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INTRODUCTION

For the treatment of the bleeding internal hemorrhoids, Blaisdell 
[1, 2] exhibited in 1954 and published in 1958 a ligation method 
with silk after pulling hemorrhoids through the metal drum. In 
1963 and 1964, Barron [3, 4] published his innovation for ligation 
of internal hemorrhoids, consisting of small-caliber elastic bands 
designated as Latex O rings. For loading an elastic band on the 
drum, the principle by Gravlee and Jones [5] has been adopted, 
which was used for tying umbilical cord. Thereafter, the rubber 
band ligation (RBL) is widely used as an alternative method for 
the treatment of symptomatic internal hemorrhoids [6] and has 
replaced hemorrhoidectomy in 44.8% of cases [7]. 

Unlike hemorrhoidectomy, RBL does not destroy the perianal 
skin, exquisitely sensitive squamous, and transitional epithelium 
which reduces the risk of complications; e.g., pain, the incidence 
of delayed wound healing, wound stricture, and skin tag [3]. Fur-
thermore, patients can return earlier to daily life. After RBL, the 
anus remains dry, and there is no need to put the gauze into the 
perianal area. Furthermore, it allows the destruction of internal 
hemorrhoids, just as in the standard ligature and excision method 
of hemorrhoidectomy [3]. RBL is cost-effective compared with 
hemorrhoidal artery ligation, stapled hemorrhoidopexy, or surgi-
cal hemorrhoidectomy [8] and doesn’t alter anorectal function [9]. 
For this reason, RBL is recommended as the initial mode of ther-
apy for grades 1 to 3 hemorrhoids.

But ligation of the rubber band is also a kind of surgical treat-
ment, and it is not free from complications that may be minor or 
major. Self-limiting minor complications are pain, bleeding, band 
slippage, urinary retention. Major complications are massive, de-
layed bleeding (DB), severe thrombosis with pain, severe throm-
bosis with urinary retention. Chen et al. [10] defined DB as blood 

loss over 200 mL and Kim et al. [11] as pouring blood or blood 
clots over once without stool. Authors defined that DB is almost 
arterial and projectile with hypovolemic shock between 1 and 2 
weeks after procedure which should be controlled at the operat-
ing room. In most cases, bleeding is occurred during defecation 
and blood is stagnated in the rectum for several hours until the 
patient feels to defecate. Another disadvantage of RBL is that 3 
major internal hemorrhoidal piles might not be ligated in 1 ses-

Fig. 1. Possible rectal stenosis after ligation of 3 main hemorrhoidal 
piles with rubber band in 1 session.
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sion because of the possibility of rectal stenosis (Fig. 1), tenesmus, 
or septic complication [3]. However, several authors reported that 
triple RBL is safe [12-14].

To reduce the incidence of the DB and rectal stenosis among the 
above-mentioned complications of the rubber band, we designed 
BANANA-Clip (BC; Product license No. 16-4778, BANANA-
CLIP, BC-100; Product license No. 22-4268, BANANA-Clip, BC-
200; Endovision), a nonabsorbable polymer ligating clip (Fig. 2A), 
named from its curvilinear shape as banana, and BC is 10% lon-
ger than conventional ligating clip because hemorrhoidal tissues 

are larger than vessels, ducts, or sacs in other parts of the human 
body. And BC causes necrosis of hemorrhoidal tissue and falls off 
from the rectal wall in 1 or 2 weeks as rubber band. It comes out 
through the anal canal during defecation almost without foreign 
body sensation. For its angle-adjusting approach to the neck of 
the hemorrhoidal pile on the rectal wall through the anal canal 
and for deploying BC in the transverse direction to the anorectal 
axis, the head of the applier was bent to 90° (Fig. 2B). The present 
study evaluates the results of the comparative treatment of RBL 
and BC.

Fig. 2. (A) Curvilinear shaped BANANA-Clip (BC) which is 10% longer than conventional ligating clip (Endovision, Daegu, Korea). (B) Ap-
plier for BC which is bended in 90 grades at its neck part for hemorrhoid ligation (Endovision). (C) Ligated hemorrhoidal pile with 2 rubber 
bands, modified from Park [15] with permission of the authors. (D) Internal hemorrhoid is transversely ligated with BC (Endovision). (E) No 
rectal stenosis after 3 ligations of BC because of longitudinal constriction (Endovision). 
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METHODS

Ethical statements
This study was reviewed and approved by the Korean Public In-

stitutional Review Board designated by the Ministry of Health 
and Welfare (No. P01-202105-21-013). Written informed consent 
was waived due to its retrospective nature.

