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Background: Bile duct injury (BDI) is a severe complication following cholecystectomy and is therefore a particularly concerning
surgical predicament for hepatobiliary surgeons. Owing to very high medical compensation awarded to patients suffering from
BDI, surgeons need to exercise caution during surgery to avoid BDI. Herein, we explored a novel method to identify cystic duct
during laparoscopic cholecystectomy (LC), expanding the applicability of this surgical approach.
Methods: Patients receiving LC between April 2021 and October 2022 at the Gaoyou People’s Hospital were included in this
retrospective clinical study and divided into two groups according towhether the cystic duct was incised (one groupwith LC alone,
while another with laparoscopic cholecystectomy and cystic duct exploration [LCCDE]). Clinical and baseline characteristics of
patients were collected, and the preoperative and postoperative biochemical parameters were compared. The surgical outcomes
of LCCDE were observed.
Results: A total of 114 patients had undergone LC, while 162 patients had received LCCDE as treatment. There were no signif-
icant differences in age, gender, common bile duct diameter, preoperative and postoperative biochemical parameters between
the two groups. No significant difference in the mean operation time between the LC and LCCDE groups was noted (p = 0.409).
In the LCCDE group, white secretions in the cystic duct were observed in 92 patients (56.8%).
Conclusions: The presence of intraoperative white secretions in the cystic duct may further confirm the presence of cystic duct,
thereby enabling earlier detection of BDI. Importantly, LCCDE, as the new surgical method explored in this study, does not
extend the operation time.
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Introduction

Since its inception, laparoscopic cholecystectomy
(LC) has been in use for more than 30 years. Through the
continuous advancements of endoscopic equipment, LC has
persistently remained the first-choice approach tomanaging
benign disease of the gallbladder. However, bile duct injury
(BDI) is an unavoidable complication of LC for surgeons
[1,2]. Owing to very high medical compensation awarded
to patients suffering from BDI, surgeons need to exercise
caution during surgery to avoid BDI [3]. The primary cause
of BDI is the erroneous clipping of the common bile duct
(CBD) due to incomplete definition of the gallbladder duct
by surgeons. Hence, precisely defining the cystic duct is
extremely critical during surgery.

Numerous methods are available to forestall the oc-
currence of intraoperative biliary tract injuries, including
Strasberg’s method, subtotal cholecystectomy, funnel tech-
nique (also known as gallbladder neck technique), retro-
grade LC, fluorescence cholangiography, and detection of
anatomical landmarks such as Charlotte’s lymph node and
B-SAFE landmarks [4–8]. Intraoperative cholangiography

(IOC) is a complex procedure that puts patients at risk of X-
ray radiation exposure. It is typically used for patients with
an acute cholecystitis history [9]. The incidence of BDI
was reported to be around 0.15–0.3%, and despite a recent
incidence decrease, BDI remains a completely inevitable
complication [10,11]. Patients with BDI have shorter lifes-
pan due to long-term decline in quality of life, work-related
stress, and psychological burden [12,13].

Herein, we explored a novel method to identify cystic
duct during LC, with the aim of expanding the applicabil-
ity of this surgicgal approach. This novel approach permits
early detection of BDI and thus timely management of the
condition by specialized healthcare personnel.

Materials and Methods

Study Design
Patients receiving LC between April 2021 and Octo-

ber 2022 at the Gaoyou People’s Hospital were included
in this retrospective clinical study and divided into two
groups according to whether the cystic duct had been in-
cised: the LC group comprised patients having received
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LC only, while the laparoscopic cholecystectomy and cystic
duct exploration (LCCDE) group included patients having
been treated with LCCDE. Prior to surgical treatment, all
patients had been subjected to ultrasonography, magnetic
resonance cholangiopancreatography (MRCP), assessment
of biochemical markers, and other related tests. In this
study, only patients with gallstones and cholecystitis were
recruited. Patients suffering from Mirizzi syndrome and
“frozen” gallbladder triangle due to inflammation or fibro-
sis, as well as those with a confirmed diagnosis of choledo-
cholithiasis stones of CBD prior to surgery, were excluded
from this study.

