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Abstract

BACKGROUND

Cholecystectomy is the preferred option for symptomatic gallstones. However,
gallbladder preserving cholecystolithotomy has been proposed in order to preserve the
normal physiological function of the gallbladder and to satisfy patients desiring to

avoid surgical resection.

AIM
To compare the feasibility, safety and effectiveness of pure natural orifice transluminal
endoscopic surgery (NOTES) gallbladder-preserving cholecystolithotomy vs

laparoscopic cholecystectomy (LC) for symptomatic gallstones.

METHODS

We adopted propensity score matching (1:1) to compare transrectal NOTES
cholecystolithotomy and LC patients with symptomatic gallstones from December 2017
to December 2020. We reviewed a total of 2511 patients with symptomatic gallstones, of
whom 517 patients met the matching criteria (NOTES, 110; LC, 407), yielding 86 pairs of

patient.

RESULTS

The technical success rate for NOTES group vs. LC was 98.9% vs. 100%. The median
procedure time was 119 minutes (IQRs, 95-175) with NOTES group vs. 60 minutes
(IQRs, 48-90) in LC (p < 0.001). Post-operative pain was similar between NOTES and
LC: 4.7% (4/85) vs. 5.8% (5/95) (P = 0.740). The median duration of fasting was less
with NOTES 1 day (IQRs, 1-2) vs 2 days with LC (IQRs, 1-3) (difference, 1 day; p <
0.001). The median post-operative hospital stay for NOTES was 4 days (IQRs, 3-6) vs. 4
days with LC (IQRs, 3-5), (P = .092). During the follow-up, diarrhea was significantly
less with NOTES 5.8% compared to LC, 18.6% (p = .011). The recurrence rate of stones

and cholecystitis within median 12 mo (range: 6-40 mo) following NOTES was 10.5%




and 3.5% respectively. Concerns about the presence of abdominal wall scars were

present in 17.4% (n = 15/86) patients following LC (mainly women).

CONCLLJSION

NOTES provides a feasible new alternative scar-free treatment for patients who are
unwilling or unable to undergo cholecystectomy. This minimally invasive organ-
sparing procedure both relieved the gallstones and preserved the physiological function
of the gallbladder. Reducing the recurrence is potentially essential to achieve

widespread clinical adoption.
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Core Tip: Cholelithasis is a common with over 10% morbidity that is increasing
significantly with the ageing of the population. Laparoscopic cholecystectomy (LC) is
the gold standard for treating gallstonesd—lowever, long term complications of LC
largely remain unreported /unstudied and listed as follows: duodenogastric reflux, post
cholecystectomy syndrome, bile duct injuries and an increase in colonic cancer.
Additionally, with a deep understanding of the function of the gallbladder, surgeons
now realize that the gallbladder not only concentrates and stores bile but also regulates
the flow of bile. Some experts advocated simple gallstone extraction with gallbladder
preservation (cholecystolithotomy) in order to preserve the normal physiological

function of the gallbladder, avoid post-cholecystectomy syndromes, bile duct injury,




complications from abdominal wall incisions, bile reflux gastritis, and its association of
colon cancer. In response to the clinical desires and importance of gallbladder retention
to a large number of patients, author’s developed pure NOTES trans-rectal gallbladder
preserving cholecystolithotomy as an ultra-minimally invasive technique for removal of
gallbladder stones, and in this study compared it with traditional LC. Although, this
procedure is unlikely to replace the LC, it proved useful for patients desiring to avoid

surgical resection and are unfit for surgery.

