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Abstract 

Cholelithiasis, the formation of stones in the gallbladder, is a common surgical condition with an increasing incidence. 
Laparoscopic cholecystectomy has become the gold standard for the treatment of symptomatic gallstones due to its 
favorable outcomes. However, with increasing recognition of the gallbladder’s importance, this procedure no longer 
aligns with patients’ desire to preserve the organ. Technological advancements and surgical innovations have led 
to emerging approaches such as natural orifice transluminal endoscopic surgery (NOTES), robot-assisted laparoscopic 
cholecystectomy, and cholangioscopy. This narrative review examines the current landscape of surgical interven-
tions for gallstones, highlighting both gallbladder-preserving and removal approaches, and aims to provide insight 
into their respective outcomes and clinical implications.
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Background
The gallbladder functions as a storage and concentra-
tion organ for bile, a substance produced by the liver that 
aids in fat digestion and absorption. Gallstones, solidi-
fied formations of bile, develop from imbalances in bile 
composition. These imbalances often result from diet, 
hormones, medications, and rapid weight fluctuations 
[1]. According to statistics from 2016, approximately 
20% of adults globally have gallstones [2]. Gallstones are 
classified into three types: cholesterol stones, pigment 
stones, and mixed stones. Recently, cholesterol stones 
have become the most prevalent type due to increased 
consumption of high-fat foods [3, 4]. Cholesterol stones 
form when an imbalance in bile cholesterol leads to crys-
tal precipitation.

Cholecystectomy
Historically, symptomatic gallstones were treated by open 
cholecystectomy; however, due to suboptimal recovery 
outcomes, laparoscopic cholecystectomy has gradually 
replaced open surgery [5]. Laparoscopic cholecystec-
tomy is currently the gold standard for treating sympto-
matic gallstones [6]. Nevertheless, the procedure requires 
assistants to position the endoscope and expose tissues, 
potentially compromising surgical safety and efficiency 
[7]. The development of Da Vinci robot-assisted surgi-
cal systems addresses these issues by providing surgeons 
improved control over visualization and instruments. 
Additionally, laparoscopic subtotal cholecystectomy has 
emerged as an alternative for managing complex biliary 
anatomy.

Gallbladder‑preserving surgery
Gallbladder-preserving surgeries, including gallbladder 
drainage for high-risk patients, cholangioscopy, and nat-
ural orifice transluminal endoscopic surgery (NOTES), 
serve as alternatives when complete cholecystectomy 
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is not indicated. In 2004, Rao et  al. [8] performed the 
first human NOTES procedure, removing an appendix 
through the stomach, marking the beginning of mini-
mally invasive approaches, including NOTES cholecys-
tectomy. Researchers [9] have explored hybrid NOTES 
procedures combined with transumbilical laparoscopy 
to reduce postoperative scarring and accelerate recov-
ery. Other studies on NOTES reported faster recovery 
and no visible surface scar [10]. Despite various avail-
able surgical options, a standardized approach for 
gallstone management remains elusive. This narrative 
review explores recent advances in gallstone surgery, 
emphasizing comparative outcomes of gallbladder-
preserving techniques and traditional cholecystectomy. 
The discussion is based on a selective review of peer-
reviewed literature published over the past two decades, 
highlighting clinically relevant innovations and emerg-
ing surgical trends.

Main text
Laparoscopic cholecystectomy
Laparoscopic cholecystectomy
Laparoscopic cholecystectomy is currently performed 
using two primary methods: multi-port and single-
port approaches [11]. The multi-port technique 
remains the gold standard [12]. Single-port laparo-
scopic technology has advanced to meet demands 
for improved cosmetic outcomes, yet the issue of 
incisional hernias remains unresolved [13]. Both 
approaches involve creating an intraperitoneal passage 
followed by fascial closure [14].

In 2007, Kang et  al. demonstrated that the da Vinci 
robotic system effectively overcomes limitations of tra-
ditional laparoscopic techniques in complex cholecys-
tectomies [15, 16]. Subsequent controlled studies further 
validated the efficacy of robot-assisted cholecystectomy 
[17]. Robotic systems, first utilized in laparoscopic sur-
gery in 1991, have evolved from multi-port to advanced 
single-port robot-assisted procedures [18, 19]. The most 
commonly used robotic system is the da Vinci system, 
which typically involves inserting the assistant port 
through the camera port via a vertical umbilical incision 
[20]. After positioning the endoscope, trocars are placed 
on either side, and the assistant retracts the gallbladder 
while dissecting Calot’s triangle. The gallbladder is then 
extracted using the robotic system.

Two major drawbacks of robot-assisted cholecys-
tectomy are its complexity and high surgical costs. 
The intricate setup and learning curve associated with 
robotic systems may hinder optimal visualization and 
instrument maneuverability, especially in cases involv-
ing extensive adhesions or altered anatomy. However, 
the da Vinci robot enhances visualization by providing 

a magnified 3D view, aiding precise dissection and 
suturing, particularly in complex procedures such as 
Roux-en-Y hepaticojejunostomy [20]. Despite these 
advantages, robot-assisted laparoscopic cholecystec-
tomy remains significantly more expensive than tradi-
tional laparoscopic surgery.

Comparative postoperative data indicate that robot-
assisted surgery has higher rates of in-hospital compli-
cations and increased likelihood of conversion to open 
surgery. While robotic surgery provides more precise 
surgical views, its complexity and potential for instru-
ment crowding may contribute to surgical challenges. 
Although robotic procedures have technical advan-
tages, overall postoperative complication rates are 
higher. As shown in Table  1, robotic procedures had 
slightly higher in-hospital complication rates (15.5%) 
than laparoscopic surgery (11.7%), primarily due to 
acute kidney injury and gastrointestinal complica-
tions. However, critical outcomes such as bile leak inci-
dence and postoperative hospital stay were comparable 
between the two approaches, with robotic surgery dem-
onstrating potential advantages in these parameters.

Laparoscopic subtotal cholecystectomy was devel-
oped in response to unacceptable recovery times and 
decreased quality of life associated with traditional 
laparoscopic cholecystectomy [25]. Subtotal chol-
ecystectomy, initially defined as partial resection of 
the gallbladder neck or body, typically concludes with 
either fenestration or reconstruction. In fenestration 
procedures, the remaining gallbladder is left open; in 
reconstruction procedures, the remaining gallblad-
der is closed [26]. This technique is primarily a safety 
measure to avoid bile duct injury rather than a first-line 
option due to risks such as bile leakage. Both meth-
ods have a high incidence of bile leaks [27, 28], making 
subtotal cholecystectomy less favorable as a primary 
choice. Nevertheless, it remains the standard in cases 
involving complex gallbladder anatomy [29].

Table 1   The results of laparoscopic surgery and robot-assisted 
laparoscopic cholecystectomy [21–24]

Conversion: the transition from robotic to open surgery rather than from robotic 
to laparoscopic surgery

Laparoscopy Robotic surgery

Mean operative time, min ± SD 44 ± 19.9 61.0 ± 27.5

Bleeding (%) 0 0

Bile leak in op (%) 17.3 6.7

conversion rates (%) 1.7 3.0

Postoperative stay (d) 2.7 2.3

In-hospital complications (%) 11.7 15.5

Cost ($) 13.562 17.254
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Natural orifice transluminal endoscopic surgery (NOTES) 
cholecystectomy
Limitations related to postoperative surface scarring 
from laparoscopic cholecystectomy have led to the devel-
opment of NOTES cholecystectomy. The earliest NOTES 
cholecystectomy was performed using a transperineal 
approach in 2007 [30]. Transperineal cholecystectomy 
demonstrated significant improvements in postoperative 
safety and pain management [31]. However, the trans-
perineal approach poses gender-specific challenges. In 
theory, cholecystectomy can also be performed through 
other natural orifices [32]. For instance, Kalloo et al. [33] 
performed experiments in pigs to extract liver biopsy 
specimens via a peroral transgastric approach. In 2024, 
researchers successfully conducted a transrectal subtotal 
cholecystectomy [34] (Table 2).

Transperineal cholecystectomy  Trocars are typically 
inserted through the umbilical region during cholecys-
tectomy. The patient is positioned in the lithotomy posi-
tion, and an incision is made at the umbilicus to insufflate 
the abdomen. After laparoscopic inspection, dissecting 
instruments are introduced through the vaginal route, 
accompanied by an optical device. The umbilical laparo-
scope is then replaced with a dissector. The vaginal dis-
sector retracts the gallbladder, while the umbilical dis-
sector performs the dissection. The surgeon identifies 
Calot’s triangle, clips the cystic duct, and removes the 
gallbladder through the vaginal pathway. Finally, the vagi-
nal incision is closed [40].

Transgastric cholecystectomy  A balloon dilator is placed 
through percutaneous endoscopic gastrostomy to dilate 
the gastric incision. A flexible guidewire punctures the 
anterior abdominal wall and guides the incision at the 
gastric antrum level, followed by dilation [38]. The gastric 

incision is usually performed without optical assistance, 
necessitating laparoscopic visual control. An optical 
device is initially introduced through the umbilical port 
to guide the gastric approach visually. Subsequently, gas-
trotomy is performed on the anterior antral wall [32]. 
The balloon dilator then passes through the gastric inci-
sion via the guidewire. The gallbladder is retracted, and 
Calot’s triangle is exposed using a gastroscope. After 
visualization, flexible instruments inserted through the 
endoscope’s two channels dissect and remove the gall-
bladder. Finally, the gastric incision is closed. Recently, a 
novel technique employing a single endoscope without 
laparoscopic guidance has emerged [39]. This procedure 
involves puncturing the anterior antral wall through the 
endoscope to expose and dissect the gallbladder from 
base to neck, representing a technically challenging 
approach.

Transrectal subtotal cholecystectomy  Initially, a 
detachable device is placed to block the colon, followed 
by disinfection of the anal area. Subsequently, a surgical 
knife removes a portion of the gallbladder and extracts 
the stones. The remaining gallbladder is inspected for 
residual stones. The wound is then closed with clips, 
the abdominal cavity irrigated, and the access route 
secured [34].