All operations were performed by the same experi-
enced surgeon, and the data were collected from the hospi-
tal database. This study received approval from the Ethics
Committee of Gaoyou Hospital (202301). Consent was ob-
tained from all patients before surgery. The median follow-
up time for both LC and LCCDE groups was 18 months.

Surgical Technique
LC was performed using the routine three-hole or

four-hole method. Following exposure of the Calot’s tri-
angle, the gallbladder duct was separated to further identify
its positional relationshipwith the common hepatic duct and
the common bile duct. Next, from the Hartmann’s pouch,
an adequate length of the gallbladder duct was dissected.
A titanium clip was placed on the gallbladder duct in the
vicinity of the Hartmann’s pouch, and the serosal layer of
the cystic duct to be cut was coagulated with an electric
hook (Fig. 1a). Scissors were used to create an opening of
approximately one-third of the circumference of the cystic
duct near Hartmann’s pouch (Fig. 1b). Next, separating for-
ceps were utilized to squeeze the cystic duct and to aid in the
observation of the presence of white secretions (Fig. 1c–e),
cystic duct stone, and bile (Fig. 1f). If required, the squeez-
ing step was repeated several times to compress the hepa-
toduodenal ligament. If a persistent turbid bile outflow was
noted, IOC was performed. Exploration of CBD was per-
formed if IOC indicated the presence of stones in the CBD.

Precautions
Several precautionary measures should be undertaken

while conducting the surgery:
(i) Before clamping the cystic duct near the Hart-

mann’s pouch with titanium clips, attempts should be made
to reduce the compression of the gallbladder, and gallblad-
der puncture and decompression should be performed if re-
quired.

(ii) Dissection of an adequately long gallbladder duct
should be attempted to avoid the post-exploration retention
of the short gallbladder duct, which will affect the follow-
up operation.

(iii) Before cutting the cystic duct, squeezing the cys-
tic duct using the separating forceps should be avoided.

Statistical Analysis
Categorical variables are presented as absolute num-

bers and percentages, while continuous variables are ex-
pressed as mean medians and standard deviations. Data
analysis was performed using SPSS 26.0 (IBM, Armonk,
NY, USA). As appropriate, categorical variables were an-
alyzed using Fisher’s exact test or Chi-square test. A t-test
was used for inter-group comparison of continuous vari-
ables. Mann-Whitney U test were adopted for the compar-
ison of nonparametric continuous variables. Standard sta-
tistical analyses were performed, and p < 0.05 were con-
sidered to be statistically significant.

Results

Baseline Characteristics
During the period between April 2021 and October

2022, a total of 298 patients had received LC for treatment.
Of these 298 patients, 22 patients with a confirmed diagno-
sis of choledocholithiasis stones of the CBD prior to surgery
were excluded. After excluding subjects that did not meet
the inclusion criteria, 114 patients were assigned to the LC
group, while 162 patients to the LCCDE group. Baseline
information of the patients and relevant preoperative find-
ings are detailed in Table 1. The results showed no differ-
ences in preoperative biochemical parameters, such as lev-
els of total bilirubin (TBIL), direct bilirubin (DBIL), ala-
nine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transferase (γ-GT), and alkaline
phosphatase (ALP). Moreover, both groups demonstrated
no significant differences in age and gender ratio (p = 0.337
and p = 0.118, respectively). The CBD diameter, measured
by MRCP, showed no significant variance between the LC
and LCCDE groups (p = 0.366).

