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ABSTRACT: Laparoscopic devices have had significant effects in many areas of surgery, and have also greatly affected
gallbladder surgeries. Aim and method: For these reasons, to investigate the effect of laparoscopic devices on bile duct injuries
and surgical treatment; articles published on this subject were analyzed and evaluated in our study. As a result of our study, it
was shown that providing safe surgical conditions, making the bile ducts visible before surgery, and performing these surgeries
by experts in hepatobiliary surgery can significantly reduce BDI rates with laparoscopic devices. In addition, early surgical
intervention, Roux en-Y hepatobiliary anastomosis technique in major injuries, and laparoscopic and robotic surgery can provide
more successful results with 3D imaging in bile duct injuries. Conclusion: According to the results of our study; laparoscopic
devices have led to exciting developments in cholecystectomy surgeries. Since the abdominal wall is not opened, surgery times
have been significantly shortened and excellent cosmetic results have been obtained. On the other hand, since 3D vision cannot
be provided with this method, there has been an increase in the incidence of serious complications such as bile duct injuries.
Therefore, it would be more appropriate to use safe surgical methods in laparoscopic cholecystectomies.
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OZET: Laparoskopik cihazlar cerrahide birgok alanda 6nemli etkiler yarattig1 gibi, safra kesesi ameliyatlarinida biiyiik 6lgiide
etkilemistir. Amag ve Yontem: Bu nedenlerle ¢aligmamizda laparoskopik cihazlarin safra yolu yaralanmalari ve cerrahi tedavisi
iizerindeki etkilerini aragtirmak amaciyla bu konuda yayinlanmis makaleler analiz edilmis ve degerlendirilmistir. Calismamizin
sonucunda giivenli cerrahi kosullarin saglanmasi, safra yollariin ameliyattan dnce goriiniir hale getirilmesi ve bu ameliyatlarin
hepatobiliyer cerrahi konusunda uzman kisiler tarafindan yapilmasmin laparoskopik cihazlarla BDI oranlarmi énemli 6lgiide
azaltabilecegi gosterilmistir. Ayrica erken cerrahi miidahale, major yaralanmalarda Roux en-Y hepatobiliyer anastomoz teknigi
ve laparoskopik ve robotik cerrahi safra yolu yaralanmalarinda 3 boyutlu goriintiilleme ile daha basarili sonuglar elde edilebildigi
ortaya konulmustur. Degerlendirme: Yaptigimiz ¢alismanin sonuglarmma gore; laparoskopik cihazlar kolesistektomi
ameliyatlarinda heyecan verici gelismelere yol agmistir. Karmn duvari agilmadigi i¢in ameliyat siireleri 6nemli 6l¢iide kisalmis
ve miikemmel kozmetik sonuglar elde edilmistir. Ote yandan bu yontemle 3 boyutlu goriis saglanamadigi i¢in safra yolu
yaralanmalar1 gibi ciddi komplikasyonlarin goriilme sikliginda artis olmaktadir. Bu nedenle laparoskopik safra kesesi
ameliyatlarinda giivenli cerrahi yontemlerin kullanilmasi daha dogru olacaktir.

ANAHTAR KELIMELER: Laparoskopik cihazlar, kolesistektomi, safra yollari, yaralanma.

1. INTRODUCTION

Professor Muko of Boblingen performed Laparoscopic Cholecystectomy (LC) for the first time on a patient in Germany in 1985
and opened a new era in hepatobiliary surgery [1]. Thus, cholecystectomy surgeries began to be performed much more quickly
than open surgery, without opening the abdominal wall, and with excellent cosmetic results. After this fantastic new surgical
method by Boblingen, LC was predominantly applied in cholecystectomy surgeries and complications of different nature and
rates began to occur compared to open cholecystectomy (OC).