Table 1. The patients’ baseline characteristics between groups

Variable Overall RBL BC P-value

No. of patients 632 316 316

Age (yr) 45.77 ± 14.83 (15–84) 46.31 ± 14.37 (15–83) 45.23 ± 15.27 (18–84) 0.361a

Sex

   Male 304 (48.1) 169 (53.5) 135 (42.7) 0.007b

   Female 328 (51.9) 147 (46.5) 181 (57.3)

Main symptom and cause of treatment

   Bleeding 374 (59.2) 179 (56.6) 195 (61.7) 0.195b

   Prolapse 443 (70.1) 203 (64.2) 240 (75.9) 0.001b

   Pain 208 (32.9) 85 (26.9) 123 (38.9) 0.001b

   Pruritus 32 (5.1) 17 (5.4) 15 (4.7) 0.717b

Constipation 47 (7.4) 29 (9.2) 18 (5.7) 0.095b

Hemorrhoids grade

   1 87 (13.8) 66 (20.9) 21 (6.6) < 0.001b

   2 276 (43.7) 158 (50.0) 118 (37.3)

   3 269 (42.6) 92 (29.1) 177 (56.0)

Location

   Left 101 (16.0) 58 (18.4) 43 (13.6) < 0.001b

   Right anterior 50 (7.9) 37 (11.7) 13 (4.1)

   Right posterior 120 (19.0) 80 (25.3) 40 (12.7)

   Left+right anterior 46 (7.3) 25 (7.9) 21 (6.6)

   Left+right posterior 160 (25.3) 75 (23.7) 85 (26.9)

   Right anterior+posterior 54 (8.5) 33 (10.4) 21 (6.6)

   Left+right anterior+right posterior 101 (16.0) 8 (2.5) 93 (29.4)

No. of ligated sites 1.74 ± 0.72 1.49 ± 0.57 1.99 ± 0.77 < 0.001a

   1 268 (42.4) 172 (54.4) 96 (30.4) < 0.001b

   2 259 (41.0) 132 (41.8) 127 (40.2)

   3 105 (16.6) 12 (3.8) 93 (29.4)

Anesthesia

   Local 244 (38.6) 192 (60.8) 52 (16.5) < 0.001b

   Spinal 377 (59.7) 124 (39.2) 253 (80.1)

   Not done 11 (1.7) 0 (0) 11 (3.5)

Anticoagulant

   Yes 34 (5.4) 14 (4.4) 20 (6.3) 0.290b

   No 598 (94.6) 302 (95.6) 296 (93.7)

Hemoglobin (g/dL)c 13.19 ± 1.53 (7.1–17.7) 13.03 ± 1.54 (7.3–16.6) 13.35 ± 1.51 (7.1–17.7) 0.040a

Values are presented as number only, mean ± standard deviation (range), or number (%).
RBL, rubber band ligation; BC, BANANA-Clip (Endovision, Daegu, Korea).
P-values were derived from aindependent t-test or bchi-square test. cn = 391, 186, 205, respectively. 
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Subjects
This is a retrospective study done on a total of 632 patients who 
were diagnosed to have grade 1 to 3 internal hemorrhoids at-
tended to the Department of Colorectal Surgery at Wellness Hos-
pital in Korea. Three hundred sixteen patients for RBL and the 
same number of patients for BC were enrolled consecutively be-
tween January 2010 and May 2019. There were 304 male and 328 
female patients, whose ages ranged from 15 to 84 years, with a 
mean age of 45.7 years (Table 1).

Before each procedure, data on the patient’s demographic vari-
ables and medical history were asked. The anus and the distal rec-
tum of all patients were examined with the physician’s index finger 
and anoscopy. Patients suspected of having colonic disease or pa-
tients older than 50 years had sigmoidoscopy or colonoscopy de-
pending on the anoscopic findings. We excluded the patients with 
previous anal surgery, Child-Pugh classification C liver cirrhosis, 
and diabetes mellitus with hemoglobin (Hb) A1c higher than 10% 
or blood coagulation disorder. Patients who took the anticoagulant 
tablets were taught to stop 7 days before and after the operation. 
There was no significant difference between 2 groups in use of an-
ticoagulant (P= 0.290). 