These three approaches are minimally invasive and 
facilitate rapid recovery. However, they are not inter-
changeable, as each suits specific surgical contexts. 
Transgastric and transrectal methods are infrequently 
used. Short-term complications (e.g. peritonitis) and 
long-term complications (e.g. gallstone recurrence) 
remain unchanged. The transvaginal NOTES cholecys-
tectomy is regarded as the gold standard. Despite the 
increased surgical steps and longer operation time, blood 

Table 2  Reported studies on cholecystectomy by natural orifice transluminal endoscopic surgery

Author Year Study characteristics

Design Study population Sample size Method

Kalloo [33] 2004 Animal study porcine 6 An endoscopic peroral transgastric approach 
to the peritoneal cavity

Park PO [35] 2005 Animal study porcine 8 Transgastric cholecystectomy was performed

Rolanda C [36] 2007 Animal study porcine 15 Transgastric and transvesical combined approach

Jacques Marescaux [30] 2007 Case report human 1 This first transperineal cholecystectomy

Perretta S [32] 2007 Animal study porcine 6 Transgastric cholecystectomy was performed

Bernard Dallemagne [37] 2009 Case report human 5 Transgastric hybrid cholecystectomy

Bernard Dallemagne [38] 2010 Case report human 11 Transgastric cholecystectomy

Xin-Yang Liu [39] 2021 Case report human 8 Endoscopic transgastric cholecystectomy

Liu D [34] 2024 Case report human 1 transperineal partial cholecystectomy
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loss is reduced [41–43]. Ppostoperative pain is com-
parable to laparoscopic cholecystectomy. While each 
approach has distinct advantages, there remains substan-
tial room for improvement compared to laparoscopic 
cholecystectomy (Table 3).

Gallbladder‑preserving cholecystolithiasis
In certain Asian countries, a cultural and emotional 
attachment to the gallbladder fosters a strong desire for 
its preservation [50, 51]. Furthermore, laparoscopic chol-
ecystectomy, currently the gold-standard surgery, carries 
risks such as bile duct injury and bile leakage. Although 
these complications are infrequent, their impact can be 
substantial [52]. Additionally, postoperative issues such 
as indigestion, diarrhea, gastroesophageal reflux, and 
common bile duct stones may increase after laparoscopic 
cholecystectomy [53]. Therefore, exploring surgical 
methods that remove gallstones while preserving the gall-
bladder is reasonable. Although gallbladder-preserving 
surgery remains controversial [54], clinical guidelines and 
accumulated surgical experience over the past decade 
have largely addressed these controversies [55]. Gallblad-
der-preserving cholecystolithotomy is considered effec-
tive for certain patients unsuitable for cholecystectomy, 
including those with severe acute cholecystitis, high sur-
gical risk, complex biliary anatomy, elderly patients, or 
those strongly desiring organ retention [56]. However, 
gallbladder-preserving surgery is not advised if patients 
present with inflammatory edema of the gallbladder wall 
(thickness >5 mm), gallbladder atrophy indicated by pre-
operative imaging or confirmed intraoperatively, or sus-
pected gallbladder cancer [57].

Choledochoscopy‑assisted and laparoscopic combined 
choledochoscopy gallbladder‑preserving stone removal
When patients have gallbladder stones with secondary 
bile duct stones and refuse cholecystectomy, cholan-
gioscopic gallbladder-preserving stone removal is the 
preferred treatment [58, 59]. Endoscopy dilates the duo-
denum, followed by stent placement in bile and pancre-
atic ducts. A fully covered metal stent (FCMS) is inserted 
into the cystic duct to straighten and dilate it fully. A 
single-operator cholangioscopic system (SOCS) is then 
placed into the gallbladder to flush out and remove 
residual small stones. Finally, a plastic stent replaces the 
FCMS. Two weeks postoperatively, patients receive urso-
deoxycholic acid (UDCA) to reduce gallstone recurrence 
[60]. This procedure is truly minimally invasive without 
external incisions [61].

Another approach combines laparoscopy with chol-
angioscopy for gallbladder-preserving stone removal. A 
small incision under the right upper abdominal costal 
margin provides access to the abdomen. The gallbladder 

is incised at its base, and the cholangioscopic stone bas-
ket removes stones. The cholangioscope is withdrawn, 
the incision sutured, and postoperative oral UDCA 
administered to prevent stone recurrence. If biliary 
colic occurs, non-steroidal anti-inflammatory drugs 
(NSAIDs) should be taken [62]. Although these meth-
ods preserve the gallbladder, the high recurrence rate 
of gallstones postoperatively remains unresolved [57]. 
Researchers have explored combining UDCA with intes-
tinal probiotics to treat gallstones, but studies suggest no 
enhanced therapeutic benefit [63]. Laparoscopic chol-
ecystectomy remains the primary treatment for acute 
cholecystitis [64].

NOTES gallbladder‑preserving cholecystolithiasis
Gallbladder-preserving stone removal using NOTES 
evolved from laparoscopic combined choledochoscopy 
approaches aimed at gallbladder preservation [65]. This 
technique retains gallbladder function and aligns with the 
cultural preference of many Asian patients to preserve 
bodily integrity [66]. Moreover, it reduces intraoperative 
bleeding, shortens postoperative recovery, and facilitates 
earlier hospital discharge [67]. However, complications 
such as acute cholecystitis, mucosal bleeding, bile leak-
age, postoperative abdominal pain, and adhesions have 
been reported following laparoscopic combined chole-
dochoscopy [66–68]. Additionally, gallstone recurrence 
rates after this surgery can reach 4.92%, with some stud-
ies reporting recurrence as high as 40% [69, 70]. Due to 
these adverse outcomes, researchers began investigating 
NOTES for gallbladder-preserving procedures. In 2015, 
Liu et  al. [71] successfully performed gallbladder-pre-
serving stone removal via the rectal approach, achieving a 
pure NOTES procedure without laparoscopic assistance. 
Notably, the transperineal approach commonly used for 
NOTES cholecystectomy has not yet been applied to 
gallbladder-preserving surgery [72] (Table 4).

Transrectal gallbladder‑preserving cholecystolithiasis  Liu 
et al. [71] describe the procedure as follows: the colon is 
first disinfected, and an incision made in the anterior rec-
tal wall to allow endoscope entry into the peritoneal cav-
ity. The gallbladder wall is incised, and stones are extracted 
using an endoscopic grasper. Closure is completed using 
endoscopic clips. Disinfection with povidone-iodine solu-
tion before colonic surgery is essential. However, bacte-
rial contamination from intestinal fluids may persist post-
disinfection, potentially causing peritoneal contamination 
[75]. Some researchers have successfully addressed this 
by using balloon occlusion of the colon, typically requir-
ing a ventilation connecting tube that interferes with 
endoscopic surgery. A recent study demonstrated that an 
injection needle can be effectively used for ventilation, 
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resolving interference from the connecting tube and pre-
venting colonic wall injury. However, this technique has 
primarily been applied in animal models, with only one 
clinical report available to date [76].

Transgastric gallbladder‑preserving cholecystolithiasis  The 
incision choice is not standardized and depends on individ-
ual cases. It may be made through the anterior wall of the 
gastric antrum on the greater curvature, anterior wall of the 
gastric antrum on the lesser curvature, or at the junction of 
the gastric body and antrum on the lesser curvature (Fig. 1). 
Li [73] and Zhang [46] both performed full-thickness inci-
sions on the lesser curvature at the junction of the gastric 
body and antrum to introduce the endoscope and surgical 
knife into the abdominal cavity. The remainder of the pro-
cedure is identical to the transrectal NOTES method. The 
transgastric approach is more frequently used than the tran-
srectal approach. However, during transgastric cholecysto-
lithotomy, gastric collapse and rapid contractions can cause 
excessive bending of the endoscope, complicating gallblad-
der access and stabilization [77]. Additionally, the thick-
ness of the gastric wall complicates gastrotomy closure [45]. 

There is also a risk that the gallbladder or incision site may 
shift during surgery, increasing the likelihood of surround-
ing organ injury [78]. Consequently, transgastric procedures 
require a longer postoperative period before resuming oral 
intake compared to the transrectal approach [79]. Patients 
undergoing transgastric surgery may also experience weight 
loss due to weakened gastric peristalsis. Therefore, devel-
oping a device to stabilize the gallbladder intraoperatively 
is essential. Recently, snares have been successfully used to 
retract and display the gallbladder. These devices are already 
widely utilized in endoscopic mucosal resections and will 
likely soon be adopted in cholecystolithotomy surgeries 
[80]. Promising results from pig studies using snares in pure 
NOTES gallbladder-preserving surgery support this possi-
bility [77].

It is well established that accessing the upper diges-
tive tract is advantageous for lower abdominal organs, 
whereas the lower digestive tract is preferable for upper 
abdominal organs [81–83]. The transperineal and 
transgastric approaches are considered gold standards 
for gallbladder surgery, while the transrectal approach 

Table 4  Reported studies of gallbladder-preserving cholecystolithiasis by natural orifice transluminal endoscopic surgery

Author Year Study characteristics

Design Study population Sample size Methods

Liu [71] 2015 Case report human 1 The first Transrectal endoscopic gallbladder-preserving Cholecystolithiasis 
in a human being

Li [73] 2020 Case report human 1 Simultaneous transgastric endoscopic polypectomy and cholecystolithiasis 
in a human being

Zhang [44] 2022 Case report human 22 Transgastric endoscopic gallbladder-preserving Cholecystolithiasis in a human 
being

Fu Guan [74] 2024 Case report human 1 Endoscopic transgastric gallbladder-preserving cholecystolithotomy for incar-
cerated gallbladder neck stone

Fig. 1  a The lesser curvature at the junction of the gastric body and antrum. b The lesser curvature on the anterior wall of the gastric antrum. c The 
greater curvature on the anterior wall of the gastric antrum
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remains less common but viable [84, 85]. The transrec-
tal approach is anatomically advantageous for both 
men and women due to proximity to abdominal organs, 
offering greater precision and comfort [76]. The pri-
mary drawback of the transrectal method is the risk of 
peritoneal contamination from colonic contents. In con-
trast, the transgastric approach carries a lower risk of 
significant bacterial infection. However, pig model stud-
ies have demonstrated comparable rates of peritoneal 
infection between the two approaches [75]. Additionally, 
the transgastric method, requiring passage through the 
mouth and esophagus, carries inherent risks of esopha-
geal tears and gastric leaks, similar to those observed 
with transgastric cholecystectomy [86]. Notably, neither 
the transrectal nor transgastric methods have reported 
intraoperative bleeding. The transgastric approach offers 
a shorter access route, resulting in reduced operative 
times compared to the transrectal approach [10, 73], sig-
nificantly minimizing complications. While no reported 
cases of transvaginal gallbladder-preserving surgery cur-
rently exist, transvaginal cholecystectomy is recognized 
as safe and effective. However, gender differences present 
significant barriers to the advancement of transvaginal 
gallbladder preservation. Given these considerations, 
the adverse symptoms associated with the transgastric 
approach could be mitigated by enhancing the clinical 
expertise of surgeons.