Postoperative Outcomes of the Two Groups
Patient outcomes are presented in Table 2. No signif-

icant difference in the mean operation time was noted be-
tween the LC and LCCDE groups (p = 0.409). Similarly,
the groups showed no significant difference in postoper-
ative biochemical parameters such as TBIL, DBIL, ALT,
AST, γ-GT, and ALP levels. One patient in the LC group
was found to have BDI after operation and was managed
with biliary-enteric anastomosis. In the LC group, two pa-
tients experienced abdominal pain and abnormal liver func-
tion after operation, caused by CBD stones as revealed by
further MRCP, and these patients were discharged after
endoscopic retrograde cholangiopancreatography (ERCP)
treatment. No deaths occurred in either group. There were
no significant differences in postoperative complications
between the two groups (p > 0.05).

Surgical Outcomes of LCCDE
The surgical outcomes of LCCDE are depicted in Ta-

ble 3. In the LCCDE group, white secretions from the cystic
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Fig. 1. Surgical technique of laparoscopic cholecystectomy and cystic duct exploration. (a) A titanium clip was placed on the
gallbladder duct in the vicinity of Hartmann’s pouch, and the serosal layer of the cystic duct to be cut was coagulated with an electric
hook. (b) Scissors were used to make an opening of approximately one-third of the circumference of the cystic duct near Hartmann’s
pouch. (c–e) Separating forceps were employed to squeeze the cystic duct and to assist with the detection of white secretions. The blue
arrow indicates white secretion from the cystic duct. (f) The squeezing step was repeated several times to compress the hepatoduodenal
ligament, and the bile flowing out of the cystic duct.

duct were observed in 92 patients (56.8%). In three patients,
the turbid bile flowed out of the cystic duct after incision,
and clear bile was noted after removal of the cystic duct
stone, a phenomenon we termed as non-persistent turbid

bile. In four patients, incision resulted in persistent turbid
bile outflow from the gallbladder duct, with accompanying
CBD stones confirmed by IOC. Subsequently, CBD explo-
ration was performed.
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Table 1. Baseline information of the patients and relevant preoperative findings.
LC group (n = 114) LCCDE group (n = 162) χ2/t/Z p-value

Age (years) mean ± SD 54.2 ± 12.8 52.7 ± 12.8 0.962 0.337
Gender, n (%) 2.442 0.118

Male 50 (43.9) 56 (34.6)
Female 64 (56.1) 106 (65.4)

CBD diameter (mm)a 4.3 (3.6, 5.3) 4.6 (3.6, 6.3) –0.904 0.366
Preoperative biochemical parameters
TBIL (µmol/L) 18.0 (13.2, 25.6) 15.6 (13.4, 24.0) –1.275 0.202
DBIL (µmol/L) 2.6 (1.8, 4.3) 2.3 (1.5, 3.7) –1.868 0.062
ALT (IU/L) 25.0 (15.0, 33.0) 25.0 (16.8, 36.3) –0.779 0.436
AST (IU/L) 25.0 (18.0, 28.0) 25.0 (18.0, 29.3) –0.541 0.589
γ-GT (IU/L) 58.0 (40.5, 82.3) 68.0 (45.0, 85.3) –1.476 0.140
ALP (IU/L) 72.5 (58.0, 92.5) 77.0 (56.0, 94.0) –0.816 0.415
aInternal diameter of the common bile duct measured by MRCP.
Abbreviations: LC, laparoscopic cholecystectomy; LCCDE, laparoscopic cholecystectomy and cystic duct
exploration; CBD, common bile duct; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine amino-
transferase; AST, aspartate aminotransferase, γ-GT, gamma-glutamyl transferase; ALP, alkaline phosphatase;
MRCP, magnetic resonance cholangiopancreatography.