Methods
RBL and BC were performed in prone jackknife positions under 

the block (38.6%) or spinal anesthesia (59.7%) (Table 1). For fe-
male patients, block anesthesia was preferred because it was enough 
to gain the optimal operating field for the ligation. For most cases 
of male patients, however, spinal anesthesia was preferred to achi-
eve operating view. According to our experience, the decision of 
anesthesia is important to gain the optimal operating view to pre-
venting the incorrect ligation, which could cause the tenesmus 
and the slippage of band or clip. Under block anesthesia, it is often 
difficult to dilate the anal canal to gain optimal operating field, es-
pecially in overweighted or muscular male patients. If they are 
placed not more than 1 or 2 cm proximally from the dentate line, 
it can cause persistent pain for several days after the procedure. If 
the included hemorrhoidal mass is too small, it tends to slip and 
can cause thrombosed hemorrhoids. 

In the RBL group, to avoid slippage, 2 rubber bands were applied 
for each internal hemorrhoid (Fig. 2C) [15] with the McGivney 
ligator after pulling the hemorrhoidal pile into the metal drum. 
One hemorrhoid was ligated in 1 session in 172 cases (54.4%), 
and 2 hemorrhoids in 132 cases (41.8%) were ligated in 1 session. 
If the 3 main hemorrhoidal piles should be ligated in 1 session (12 
cases [3.8%]), rubber bands were placed in different levels in the 
rectum to avoid rectal stenosis. In the BC group, a single BC was 
deployed for 1 hemorrhoid transversely (horizontally) to the ano-
rectal axis at the neck of the hemorrhoid (Fig. 2D) after pulling 
the hemorrhoidal pile with tooth forceps through BC. In 96 pa-
tients (30.4%) in the BC group, 1 ligation was performed, while in 
the remaining patients, multiple ligations were performed (2 liga-
tions, 127 cases [40.2%]; 3 ligations, 93 cases [29.4%]). No stenosis 
occurred after 2 or 3 BC in 1 session (Fig. 2E). The number of li-
gation per patient in the BC group (1.99 ± 0.77) is statistically 
higher than in the RBL group (1.49± 0.57) (P< 0.001). 

Table 2. Major and minor complication and recurrence

Variable RBL (n = 316) BC (n = 316) P-value

Major complication

   Delayed bleeding 11 (3.5) 0 (0) 0.001a

   Severe thrombosis with pain 2 (0.6) 1 (0.3) < 0.001b

Minor complication

   Minor pain 6 (1.9) 2 (0.6) 0.286b

   Minor bleeding 4 (1.3) 2 (0.6) 0.686b

   Band slippage 1 (0.3) 1 (0.3) < 0.001b

   Urinary retention 1 (0.3) 1 (0.3) < 0.001b

Recurrence at 1 year after surgery

   No relapse 303 (95.9) 315 (99.7) 0.005b

   Bleeding 8 (2.5) 1 (0.3)

   Bleeding, pain 1 (0.3) 0 (0)

   Prolapse 2 (0.6) 0 (0)

   Prolapse, pain 1 (0.3) 0 (0)

   Pruritus 1 (0.3) 0 (0)

Operative method when recurred 

  RBL 10 (76.9) 0 (0) 0.286b

   BC 3 (23.1) 1 (100)

Values are presented as number only or number (%).
RBL, rubber band ligation; BC, BANANA-Clip (Endovision, Daegu, Korea).
P-values were derived by achi-square test and bFisher exact test.

Fig. 3. Comparison of delayed bleeding (DB) occurrence between 
rubber band litigation (RBL) and BANANA-Clip (BC; Endovision, 
Daegu, Korea). Asterisk depicts the significance of difference in the 
incidence of DB between groups. *P < 0.05.
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Table 3. The summary of delayed bleeding

Variable Delayed bleeding (n = 11)

Duration until delayed bleeding (day) 13.64 ± 4.67 (7–22)

Location

   Left 4 (36.4)

   Left, right posterior 1 (9.1)

   Right anterior 2 (18.2)

   Right anterior, right posterior 1 (9.1)

   Right posterior 3 (27.3)

Surgical treatment 11 (100)

Transfusion 0 (0)

Hemoglobin (g/dL)a 11.00 ± 1.91 (7.6–13.3)

Values are presented as number only, mean ± standard deviation (range), or num-
ber (%).
an = 10.