INTRODUCTION

About 25 million people in the United States have gallstones, resulting in more than one
million hospitalizations each year [4. Cholecystectomy is the gold standard treatment
for symptomatic gallstones [5l. For the past three decades, laparoscopic cholecystectomy
(LC) has been the treatment of choice 58] as it is minimally invasive. However, the
ultra-minimally invasive technique of natural orifice transluminal endoscopic surgery
(NOTES) cholecystectomy is evolving since Rao and Reddy’s description of the first
human NOTES transgastric appendectomy in 2004°. Some experts now advocate
cholecystolithotomy without gallbladder excision in order to preserve gallbladder
function and to avoid gallbladder resection-related complications[!0-13l. In addition,
cholecystectomy is associated with post-cholecystectomy syndromes, surgical incision
complications, and bile duct injuryl4-16l. Among the reasons given for gallbladder
preservation include that cholecystectomy has also been reported to be associated with
lon cancer and, functional gastrointestinal and psychological conditions!'2171,
Experimental studies of flexible endoscopic trans-rectal NOTES have suggested this
approach as an attractive alfernative options for intra-abdominal procedures!'$-21l.
However, the concern about peritoneal contamination with trans-rectal NOTES have
limited adoption of trans-rectal NOTES as a routine clinical practice. The problem of
peritoneal contamination during trans-rectal NOTES has now been largely overcome
with the use of a detachable obstructive colonic balloon which prevents distal colonic

contamination (Figure 1)[22-24],




Until now, no comparison of NOTES and LC for symptomatic gallstones has been
reported. Therefore, we performed a comparative study of pure NOTES gallbladder
preservation cholcystolithotomy and laparoscopic cholecystectomy that examined
effectiveness as well as differences in post-operative pain, infection, time to normal diet

intake, hospital stay duration, short and long term complications.

MATERIALS AND METHODS

Study design

The study protocol was approved by the independent ethics committee of the Second
Affiliated Hospital of Harbin University. Written informed consent was obtained from
all patients before the procedure. All NOTES procedures were performed by an expert
gastroenterologist with an experience of more than 150 NOTES procedures. The
research was carried out in accordance with the Helsinki Declaration. All authors had

access to the study data and reviewed and approved the final manuscript.

Patients selections for NOTES

We extracted data of patients from the inpatient database of the first affiliated hospital
of Zhengzhou university who were treated for gallbladder disease from December 2017
to December 2020. The inclusion criteria were: 1) patients over the age of 18 years and
less than of 80 years of age, 2) Patients with symptomatic cholelithiasis confirmed by B-
ultrasound or other imaging examination (CT/MRI), 3) patients with no history of
major upper abdominal surgery, 4) a strong desire to retain the gallbladder, 5) no
absolute surgical contraindications, including severe hepatic, renal, cardiac and
pulmonary insufficiency, history of cerebral coma and allergy to anesthesia etc.
Exclusion criteria included: 1) patients younger than 18 years, older than 80 years of age
2) patients with acute cholecystitis, chronic atrophic cholecystitis, atrophy of
gallbladder due to any reason and suspicion of gallbladder cancer, 4) unable to undergo
endoscopic surgery for various reasons such as associated other diseases or age factor,

5) could not be contacted or loss of information.




Interventions

Description of trans-rectal NOTES technique: After routine bowl preparation, all
procedures were performed under general anesthesia. With the patients in the
lithotomy position, a colonoscope (EVIS GIF-Q260], Olympus, Tokyo, Japan) was
advanced into the transverse colon for colonic cleansing. A detachable colonic exclusion
balloon was placed into the transverse colon with help of the colonoscope and inflated
to 3.0-3.5 cm in diameter by injecting 120 to 140 mL of air into the balloon to occlude the
transverse colonic lumen (Figure 3A). Cleansing and disinfection of the distal colonic
and rectal lumen was then completed with a 0.1% povidone-iodine solution. A
disinfected (a low temperature ethylene oxide processed) gastroscope with a
transparent cap attached on the tip of endoscope was inserted and an incision was
made on the right anterior wall of the rectum 15 to 20 cm from the anal verge using
Hook and IT knives (Figure 3B). The endoscope was advanced upward through the
inter-bowel space into the upper peritoneal cavity where the liver and gallbladder were
identified. A full-thickness longitudinal incision was created in the gallbladder wall
using the Hook and IT knifes (Figure 3C). The tip of endoscope was inserted into the
gallbladder cavity and the bile was aspirated. The lumen was then cleansed with
normal saline and the gallstones were extracted from the gallbladder using a biliary
stone extractor (E151186, GMBH FLEX, Germany) and removed viz the trans-rectal
incision (Figure 3D). The gallbladder incision was closed with endoclips (longclip, HX-
610-090, Olympus, Tokyo, Japan) (Figure 3E). The endoscope was then withdrawn and
the stomal opening in the rectum was closed with endoclips and endoloops (HX-20L-1,
Olympus, Tokyo, Japan) (Figure 3F). The colon occlusion balloon was deflated and
removed and the colonic mucosa at the site of balloon occlusion was inspected (Video 1
and Supplementary Video 2).