In today's world, approximately 500,000 LC surgeries are performed each year. As a result, complications such as bile duct
injuries (BDI), vascular injuries [2,3,4], stone formation in the cystic duct stump, intestinal injuries [3], lymphatic injuries [5],
and bilioma formation [6] may occur, which can sometimes result in death. Despite this, the prevalence of laparoscopic methods
in cholecystectomies has significantly decreased the incidence of some complications such as postoperative hernia and wound
infection [3]. Since BDI is still the most common complication in LC operations, the effects of LC on BDI and surgical treatment
were reviewed in our study.
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2. EFFECTS OF LAPAROSCOPIC CHOLECYSTECTOM ON BILE DUCT INJURIES

The most important technical difference in LC operations compared to OC is that the vision during the operation is 2-dimensional
rather than 3-dimensional, and there is no depth vision. Therefore, the risk of trauma is higher in all kinds of manipulations
performed in the abdomen. Although morbidity and mortality rates can be significantly reduced with LC compared to OC, a
significant decrease in BDI rates has not been achieved despite the many years that have passed (Table 1) [3,7,8,9,10, 11,12].
This may be due to the lack of 3-D vision in LC surgeries. BDI incidences according to the results of studies by some authors,
in LC and OC operations are shown in (Table 1).

Table 1. BDI incidences according to the results of studies by some authors, in LC and OC operations.

Author Ref. No Number of oc* LC* BDI
cases Incidence
Deziel 3 77.604 + 0.6
Reinso 7 29.739 + 0.81
Tantia 17 13.305 + 0.39
Elser 10 769.792 + 0.1
Gutierrez 11 387.501 + 0.2
Barret 24 319.184 + 0.23
Tangarona 37 1.630 + 0.95
Tangarona 37 3.054 + 0.6
Roslyn 15 42.474 + 0.02

OC* : Open cholecystectomy
LC** : Laparoscopic cholecystectomy
BDI***: Bile duct injury

Emara et al. reported in a study that BDIs are seen at a higher rate in LCs than in OCs [13]. In a study conducted by Deziel in
1993 in US, the BDI incidence was found to be 0.6% in 77,604 LC cases [3]. In a study conducted by Reinso et al. on 29,739
LC cases, the overall BDI incidence was found to be 0.81%, minor injuries 0.68%, and major injuries 0.13%(Table 1) [7]. In a
study conducted by Kaman et al., it was reported that the mechanism and extent of major BDIs in LC and OC were different, but
the clinical findings and BDI level were the same [14]. In a study conducted by Roslyn et al. on 42,474 cases who underwent
OC, the incidence of BDI was 0.02% and overall mortality was 0.17% [15]. The authors reported that the mortality rate was
related to the duration of hospitalization, age of the patients, admission status (elective, urgency emergent) and the status of the
disease. In a study conducted by Dogan et al., it was reported that morbidity and mortality rates were high in BDI cases that
underwent reconstruction, and also quality of life decreased for many years after treatment [16]. A study conducted by Tantia et
al. analyzed 13,305 LC cases performed by a single center and single surgeon team. BDI was detected in 52 (0.39%) cases.
Intraoperative diagnosis was made in 32% (0.24) of these cases and postoperative diagnosis was made in 20 cases. There was
no mortality. The authors reported that LC is as safe a method as OC when performed in accordance with safe surgical standards
(Table 1) [17]. In a study conducted by Zanghami et al. in Iran, the most commen symptoms of BDIs are fever, jaundice, pain,
and pruritus were reported. It has been stated that the most important laboratory findings are increased bilirubin level,
leukocytosis and increased liver function tests [18].