Sample size and power considerations
The primary endpoint was the incidence of DB after treatment. 
Previous results indicated that the incidence of DB for patients 
who underwent RBL would be 2.45% [7] and no incidence of DB 
for patients who underwent BC. Based on these assumptions, a 
sample size of 316 patients per treatment group would provide a 
statistical power of at least 80% to detect a between-group differ-
ence of 2.45% at a significance level of 0.05. nQuery+nTerim 2.0 
(Statistical Solutions Ltd) was employed for sample size calcula-
tion. 

Statistical analysis
The data are presented frequency with percentage for categorical 
variables and mean± standard deviation for continuous variables. 
Differences in study participants’ characteristics were compared 
across subgroups with chi-square test or Fisher exact test for cate-
gorical variables and independent test or Mann-Whitney U-test 
for continuous variables as appropriate. To check if its distribution 
is normal, we used Shapiro-Wilk test. The error bar charts were 
also graphically presented for data visualization. All statistical anal-
yses were carried out using IBM SPSS ver. 26.0 (IBM Corp).

RESULTS

A total of 632 patients were included in this study who underwent 
hemorrhoid surgery between January 2010 and May 2018 (RBL, 
316 patients; BC, 316 patients). Mean age was 46.31 years in RBL 
and 45.23 years in BC, and there was no significant difference in 
age (P= 0.361), although there was a sex difference (P= 0.007). 
The percentage of prolapse as the main cause of treatment was 
64.2% (203 cases) in RBL and 75.9% (240 cases) in the BC group 
(P= 0.001) (Table 1).

We classified hemorrhoids as grade 1, if there were only bleed-

ing; grade 2, if there were prolapse of the hemorrhoidal pile from 
the anal verge but disappear spontaneously; grade 3, if there were 
prolapse but disappear by manual replacement; and grade 4, if 
there were permanent prolapse. In RBL group 158 patients (50.0%) 
were grade 2 and in BC group 177 patients were grade 3 (56.0%). 
This grade difference between groups may suggest that we ligated 
more severe internal hemorrhoids with BC or more time experi-
ence. The most common location in the RBL group was right pos-
terior (25.3%), and in the BC group was left and right posterior 
(26.9%). Ninety-three patients in the BC group (29.4%) had 3 in-
ternal hemorrhoids, and 8 patients in the RBL group (2.5%) (P<  
0.001) (Table 1). In the RBL group, 1.49 sites (± 0.57) per patient 
were ligated, which is a lower number of ligation compared to El 
Nakeeb et al. [9] (2.35± 0.49). In the RBL group, triple hemor-
rhoids were ligated by 12 patients in 1 session (3.8%), but there 
was no rectal stenosis because each rubber band was ligated in 
different levels. Ninety-three patients (29.4%) in the BC group 
underwent triple ligations in 1 session without rectal stenosis. The 
percentages of triple ligations in 1 session in both groups were 
significantly different (P<0.001). Spinal anesthesia was performed 
by 124 patients in the RBL group (39.2%) and 253 patients in the 
BC group (80.1%) (P<0.001). The reason for more spinal anes-
thesia could be the higher grades of internal hemorrhoids in the 
BC group than in the RBL group. Fourteen patients (4.4%) in RBL 
group and 20 patients (6.3%) in BC group took anticoagulants 
(P= 0.290). Hemoglobin was tested if it seemed necessary by phys-
ical examination and checked preoperative Hb level in RBL group 
was 13.03± 1.54 g/dL (186 patients [58.9%]) and in BC group was 
13.35± 1.51 g/dL (205 patients [64.9%]) (P= 0.040) (Table 1).

