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Abstract: Background and Aims: We compared the clinical outcomes between double tract cholecystostomy combined with choledochoscope for cholecystolithotomy and laparoscopic-choledochoscopy-assisted removal of cholecystolithotomy (LRCL) after cholecystostomy in high risk patient. Methods: 19 cases of cholecystolithotomy and 20
cases of LRCL were collected in Chengdu Military General Hospital from January 2011 to november 2012. The therapeutic effect such as surgery time, bleeding volume, hospital stay, hospitalization cost and the quality of life were
retrospectively analyzed. The follow-up time was ranged from 6-24 months after discharge, respectively. Results: All
the cholecystostomy were performed successfully. Gallbladder stones of 19 patients in cholecystolithotomy group
were completely and successfully removed without any complications such as bleeding, biliary leakage. In LRCL
group, 20 patients successfully underwent laparoscopy combined with choledochoscopy and cholelithotomy. In this
group, biliary fistula was detected in two patients, and one of which showed signs of bleeding. The incidence rate
of gastrointestinal adverse reaction was higher than that of double-channel cholelithotomy. Conclusions: The effect
of double-channel cholelithotomy was better and showed fewer complications than LRCL method. Thus, doublechannel cholelithotomy can be used as the preferred strategy to treat critical cholecystolithiasis in elderly patients.
Keywords: Cholecystolithotomy, minimally invasive therapy, percutaneous cholecystostomy, choledochoscope,
laparoscopic-choledochoscopy-assisted cholecystolithotomy

Introduction
The prevalence of cholecystolithiasis accounted for 10% of the normal population. A high
morbidity rate of this disease is observed in the
elderly [1]. Surgical treatment for cholecystolithiasis has been introduced more than 100
years ago. Considering the development of minimally invasive techniques and new cognition
on the functions of the gallbladder, we should
re-examine the traditional treatment scheme of
cholecystolithiasis and develop novel therapeutic strategies for this special group of elderly
patients with critical cholecystolithiasis. The
cholelithotomy operation involves three stages,

including gallbladder fistula lithotomy invented
by American surgeon Bobbos in 1867, through
which the right small subcostal incision is combined with choledochoscopy and cholelithotomy under a laparoscope combined with choledochoscope. However, these subjects represent
an “active preserving gallbladder” group. The
group with the ultrasound-guided double-channel gallbladder puncture fistulization combined
with choledochofiberscope preserving gallbladder cholelithotomy mainly aimed to achieve
“passively preserving gallbladder” patients who
are of advanced age, high risk, cannot tolerate
anesthesia during operation, exhibited pneumoperitoneum, or had obvious operation con-
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ening and edema (wall thickness ≥
5 mm; double-ring sign), and
Double-channel
LRCL group
P
APACH-II ≥ 8. Up to 19 patients
lithotomy group
(n = 20)
Value
underwent choledochoscope cho(n = 19)
ledocholithotomy after doubleAge (years)
68.74.0
68.93.4 0.894
channel gallbladder puncture fistuGender
Male
6
8
0.416
lation (dual-channel preserving
Female
13
12
gallbladder cholelithotomy group);
Size of the stones
11.8±2.7
12.2±2.8 0.736
26 patients underwent LRCL after
Number of stones Single
4
6
0.394
gallbladder fistula (LRCL group). In
Multiple
15
14
the initially included LRCL group,
Thickness of gallbladder wall
6.4±1.7
7.3±1.7
0.141
two cases were converted to lapaGallbladder volume
103.1±6.6
102.2±6.9 0.696
roscopic cholecystectomy because
APACH-II
11.4±1.8
11.3±1.8 0.905
the adhesive tissue was difficult to
*B ultrasound shows the gallbladder maximum diameter (L), anteroposterior
be separated. Three cases were
diameter (H), transverse diameter (W), and gallbladder volume = π/6 * L *
converted to laparotomy because
H * W.
cholecystitis was severe, the gallbladder wall was decayed, and
operation cannot be conducted. The oxygen
saturation continued to fall under general anesthesia. One patient exhibited pneumoperitoneum, which cannot be relieved after oxygen inhalation through oxygen mask. The operation was
terminated emergently, and the patient was
transferred to the ICU. The above unsuccessful
LRCL cases were excluded. Therefore, 20
patients were eventually included in the LRCL
group. In addition, 19 patients were included in
the double-channel preserving gallbladder cholelithotomy group. The general data showed no
significant difference between the two groups
Figure 1. Ultrasound-guided surface puncture point.
(P > 0.05), but the results were comparable
(Table 1). This research was carried out in
accordancewith the Helsinki Declaration.
traindication. To assess the safety and effecTable 1. Comparison of general data in two groups