Description of laparoscopic technique: All patients undergone LC were performed by
expert gastroenterology surgeons with an experience of more than 500

cholecystectomies. LC was performed using standard laparoscopic approach.




Outcomes
The two methods of therapy were compared with regard to treatment success,
procedure time, post-operative pain, time to normal diet intake, duration of hospital

stay, and postoperative short and long term complications, and recurrence rate.

Follow up

The median follow-up period was one year (range: 6 - 40 mo). The primary outcome
was treatment success. In the NOTES-treated group, treatment success was defined as
successful if the procedure was completed using endoscopic surgery without
conversion to laparoscopic or open surgery. In the LC group, treatment success was
identified as a successful cholecystectomy, if the procedure was done without
converting to open surgery.

Secondary measured outcomes included procedure time, postoperative pain, duration
of post-operative hospital stay, duration of fasting, and postoperative short term
(within 2 wk) and long term complications, and recurrence rate. In the NOTES group,
short-term complications included biliary peritonitis, fever, nausea and vomiting,
bleeding and systemic complications (pulmonary embolism, stroke, cardiac events,
acute renal failure, and sepsis). Long-term complications included recurrent gallstone,
recurrent cholecystitis, diarrhea, constipation, and malignant tumor of gallbladder. In
the LC group, short-term complications included incisional infection, incisional pain,
bile duct injury, anesthesia-related complications, and systemic complications. Long-
term complications included abdominal pain, hernia, and digestive symptoms. All

enrolled patients were followed up by telephone and/or medical records.

Statistical analysis

We used logistic regression models for the calculation of propensity scores. We used a
1:1 propensity score matching (PSM) with the NOTES and LC groups and the caliper
value fixed at 0.1 for the propensity matching score. The study matched clinical baseline

indicators including age, sex, bilirubin levels, gallbladder stones, temperature, white




blood cell count, and hemoglobin. An absolute standard difference (ASD) of less than
0.1 was considered negligible between both groups. Categorical variables were
expressed as frequency and percentages with 95%Cls, and continuous variables
(operative time, post-operative hospital stay, fasting time, and recurrent time) were
expressed as medians with interquartile ranges (IQRs). The Pearson x2 and Fisher’s
exact test was used for categorical variables, and the Mann-Whitney test was applied
for continuous variables. Gender, age, baseline leukocytes, total bilirubin, and number
of gallbladder stones were analyzed by univariate Cox proportional risk regression
for the 1-year recurrence-free outcome. PSM and all calculations were conducted with
Stata/SE 15.0 (Stata Corp, College Station, TX). A two-sided p-value less than 0.05 were

considered significant difference.

RESULTS

Population characteristics before and after propensity score matching

We extracted data of 2511 pﬁients from the inpatient database who were treated for
gallbladder disease. Among these patients, we excluded 15 patients younger than 18
years of age, 201 patients older than 80 years of age, 55 patients with malignant
gallbladder tumor, 112 patients with open surgery, 1281 patients with chronic atrophic
cholecystitis and /or atrophy of gallbladder, 159 patients unable to undergo endoscopic
surgery, and 171 patients who could not be contacted (loss the follow-up).
Consequently, there were 517 patients eligible for matching (NOTES, 110; LC, 407), and
yielded 86 patient pairs (Figure 2). Table 1 shows the characteristics of the patients
before and after PSM.

Short-term complications

In the NOTES group, one patient (n=85/86) was referred to open surgery for removal of
the gallbladder due to adhesions between the gallbladder and surrounding tissue. The
overall success rate was 98.9% (95%CI, 94.3% 99.8%; n=85/86). All the patients in the LC

group successfully underwent laparoscopic cholecystectomy with a success rate of




100%, and later pathology confirmed chronic cholecystitis in all. The median operative
time was 119 minutes (IQRs, 95-175) in the NOTES group which was longer then the LC
group median time of 60 minutes (IQRs, 48-90), (difference, 59 minutes; p < .001). The
median duration of fasting of the NOTES groupgyas 1 day (IQRs, 1-2) vs 2 days (IQRs,
1-3) with the LC group, (difference, 1 day; p <0.001). The median post-operative
hospital stay was 4 days (IQRs, 3-6) in the NOTES group vs 4 days with LC (IQRs, 3 5),
(P =0.092).