A major complication, significant DB, occurred in 11 patients 
(3.5%) in the RBL group but no DB in the BC group (Table 2). This 
different result was statistically significant (P= 0.001) (Fig. 3). The 
mean duration until DB was estimated as 13.64± 4.67 days post-
operation (between 7th and 22nd days). The common bleeding 
site was left (4 cases [36.4%]) and right posterior (3 cases [27.3%]). 
However, Hwang et al. [16] reported that common sites of DB af-
ter hemorrhoidectomy for 14.062 patients were left (28 of 229 
[12.2%]) and right anterior (55 of 281 [19.6%]) because of the in-
flammation and damage of wounds due to the passage of the stool 
in the anatomical anorectal canal. All 11 patients returned to the 
operating room for surgical treatment, and none of them was 
transfused. Ten patients checked the Hb from 11 (90.9%), and its 
level was 11.00± 1.91 g/dL (range, 7.6–13.3 g/dL) (Table 3). But 1 
patient’s Hb was not checked because of the absence of hypovole-
mic shock sign. As another major complication, 2 patients (0.6%) 
experienced severe thrombosis with pain in the RBL group and 1 
in the BC group. All of them were treated conservatively (Table 2). 
Six patients experienced minor pain in the RBL group (1.9%) and 
2 patients (0.6%) in the BC group without statistical significance. 
In the RBL group, 4 minor bleedings (1.3%), 1 band slippage 
(0.3%), and 1 urinary retention occurred. In BC group, 2 minor 
bleedings (0.6%), 1 band slippage (0.3%) and 1 urinary retention 
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(0.3%) occurred. These minor complications showed no statisti-
cal significance between the 2 groups (Table 2). 

In the RBL group, the 1-year success rate was 95.9%, and in the 
BC group, 99.7%. This difference showed statistical significance 
(P= 0.005). Komborozos et al. [17] reported that 392 patients out 
of 445 (88.1%) were asymptomatic 2 years after RBL. By the re-
currence, in the RBL group, 10 patients (76.9%) were treated with 
RBL again and 3 patients (23.1%) with BC. One patient in the BC 
group who presented with rectal bleeding was treated with BC 
again.

DISCUSSION

Since Blaisdell and Barron, RBL is a widely used procedure for the 
treatment of bleeding and/or prolapsing hemorrhoids, RBL is a 
different treatment compared to conventional hemorrhoidectomy 
because RBL preserves the sensitive perianal skin and anoderm 
with transitional zone and removes only the internal hemorrhoidal 
pile, which is the main target of hemorrhoidal treatment. RBL al-
lows the destruction of internal hemorrhoids just as in the stan-
dard ligature and excision [3], reduces postoperative pain, risk of 
stricture and anal deformity, and allows the patient to return to 
normal life earlier. Despite these advantages, complications of 
RBL are possible because it is also a kind of surgical modality. Its 
complications are DB, pain, urinary distension, slippage of rubber 
bands, painful thrombosis, and vasovagal symptoms [9]. Further-
more, the 3 main hemorrhoidal piles could not be ligated with 
rubber bands in 1 session because of the risk of rectal stenosis or 
tenesmus. Barron recommended limiting the ligation to 1 internal 
hemorrhoid in 1 session to avoid tenesmus, especially in patients 
with large internal hemorrhoids and those who had previously 
undergone hemorrhoid surgery and injections [3]. According to 
our experience, the decision of anesthesia is important to gain the 
optimal operating view to prevent incorrect ligation, which could 
cause the tenesmus and the slippage of band or clip. More spinal 
anesthesia could be the reason of higher grades of internal hem-
orrhoids in the BC group than in the RBL group.

We designed BC in curvilinear style to reduce the risk of rectal 
stenosis or tenesmus even after ligations of 3 hemorrhoids in a 
single session. This shape, different from O-ring shaped rubber 
band, can prevent rectal stenosis even after deploying 3 or more 
BC in 1 session because it constricts hemorrhoidal tissue only 
longitudinally (vertically) to the anorectal axis. In this study, 93 
patients (29.4%) were treated with triple BC in 1 session, with no 
rectal stenosis (Fig. 2E). Therefore, there is no need for a 2nd ses-
sion for remnant hemorrhoids in the case of BC. Furthermore, 
this functions as a lift-up of the redundant anoderm and perianal 
skin. In RBL group, per patient 1.49 sites (± 0.57) were ligated to 
avoid the possible rectal stenosis which is a lower number of liga-
tion compared to El Nakeeb et al. [9] (2.35± 0.49).