tiveness of the proposed method, the elderly
acute gallstone patients, who received cholelithotomy after dual-channel gallbladder puncture fistulation, were admitted in our department and compared with the elderly acute gallstone patients who underwent LRCL after gallbladder fistula at the same period in this study.
Patients and methods
Patients
The 45 patients were treated from January
2011 to november 2012 at the Chengdu
Military General Hospital. The patients were
selected on the basis of the following conditions: signs and symptoms of typical acute cholecystitis, elderly patients requiring gallbladder
fistulation, ultrasound-confirmed cholecystolithiasis, gallbladder volume > 90 ml, wall thick-
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Materials and equipment
A Philips iu22 ultrasound diagnosis system
(Philips, Amsterdam, the Netherlands) was
used to perform the operation, and a Pentax
EPM-3500/ECN-1530 (Pentax, Tokyo, Japan)
choledochoscope system was used to remove
the gallbladder stones. The electrohydraulic
lithotripsy was made by pudong company
(Guangzhou, China). The percutaneous cholecystostomy catheter was a Pigtail Drainage
Catheter Set (7-Fr and 16-Fr; Bioteque, Taipei,
China) and Amplatz Dilator Set (12 to 22-Fr;
Cook, Bloomington, IN, USA).
Methods
Steps of gallbladder fistula operation: The
patient was placed in supine or left lateral position. The right anterior axillary line to the right
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Figure 2. Dual channels were established under ultrasound guidance. A. A drainage channel was established
through percutaneous transhepatic gallbladder puncture; B. A channel for stone removal was established through
percutaneous puncture rather than through right subcostal liver puncture.

Figure 3. Drainage tube fixation after establishment
of double channels.

midclavicular line seventh or eighth intercostal
space under the guidance of ultrasound was
selected as the puncture point (Figure 1). Onethird area from the gallbladder neck was selected as the target (gallbladder bed). The path
length of liver tissue measured 2.5 cm to 3.5
cm. F7 pigtail catheter with a stylet was directly
punctured. The stylet was drawn out when it
entered the gallbladder cavity. After the bile
was smoothly drawn out, the outer catheter
was placed to serve as the drainage channel
(Figure 2A).
Double-channel preserving gallbladder cholelithotomy group: First, the channel for stone
removal and the gallbladder fistula were established simultaneously. Bile in the gallbladder
cavity was extracted using a syringe via F7 pigtail outer catheter; the amount of bile was
recorded. Equivalent saline was then injected
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to fill the gallbladder. The drainage catheter
was closed prior to stone removal. The puncture point for stone removal channel was the
right costal margin, and the gallbladder bottom
surface projection area was selected as the target. The F16 pigtail puncture needle was pointed at the direction of the bottom of the gallbladder; the needle was punctured as far as possible into the gallbladder. After it entered the
gallbladder cavity, the outer catheter was
pushed 4 cm to 6 cm into the neck of the gallbladder. The stylet was pulled out [3] to establish the channel for stone removal (Figure 2B);
the two drainage tubes were then fixed (Figure
3). The sinus was expanded. After 4 weeks, a
sinus did not form in the two patients following
extubation. The catheter was then replaced.
The sinus expansion was smooth during the
eighth week. Preoperative fasting lasted for 10
h, and the drainage catheter was kept closed
for 24 h to fill the gallbladder. Before the sinus
was expanded, B ultrasound was used to measure the gallbladder maximum long diameter
(L), anteroposterior diameter (H), width (W), and
gallbladder volume, which was calculated as: V
= (π/6) × L × H × W. Bile in the gallbladder cavity was pumped out. The amount of bile was
recorded. The equivalent physiological saline
was repeatedly used to replace the bile in the
gallbladder cavity and ultimately maintain the
original volume of the gallbladder. Under ultrasound guidance, the guide wire was inserted
into the F16 drainage tube. After the guide wire
entered the gallbladder cavity, the tube was
retracted. In the process of sinus expansion,
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Figure 4. Expanded sinus for stone removal under ultrasound guidance. A. Expanded sinus with F14 COOK expansion tube; B. Expanded outer sheath with F20 COOK expansion tube.