Table 2. Postoperative patient outcomes of the two groups.
LC group (n = 114) LCCDE group (n = 162) χ2/t/Z p-value

Operation time (min) 47.1 ± 18.3 49.0 ± 18.5 –0.827 0.409
Postoperative biochemical parameters

TBIL (µmol/L) 18.0 (15.0, 25.0) 16.2 (14.0, 25.0) –0.945 0.344
DBIL (µmol/L) 2.0 (1.5, 2.8) 1.8 (1.4, 2.5) –1.476 0.140
ALT (IU/L) 46.0 (25.0, 56.0) 41.0 (25.0, 57.3) –0.697 0.486
AST (IU/L) 42.5 (25.0, 56.0) 41.5 (25.0, 54.0) –0.682 0.495
γ-GT (IU/L) 75.0 (44.3, 84.0) 79.5 (48.0, 85.0) –0.855 0.393
ALP (IU/L) 85.0 (71.8, 95.3) 85.0 (80.0, 96.0) –1.350 0.177

BDI, n (%) 1 (0.9) 0 1.426 0.232
Postoperative CBD stones, n (%) 2 (1.8) 0 2.863 0.091
30-day mortality, n (%) 0 0 - -
PCS, n (%) 1 (0.9) 0 1.426 0.232
Abbreviations: BDI, bile duct injury; PCS, post-cholecystectomy syndrome.

Table 3. Surgical outcomes of LCCDE.
Surgical outcome n (%)

White secretion, n (%) 92 (56.8)
Bile outflow

Clear bile, n (%) 155 (95.7)
Non-persistent turbid bile, n (%) 3 (1.9)
Persistent turbid bile, n (%) 4 (2.5)
Cystic duct stones, n (%) 3 (1.9)
CBD stone, n (%) 4 (2.5)

Discussion

The present study aimed to explore a new approach
to identifying cystic duct while performing LC. White se-
cretions in the cystic duct were detected in 56.8% of the
patients in the LCCDE group. The mucosal surface of the
cystic neck and the section of the gallbladder duct near the

neck has numerous mucosal folds that form a spiral valve,
commonly known as the spiral valves of Heister [14]. The
main function of these valves is to regulate the entry and
exit of bile, allowing the diluted liver bile to enter the gall-
bladder and the concentrated bile to pass out of the gallblad-
der, thus forming a passage for bile to enter and exit from
the gallbladder. The dysregulated secretory function of the
gallbladder and the Heister spiral valves in the gallbladder
duct are probably the drivers of white secretions. Due to
the blocking effect of the Heister spiral valves, the white
secretions cannot be discharged instantly and completely
into the CBD. Upon entering the CBD, the white secretions
gain entry into the liver, triggering the production of a large
amount of bile daily in the intestine. The white secretions
are present only in the cystic duct and absent in the hepatic
duct, and do not stay long in the CBD.

The new approach allows easy identification of the
cystic duct upon detecting white secretions from it follow-
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ing incision, enabling earlier pinpointing of the injured cys-
tic duct or minimizing the number of procedures required
for cystic duct confirmation. Absence of white secretion af-
ter incision may suggest that the duct is actually CBD. This
guideline aids in the identification of either CBD or cys-
tic duct, which is instrumental for early detection of BDI.
Timely detection of BDI and accurate characterization of
the injury type is critical to early referral and management.
Nonetheless, few cases of BDI were reported to have been
identified during cholecystectomy, and their occult symp-
toms additionally account for the diagnostic delay follow-
ing surgery [15–17]. In this study, the volume of white se-
cretions in the cystic duct during the operation varied across
the patient cohort but was markedly different from the bile
volume. The absence of white secretions in a portion of
CBD may be related to the weakening of the Heister valve
after dilation of the cystic duct, occlusion or inflammation
of the cystic duct, cystic duct stones, distinctive anatomi-
cal and physiological factors of each patient, or the surgical
procedure.

In this study, no significant differences were noted be-
tween the LC and LCCDE groups in terms of age, gen-
der, preoperative diameter of the CBD, and preoperative
and postoperative TBIL, ALT, AST, γ-GT, and ALP levels.
This finding proved that LCCDE did not affect postopera-
tive liver function recovery. Similarly, the operation dura-
tion of the LCCDE group did not differ significantly from
that of the LC group implying that surgery on the cystic duct
is not a complex procedure. Furthermore, the presence of
white secretion in the cystic duct obviates the need for ad-
ditional verification steps to confirm the identity of cystic
duct.