In a multicenter analytical study by Moldovan et al. revealed 108 BDI and vascular injury in 16,559 LC cases. A clinical and
surgical algorithm was generated for management in iatrogenic BDI cases (Table 1) [2]. In a study conducted by Deziel and
colleagues published in the same year, 1.2% of 77,604 cases undergoing LC were converted to OC, and BDI was seen in 0.6%
of cases [3]. Elser and colleagues stated the BDI rate as 0.1% in a large LC series of 769,792 cases [10]. According to the results
obtained in the same study, it was reported that mortality increased in cases with biliary colic, obesity, pancreatic and chronic
liver disease, and choledochal injuries, and costs decreased in operations performed on the same day. They stated that USG and
contrast-enhanced MRI are safe and effective in diagnosis and endoscopic management in BDIs. In a study by Gutierrez et al.,
it was reported that BDI was seen in 0.2% of 387,501 LC cases [11]. The authors determined that acute cholecystitis, obesity
and steatohepatitis constitute the lethal triad in LCs. They reported that the BDI rate increased to 1.49% in cases with lethal triad
and was 0.09% in other cases and lethal triad is an independent risk factor according to the results of multivariate analysis. In a
study conducted by Indal and colleagues, it was reported that LC operations should be performed by hepatobiliary specialists,
and that BDI rates can be reduced when safe LC is performed using methods such as B SAFE strategy, R4U line, Bail-out [19].
Seshadri and colleagues reported in a study that the most important risk factors leading to BDIs are anatomical variations of the
bile ducts, and therefore, in difficult cholecystectomies, a subtotal or top-down cholecystectomy technique should be performed
to avoid the risky hepatocystic triangle [20].

Acute cholecystitis is one of the most important risk factors for the occurrence of BDI in LC operations. For this reason, many
authors have reported that acute cholecystitis cases should be classified as difficult cholecystectomy and safe cholecystectomy
methods should be performed during the operation [11, 20, 21, 22,23]. In a study conducted by Ali et al., it was reported that
70% of 37 BDI cases underwent LC and 29.7% underwent OC, and one case with bile leakage and bilioma formation was treated
with endoscopic percutaneous intervention [6]. Some studies have reported lower BDI incidence in LC operations.
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In a study conducted in the USA by Barnett et al., it was reported that BDI was seen in 741 cases (0.23%) in a LC series of
319,184 cases [24]. Some authors explain the low BDI rates by the fact that LC is a more minimally invasive procedure [25].
In a study conducted by Lopez et al., they aimed to define a Textbook Outcomes (TO) to determine the ideal treatment of BDIs
and collected data from 27 patients between 1990 and 2022. TO results were obtained in 394 of the 508 patients included in the
study. Complication rates were determined as 11.9% in the TO group and 8% in the non-TO group. Based on these results, they
reported that TO largely depends on where the BDI is treated and the type of wound [26]. In a study conducted by Symeonidis
et al., they formed a new classification (BILE Classification) and algorithm for better management of iatrogenic BDIs. They
reported that this practical classification and treatment algorithm was more effective in BDI management [8]. In a study
conducted by Cai et al., in which fluorescence cholangiography was used to prevent BDIs in LCs, patients were divided into two
groups; indocyanine was given intraglandularly to the the first group (Group A) and intravenously to the second group (Group
B). At the end of the study, it was reported that the operative time was shorter in the group A and preoperative diagnosis was
made more easily [27]. It was also determined that no fluorescence was observed in the group B, if there was an impacted stone.
In a study conducted by Symeonidis et al., a randomized controlled standard cholangiography and indocyanine green
fluorescence cholangiography were compared for biliary anastomosis visualization and the results were reported to be the same
[28]. In a study conducted by Edebo et al., they compared the effects of intraoperative laparoscopic USG and intraoperative
cholangiography to increase biliary tract visualization in LC. According to the findings obtained at the end of the study, no
significant difference was found between the two methods in of mortality, BDI incidence, and retarded gallstone. However, the
rate of conversion to OC was found to be lower in cases with laparoscopic USG, probably due to the shorter imaging period [29].
In a study conducted by Freesmeyer et al., it was reported that (68Ga) Ga-TES-DAZA and PET-CT were effective methods for
localization of biliary leakage when BDI occurred in cases undergoing LC [30].

Critical View of Safety (CVS) can significantly reduce BDI rates in LC cases. In a study conducted by ACB Blitzikov, it was

shown that the application of the method described by Strasberglin was effective in preventing significant complications in LCs
[31]. According to some authors' studies, BDI rates in cases with and without CVS are shown in (Table 2).