In NOTES group, 2.3% (95%CI, 0.6% 8.9%; n = 2/85) patients developed postoperative
biliary peritonitis. All the peritonitis patients recovered with abdominal irrigation
(percutaneous flushing the peritoneal cavity with saline solution) and combined
antibiotic treatment. In the LC group, 2.3% (95%CI, 0.6-7.4%; n = 2/86) patients
developed lung infections, 5.8% (95%CI, 2.3%-11.7%; n = 5/86) patients had severe
abdominal pain, 1 (1%, 95%CI, 0.2-5.7%) patient had a wound infection with fever, and

one patient had urinary retention. The mortality rate in both groups was 0%.

Long-terin complications (post-cholecystectomy syndrome)

During the follow-up, all patients in the two groups are alive. In the LC group, 18.6%
(95%Cl, 10.6-25.6%; n=16/86) patients developed diarrhea, of which 8 (8.4%, 95%CI, 4.3-
15.7%) had frequent diarrhea, 5 (5.3%, 95%CI, 2.3-11.7%) patients were prone to
diarrhea after eating fatty foods, 3 (3.3%, 95%CI, 1.1-8.9%) patients had occasional
diarrhea, and diarrhea symptoms were not relieved after symptomatic treatment. In
comparison, 5.8% (95%CI, 2.3-11.8%; n=5/85) of NOTES patients presented with
diarrhea, 3 of them after undergoing cholecystectomy which was significantly less
frequent than after LC (difference, 11.5 percentage points [95%CI, 2.5-20.8]; P = 0.011).
2.3% (95%Cl, 0.6-7.4%; n = 2/85) NOTES patients presented with constipation vs. 3.5%
(95%CI, 1.1-8.9%; n = 3/86) with LC (difference, 1.03 percentage points [95%CI, -0.5-7];
P =0.663).

In the LC group, 5.8% (95%Cl, 2.3-11.7%; n = 5/86) patients had pain in the surgical area
with anxiety; 17.4% (95%Cl, 9.8-24.4%; n = 15/86) patients were concerned about scars




on the abdominal wall (mainly women). 11.6% (95%CI, 5.8-18.3%; n = 10/86) patients
had decreased appetite and reduced their diet compared to their preoperative status.
Only 23% (n = 2/85) of NOTES patients had decreased appetite (difference, 8.4
percentage points [95%CI, 1.3-16.3]; P = 0.018). Two (2.3%, 95%CL 0.6%-7.4%) patients
had back pain after exertion, and one (1.06%, 95%CI, 0.2-5.7%) patient had chest
tightness. One (1.06%, 95%CI, 0.2-5.7%) patient developed renal calculi (Table 2).

Risk factors for patients with recurrent gallbladder stones

Nine NOTES patients had recurrence of gallbladder stones suggested by abdominal
ultrasound. The recurrent gallbladder stones were all mud-like stones with a median
recurrence time of 210 days (IQRs, 165 255). The recurrence rate was 10.5% (95%ClI, 5.1-
17.2%; n = 9/85), among which 5 underwent cholecystectomy; 4 patients were
asymptomatic and they did not wish to undergo further therapy with either NOTES or
LC. We recommended re-NOTES or LC for recurrence cases. The postoperative
pathology revealed chronic cholecystitis; 3.5% (95%CI, 1.1-9%; n = 3/85) of patients had
pain in the right upper abdomen and the diagnosis of cholecystitis recurrence was
made by ultrasound and CT examination, among which 1 (1.1%, 95%CI, 0.2-5.8%)
patient had gallbladder stones combined with cholecystitis. In patients with recurrence
who did not receive surgical treatment, symptoms were significantly reduced after
antibiotic treatment. Figure 4 shows the cumulative incidence of recurrent gallbladder
stones and recurrent cholecystitis in the NOTES patients. To identify risk factors for
recurrence of gallbladder stones, we performed univariate Cox regression analysis for
gender, baseline leukocytes, number of gallstones, and age, and no factor was

statistically significant for recurrence of gallbladder stones.