The present study suggests implementing IOC after
cystic duct incision if the outflow of persistent turbid bile
indicates the presence of CBD stone. Besides, choledo-
chotomy and choledochoscopy should be performed for the
removal of CBD stones. In this study, a patient with the
cystic duct stone showed nonpersistent turbid bile flow-
ing out of the gallbladder duct following its exploration.
Although MRCP is routinely deployed for the preopera-
tive diagnosis of biliary system stones, detection of small
stones in the CBD proves to be challenging, especially for
stones with sediment [18,19]. Usually, residual CBD stones
only occur in the case of unalleviated symptoms or exacer-
bated liver dysfunction, which delays the management of
the disease; further treatment is required to eradicate the
residual stones. A patient in this study exhibited persistent
outflowing of turbid bile after CBD exploration. Preopera-
tive MRCP was conducted on this patient but did not reveal
signs of choledocholithiasis. However, CBD stones were
detected by IOC, and choledochotomy was performed for
stone extraction. IOC was performed in this case because
this technique is generally used to determine whether the
stones of the CBD are present during LC [20].

After cholecystectomy, certain patients may suffer
from post-cholecystectomy syndrome (PCS), which en-
compasses symptoms such as abdominal pain, jaundice,
and dyspepsia [21,22]. While the specific causes of PCS re-
main unclear, speculations abound that it may be related to
residual cystic duct stones and infection after cholecystec-
tomy [23]. Nevertheless, LCCDE stands out as a potential
avenue for reducing the predisposition to PCS by maintain-
ing the patency of cystic duct and ensuring the persistent
flow of clear yellow bile from the cystic duct to reduce the
occurrence of residual stones and infection in the duct; how-
ever, further research on this aspect is warranted.

The LCCDE procedure is similar to intraoperative
transcystic cholangiography and does not increase the bur-
den of postoperative complications following LC. Our pre-
liminary results showed that LCCDE is superior to LC alone
in terms of the rates of BDI, postoperative residual choledo-
cholithiasis, PCS and other related complications, but this
needs to be confirmed in further studies.

Several strengths of this study should be acknowl-
edged. The white secretion inside the cystic duct, first de-
tected during LC, can serve as an indicative marker for con-
firming cystic duct during surgery. Advanced intraoper-
ative detection of BDI through LCCDE can avoid further
serious injury and allow for timely treatment by special-
ized healthcare personnel as well as efficient communica-
tion with the patient’s family so as to reduce the incidence
of medical conflict between doctors and patients. Taken
together, the integration of cystic duct exploration can im-
prove the safety profile of LC, decrease the occurrence of
BDI and earlier detection of BDI.

A prominent limitation of this study is the lack of find-
ings concerning the white secretion components, as well as
the limited elucidation of the production of its components
and the mechanism of action of the white secretion.

Conclusions

In conclusion, the detection of white secretions in the
cystic duct during LC serves as a reliable indicator for
the identification of the cystic duct, thereby facilitating the
early detection of BDI. This study also establishes the need
to implement post-IOC CBD exploration if persistent tur-
bid bile and CBD stones are detected. Upon diagnosis,
CBD stones should be extracted with a choledochoscope
after choledocholithotomy. Additionally, LCCDE, a new
surgical method explored in this study, does not extend the
operation time.

Abbreviations

BDI, bile duct injury; LC, laparoscopic cholecystec-
tomy; CBD, common bile duct; LCCDE, LC and cystic duct
exploration; IOC, intraoperative cholangiography; MRCP,
magnetic resonance cholangiopancreatography; TBIL, total
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bilirubin; DBIL, direct bilirubin; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; γ-GT, gamma-
glutamyl transferase; ALP, alkaline phosphatase.
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