Table 2. BDI rates in cases with and without CVS in some authors’ studies.

Author Ref. No CVS* LC™ NON-CVSLC BDI™ rate %
Klos 35 + 0.06
Bansal 33 + 0.05
Singh 32 + 0
Singh 32 + 2
Deziel 3 + 0.6

CVS* : Critical view of safety.
LC** : Laparoscopic cholecystectomy
BDI*** : Bile duct injury

In a study conducted by Singh et al., the effect of CVS on preventing BDI in LCs was investigated. As a result of the study, CVS
was achieved in 14 out of 100 LC cases. It was reported that in all of these cases, the hospitalization period was long, 12 of them
were converted to OC, and BDI occurred in 2% of the cases (Table 2) [32]. In a study conducted by Bansal et al., CVS was
performed under proctored preceptorship in 3726 LC cases. It was shown that major BDI could be reduced to rates as low as
0.05% with this method(Table 2)[33].In a prospective study conducted by Ortenzi et al., patient groups who underwent
intraoperative cholangiography using white light for CVS were compared, and it was determined that the most effective method
for CVS was near-infrared fluorescence cholangiography[34].In a study conducted by Klos et al., it was shown that BDI occurred
in 186 out of 76,345 cholecystectomies in the Czech population (0.24%). LC was performed in 0.84.7% of these cases and OC
in 15.3%. BDI occurred in 0.06% of LC cases that underwent CVS and in 1.28% of OC cases. According to the results of the
study conducted by the authors, it was reported that BDI rates were very low in LCs performed in accordance with CVS standards
(Table 2) [35]. In a study conducted by Manal et al., it was reported that the average age of 60 BDI cases seen after LC was 45
years and 75% of the cases were female [36]. It was stated that the most important symptoms in these cases were jaundice,
abdominal pain and bile discharge and the most appropriate methods for imaging were magnetic resonance
cholangiopancreatography. It was reported that the most frequently performed operations were Roux en-Y
choledochojeumostomy, choledochoduodenostomy, and primary suture with T tube. Bile leakage (10%), wound infection (15%)
and recurrent cholangitis (5%) occurred as complications.

In a prospective study conducted by Tangarona et al., patients were divided into 2 groups; LC surgeries were performed in one

group and OC surgeries were performed in the other group. According to the results of the study, BDI rates were higher in the
LC group [37].
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3. EFFECTS OF LAPAROSCOPIC SURGERY ON SURGICAL TREATMENT OF BILE DUCT INJURIES

Laparoscopic and robotic surgery have also had significant effects on the surgical treatment of BDI cases. In a study conducted
by Cai et al., it was stated that the place of endoscopic management in BDIs is increasing. It has been reported that applications
such as endoscopic duodenal papillary sphincteromy, endoscopic hepatobiliary drainage, and endoscopic biliary stent
implantation have a significant effect on the surgical treatment of BDIs occurring in LCs [23]. In a study conducted by Yang et
al., early surgical repair (average 14.2 days) was performed with 3D visualization technique in 15 cases with BDI. Roux-en-Y
anastomosis and hepaticojejunostomy were performed in all cases. The average operation time was 156.4 minutes, and the
average hospitalization time was 16 days. Mild bile leakage was observed in one case, which healed with conservative treatment.
The patients were followed up for an average of 34 months and no complications such as stone formation or anastomotic stenosis
were observed [38]. This study demonstrated the importance of 3D vision in surgical treatment when BDI occurs in LCs. In a
study conducted by Petkov et al., in the last 10 years, minimally invasive interventions were performed with endoscopy and
interventional radiology in 30 cases with BDI, and the cases were treated with zero mortality. Therefore, the importance of
multidisciplinary intervention in BDI cases was emphasized [25].