Figure 5. Choledochofiberscope used in stone removal. A. Stone removal by using choledochofiberscope; B. Stones
successfully removed by choledochoscopy.

the isometric saline was continuously injected
through the F7 drainage tube to establish a
manmade filling gallbladder without bile. The
sinus was expanded along the guide wire with
the COOK expansion tube kit from F14 to F22
(Figure 4A). Finally, the F20 outer sheath was
implanted (Figure 4B). At that point, choledochoscope-guided choledocholithotomy was
conducted as follows: choledochofiberscope
was placed from the bottom of the gallbladder
F20 outer sheath into the gallbladder cavity,
and the stones were removed under direct
vision (Figure 5A). If the gallbladder stones
were larger than 2 cm, they would be removed
through electrohydraulic lithotripsy by using a
lithotripter. Sand-like stones were drawn out
using an aspirator (Figure 5B). After extubation,
choledochoscopy revealed no residual stones
in the gallbladder cavity; B ultrasound review
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showed no stones; and angiography showed no
stones in the gallbladder cavity and neck.
Moreover, a contrast agent was injected through the drainage tube, and it smoothly entered
into the common bile duct and duodenum.
LRCL group: After gallbladder fistulation, a subsequent operation was implemented when the
condition of the patient was stable, that is, the
patient can withstand the risk of anesthesia.
The pneumoperitoneum was established by
puncturing the umbilical hole under general
anesthesia. Bedside ultrasound determined
the surface projection of the bottom of the gallbladder (proximal point from the gallbladder
bottom below the right subcostal margin).
Gallbladder lesions were explored by laparoscopy to determine whether choledocholithotomy needed to be implemented first. Subse-
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Table 2. _Comparison of intraoperative and postoperative conditions in two
groups ( x ±s)

Operation time* (min)
Intraoperative bleeding (ml)
Hospitalization time** (d)
Hospitalization A cost (US dollar)
Time of first feeding (h)
Incidence of bile leakage no. (%)
Gastrointestinal event-no. (%)***
Nausea
Vomiting
Aspiration
Ileus
Diarrhea

Double-channel
cholelithotomy
group (n = 19)
23.2±3.3
8.6±1.6
2.8±0.7
1121.3±82.9
2.2±0.8
0

LRCL group
(n = 20)

P Value

40.9±4.2
14.6±1.9
5.3±1.0
1979.8±123.4
32.1±9.9
1 (5)

0.000
0.000
0.000
0.000
0.000
0.5

4 (21)
0
0
0
0

11 (55)
7 (35)
2 (10)
0
0

0.020
0.004
0.243
-

Operation time referred to the time from successful anesthesia to the completion of suture.
Hospitalization time referred to the time when the patient underwent LC or preserving gallbladder cholelithotomy; the hospitalization time of gallbladder fistulation was not included.
***
Gastrointestinal events were assessed during each day of hospital stay.
*

**

Statistical analysis
SPSS 16.0 for Windows (Statistical Product and Service Solutions, Chicago, USA)
performed the statistical analysis. Numerical data was represented by the Mean ±
SD of the groups.
Variables were compared with One-Way
ANOWA, and chi square test. Two-tailed P
< 0.05 was considered statistically signiﬁcant.
Results

