patients, and thus further treatment 
was not administered. The vertical ligation was employed 
for the MRBL, which is in line with the biomechanical 
characteristics of the pelvic floor and the therapeutic 
efficacy is stable, which significantly reduces the post-
operative recurrence.

There were still limitations in this study. This was a 
single-center study. The life-style adjustment was not 
controlled in these patients after surgery (such as diet and 
defecation), which may affect the long-term outcome. In 
addition, long term follow up is needed to determine the 
long term efficacy of MRBL. 

Conclusions

The MRBL is effective to relieve post-operative pain and 
discomforts after surgery, and the therapeutic efficacy is 
similar to that of MMH. Thus, we speculate that MRBL 
is an ideal choice for the treatment of grade III internal 
hemorrhoids.
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