DISCUSSION
Symptomatic gallstones are common and cholecystectomy remains the ‘gold standard”
for their management(?-2l. In 1987, the first laparoscopic aolecystectomy was

conducted which ushered in the age of cholecystectomy with minimal trauma and




rapid recovery. This approach demonstrated superiority and created a precedent for
minimally invasive operations. Subsequently, with improved technology, many
patients with cholelithiasis worldwide have undergone laparoscopic cholecystectomy
and this technique has become the standard treatment for cholelithiasis. However,
simple gallstone extraction with gallbladder preservation (cholecystolithotomy) has
been proposed in order to preserve the normal physiological function of the
gallbladder, avoid post-cholecystectomy syndromes, bile duct injury, complications
from abdominal wall incisions, bile reflux gastritis, and reduce the incidence of
gastrointestinal cancerl27-2l. The justification for this practice includes considerations
regarding safety, reduced short and long term complications as well as cosmetic results
and patient satisfaction. Besides this, in clinical practice, we have found that many
patients express a strong desire for preservation of their organ (gallbladder). In
response to the clinical desires and importance of gallbladder retention to a large
number of patients, we developed pure NOTES trans-rectal gallbladder preserving
cholecystolithotomy as an ultra-minimally invasive technique for removal of
gallbladder stones and gallbladder preservation.

Both LC and NOTES approaches have advantages and disadvantages. The advantages
of NOTES cholecystolithotomy include: 1) Organ retention and preserved its biological
function, 2) no incision on the body surface, 3) early diet intake (e.g., 6 h after the
procedure patient are able to take a liquid diet), and, 4) reduced post-operative pain. 5)
less long term complications compared to LC.

The problem with this approach is at current longer procedure time than that of LC
and the recurrence of gallstones. Long operative time is expected during early clinjcal
stage. In the beginning of laparoscopic surgery, 2-3 h’ operation was common. With
experience and improved techniques, the operative time for NOTES
cholecystolithotomy is expected to decrease.

The gallstone recurrence remains a concern. A recent report showed the average
recurrena risk for percutaneous cholecystolithotomy was 3% in 4 years and 10% in 15

yearsl®l. In China, a long-term analysis of the gallstone recurrence rate after laproscopic




cholecystolithotomy over more than 15 years reported a rate of 10.11% within both 10
and 15 years[3!. In our study, the recurrence risk of gallstones was 9.8 % (9/94) between
6 to 40 mo of follow up. Widespread use of NOTES cholecystolithotona' may require
development of a reliable method to prevent recurrence of gallstones. A randomized,
double-blind placebo-controlled multicenter clinical trial reported that ursodeoxycholic
acid is a safe and effective drug for the prevention of gallstone recurrencel®?. In an
another meta-analysis Li et al’ noted that not taking oral ursodeoxychglic acid after
gallbladder preserving therapy increased the rate of stone recurrencel®!- Therefore, we
recommend that patients who undergo cholecystolithotomy take ursodeoxycholic acid
orally to prevent the recurrence of stones. However, further studies are needed to
explore the mechanism and then prevent recurrence of gallstones before the final
recommendations are made.

The advantage of LC is a shorter procedure time than with NOTES. Disadvantages
includes: 1). The organ is resected so the loss of its biological function which may result
in long term complications, 2) a scar on the body surface, 3) diet intake is delayed (e.g.
on day 2), 4) risk of incision related complications, and 5) more short and long term
complications than that with NOTES (abdominal pain, nausea, diarrhea, constipation,
fatty food intolerance, indigestion, association with colon cancer, functional
gastrointestinal and psychological conditions)1422,

There was no significant difference for duration of hospital stay between two groups.
Initially, we admitted patients after undergoing NOTES procedure for longer than
usual time as this was a preliminary study with a limited sample size. Post-operative
stay ranged between 3 to 5 days vs. same day surgery for laparoscopic cholecystectomy
in USA and western world might raises questions. The explanation for that is in China
the standard of post-operative care is different, and after all kinds of abdominal
surgeries (laparoscopic or open surgery) patients are being kept in hospital under
observation for 3-5 days.