Significance of preserving the gallbladder
The gallbladder, similar to the appendix, is often consid-
ered a relatively expendable organ. Cholecystectomy is 
generally believed to have no significant adverse effects 
on bile acid metabolism or overall metabolic regula-
tion [87]. However, studies have demonstrated a notable 
increase in average patient weight following cholecystec-
tomy [88]. Researchers have also identified a relationship 
between non-alcoholic fatty liver disease (NAFLD), fre-
quently associated with cholesterol stones, and cholecys-
tectomy [89, 90]. It is well established that liver steatosis 
is significantly increased in the immediate postoperative 
period [91]. The effects of cholecystectomy may extend 
beyond the liver, potentially nfluencing the pancreas and 
increasing the risk of pancreatic cancer [92]. Further-
more, cholecystectomy may lead to post-cholecystec-
tomy syndrome, bile stone retention, new or worsened 
gastrointestinal functional disorders, Oddi’s sphincter 
dysfunction, and surgical complications [93, 94]. These 
complications might be related to the gallbladder’s physi-
ological functions. Concurrently, patients who undergo 
cholecystectomy exhibit a higher risk of unexplained 
metabolic abnormalities, prompting a reevaluation of the 
gallbladder as a possible endocrine organ [95, 96].

The gallbladder’s primary function is to store and 
concentrate bile produced by the liver [87]. Gallblad-
der epithelial cells have been observed to absorb 23% 
of cholesterol and 32% of phosphatidylcholine within 
five hours [97]. Furthermore, elevated cholesterol levels 
and impaired insulin resistance observed post-cholecys-
tectomy suggest that the gallbladder may play a role in 
metabolic regulation [98]. Bile acids, synthesized from 
cholesterol in the liver and stored in the gallbladder, enter 
the intestine and undergo bacterial metabolism, becom-
ing part of the enterohepatic circulation [99]. Bile acids 
act as essential signaling molecules regulating various 
metabolic processes [100]. For instance, bile acids mod-
ulate multiple metabolic pathways, including steroid 
metabolism, by activating different bile acid receptors 
[101]. They also affect secretion of appetite and metabolic 
regulatory hormones, directly or indirectly [102]. Bile 
acids further induce the expression of fibroblast growth 
factors 15 and 19 through activation of the farnesoid X 
receptor (FXR) and cyclic AMP (cAMP) pathways. Addi-
tionally, bile acids facilitate gallbladder relaxation via the 
Takeda G protein-coupled receptor 5 (TGR5), promot-
ing enterohepatic circulation [103]. Following gallblad-
der removal, bile acids produced by the liver are unable 
to efficiently participate in these metabolic processes. 
Recent microbiome studies suggest the possible exist-
ence of a gallbladder microbiome in humans [104, 105]. 
However, there is currently no research on the gallblad-
der microbiome of healthy individuals, and limited data 
exist on bacterial genera like Roseburia, Oscillospora, 
and intestinal Salmonella in post-cholecystectomy patho-
logical examinations [106]. These bacterial genera sig-
nificantly influence bile acid metabolism. For example, 
intestinal Lactobacillus mediates FXR signaling in bile 
acid metabolism, reducing cholesterol stone formation 
[107]. In conclusion, the gallbladder plays an important 
role in various physiological functions, justifying the 
desire among some patients to retain the organ.

Surgical outcomes and prognosis 
of gallbladder‑preserving and gallbladder‑removal 
procedures
A review of medical literature from the past decade high-
lights several complications following cholecystectomy, 
including gallstone recurrence, cholecystitis, and pancrea-
titis [108]. Additionally, cholecystectomy has been associ-
ated with post-cholecystectomy syndrome, incision-related 
complications, and bile duct injury [9, 64, 108]. Long-term 
postoperative data also show that diarrhea is less frequent 
after gallbladder-preserving surgery compared to cholecys-
tectomy [109]. It is clear that cholecystectomy can nega-
tively impact patients’ postoperative quality of life due to 
the loss of gallbladder function. A study of 1,561 gallstone 
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patients reported that over one-third continued experi-
encing persistent abdominal discomfort after laparoscopic 
cholecystectomy [110]. Consequently, some researchers 
propose that gallbladder-preserving surgery effectively 
treats gallstones, retains gallbladder function, avoids chole-
cystectomy-related complications, and reduces postopera-
tive pain [10]. However, gallbladder-preserving techniques 
remain relatively undeveloped compared to laparoscopic 
cholecystectomy. These procedures are lengthy, with rela-
tively high postoperative complication rates. Gallstone 
recurrence remains particularly prevalent. Moreover, peri-
toneal infection and intestinal fistula formation frequently 
occur following gallbladder-preserving surgery [46]. Due to 
its relative immaturity, gallbladder-preserving surgery cur-
rently has limited applicability, primarily benefiting patients 
strongly wishing to retain their gallbladder and who pos-
sess a normal-sized, normally shaped gallbladder. Despite 
ongoing technical improvements, gallbladder-preserving 
surgery still faces significant challenges compared to lapa-
roscopic cholecystectomy (Table 5; Fig. 2).

Discussion
Laparoscopic cholecystectomy remains the primary treat-
ment for gallstones. Efforts have been made to assist sur-
geons through robot-assisted surgery, and laparoscopic 
subtotal cholecystectomy has been developed to address 
complex biliary anatomy. However, robot-assisted chol-
ecystectomy is associated with longer operative times, 
higher costs, and extended hospital stays [22–25]. Addi-
tionally, laparoscopic subtotal cholecystectomy may lead 
to bile leaks [27, 28]. Postoperative complications follow-
ing cholecystectomy present significant management chal-
lenges. Laparoscopic surgery has been linked to abdominal 
incision infections and incisional hernias. To circumvent 
these complications, researchers have explored the poten-
tial of NOTES cholecystectomy. Transvaginal NOTES 
cholecystectomy was an early development but has lim-
ited indications, applicable only to women without vaginal 
inflammation or pelvic inflammatory disease. Transgas-
tric NOTES cholecystectomy provides a shorter pathway 
for stone removal, and the stomach’s acidic environment 
reduces infection risk. However, this procedure requires 
high surgical expertise. Transrectal NOTES is currently 
limited to subtotal cholecystectomy, and further research 
on total cholecystectomy via this approach is required [34].

As recognition of the gallbladder’s significance 
increases, particularly in Asian countries, efforts have 
been made to develop gallbladder-preserving surger-
ies. These procedures maintain gallbladder function 
but pose risks of stone recurrence and infection. Early 
attempts at cholangioscopic gallbladder-preserving lith-
otripsy showed risks of damage to the papilla of Vater, 
contraindicating patients with anatomical bile duct 
abnormalities or large gallstones. Transrectal NOTES 

Table 5  Surgical results of laparoscopic surgical 
cholecystectomy and NOTES gallbladder-preserving 
cholecystolithiasis [10, 23, 44]

Laparoscopy Notes

Mean operative time, min ± SD 44 ± 19.9 180±118

Gallstones recurrence (%) 9.8 10.5

Decreased appetite (%) 2.3 11.6

Postoperative stay (d) 3-5 3-5

Diarrhea (%) 5.8 18.6

Fig. 2  a Laparoscopic cholecystectomy; b Transperineal cholecystectomy; c Transgastric cholecystectomy; d Transrectal endoscopic 
gallbladder-preserving cholecystolithiasis; e Transgastric endoscopic gallbladder-preserving cholecystolithiasis
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gallbladder-preserving lithotripsy, while minimally 
invasive, has an increased risk of abdominal infection. 
Transgastric NOTES gallbladder-preserving lithotripsy is 
currently the most widely practiced approach, but studies 
on its long-term outcomes are scarce.

In gallstone management, whether via cholecystectomy 
or gallbladder incision, gallstone recurrence remains a 
major challenge. Elevated cholesterol levels in bile may 
result from increased intestinal reabsorption or reduced 
intestinal motility. Gallstone recurrence is associated with 
multiple factors [111]: (1) Genetic predisposition to cho-
lesterol stone formation; (2) Excess cholesterol secretion 
by the liver at certain times, causing bile supersaturation 
and cholesterol stone formation. For example, choles-
terol stone risk rises with elevated progesterone levels, 
as during pregnancy. If symptoms occur during preg-
nancy, cholecystectomy might be the only viable option, 
as gallbladder-preserving lithotripsy is undocumented in 
pregnant patients; (3) Cholesterol accumulation on the 
gallbladder wall, causing wall hardening and reduced con-
traction, impairing normal gallbladder function and pro-
moting stone formation. The longer cholesterol remains 
in the gallbladder, the higher the probability of crystalli-
zation and precipitation. Literature reviews indicate gall-
stone recurrence rates of approximately 3% within four 
years and 10% within 15 years post-cholecystectomy. 
Ursodeoxycholic acid (UDCA) may help prevent recur-
rence, but its long-term efficacy remains uncertain [112–
114]. Although UDCA treatment timing (6 months vs. 12 
months postoperatively) does not significantly alter recur-
rence rates [115], further prospective studies are needed 
to clarify its role in preventing gallstone recurrence.

In conclusion, this narrative review highlights that 
laparoscopic cholecystectomy remains the primary 
treatment for gallstones. Emerging techniques such as 
NOTES and robot-assisted procedures offer potential 
alternatives, although they pose challenges related to cost 
and technical complexity.

Conclusions
This narrative review emphasizes that laparoscopic chole-
cystectomy remains the gold standard,; however, advance-
ments in NOTES and gallbladder-preserving methods 
provide promising avenues to address patient preferences 
and reduce postoperative complications. New technolo-
gies for gallstone treatment, from laparoscopic approaches 
to robot-assisted cholecystectomy and endoscopic surgery, 
are evolving inevitably. Although these newer techniques 
are unlikely to immediately replace laparoscopic chol-
ecystectomy, they address some of its limitations. Future 
technological advancements are expected to significantly 
contribute to gallstone treatment.

Abbreviations
NOTES	� Natural Orifice Transluminal Endoscopic Surgery
SOCS	� Single operator cholangioscopic system

Acknowledgements
Not applicable.

Clinical trial number
Not applicable.

Authors’ contributions
YZ: Writing – review & editing, Writing – original draft, Conceptualization. RD: 
Writing – review & editing. XD: Writing – review & editing. LW: Writing – review 
& editing.

Funding
This research was funded by the Jilin Provincial Department of Science and 
Technology( grant number 20210203191SF).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 5 January 2025   Accepted: 27 May 2025

References
	 1.	 Kim SS, Donahue TR. Laparoscopic cholecystectomy. JAMA. 

2018;319(17):1834. https://​doi.​org/​10.​1001/​jama.​2018.​3438.
	 2.	 Lammert F, Gurusamy K, Ko CW, Miquel JF, Méndez-Sánchez N, Portin-

casa P, van Erpecum KJ, van Laarhoven CJ, Wang DQ. Gallstones. Nat 
Rev Dis Primers. 2016;28(2):16024. https://​doi.​org/​10.​1038/​nrdp.​2016.​
24.