Catheterization was
successfully completed in the two groups.
Pain was relieved wiTable 3. Postoperative follow-up conditions (case) in the two groups
thin 2 h after the proDouble-channel
LRCL group
cedure. Body tempercholelithotomy
(n = 20)
ature returned to norgroup (n = 19)
mal within 48 h, and
Follow-up time
6 m 12 m 24 m 6 m 12 m 24 m
the pain symptoms
The gallbladder function was normal*
10 14
17
5
8
11
disappeared. The conThe gallbladder wall thickness was normal** 12 15
16 14
14
16
dition of the patients
Reccurrence of stones
0
2
4
0
2
5
was basically stable
*
Normal gallbladder contraction percentage ≥ 30%. **Normal gallbladder wall thickness ≤ 3
within 8 weeks, but
mm.
further treatment was
still conducted. Ninequently, the gallbladder bottom was punctured
teen patients in the double-channel gallbladder-preserving cholelithotomy group successwith a pneumoperitoneum needle without styfully underwent choledochoscope-guided cholet, and the bile was extracted. Incision at the
ledocholithotomy. The stone clearance rate
bottom of the gallbladder was extended and
was 100%. Bleeding, bile leakage, secondary
sutured using three needles. The gallbladder
common bile duct stones, infection of incision,
was then pulled on the basis of the gallbladder
and other complications did not occur during
stone size obtained upon preoperative ultrathe actual stone removal. The patients in the
sonic measurement. The fibrous choledochoother group successfully underwent LRCL.
scope was repeatedly inserted into the gallHowever, encapsulated effusion in the gallbladbladder cavity to remove the stones. After the
der bed area occurred in one patient. In addistones were removed completely, 4-0 absorbtion, right subphrenic encapsulated effusion
able thread was used to suture the gallbladder
and right lower abdominal effusion occurred in
incision. The abdominal cavity was sutured
another patient. These two patients underwent
layer by layer.
diagnostic puncture, and the bile-like liquid was
For 6 months, the patients in the two groups
extracted. Biliary leakage was diagnosed. The
were orally administered with daily dose of 0.5
patients underwent ultrasound-guided puncture catheter drainage of abdominal cavity effug TUDCA.
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sion and nasal biliary drainage conservative
treatment. After the diagnosis, puncture of
lower abdominal effusion occurred on another
patient, who showed no signs of blood clotting.
This patient underwent percutaneous catheterization drainage and conservative treatment.
The intraoperative and postoperative conditions of the patients in the two groups are summarized in Table 2. All the patients were followed up after 6, 12, and 24 months. Ultrasound
observations showed the gallbladder wall thickness (normal ≤ 3 mm) and gallbladder function
level (normal gallbladder contraction rate ≤
30%). The stone recurrence rate is presented in
Table 3.
Discussion
Given the aging of the current population, the
number of elderly patients with cholecystolithiasis increases annually. Bodily functions in
elderly patients with cholecystolithiasis have
declined and are often accompanied by internal diseases. Conventional surgical treatment
for cholecystolithiasis has demonstrated high
operation risk, slow postoperative recovery, evident gastrointestinal complications, much
long-term sequelae, and other shortcomings
[2-4]. Thus, the search for novel therapeutic
strategies for elderly patients with critical condition has become the new trend in the treatment of cholecystolithiasis.
Surgical treatment of cholecystolithiasis, known as gallbladder fistula lithotomy, was accidentally discovered by American surgeon
Bobbos in 1867. However, this method was
replaced by laparotomy cholecystectomy, which
was created by Langenbuch in 1882, because
of high relapse rate [5-7]. The subsequent laparoscopic cholecystectomy became the gold
standard to treat cholecystolithiasis because of
the “minimally invasive” idea [8, 9]. The introduction of lens systems, optical fiber, and soft
endoscope has successfully contributed to biliary tract imaging, removal of stones, catheterization, and other complex but minimally invasive operations. Further understanding about
the gallbladder tunctions (i.e., gallbladder as an
organ in the digestive and immune systems;
various complications appear after resection, a
condition after cholecystectomy; incidence of
colon cancer was increased; and incidence of
common bile duct increased) [10-14] and
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recent studies on drugs controlling stone recurrence have drawn research attention to gallbladder-preserving cholelithotomy [15-17]. The