DB after anal surgery in 1 or 2 weeks is a very significant com-
plication for proctologists because it is not rare and sometimes 

very critical. In this study, the common bleeding site was left (4 
cases [36.4%]) and right posterior (3 cases [27.3%]). However, 
Hwang et al. [16] reported that common sites of DB after hemor-
rhoidectomy for 14.062 patients were left (28 of 229 [12.2%]) and 
right anterior (55 of 281 [19.6%]) because of the inflammation 
and damage of wounds due to the passage of the stool in the ana-
tomical anorectal canal. If DB occurs by a patient who lives in a 
rural area, it may be more crucial because no proctologist can care 
for this kind of complication. DB cannot be prevented [9, 17] and 
might be more often after RBL (2.2%–4.13%) [7, 9, 17, 18] than 
after hemorrhoidectomy (0.6%–1.4%) [19–21]. The reason for 
this difference might be the tightness of the suture or ligating ma-
terial. In contrast to suture material by hemorrhoidectomy, the 
rubber band is soft and elastic, so that it is not a reliable material 
to make a vascular injury of the hemorrhoidal artery. Further-
more, the soft tissue inside of rubber band functions as a buffer 
which might reduce the opportunity for vascular injury after liga-
tion of rubber band. On vascular injury, especially on an endothe-
lial injury [22], tissue factor and collagen are exposed, platelets 
adhere to the injury site; usually, the denuded vascular intimal site 
and platelets form platelet plug [23–25]. Furthermore, vasocon-
striction occurs in response to releasing vasoactive substances 
from platelets (e.g., thromboxane A2 and serotonin) and endo-
thelin from endothelial cells. Thromboxane A2 is produced lo-
cally at the injury site and is a very potent constrictor of smooth 
muscles, especially in smaller and medium-sized vessels [23] (e.g., 
hemorrhoidal artery). To reduce the incidence of DB after RBL, we 
formulated a hypothesis from the above-mentioned hemostatic 
theory that vascular injury might be essential to activate hemo-
static sequence to prevent arterial bleeding at the moment of fall-
ing the necrotic hemorrhoidal pile. From this hypothesis, tight 
BC, composed of non-absorbable polymer, was designed to 
squeeze hemorrhoidal soft tissue and hemorrhoidal artery evenly 
and definitively. And BC causes necrosis of hemorrhoidal tissue 
and falls off from the rectal wall in 1 or 2 weeks as rubber band. It 
comes out through the anal canal during defecation almost with-
out foreign body sensation. There was no case of DB in the BC 
group. The well-known causes of DB are local inflammation, local 
trauma, and the fall of hemorrhoidal nodules [9, 16, 26]. In cases 
of DB after hemorrhoidectomy, Hwang et al. [16] reported that 
proctologists after over 500 hemorrhoidectomies showed a signif-
icantly lower incidence of DB (0.54%) than proctologists before 
500 hemorrhoidectomies (1.32%) (P< 0.01). This result could be 
interpreted that the skill of the experienced surgeon to perform li-
gation after dissection of hemorrhoidal tissue could be more se-
cure and definitive to make vascular injury. We carefully suggest 
the lack of vascular injury due to the elasticity of rubber bands as a 
possible cause of DB based on our results and current understand-
ing of hemostasis. We recognize that this study has limitation. 
This is a retrospective observational study on a descriptive and 
exploratory purpose. Unfortunately, we could not perform logistic 
regression analysis as a multivariable analysis since no DB was 
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observed in BC group. Further study with a larger number of pa-
tients will be required to adjust for other covariates such as anes-
thesia method. However, based on this study, it is expected to be 
basis for conducting a study on the BC, especially in aspect of DB 
and stenosis. 

The findings of this study conclude that BC compared to RBL 
was found to have significantly less incidence of DB and to be a 
safe modality. Although the risk of stenosis after triple ligation in 
both groups showed no significant difference, there might be less 
risk of stenosis in the BC group, based on longitudinal (vertical) 
constriction to anorectal axis of BC. The success rate of the BC 
group was higher than RBL. Thus, ligation of hemorrhoidal pile 
performed using BC is carefully recommended as an alternative 
method for grade 1 to 3 internal hemorrhoids. Further studies 
specifically comparing rubber band versus BC are needed to iden-
tify the better approach to reduce complications in patients un-
dergoing ligations of internal hemorrhoids.
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