	 3.	 Kim JW, Oh HC, Do JH, Choi YS, Lee SE. Has the prevalence of choles-
terol gallstones increased in Korea? A preliminary single-center experi-
ence. J Dig Dis. 2013;14(10):559–63. https://​doi.​org/​10.​1111/​1751-​2980.​
12080.

	 4.	 Di Ciaula A, Wang DQ, Portincasa P. An update on the pathogenesis of 
cholesterol gallstone disease. Curr Opin Gastroenterol. 2018;34(2):71–
80. https://​doi.​org/​10.​1097/​MOG.​00000​00000​000423.

	 5.	 Europe Association for the Study of the Liver(EASL). EASL Clinical 
Practice Guidelines on the prevention, diagnosis and treatment of 
gallstones. J Hepatol. 2016;65(1):146–81. https://​doi.​org/​10.​1016/j.​jhep.​
2016.​03.​005.

	 6.	 Guidelines for the clinical application of laparoscopic biliary tract 
surgery. Society of American Gastrointestinal Endoscopic Surgeons. 
Surg Endosc. 2000;14(8):771–2. https://​doi.​org/​10.​1007/​s0046​40000​
287. PMID: 10954829.

	 7.	 Cadière GB, Himpens J, Poras M, Pau L, Boyer N, Cadière B. First human 
surgery using a surgical assistance robotics device for laparoscopic 
cholecystectomies. Surg Endosc. 2023;37(10):7812–8. https://​doi.​org/​
10.​1007/​s00464-​023-​10296-3. Epub 2023 Aug 21.

	 8.	 Rao GV, Reddy DN, Banerjee R. NOTES: human experience. Gastrointest 
Endosc Clin N Am. 2008;18(2):361–70. https://​doi.​org/​10.​1016/j.​giec.​
2008.​01.​007.

	 9.	 He XJ, Chen ZP, Zeng XP, Jiang CS, Liu G, Li DL, Li DZ, Wang W. 
Gallbladder-preserving polypectomy for gallbladder polyp by 

https://doi.org/10.1001/jama.2018.3438
https://doi.org/10.1038/nrdp.2016.24
https://doi.org/10.1038/nrdp.2016.24
https://doi.org/10.1111/1751-2980.12080
https://doi.org/10.1111/1751-2980.12080
https://doi.org/10.1097/MOG.0000000000000423
https://doi.org/10.1016/j.jhep.2016.03.005
https://doi.org/10.1016/j.jhep.2016.03.005
https://doi.org/10.1007/s004640000287
https://doi.org/10.1007/s004640000287
https://doi.org/10.1007/s00464-023-10296-3
https://doi.org/10.1007/s00464-023-10296-3
https://doi.org/10.1016/j.giec.2008.01.007
https://doi.org/10.1016/j.giec.2008.01.007


Page 10 of 13Zhang et al. BMC Surgery          (2025) 25:238 

embryonic-natural orifice transumbilical endoscopic surgery with a 
gastric endoscopy. BMC Gastroenterol. 2022;22(1):216. https://​doi.​org/​
10.​1186/​s12876-​022-​02269-y.

	 10.	 Ullah S, Yang BH, Liu D, Lu XY, Liu ZZ, Zhao LX, Zhang JY, Liu BR. 
Are laparoscopic cholecystectomy and natural orifice transluminal 
endoscopic surgery gallbladder preserving cholecystolithotomy truly 
comparable? A propensity-matched study. World J Gastrointest Surg. 
2022;14(5):470–81. https://​doi.​org/​10.​4240/​wjgs.​v14.​i5.​470.

	 11.	 Julliard O, Hauters P, Possoz J, Malvaux P, Landenne J, Gherardi D. 
Incisional hernia after single-incision laparoscopic cholecystectomy: 
incidence and predictive factors. Surg Endosc. 2016;30(10):4539–43. 
https://​doi.​org/​10.​1007/​s00464-​016-​4790-4. Epub 2016 Feb 19.

	 12.	 Marks JM, Phillips MS, Tacchino R, Roberts K, Onders R, DeNoto G, 
Gecelter G, Rubach E, Rivas H, Islam A, Soper N, Paraskeva P, Rosem-
urgy A, Ross S, Shah S. Single-incision laparoscopic cholecystectomy 
is associated with improved cosmesis scoring at the cost of signifi-
cantly higher hernia rates: 1-year results of a prospective randomized, 
multicenter, single-blinded trial of traditional multiport laparoscopic 
cholecystectomy vs single-incision laparoscopic cholecystectomy. J Am 
Coll Surg. 2013;216(6):1037–47. https://​doi.​org/​10.​1016/j.​jamco​llsurg.​
2013.​02.​024. Epub 2013 Apr 23.

	 13.	 Swank HA, Mulder IM, la Chapelle CF, Reitsma JB, Lange JF, Bemelman 
WA. Systematic review of trocar-site hernia. Br J Surg. 2012;99(3):315–23. 
https://​doi.​org/​10.​1002/​bjs.​7836. Epub 2011 Dec 30.

	 14.	 Barutcu AG, Klein D, Kilian M, et al. Long-term follow-up after single-
incision laparoscopic surgery. Surg Endosc. 2020;34:126–32. https://​doi.​
org/​10.​1007/​s00464-​019-​06739-5.

	 15.	 Kang CM, Chi HS, Hyeung WJ, Kim KS, Choi JS, Lee WJ, Kim BR. The 
first Korean experience of telemanipulative robot-assisted laparo-
scopic cholecystectomy using the da Vinci system. Yonsei Med J. 
2007;48(3):540–5. https://​doi.​org/​10.​3349/​ymj.​2007.​48.3.​540.

	 16.	 Jayaraman S, Davies W, Schlachta CM. Getting started with robotics in 
general surgery with cholecystectomy: the Canadian experience. Can J 
Surg. 2009;52(5):374–8.

	 17.	 Prasad A, De S, Mishra P, Tiwari A. Robotic assisted Roux-en-Y hepatico-
jejunostomy in a post-cholecystectomy type E2 bile duct injury. World 
J Gastroenterol. 2015;21(6):1703–6. https://​doi.​org/​10.​3748/​wjg.​v21.​i6.​
1703.

	 18.	 Lomanto D, Cheah WK, So JB, Goh PM. Robotically assisted laparoscopic 
cholecystectomy: a pilot study. Arch Surg. 2001;136(10):1106–8. https://​
doi.​org/​10.​1001/​archs​urg.​136.​10.​1106.

	 19.	 Kroh M, El-Hayek K, Rosenblatt S, Chand B, Escobar P, Kaouk J, Cha-
likonda S. First human surgery with a novel single-port robotic system: 
cholecystectomy using the da Vinci Single-Site platform. Surg Endosc. 
2011;25(11):3566–73. https://​doi.​org/​10.​1007/​s00464-​011-​1759-1. Epub 
2011 Jun 3.

	 20.	 Bianco FM, Dreifuss NH, Chang B, Schlottmann F, Cubisino A, Man-
gano A, Pavelko Y, Masrur MA, Giulianotti PC. Robotic single-port 
surgery: preliminary experience in general surgery. Int J Med Robot. 
2022;18(6):e2453. https://​doi.​org/​10.​1002/​rcs.​2453. Epub 2022 Aug 19.

	 21.	 Kudsi OY, Castellanos A, Kaza S, McCarty J, Dickens E, Martin D, Tiesenga 
FM, Konstantinidis K, Hirides P, Mehendale S, Gonzalez A. Cosmesis, 
patient satisfaction, and quality of life after da Vinci Single-Site chol-
ecystectomy and multiport laparoscopic cholecystectomy: short-term 
results from a prospective, multicenter, randomized, controlled trial. 
Surg Endosc. 2017;31(8):3242–50. https://​doi.​org/​10.​1007/​s00464-​016-​
5353-4. Epub 2016 Nov 18.

	 22.	 Aguayo E, Dobaria V, Nakhla M, Seo YJ, Hadaya J, Cho NY, Sareh S, 
Sanaiha Y, Benharash P. National trends and outcomes of inpatient 
robotic-assisted versus laparoscopic cholecystectomy. Surgery. 
2020;168(4):625–30. https://​doi.​org/​10.​1016/j.​surg.​2020.​06.​018. Epub 
2020 Aug 3.

	 23.	 Han DH, Choi SH, Kang CM, Lee WJ. Propensity score-matching 
analysis for single-site robotic cholecystectomy versus single-incision 
laparoscopic cholecystectomy: a retrospective cohort study. Int J Surg. 
2020;78:138–42. https://​doi.​org/​10.​1016/j.​ijsu.​2020.​04.​042. Epub 2020 
Apr 22.

	 24.	 Lunardi N, Abou-Zamzam A, Florecki KL, Chidambaram S, Shih IF, Kent 
AJ, Joseph B, Byrne JP, Sakran JV. Robotic technology in emergency 
general surgery cases in the era of minimally invasive surgery. 
JAMA Surg. 2024;159(5):493–9. https://​doi.​org/​10.​1001/​jamas​urg.​

2024.​0016. Erratum in: JAMA Surg. 2024 May 1;159(5):593. 10.1001/
jamasurg.2024.1326.

	 25.	 Melton GB, Lillemoe KD, Cameron JL, Sauter PA, Coleman J, Yeo CJ. 
Major bile duct injuries associated with laparoscopic cholecystectomy: 
effect of surgical repair on quality of life. Ann Surg. 2002;235(6):888–95. 
https://​doi.​org/​10.​1097/​00000​658-​20020​6000-​00018.

	 26.	 Lerner AI. Partial cholecystectomy. Can Med Assoc J. 1950;63(1):54–6.
	 27.	 Strasberg SM, Pucci MJ, Brunt LM, Deziel DJ. Subtotal cholecystectomy-

“fenestrating” vs “reconstituting” subtypes and the prevention of bile 
duct injury: definition of the optimal procedure in difficult operative 
conditions. J Am Coll Surg. 2016;222(1):89–96. https://​doi.​org/​10.​1016/j.​
jamco​llsurg.​2015.​09.​019. Epub 2015 Oct 9.

	 28.	 Elshaer M, Gravante G, Thomas K, Sorge R, Al-Hamali S, Ebdewi H. Sub-
total cholecystectomy for “difficult gallbladders”: systematic review and 
meta-analysis. JAMA Surg. 2015;150(2):159–68. https://​doi.​org/​10.​1001/​
jamas​urg.​2014.​1219.

	 29.	 Acar N, Acar T, Sür Y, Bağ H, Kar H, Yılmaz Bozok Y, Dilek ON. Is subtotal 
cholecystectomy safe and feasible? Short- and long-term results. J 
Hepatobiliary Pancreat Sci. 2021;28(3):263–71. https://​doi.​org/​10.​1002/​
jhbp.​847. Epub 2020 Nov 11.