mainstream operation technique of gallbladder-preserving cholelithotomy is laparoscopy
combined with choledochoscope-guided cholelithotomy. However, elderly patients often
exhibit other medical conditions, such as cardiovascular diseases, diabetes, respiratory system diseases, and chronic renal insufficiency.
These patients often cannot bear general anesthesia, which is required for laparoscopy, and
the risks of operation and difficulty in postoperative recovery increase [18], thereby forcing
patients and the medical team to seek a less
invasive solution.
Dual-channel method [19] involved an F7 drainage tube, which was implanted from the intercostal puncture point under ultrasound guidance. An F16 drainage tube was then implanted
at the bottom of the gallbladder. These two
drainage tubes formed a contra-aperture drainage. Saline or metronidazole solution was
injected through the F7 drainage tube. Sandlike stones, necrotic tissues, and purulent bile,
among others, were discharged smoothly in the
gallbladder via the F16 drainage tube to avoid
inadequate drainage for bile containing bacteria and prevent toxins from entering the blood
circulation, resulting in infectious shock, multiple organ failure, or even death [20, 21]. The
F16 drainage tube was a late removing stone
channel because the tube diameter was thick,
and the puncture was percutaneous but not
transhepatic. The drainage tube was not fixed
by the liver tissue and easily slid out of the gallbladder cavity. As a drainage path, the F7 drainage tube can be used to avoid bile peritoneal
leakage caused by F16 drainage tube slippage.
The gallbladder fistula was formed within 4
weeks to 8 weeks after the operation. After the
inflammation and edema of the gallbladder
were relieved, choledochoscopy was performed. The diameter of stone channel must be
greater than that of F16 to allow the choledochoscope to smoothly pass through. In sinus
expansion, saline would overflow from the Cook
expansion tube after gallbladder replacement.
Thus, the gallbladder was not filled. The toughness of the unfilled gallbladder wall increased.
The expansion tube cannot easily enter the gallbladder cavity. Isometric saline was continuously injected into the F7 drainage tube to
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expand the gallbladder. Some factors affected
the sinus formation, including poor nutrition,
local infection, and poor greater omentum in
some elderly patients. If the sinus was not
formed as a result of the failure of pipe expansion, bile is still drained via the F7 tube to avoid
bile leakage. Choledochofiberscope-guided
cholelithotomy was the main procedure used to
remove the stones [22]. Stones with diameter
of > 2 cm in the removing stone reticular cover
cannot pass through the outer sheath with the
diameter of F20. Electrohydraulic lithotripsy is
commonly used to break the stones, and the
stones are gradually removed afterward. When
the stones blocked the neck, no gap existed
between the stones and gallbladder wall;
hence, stone basket removal was difficult. The
stones in the gallbladder should be removed
first. The stones in the neck were broken into
pieces by a knapper and removed after the gallbladder cavity was washed. The gallbladder
mucosa should be carefully protected during
electrohydraulic lithotripsy. In some patients,
stones were small in size, and the extended
period of time to remove the stones is beyond
the tolerance of the elderly patients. The gallbladder fistula can be replaced along the sinus,
and multiple choledochoscope-guided cholelithotomy can be performed.
Our clinical study indicated that the dual-channel method demonstrated more obvious advantages than those of the LRCL method. First, the
operation scheme only required regional anesthesia on the puncture area to avoid the risk
caused by general anesthesia [23]. Laparoscopic operation requires much amount of
anesthesia (to ensure muscular relaxation,
safety, painlessness, and good operation view),
and preoperative and intraoperative patients
should be treated with sedatives, antispasmodics, and muscle relaxants, among others. CO2
pneumoperitoneum was also established.
Drugs increased the intra-abdominal pressure
after pneumoperitoneum and other mechanical factors, such as CO2 diffusion into the blood
circulation through the peritoneum, ruptured
blood vessels, and abdominal organs, which
produced significant physiological interference
in the patients’ circulation and respiration [24,
25]. In elderly patients with cardiopulmonary
dysfunction, varying degrees of hypercapnia
always occur even after artificial ventilation
was administered. Thus, end-tidal carbon diox-