In a study conducted by Cubisina et al., it was reported that safe and effective repair can be performed with minimally invasive
robotic surgery in BDI injuries occurring in LCs [39]. In a study conducted by Raysan et al., bile ducts reconstruction was
performed with robotic surgery in 33 patients with BD injuries [40]. The average operation time was 272 minutes and the average
hospital stay was 4 days. The patients were followed up for an average of 33 days. Only one case underwent revision due to
stricture. No other complications were observed in any of the patients. Mortality was zero. According to the results of the study,
it was reported that robotic surgery reconstruction is an effective and safe method when BDI occurs in LCs.

Some articles reporting that choledochal injuries are more common in robotic cholecystectomies than in OC. In a retrospective
study by Dicken et al., it was reported that common bile duct injuries were significantly more common in robotic
cholecystectomies than in LCs [41].

In a study conducted by Montalvo-Save et al., the main bile ducts were replaced with bioprostheses in 16 male pigs. During the
24-month follow-up period, liver function tests and epithelialization were found to be normal, and bile flow continued normally.
The authors reported that reconstruction with bioprosthesis in BDIs may be safe and effective [42].

In a study conducted by Chance et al., tips were given and tricks were emphasized to prevent BDI in LCs [43]. It was stated that
obesity, liver cirrhosis, duration and severity of cholecystitis, anatomical variation, surgeon experience and comorbidity were
the most important risk factors. It was reported that Rouvieners Sulcus, segment 4, umbilical fissure line were important
anatomical markers for safe dissection in order to reduce BDI rates. It was emphasized that dissection in the hepatocystic triangle
was risky and that the surgeon should convert to subtotal cholecystectomy or OC when necessary. According to the results of
their study, there was a shorter hospitalization time in cases with robotic biliary anastomosis (36.1%) compared to those with
laparoscopic anastomosis (63.1%) and no case was converted to OC, while OC was converted to 4 of the cases with laparoscopic
anastomosis. It was observed that morbidity was similar in both groups. In a study conducted by Blohm et al. on 154,937
cholecystectomy cases, it was revealed that BDI rates were affected by the number of surgeries performed by the surgeon. The
incidence of BDI was found to be higher in low-volume surgeons [44].In a study conducted by Tinoco et al., it was reported that
laparoscopic hepaticojejunostomy is an effective treatment method with low complication rates in cases with total circumferential
BDI injury[45]. It was emphasized that LC was performed in 83.3% of the cases with BDI and OC was performed in 13.6%,
therefore, it is necessary to comply with safe surgery standards in LC cases.

In a study conducted by Khalit et al., an artificial intelligence algorithm was developed to prevent BDIs with real-time
intraoperative decision support in LCs and to warn to stop in dangerous areas and continue dissection in safe areas. According
to the results obtained in the study, it was shown that intraoperative decision support with artificial intelligence was effective in
preventing BDIs [46].

4. CONCLUSION

According to the results obtained in our study, in cholecystectomy surgeries performed with laparoscopic devices, BDI rates are
higher than OC and there has been no significant decrease in the incidence of BDI despite the 40-year period following the first
LC surgeries. The incidence of BDI is still lower in OC cases than in LC. Probably the biggest reason for this is the lack of a 3-
dimensional view in LCs. Accordingly, manipulations performed in the abdomen with laparoscopic instruments causes more
trauma. In fact, the results in BDI cases where laparoscopic surgery is performed by providing a 3-dimensional view are much
more successful than OC.

Due to this important handicap of LC, the CVS program should be applied in all cases to avoid bile duct traumas and eliminate
risk factors, and the bile ducts should be made visible with various advanced examinations before surgery. However, these
surgeries should definitely be performed by experienced surgeons, and great effort should be made to detect BDI injuries during
and after surgery for early surgical intervention in BDIs. Because early treatment results are better. Robotic surgery is not yet
widely used in routine practice because it requires special personnel and equipment and is expensive.

In difficult cases, LC should not be insisted on and OC should be converted or partial cholecystectomy or top-down
cholecystectomy should be performed.
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