	 30.	 Marescaux J, Dallemagne B, Perretta S, Wattiez A, Mutter D, Coumaros 
D. Surgery without scars: report of transluminal cholecystectomy in a 
human being. Arch Surg. 2007;142(9):823–6. https://​doi.​org/​10.​1001/​
archs​urg.​142.9.​823. discussion 826-7.

	 31.	 Benhidjeb T, Kosmas IP, Hachem F, Mynbaev O, Stark M, Benhidjeb I. 
Laparoscopic cholecystectomy versus transvaginal natural orifice trans-
luminal endoscopic surgery cholecystectomy: results of a prospective 
comparative single-center study. Gastrointest Endosc. 2018;87(2):509–
16. https://​doi.​org/​10.​1016/j.​gie.​2017.​09.​039. Epub 2017 Oct 6.

	 32.	 Perretta S, Dallemagne B, Coumaros D, Marescaux J. Natural orifice 
transluminal endoscopic surgery: transgastric cholecystectomy in a 
survival porcine model. Surg Endosc. 2008;22(4):1126–30. https://​doi.​
org/​10.​1007/​s00464-​007-​9582-4. Epub 2007 Oct 11.

	 33.	 Kalloo AN, Singh VK, Jagannath SB, Niiyama H, Hill SL, Vaughn CA, 
Magee CA, Kantsevoy SV. Flexible transgastric peritoneoscopy: a novel 
approach to diagnostic and therapeutic interventions in the peritoneal 
cavity. Gastrointest Endosc. 2004;60(1):114–7. https://​doi.​org/​10.​1016/​
s0016-​5107(04)​01309-4.

	 34.	 Liu D, Shi Z, Liu B. Natural orifice transluminal endoscopic surgery for 
partial cholecystectomy: first clinical practice (with video). Gastrointest 
Endosc. 2024:S0016-5107(24)03269-3. https://​doi.​org/​10.​1016/j.​gie.​
2024.​06.​009. Epub ahead of print.

	 35.	 Park PO, Bergström M, Ikeda K, Fritscher-Ravens A, Swain P. Experi-
mental studies of transgastric gallbladder surgery: cholecystectomy 
and cholecystogastric anastomosis (videos). Gastrointest Endosc. 
2005;61(4):601–6. https://​doi.​org/​10.​1016/​s0016-​5107(04)​02774-9.

	 36.	 Rolanda C, Lima E, Pêgo JM, Henriques-Coelho T, Silva D, Moreira I, Mac-
edo G, Carvalho JL, Correia-Pinto J. Third-generation cholecystectomy 
by natural orifices: transgastric and transvesical combined approach 
(with video). Gastrointest Endosc. 2007;65(1):111–7. https://​doi.​org/​10.​
1016/j.​gie.​2006.​07.​050.

	 37.	 Dallemagne B, Perretta S, Allemann P, Asakuma M, Marescaux J. 
Transgastric hybrid cholecystectomy. Br J Surg. 2009;96(10):1162–6. 
https://​doi.​org/​10.​1002/​bjs.​6704.

	 38.	 Dallemagne B, Perretta S, Allemann P, Donatelli G, Asakuma M, Mutter 
D, Marescaux J. Transgastric cholecystectomy: from the laboratory to 
clinical implementation. World J Gastrointest Surg. 2010;2(6):187–92. 
https://​doi.​org/​10.​4240/​wjgs.​v2.​i6.​187.

	 39.	 Liu XY, Li QL, Xu XY, Xu JX, Cai MY, Wang P, Zhou PH. Endoscopic 
transgastric cholecystectomy: a novel approach for minimally invasive 
cholecystectomy. Endoscopy. 2021;53(2):E50–1. https://​doi.​org/​10.​
1055/a-​1180-​7661. Epub 2020 Jun 5.

	 40.	 Zornig C, Emmermann A, von Waldenfels HA, Mofid H. Laparoscopic 
cholecystectomy without visible scar: combined transvaginal and tran-
sumbilical approach. Endoscopy. 2007;39(10):913–5. https://​doi.​org/​10.​
1055/s-​2007-​966911.

	 41.	 Sodergren MH, Markar S, Pucher PH, Badran IA, Jiao LR, Darzi A. Safety 
of transvaginal hybrid NOTES cholecystectomy: a systematic review 
and meta-analysis. Surg Endosc. 2015;29(8):2077–90. https://​doi.​org/​10.​
1007/​s00464-​014-​3915-x. Epub 2014 Nov 26.

https://doi.org/10.1186/s12876-022-02269-y
https://doi.org/10.1186/s12876-022-02269-y
https://doi.org/10.4240/wjgs.v14.i5.470
https://doi.org/10.1007/s00464-016-4790-4
https://doi.org/10.1016/j.jamcollsurg.2013.02.024
https://doi.org/10.1016/j.jamcollsurg.2013.02.024
https://doi.org/10.1002/bjs.7836
https://doi.org/10.1007/s00464-019-06739-5
https://doi.org/10.1007/s00464-019-06739-5
https://doi.org/10.3349/ymj.2007.48.3.540
https://doi.org/10.3748/wjg.v21.i6.1703
https://doi.org/10.3748/wjg.v21.i6.1703
https://doi.org/10.1001/archsurg.136.10.1106
https://doi.org/10.1001/archsurg.136.10.1106
https://doi.org/10.1007/s00464-011-1759-1
https://doi.org/10.1002/rcs.2453
https://doi.org/10.1007/s00464-016-5353-4
https://doi.org/10.1007/s00464-016-5353-4
https://doi.org/10.1016/j.surg.2020.06.018
https://doi.org/10.1016/j.ijsu.2020.04.042
https://doi.org/10.1001/jamasurg.2024.0016
https://doi.org/10.1001/jamasurg.2024.0016
https://doi.org/10.1097/00000658-200206000-00018
https://doi.org/10.1016/j.jamcollsurg.2015.09.019
https://doi.org/10.1016/j.jamcollsurg.2015.09.019
https://doi.org/10.1001/jamasurg.2014.1219
https://doi.org/10.1001/jamasurg.2014.1219
https://doi.org/10.1002/jhbp.847
https://doi.org/10.1002/jhbp.847
https://doi.org/10.1001/archsurg.142.9.823
https://doi.org/10.1001/archsurg.142.9.823
https://doi.org/10.1016/j.gie.2017.09.039
https://doi.org/10.1007/s00464-007-9582-4
https://doi.org/10.1007/s00464-007-9582-4
https://doi.org/10.1016/s0016-5107(04)01309-4
https://doi.org/10.1016/s0016-5107(04)01309-4
https://doi.org/10.1016/j.gie.2024.06.009
https://doi.org/10.1016/j.gie.2024.06.009
https://doi.org/10.1016/s0016-5107(04)02774-9
https://doi.org/10.1016/j.gie.2006.07.050
https://doi.org/10.1016/j.gie.2006.07.050
https://doi.org/10.1002/bjs.6704
https://doi.org/10.4240/wjgs.v2.i6.187
https://doi.org/10.1055/a-1180-7661
https://doi.org/10.1055/a-1180-7661
https://doi.org/10.1055/s-2007-966911
https://doi.org/10.1055/s-2007-966911
https://doi.org/10.1007/s00464-014-3915-x
https://doi.org/10.1007/s00464-014-3915-x


Page 11 of 13Zhang et al. BMC Surgery          (2025) 25:238 	

	 42.	 Xu J, Xu L, Li L, Zha S, Hu Z. Comparison of outcome and side effects 
between conventional and transvaginal laparoscopic cholecystectomy: 
a meta-analysis. Surg Laparosc Endosc Percutan Tech. 2014;24(5):395–9. 
https://​doi.​org/​10.​1097/​SLE.​00000​00000​000066.

	 43.	 Hipp J, Laniewski J, Gitei E, Elhabash S, Akkermann O, Gerdes B. Opera-
tionszeit bei der suprapubisch-transumbilikalen Cholezystektomie : 
Ergebnisse einer prospektiv-randomisierten Studie [Operation time for 
suprapubic transumbilical cholecystectomy: results of a prospective 
randomized trial]. Chirurg. 2015;86(9):866–73. https://​doi.​org/​10.​1007/​
s00104-​014-​2958-9. German.

	 44.	 Zhang Y, Mao XL, Zhou XB, You NN, Xu SW, Zhu LH, Ye LP. Feasibility of 
transgastric endoscopic gallbladder-preserving surgery for benign gall-
bladder diseases (with video). Surg Endosc. 2022;36(4):2705–11. https://​
doi.​org/​10.​1007/​s00464-​021-​08890-4. Epub 2022 Jan 24.

	 45.	 Ullah S, Zhang JY, Liu D, Zhao LX, Liu BR. Transgastric versus transrectal: 
which access route is the best for NOTES gallbladder-preserving gall-
stone therapy? J Dig Dis. 2023;24(8–9):491–6. https://​doi.​org/​10.​1111/​
1751-​2980.​13221. Epub 2023 Sep 11.

	 46.	 Zhang MY, Zheng SY, Ru ZY, Zhang ZQ. Analysis of quality of life 
in patients after transgastric natural orifice transluminal endo-
scopic gallbladder-preserving surgery. World J Gastrointest Endosc. 
2024;16(6):318–25. https://​doi.​org/​10.​4253/​wjge.​v16.​i6.​318.

	 47.	 Bulian DR, Knuth J, Cerasani N, Sauerwald A, Lefering R, Heiss MM. 
Transvaginal/transumbilical hybrid–NOTES–versus 3-trocar needle-
scopic cholecystectomy: short-term results of a randomized clinical 
trial. Ann Surg. 2015;261(3):451–8. https://​doi.​org/​10.​1097/​SLA.​00000​
00000​000218.

	 48.	 Schwaitzberg SD, Roberts K, Romanelli JR, Desilets DJ, Earle D, Horgan 
S, Swanstrom L, Hungness E, Soper N, Kochman ML, Natural Orifice 
Surgery Consortium for Assessment and Research® (NOSCAR®) Clini-
cal Trial Group. The NOVEL trial: natural orifice versus laparoscopic 
cholecystectomy-a prospective, randomized evaluation. Surg Endosc. 
2018;32(5):2505–16. https://​doi.​org/​10.​1007/​s00464-​017-​5955-5. Epub 
2017 Dec 7.

	 49.	 Bulian DR, Walper S, Richards DC, Schulz SA, Seefeldt CS, Thomaidis P, 
Meyer-Zillekens J, Heiss MM. Comparative analysis of postoperative 
pain after transvaginal hybrid NOTES versus traditional laparoscopic 
cholecystectomy in obese patients. Surg Endosc. 2022;36(7):4983–91. 
https://​doi.​org/​10.​1007/​s00464-​021-​08855-7. Epub 2021 Nov 3.