2502

ide partial pressure and sharp increase of
blood pressure occurred in these patients. One
patient in the LRCL group, who has been prepared for analysis of pneumoperitoneum, was
excluded in this study. Oxygen saturation
declined continuously and did not improve after
oxygen inhalation by mask. Operation was
stopped, and the patient was transferred to the
ICU for first aid. The intended treatment on the
stones was not performed because the
patient’s life was threatened. Administration of
regional anesthesia in dual-channel gallbladder-preserving cholelithotomy enabled many
elderly patients who cannot tolerate general
anesthesia to receive treatment for stone problems. This technique also significantly reduced
the treatment risks. Second, the operation
time, intraoperative bleeding, hospitalization
time, cost, postoperative feeding time, and
postoperative gastrointestinal complications
in the gallbladder cholelithotomy-preserving
group were significantly superior to those of the
LRCL group. This finding suggests the advantages of dual-channel gallbladder-preserving
cholelithotomy in reducing trauma, promoting
recovery, and reducing patients’ hospitalization
cost. The dual-channel method was also superior to LRCL with respect to most common complications of biliary tract operation, including
bile leakage and hemorrhage. In this study, two
patients in the LRLC group experienced right
inferior phrenic encapsulated effusion and
right lower abdominal effusion after the gallbladder bed area effusion. Diagnostic puncture
showed that the extracted bile sample presented biliary leakage. Our results showed that the
gallbladder wall became pachyntic or atrophic
during the aging process. Chronic inflammation
appeared in the gall bladder wall resulting from
repeated stimulation by the stones. The wall
became brittle and ischemic, resulting in local
necrosis of the gallbladder wall. Cystic artery
was the terminal branch of the liver artery. The
massive embolism in the arteriole occurred in
the gallbladder wall during inflammation.
Arteriosclerosis in elderly patients aggravated
the blood circulation disorder in the gallbladder
wall. The gallbladder bottom incision was
expanded and then sutured thrice. The gallbladder was removed via LRLC treatment method. Choledochofiberscope was repeatedly
inserted into the gallbladder cavity, and the
stones were removed. Finally, the gallbladder
incision was sutured with 4-0 absorbable
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thread. This process may pull the gallbladder
wall. The pinpoint gap and the suture led to
postoperative bile leakage. In this study, lower
abdominal effusion occurred in one patient in
the LRCL group within 3 days after the operation. Diagnostic puncture showed that the
bleeding was not coagulated. The possible
causes of this hemorrhage included the following: 1) the gallbladder wall was crisp, ischemic,
necrotic, and leaking through seton and suture;
2) coagulation dysfunction resulted from longterm exposure of the elderly patients to aspirin
and other anticoagulant agents; and 3) laparoscopic puncture damaged the abdominal wall
or the abdominal blood vessels. The puncture
needle used in double-channel gallbladder-preserving cholelithotomy was thin because the
needle punctures must be very thin. The continuous drainage of the F7 drainage tube effectively prevented bile leakage, although bleeding was observed. This method was superior to
LRCL group in terms of safety, reliability, and
feasibility of operation. Our follow up also
showed a significant difference in the contraction of the gallbladder, which was found better
in the double-channel group than in the LRCL
group. This result may be attributed to less
damage to the gallbladder wall in the dualchannel method than in the LRCL method [26].
With reference to the recurrence rate of cholecystolithiasis, no difference existed between
the two groups. This finding may be ascribed to
the short duration of follow up with the patients.
Consequently, the long-term effects of these
procedures require further studies.
This research revealed that ultrasound-guided
double-channel gallbladder puncture fistulization combined with gallbladder-preserving choledochoscope-guided cholelithotomy demonstrates significant advantages, such as suitability to patients regardless of age, pain level, and
number of complications, compared with the
traditional LRCL. The proposed method is suitable for the modern biological-psychologicalsocial medical model requirement. This minimally invasive operation is also highly significant because it is safe and effective for treating elderly patients with acute calculous cholecystitis. Simultaneously, this method requires
several requirements for ultrasound guidance
and endoscopy, which limited the promotion of
the technology to a certain extent. With the
improvement and popularization of ultrasound
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and endoscope technology, this method will
become the preferred strategy in the treatment
of cholecystolithiasis in elderly patients.
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