In our study, the most significant differences between these groups were long term

complications and no wound infections. Although, LC seem to be a 50 minutes’




procedure with a good outcome, its long time complications remain largely unstudied
included post cholecystectomy syndrome and a possible association with colon cancer.
On the other hand, only long term reported (between 10-15 years of follow-up)
complication of percutaneous cholecystolithotomy is gallstones recurrence. And the
main reported factors associated with the recurrence of gallstones were a family history
of cholelithasis, a preference for greasy food and gallbladder dysfunction prior to
cholecystolithotomy[29-331,

Compared with LC, NOTES is more than a cosmetic way to perform surgery as it also
has the potential to reduce anesthesia requirements, accelerate patient recovery, and,
above all, provide minimally invasive access to organs that are otherwise difficult to
access with conventional open or laparoscopic approaches. In addition, sometimes few
patients refuse surgery and some older patients are not compatible for surgical
procedure. NOTES provides an alternative option to treat gallstones disease. Though
we found some short term complications and recurrences overall, the safety and
efficacy were good with NOTES. With time and improved technology these

mplications rate will likely be reduced.

This study has some limitations, including characterization of the new technique,
retrospective design, small cohort, and absence of a control group which makes the
study prone to attrition and possible loss of clinical data. The same limits the
generalizability of the study. Additional studies espec&lly larger multi-center trials are
needed to confirm the advantages shown here, and to understand the future for this

innovative new approach to the treatment of symptomatic gallstones.

CONCLUSION

In conclusion, NOTES appears to be minimally invasive and feasible alternative
technique for management of patients with symptomatic gallstones. In our study more
than 85% of the patients showed good results without any complications. Its advantages
include no skin wound, organ retention, quick recovery, fewer postoperative

complications, and patient satisfaction. Although, this procedure is unlikely to replace




the LC, it proved useful for patients desiring to avoid surgical resection, and have good
results with NOTES. Reducing the recurrence is potentially essential to achieve

widespread clinical adoption.

ARTICLE HIGHLIGHTS

Research background

Laparoscopic cholecystectomy (LC) remains the preferred option for symptomatic
gallstones. However, gallbladder has an indispensable function in regulating the bile
flow and storing bile, while cholecystectomy may disrupt the whole biliary system and
induce subsequent complications. Simple gallstone extraction with gallbladder
preservation (cholecystolithotomy) has been proposed in order to preserve gallbladder

function and to avoid gallbladder resection-related complications.

Research motivation

In response to the clinical desires and importance of gallbladder retention to a large
number of patients, we developed pure natural orifice transluminal endoscopic surgery
(NOTES) trans-rectal gallbladder preserving cholecystolithotomy as an ultra-minimally

invasive technique for removal of gallbladder stones and gallbladder preservation.

Research objectives
To compare the feasibility, safety and effectiveness of pure NOTES gallbladder-

preserving cholecystolithotomy vs LC for symptomatic gallstones.

Research methods
We extracted data of patients from the inpatient database and adopted propensity score
matching (1:1) to compare transrectal NOTES cholecystolithotomy and LC for patients

with symptomatic gallstones.

Research results




The technical success rate for NOTES group vs. LC was 98.9% vs. 100%. Post-operative
pain was similar between NOTES and LC, however, the median duration of fasting was
less with NOTES group patients. During the follow-up, diarrhea was significantly less
with NOTES 5.8% compared to LC, 18.6%. The recurrence rate of stones and
cholecystitis within median 12 mo (range: 6-40 mo) following NOTES was 10.5% and
3.5% respectively. Concerns about the presence of abdominal wall scars were present in

patients following LC.

Research conclusions
NOTES appears to be minimally invasive and feasible alternative scar-free technique for
management of patients with symptomatic gallstones. Reducing the recurrence is

potentially essential to achieve widespread clinical adoption.

Research perspectives

Although cholecystectomy remains the mainstay for gallstones treatment due to its
unique merits, it may be frustrated in surgical patients with high-risks or biliary
deformity. In addition, since postoperative adverse events after removal of gallbladder
are inevitable in some patients, more and more endoscopists become interested in
preservation of gallbladder function during management of gallstone. So, in our
opinion NOTES cholecystolithotomy could be an alternative choice for symptomatic
gallstones, as it proved useful especially for patients desiring to avoid surgical

resection.
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