	 50.	 Benhidjeb T, Benhidjeb I, Stark M, Kreisel S, Krüger M, Pfitzenmaier J, 
Schulte Am Esch J. Women’s perception of transgastric and transvaginal 
Natural Orifice Transluminal Endoscopic Surgery (NOTES) - impact of 
medical education, stage of life and cross-cultural aspects. Int J Wom-
ens Health. 2022;14:1881–95. https://​doi.​org/​10.​2147/​IJWH.​S3824​57.

	 51.	 Zhu X, Liu J, Wang F, Zhao Q, Zhang X, Gu J. Influence of traditional 
Chinese culture on the choice of patients concerning the technique for 
treatment of cholelithiasis: cultural background and historical origins 
of gallbladder-preserving surgery. Surgery. 2020;167(2):279–82. https://​
doi.​org/​10.​1016/j.​surg.​2019.​05.​037. Epub 2019 Oct 4.

	 52.	 Shirah BH, Shirah HA, Zafar SH, Albeladi KB. Clinical patterns of 
postcholecystectomy syndrome. Ann Hepatobiliary Pancreat Surg. 
2018;22(1):52–7. https://​doi.​org/​10.​14701/​ahbps.​2018.​22.1.​52. Epub 
2018 Feb 26.

	 53.	 Ahmad DS, Faulx A. Management of postcholecystectomy biliary com-
plications: a narrative review. Am J Gastroenterol. 2020;115(8):1191–8. 
https://​doi.​org/​10.​14309/​ajg.​00000​00000​000704.

	 54.	 Søreide K. Gallstone disease and cancer risk: finding the bug in the sys-
tem. Gastroenterology. 2017;152(8):1825–8. https://​doi.​org/​10.​1053/j.​
gastro.​2017.​04.​028. Epub 2017 Apr 28.

	 55.	 Wang B, Huang A, Jiang M, Li H, Bao W, Ding K, Jiang Z, Zhao G, Hu H. 
Risk factors for early recurrence of gallstones in patients undergoing 
laparoscopy combined with choledochoscopic lithotomy: a single-
center prospective study. Front Surg. 2021;24(8):759390. https://​doi.​
org/​10.​3389/​fsurg.​2021.​759390.

	 56.	 Shang L, Shen X, Niu W, Zhang Y, Han J, Liu H, Liu L, Chen X, Zhang Y, 
Hai S. Update on the natural orifice transluminal endoscopic surgery 
for gallbladder preserving gallstones therapy: a review. Medicine (Bal-
timore). 2022;101(46):e31810. https://​doi.​org/​10.​1097/​MD.​00000​00000​
031810.

	 57.	 Liu J, Zhu X, Zhao Q, Huang K, Zhou D, Zhang X, Gao Z, Liu S, Gu J. A 
new operation for gallstones: choledochoscopic gallbladder-preserving 

cholecystolithotomy, a retrospective study of 3,511 cases. Surgery. 
2022;172(5):1302–8. https://​doi.​org/​10.​1016/j.​surg.​2022.​08.​008. Epub 
2022 Sep 8. P.

	 58.	 Koc B, Karahan S, Adas G, Tutal F, Guven H, Ozsoy A. Comparison of 
laparoscopic common bile duct exploration and endoscopic retro-
grade cholangiopancreatography plus laparoscopic cholecystectomy 
for choledocholithiasis: a prospective randomized study. Am J Surg. 
2013;206(4):457–63. https://​doi.​org/​10.​1016/j.​amjsu​rg.​2013.​02.​004. 
Epub 2013 Jul 17.

	 59.	 Bansal VK, Misra MC, Rajan K, Kilambi R, Kumar S, Krishna A, Kumar A, 
Pandav CS, Subramaniam R, Arora MK, Garg PK. Single-stage laparo-
scopic common bile duct exploration and cholecystectomy versus 
two-stage endoscopic stone extraction followed by laparoscopic 
cholecystectomy for patients with concomitant gallbladder stones and 
common bile duct stones: a randomized controlled trial. Surg Endosc. 
2014;28(3):875–85. https://​doi.​org/​10.​1007/​s00464-​013-​3237-4. Epub 
2013 Oct 26.

	 60.	 Liu DQ, Zhang H, Xiao L, Zhang BY, Liu WH. Single-operator cholangios-
copy for the treatment of concomitant gallbladder stones and second-
ary common bile duct stones. J Gastroenterol Hepatol. 2019;34(5):929–
36. https://​doi.​org/​10.​1111/​jgh.​14468. Epub 2018 Oct 3.

	 61.	 Yang Z, Hong J, Zhu L, Zhang C, Zhou X, Li G, Zhu Y, Liu Z, Zhou X, 
Chen Y. The clinical effect of a strategy called transcystic gallbladder-
preserving cholecystolithotomy based on endoscopic retrograde 
cholangiopancreatography for cholecystolithiasis: a retrospective study 
from a single center. Front Surg. 2023;6(9):1021395. https://​doi.​org/​10.​
3389/​fsurg.​2022.​10213​95.

	 62.	 Gutt C, Schläfer S, Lammert F. The treatment of gallstone disease. Dtsch 
Arztebl Int. 2020;117(9):148–58. https://​doi.​org/​10.​3238/​arzte​bl.​2020.​
0148.

	 63.	 Gao F, Guan D, Wang G, Zhang L, He J, Lv W, Zhang X, Tao W, Dai Y, Xu S, 
Chen Y, Lu B. Effects of oral tauroursodeoxycholic acid and/or intestinal 
probiotics on serum biochemical indexes and bile composition in 
patients with cholecystolithiasis. Front Pharmacol. 2022;24(13):882764. 
https://​doi.​org/​10.​3389/​fphar.​2022.​882764.

	 64.	 Latenstein CSS, de Reuver PR. Tailoring diagnosis and treatment in 
symptomatic gallstone disease. Br J Surg. 2022;109(9):832–8. https://​
doi.​org/​10.​1093/​bjs/​znac1​54.

	 65.	 Navarra G, Pozza E, Occhionorelli S, Carcoforo P, Donini I. One-wound 
laparoscopic cholecystectomy. Br J Surg. 1997;84(5):695.

	 66.	 Teoh AY, Ng EK, Chock A, Swanstrom L, Varadarajulu S, Chiu PW. Asian-
Chinese patient perceptions of natural orifice transluminal endoscopic 
surgery cholecystectomy. Dig Endosc. 2014;26(3):458–66. https://​doi.​
org/​10.​1111/​den.​12192. Epub 2013 Nov 6.

	 67.	 Ye L, Liu J, Tang Y, Yan J, Tao K, Wan C, Wang G. Endoscopic minimal 
invasive cholecystolithotomy vs laparoscopic cholecystectomy in 
treatment of cholecystolithiasis in China: a meta-analysis. Int J Surg. 
2015;13:227–38. https://​doi.​org/​10.​1016/j.​ijsu.​2014.​12.​014. Epub 2014 
Dec 17.

	 68.	 Doi S, Yasuda I, Mabuchi M, Iwata K, Ando N, Iwashita T, Uemura S, 
Okuno M, Mukai T, Adachi S, Taniguchi K. Hybrid procedure combin-
ing endoscopic gallbladder lavage and internal drainage with elective 
cholecystectomy for acute cholecystitis: a prospective pilot study (The 
BLADE study). Dig Endosc. 2018;30(4):501–7. https://​doi.​org/​10.​1111/​
den.​13028. Epub 2018 Feb 26.

	 69.	 Tan YY, Zhao G, Wang D, Wang JM, Tang JR, Ji ZL. A new strategy of 
minimally invasive surgery for cholecystolithiasis: calculi removal and 
gallbladder preservation. Dig Surg. 2013;30(4–6):466–71. https://​doi.​
org/​10.​1159/​00035​7823. Epub 2014 Jan 30.

	 70.	 Zou YP, Du JD, Li WM, Xiao YQ, Xu HB, Zheng F, Huang H, Liu HR, Li HC. 
Gallstone recurrence after successful percutaneous cholecystolithot-
omy: a 10-year follow-up of 439 cases. Hepatobiliary Pancreat Dis Int. 
2007;6(2):199–203.

	 71.	 Liu B, Du B, Pan Y. Video of the month: transrectal gallbladder-
preserving cholecystolithotomy via pure natural orifice translumi-
nal endoscopic surgery: first time in humans. Am J Gastroenterol. 
2015;110(12):1655. https://​doi.​org/​10.​1038/​ajg.​2015.​266.

	 72.	 Hao Y, Yang Z, Yang H, Hong J. Gallbladder-preserving cholecystoli-
thotomy. Expert Rev Gastroenterol Hepatol. 2022;16(3):265–72. https://​
doi.​org/​10.​1080/​17474​124.​2022.​20476​50. Epub 2022 Mar 14.

https://doi.org/10.1097/SLE.0000000000000066
https://doi.org/10.1007/s00104-014-2958-9
https://doi.org/10.1007/s00104-014-2958-9
https://doi.org/10.1007/s00464-021-08890-4
https://doi.org/10.1007/s00464-021-08890-4
https://doi.org/10.1111/1751-2980.13221
https://doi.org/10.1111/1751-2980.13221
https://doi.org/10.4253/wjge.v16.i6.318
https://doi.org/10.1097/SLA.0000000000000218
https://doi.org/10.1097/SLA.0000000000000218
https://doi.org/10.1007/s00464-017-5955-5
https://doi.org/10.1007/s00464-021-08855-7
https://doi.org/10.2147/IJWH.S382457
https://doi.org/10.1016/j.surg.2019.05.037
https://doi.org/10.1016/j.surg.2019.05.037
https://doi.org/10.14701/ahbps.2018.22.1.52
https://doi.org/10.14309/ajg.0000000000000704
https://doi.org/10.1053/j.gastro.2017.04.028
https://doi.org/10.1053/j.gastro.2017.04.028
https://doi.org/10.3389/fsurg.2021.759390
https://doi.org/10.3389/fsurg.2021.759390
https://doi.org/10.1097/MD.0000000000031810
https://doi.org/10.1097/MD.0000000000031810
https://doi.org/10.1016/j.surg.2022.08.008
https://doi.org/10.1016/j.amjsurg.2013.02.004
https://doi.org/10.1007/s00464-013-3237-4
https://doi.org/10.1111/jgh.14468
https://doi.org/10.3389/fsurg.2022.1021395
https://doi.org/10.3389/fsurg.2022.1021395
https://doi.org/10.3238/arztebl.2020.0148
https://doi.org/10.3238/arztebl.2020.0148
https://doi.org/10.3389/fphar.2022.882764
https://doi.org/10.1093/bjs/znac154
https://doi.org/10.1093/bjs/znac154
https://doi.org/10.1111/den.12192
https://doi.org/10.1111/den.12192
https://doi.org/10.1016/j.ijsu.2014.12.014
https://doi.org/10.1111/den.13028
https://doi.org/10.1111/den.13028
https://doi.org/10.1159/000357823
https://doi.org/10.1159/000357823
https://doi.org/10.1038/ajg.2015.266
https://doi.org/10.1080/17474124.2022.2047650
https://doi.org/10.1080/17474124.2022.2047650


Page 12 of 13Zhang et al. BMC Surgery          (2025) 25:238 

	 73.	 Li Y, Han S. Transgastric endoscopic gallbladder polypectomy and chol-
ecystolithiasis: a case report. Exp Ther Med. 2020;19(1):95–8. https://​doi.​
org/​10.​3892/​etm.​2019.​8195. Epub 2019 Nov 13.

	 74.	 Guan F, Zhang M, Wang S. Endoscopic transgastric gallbladder-preserv-
ing cholecystolithotomy for incarcerated gallbladder neck stone (with 
video). Gastrointest Endosc. 2024;9(3):462–3. https://​doi.​org/​10.​1016/j.​
gie.​2023.​10.​008. Epub 2023 Oct 9.

	 75.	 Guarner-Argente C, Beltrán M, Martínez-Pallí G, Navarro-Ripoll R, 
Martínez-Zamora MÀ, Córdova H, Comas J, de Miguel CR, Rodríguez-
D’Jesús A, Almela M, Hernández-Cera C, Lacy AM, Fernández-Esparrach 
G. Infection during natural orifice transluminal endoscopic surgery 
peritoneoscopy: a randomized comparative study in a survival porcine 
model. J Minim Invasive Gynecol. 2011;18(6):741–6. https://​doi.​org/​10.​
1016/j.​jmig.​2011.​08.​001.

	 76.	 Zhao LX, Liu ZZ, Ullah S, Liu D, Yang HY, Liu BR. The detachable bal-
loon: a novel device for safe trans-rectal natural orifice transluminal 
endoscopic surgery. Dig Liver Dis. 2021;53(7):931–4. https://​doi.​org/​10.​
1016/j.​dld.​2021.​04.​019. Epub 2021 May 11.

	 77.	 Guo XW, Liang YX, Huang PY, Liang LX, Zeng YQ, Ding Z. Snare-assisted 
flexible endoscope in trans-gastric endoscopic gallbladder-preserving 
surgery: a pilot animal study. World J Gastroenterol. 2022;28(19):2112–
22. https://​doi.​org/​10.​3748/​wjg.​v28.​i19.​2112.

	 78.	 Soltes M, Rado흫ak J. A risk score to predict the difficulty of elective 
laparoscopic cholecystectomy. Wideochir Inne Tech Maloinwazyjne. 
2014;9(4):608–12. https://​doi.​org/​10.​5114/​wiitm.​2014.​47642. Epub 2014 
Dec 15.

	 79.	 Córdova H, Guarner-Argente C, Martínez-Pallí G, Navarro R, Rodríguez-
D’Jesús A, Rodríguez de Miguel C, Beltrán M, Martínez-Zamora MÀ, 
Comas J, Lacy AM, Thompson CC, Fernández-Esparrach G. Gastric emp-
tying is delayed in transgastric NOTES: a randomized study in swine. J 
Surg Res. 2012;174(2):e61-7. https://​doi.​org/​10.​1016/j.​jss.​2011.​10.​034. 
Epub 2011 Nov 18.

	 80.	 Zhang Q, Cai JQ, Wang Z, Xiao B, Bai Y. Snare combined with endo-
scopic clips in endoscopic resection of gastric submucosal tumor: 
a method of tumor traction. Endosc Int Open. 2019;7(9):E1150–62. 
https://​doi.​org/​10.​1055/a-​0849-​9625. Epub 2019 Aug 29.

	 81.	 Dubcenco E, Grantcharov T, Streutker CJ, Rotstein OD, Baxter NN, Jee-
jeebhoy KN, Baker JP. The development of a novel intracolonic occlu-
sion balloon for transcolonic natural orifice transluminal endoscopic 
surgery: description of the technique and early experience in a porcine 
model (with videos). Gastrointest Endosc. 2008;68(4):760–6. https://​doi.​
org/​10.​1016/j.​gie.​2008.​05.​019.

	 82.	 Liu BR, Ullah S, Li DL, Liu D, Zhao LX, Yang W, Kong LJ, Zhang JY. A 
snare-assisted pure NOTES retrograde cholecystectomy using a single 
channel flexible endoscope: a pilot experiment in a porcine model. 
Surg Endosc. 2020;34(8):3706–10. https://​doi.​org/​10.​1007/​s00464-​020-​
07561-0. Epub 2020 Apr 16.

	 83.	 Von Delius S, Gillen S, Doundoulakis E, Schneider A, Wilhelm D, Fiolka 
A, Wagenpfeil S, Schmid RM, Feussner H, Meining A. Comparison of 
transgastric access techniques for natural orifice transluminal endo-
scopic surgery. Gastrointest Endosc. 2008;68(5):940–7. https://​doi.​org/​
10.​1016/j.​gie.​2008.​02.​091. Epub 2008 Jun 17.

	 84.	 Horgan S, Cullen JP, Talamini MA, Mintz Y, Ferreres A, Jacobsen GR, 
Sandler B, Bosia J, Savides T, Easter DW, Savu MK, Ramamoorthy SL, 
Whitcomb E, Agarwal S, Lukacz E, Dominguez G, Ferraina P. Natural ori-
fice surgery: initial clinical experience. Surg Endosc. 2009;23(7):1512–8. 
https://​doi.​org/​10.​1007/​s00464-​009-​0428-0. Epub 2009 Apr 3.

	 85.	 Schomisch SJ, Furlan JP, Andrews JM, Trunzo JA, Ponsky JL, Marks JM. 
Comparison of anterior transgastric access techniques for natural orifice 
translumenal endoscopic surgery. Surg Endosc. 2011;25(12):3906–11. 
https://​doi.​org/​10.​1007/​s00464-​011-​1818-7. Epub 2011 Jul 26.

	 86.	 Liu L, Chiu PW, Reddy N, Ho KY, Kitano S, Seo DW, Tajiri H, APNOTES 
Working Group. Natural orifice transluminal endoscopic surgery 
(NOTES) for clinical management of intra-abdominal diseases. Dig 
Endosc. 2013;25(6):565–77. https://​doi.​org/​10.​1111/​den.​12154. Epub 
2013 Aug 23.

	 87.	 Kullak-Ublick GA, Paumgartner G, Berr F. Long-term effects of cholecys-
tectomy on bile acid metabolism. Hepatology. 1995;21(1):41–5. https://​
doi.​org/​10.​1002/​hep.​18402​10109.

	 88.	 Houghton PW, Donaldson LA, Jenkinson LR, Crumplin MK. Weight gain 
after cholecystectomy. Br Med J (Clin Res Ed). 1984;289(6455):1350. 
https://​doi.​org/​10.​1136/​bmj.​289.​6455.​1350.

	 89.	 Nervi F, Arrese M. Cholecystectomy and NAFLD: does gallblad-
der removal have metabolic consequences? Am J Gastroenterol. 
2013;108(6):959–61. https://​doi.​org/​10.​1038/​ajg.​2013.​84.

	 90.	 Ruhl CE, Everhart JE. Relationship of non-alcoholic fatty liver disease 
with cholecystectomy in the US population. Am J Gastroenterol. 
2013;108(6):952–8. https://​doi.​org/​10.​1038/​ajg.​2013.​70. Epub 2013 Apr 
2.

	 91.	 Yun S, Choi D, Lee KG, Kim HJ, Kang BK, Kim H, Paik SS. Cholecystectomy 
causes ultrasound evidence of increased hepatic steatosis. World J Surg. 
2016;40(6):1412–21. https://​doi.​org/​10.​1007/​s00268-​015-​3396-7. PMID: 
26796885.

	 92.	 Fan Y, Hu J, Feng B, Wang W, Yao G, Zhai J, Li X. Increased risk of pan-
creatic cancer related to gallstones and cholecystectomy: a systematic 
review and meta-analysis. Pancreas. 2016;45(4):503–9. https://​doi.​org/​
10.​1097/​MPA.​00000​00000​000502.

	 93.	 de Jong JJ, Latenstein CSS, Boerma D, Hazebroek EJ, Hirsch D, Heikens 
JT, Konsten J, Polat F, Lantinga MA, van Laarhoven CJHM, Drenth JPH, 
de Reuver PR. Functional dyspepsia and irritable bowel syndrome are 
highly prevalent in patients with gallstones and are negatively associ-
ated with outcomes after cholecystectomy: a prospective, multicenter, 
observational study (PERFECT - trial). Ann Surg. 2022;275(6):e766–72. 
https://​doi.​org/​10.​1097/​SLA.​00000​00000​004453. Epub 2020 Sep 1.

	 94.	 Wennmacker SZ, Dijkgraaf MGW, Westert GP, Drenth JPH, van 
Laarhoven CJHM, de Reuver PR. Persistent abdominal pain after 
laparoscopic cholecystectomy is associated with increased healthcare 
consumption and sick leave. Surgery. 2018;163(4):661–6. https://​doi.​
org/​10.​1016/j.​surg.​2017.​09.​004. Epub 2017 Nov 10.

	 95.	 Chavez-Tapia NC, Kinney-Novelo IM, Sifuentes-Rentería SE, Torres-Zavala 
M, Castro-Gastelum G, Sánchez-Lara K, Paulin-Saucedo C, Uribe M, 
Méndez-Sánchez N. Association between cholecystectomy for gall-
stone disease and risk factors for cardiovascular disease. Ann Hepatol. 
2012;11(1):85–9.

	 96.	 Sonne DP, Hare KJ, Martens P, Rehfeld JF, Holst JJ, Vilsb繪ll T, Knop 
FK. Postprandial gut hormone responses and glucose metabolism in 
cholecystectomized patients. Am J Physiol Gastrointest Liver Physiol. 
2013;304(4):G413-9. https://​doi.​org/​10.​1152/​ajpgi.​00435.​2012. Epub 
2012 Dec 28.

	 97.	 Shiffman ML, Sugerman HJ, Moore EW. Human gallbladder mucosal 
function. Effect of concentration and acidification of bile on cholesterol 
and calcium solubility. Gastroenterology. 1990;99(5):1452–9. https://​doi.​
org/​10.​1016/​0016-​5085(90)​91175-6.

	 98.	 Cortés VA, Barrera F, Nervi F. Pathophysiological connections 
between gallstone disease, insulin resistance, and obesity. Obes Rev. 
2020;21(4):83. https://​doi.​org/​10.​1111/​obr.​12983. Epub 2019 Dec 8.

	 99.	 Lucas LN, Barrett K, Kerby RL, Zhang Q, Cattaneo LE, Stevenson D, Rey 
FE, Amador-Noguez D. Dominant bacterial phyla from the human gut 
show widespread ability to transform and conjugate bile acids. mSys-
tems. 2021;31:e0080521. https://​doi.​org/​10.​1128/​mSyst​ems.​00805-​21. 
Epub ahead of print.

	100.	 Shapiro H, Kolodziejczyk AA, Halstuch D, Elinav E. Bile acids in glucose 
metabolism in health and disease. J Exp Med. 2018;215(2):383–96. 
https://​doi.​org/​10.​1084/​jem.​20171​965. Epub 2018 Jan 16.

	101.	 Cai J, Rimal B, Jiang C, Chiang JYL, Patterson AD. Bile acid metabolism 
and signaling, the microbiota, and metabolic disease. Pharmacol Ther. 
2022;237:108238. https://​doi.​org/​10.​1016/j.​pharm​thera.​2022.​108238. 
Epub 2022 Jul 2.

	102.	 Kuhre RE, Wewer Albrechtsen NJ, Larsen O, Jepsen SL, Balk-M繪ller 
E, Andersen DB, Deacon CF, Schoonjans K, Reimann F, Gribble FM, 
Albrechtsen R, Hartmann B, Rosenkilde MM, Holst JJ. Bile acids are 
important direct and indirect regulators of the secretion of appetite- 
and metabolism-regulating hormones from the gut and pancreas. Mol 
Metab. 2018;11:84–95. https://​doi.​org/​10.​1016/j.​molmet.​2018.​03.​007. 
Epub 2018 Mar 17.

	103.	 Housset C, Chrétien Y, Debray D, Chignard N. Functions of the Gallblad-
der. Compr Physiol. 2016;6(3):1549–77. https://​doi.​org/​10.​1002/​cphy.​
c1500​50.

	104.	 Jiménez E, Sánchez B, Farina A, Margolles A, Rodríguez JM. Charac-
terization of the bile and gall bladder microbiota of healthy pigs. 

https://doi.org/10.3892/etm.2019.8195
https://doi.org/10.3892/etm.2019.8195
https://doi.org/10.1016/j.gie.2023.10.008
https://doi.org/10.1016/j.gie.2023.10.008
https://doi.org/10.1016/j.jmig.2011.08.001
https://doi.org/10.1016/j.jmig.2011.08.001
https://doi.org/10.1016/j.dld.2021.04.019
https://doi.org/10.1016/j.dld.2021.04.019
https://doi.org/10.3748/wjg.v28.i19.2112
https://doi.org/10.5114/wiitm.2014.47642
https://doi.org/10.1016/j.jss.2011.10.034
https://doi.org/10.1055/a-0849-9625
https://doi.org/10.1016/j.gie.2008.05.019
https://doi.org/10.1016/j.gie.2008.05.019
https://doi.org/10.1007/s00464-020-07561-0
https://doi.org/10.1007/s00464-020-07561-0
https://doi.org/10.1016/j.gie.2008.02.091
https://doi.org/10.1016/j.gie.2008.02.091
https://doi.org/10.1007/s00464-009-0428-0
https://doi.org/10.1007/s00464-011-1818-7
https://doi.org/10.1111/den.12154
https://doi.org/10.1002/hep.1840210109
https://doi.org/10.1002/hep.1840210109
https://doi.org/10.1136/bmj.289.6455.1350
https://doi.org/10.1038/ajg.2013.84
https://doi.org/10.1038/ajg.2013.70
https://doi.org/10.1007/s00268-015-3396-7
https://doi.org/10.1097/MPA.0000000000000502
https://doi.org/10.1097/MPA.0000000000000502
https://doi.org/10.1097/SLA.0000000000004453
https://doi.org/10.1016/j.surg.2017.09.004
https://doi.org/10.1016/j.surg.2017.09.004
https://doi.org/10.1152/ajpgi.00435.2012
https://doi.org/10.1016/0016-5085(90)91175-6
https://doi.org/10.1016/0016-5085(90)91175-6
https://doi.org/10.1111/obr.12983
https://doi.org/10.1128/mSystems.00805-21
https://doi.org/10.1084/jem.20171965
https://doi.org/10.1016/j.pharmthera.2022.108238
https://doi.org/10.1016/j.molmet.2018.03.007
https://doi.org/10.1002/cphy.c150050
https://doi.org/10.1002/cphy.c150050


Page 13 of 13Zhang et al. BMC Surgery          (2025) 25:238 	

Microbiologyopen. 2014;3(6):937–49. https://​doi.​org/​10.​1002/​mbo3.​
218. Epub 2014 Oct 21.

	105.	 Molinero N, Ruiz L, Milani C, Gutiérrez-Díaz I, Sánchez B, Mangifesta M, 
Segura J, Cambero I, Campelo AB, García-Bernardo CM, Cabrera A, Rod-
ríguez JI, González S, Rodríguez JM, Ventura M, Delgado S, Margolles A. 
The human gallbladder microbiome is related to the physiological state 
and the biliary metabolic profile. Microbiome. 2019;7(1):100. https://​doi.​
org/​10.​1186/​s40168-​019-​0712-8.

	106.	 Keren N, Konikoff FM, Paitan Y, Gabay G, Reshef L, Naftali T, Gophna 
U. Interactions between the intestinal microbiota and bile acids in 
gallstones patients. Environ Microbiol Rep. 2015;7(6):874–80. https://​
doi.​org/​10.​1111/​1758-​2229.​12319. Epub 2015 Aug 7.

	107.	 Hu H, Shao W, Liu Q, Liu N, Wang Q, Xu J, Zhang X, Weng Z, Lu Q, Jiao 
L, Chen C, Sun H, Jiang Z, Zhang X, Gu A. Gut microbiota promotes 
cholesterol gallstone formation by modulating bile acid composition 
and biliary cholesterol secretion. Nat Commun. 2022;13(1):252. https://​
doi.​org/​10.​1038/​s41467-​021-​27758-8.

	108.	 Judd S, Miller L, Antaki F. Symptomatic calculi in a remnant gallbladder: 
a rare cause of post-cholecystectomy syndrome and biliary pancreatitis. 
Endoscopy. 2014;Suppl 1 UCTN:E67-8. https://​doi.​org/​10.​1055/s-​0033-​
13591​93. Epub 2014 Feb 12.

	109.	 Chang JY, Jung HK, Moon CM, Kim SE, Shim KN, Jung SA, Min SK. Devel-
opment of functional gastrointestinal disorder symptoms following 
laparoscopic cholecystectomy: a prospective cohort study. Front Med 
(Lausanne). 2023;6(10):1248465. https://​doi.​org/​10.​3389/​fmed.​2023.​
12484​65.

	110.	 Latenstein CSS, Hannink G, van der Bilt JDW, et al. A clinical decision 
tool for selection of patients with symptomatic cholelithiasis for chol-
ecystectomy based on reduction of pain and a pain-free state following 
surgery. jama surg. 2021;156(10):e213706. https://​doi.​org/​10.​1001/​
jamas​urg.​2021.​3706.

	111.	 Rebholz C, Krawczyk M, Lammert F. Genetics of gallstone disease. Eur J 
Clin Invest. 2018;48:e12935.

	112.	 Gao DK, Wei SH, Li W, Ren J, Ma XM, Gu CW, Wu HR. Totally laparoscopic 
gallbladder-preserving surgery: a minimally invasive and favorable 
approach for cholelithiasis. Exp Ther Med. 2015;9(2):395–8. https://​doi.​
org/​10.​3892/​etm.​2014.​2107. Epub 2014 Dec 5.

	113.	 Liu JS, Li JZ, Zhao QK, Jin D, Hou ZS, Huang KQ, Du W, Yu JB, Zhang BS, 
Kang XP. [The analysis of follow-up results of 612 cases of cholecys-
tolithiasis treated with the minimal invasive operation with gallblad-
der preserved via choledochoscopy]. Zhonghua Wai Ke Za Zhi. 
2009;47(4):279–81 Chinese.

	114.	 Li W, Huang P, Lei P, Luo H, Yao Z, Xiong Z, Liu B, Hu K. Risk factors for the 
recurrence of stones after endoscopic minimally invasive cholecysto-
lithotomy in China: a meta-analysis. Surg Endosc. 2019;33(6):1802–10. 
https://​doi.​org/​10.​1007/​s00464-​018-​6455-y. Epub 2019 Jan 30.

	115.	 Qu Q, Chen W, Liu X, Wang W, Hong T, Liu W, He X. Role of gallbladder-
preserving surgery in the treatment of gallstone diseases in young and 
middle-aged patients in China: results of a 10-year prospective study. 
Surgery. 2020;167(2):283–9. https://​doi.​org/​10.​1016/j.​surg.​2019.​09.​001. 
Epub 2019 Oct 9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/mbo3.218
https://doi.org/10.1002/mbo3.218
https://doi.org/10.1186/s40168-019-0712-8
https://doi.org/10.1186/s40168-019-0712-8
https://doi.org/10.1111/1758-2229.12319
https://doi.org/10.1111/1758-2229.12319
https://doi.org/10.1038/s41467-021-27758-8
https://doi.org/10.1038/s41467-021-27758-8
https://doi.org/10.1055/s-0033-1359193
https://doi.org/10.1055/s-0033-1359193
https://doi.org/10.3389/fmed.2023.1248465
https://doi.org/10.3389/fmed.2023.1248465
https://doi.org/10.1001/jamasurg.2021.3706
https://doi.org/10.1001/jamasurg.2021.3706
https://doi.org/10.3892/etm.2014.2107
https://doi.org/10.3892/etm.2014.2107
https://doi.org/10.1007/s00464-018-6455-y
https://doi.org/10.1016/j.surg.2019.09.001

	Research progress in the treatment of gallstones with laparoscopic and endoscopic surgery: a narrative review
	Abstract 
	Background
	Cholecystectomy
	Gallbladder-preserving surgery

	Main text
	Laparoscopic cholecystectomy
	Laparoscopic cholecystectomy
	Natural orifice transluminal endoscopic surgery (NOTES) cholecystectomy

	Gallbladder-preserving cholecystolithiasis
	Choledochoscopy-assisted and laparoscopic combined choledochoscopy gallbladder-preserving stone removal
	NOTES gallbladder-preserving cholecystolithiasis

	Significance of preserving the gallbladder
	Surgical outcomes and prognosis of gallbladder-preserving and gallbladder-removal procedures

	Discussion
	Conclusions
	Acknowledgements
	References


