Concurrent ligation of cystic duct and cystic artery versus separate
ligation during laparoscopic cholecystectomy in patients with acute
cholecystitis

Jednoczesne podwiqzanie przewodu pecherzykowego i tetnicy pecherzykowej
w poréwnaniu z oddzielnym podwigzaniem podczas zabiegu cholecystektomii
laparoskopowej u pacjentéw z ostrym zapaleniem pecherzyka zétciowego
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Abstract

Introduction: Laparoscopic cholecystectomy as a gold standard for treatment of patients with acute cholecystitis is associ-
ated with complications. Some complications are dependent on the methods of surgery and applying clips.

Aim of the research: To compare complications following concurrent and separate ligation of cystic duct and artery and
evaluate the costs of each procedure.

Material and methods: The study was designed as a prospective cohort. Patients with acute cholecystitis due to gallstones were
included. They were assigned into two groups: 1) separate ligation group and 2) concurrent ligation group. Routine laparoscopic
surgery was performed. For the first group, the hilum was dissected and the cystic duct and artery were ligated separately. For
the concurrent group, the cystic duct and artery were ligated together. Intra-operative and post-operative data were measured.
Results: A total of 122 patients were enrolled in this study. The median lengths of symptoms to surgery were 3.23 days for
the concurrent group versus 3.67 days for the separate group (p = 0.004). There was no statistically significant difference in
post-operative complications. One patient in the concurrent group had biliary colic and cholestasis due to a stone in common
bile duct managed by endoscopic retrograde cholangiopancreatography. Twice as many clips were used in the separate group
than in the concurrent group (six clips vs. three clips, p < 0.001). Further analyses revealed that operation time and costs were
significantly higher in the separate ligation group.

Conclusions: The mean duration of surgery and number of clips applied for ligation were higher in the separate ligation
group. Concurrent ligation seems to be associated with similar complications and therapeutic outcomes compared to sepa-
rate ligation and is cost effective for replacement of the routine procedure in the future.

Streszczenie

Wprowadzenie: Cholecystektomia laparoskopowa — zloty standard w leczeniu pacjentéw z ostrym zapaleniem pecherzyka
z6lciowego — wiaze sie z wystepowaniem okre$lonych powiktan. Niektdre z nich zaleza od stosowanej metody operacyjnej
i zaktadania klipséw.

Cel pracy: Poréwnanie powiktan po jednoczesnym i oddzielnym podwigzaniu przewodu pecherzykowego i tetnicy peche-
rzykowej oraz ocena kosztéw zwiazanych z tymi procedurami.

Materiat i metody: Badanie przeprowadzono z wykorzystaniem prospektywnej kohorty pacjentéw. Do analizy wiaczono
chorych z ostrym zapaleniem pecherzyka zétciowego wywotanym kamica zétciowa. Uczestnikéw podzielono na dwie gru-
py w zaleznodci od rodzaju podwiazania: 1) oddzielne podwiazanie i 2) jednoczesne podwigzanie. Wykonano rutynowa
operacje laparoskopowa. W pierwszej grupie wypreparowano wneke oraz oddzielnie podwiazano przewéd pecherzykowy
i tetnice pecherzykowa. W drugiej grupie przeprowadzono jednoczesne podwigzanie przewodu pecherzykowego i tetnicy
pecherzykowej. Zebrano odpowiednie dane $réd- i pooperacyijne.
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Wyniki: Do badania wtaczono ogétem 122 pacjentéw. Mediana czasu od wystapienia objawéw do zabiegu chirurgicznego
wynosita 3,23 dnia w grupie z jednoczesnym podwigzaniem i 3,67 dnia w grupie z oddzielnym podwigzaniem (p = 0,004).
Nie stwierdzono statystycznie istotnej réznicy pod wzgledem powiktan pooperacyjnych. U jednego pacjenta w grupie,
w ktérej wykonano jednoczesne podwiazanie, wystapita kolka zétciowa i zastdj z6ici wywotane obecnoscia ztogu w prze-
wodzie zélciowym wspdélnym, w zwiazku z czym wykonano zabieg endoskopowej cholangiopankreatografii wstecznej.
Pod wzgledem liczby klipséw zastosowanych podczas operacji w grupie z oddzielnym podwigzaniem wykorzystano ich
dwukrotnie wiecej niz w grupie z jednoczesnym podwiazaniem (6 klipséw vs 3 klipsy, p < 0,001). Dalsze analizy wykazaty,
Ze czas trwania zabiegu oraz koszty byly istotnie wyzsze w grupie, w ktérej wykonano oddzielne podwigzanie.

Whnioski: Sredni czas trwania operacji byt dtuzszy, a liczba zastosowanych klipséw wieksza w grupie oddzielnego podwia-
zania. Powiktania i skutecznos¢ leczenia w obu badanych grupach byty zblizone. Jednoczesne podwiazanie przewodu pe-
cherzykowego i tetnicy pecherzykowej jest metoda efektywna kosztowo, co wskazuje na mozliwo$¢ zastapienia rutynowych

zabiegéw ta technika w przystosci.

Introduction

Laparoscopic cholecystectomy is currently recog-
nised as the gold standard in the treatment of symp-
tomatic gallstones [1]. The technique was initially as-
sociated with complications such as biliary injury and
arterial haemorrhage, but subsequent studies showed
fewer complications and lower mortality than open sur-
gery [2—4]. Minor complications of laparoscopic chole-
cystectomy are managed in a conservative manner. Ma-
jor complications like vascular or biliary tract injuries
are life-threatening and increase the rate of conversion
to open surgery [5-7]. As standard, cholecystectomy is
performed using an electrosurgical monopolar hook for
dissection of adjacent tissues and a clip applier or ab-
sorbable clips for cystic duct and cystic artery ligation;
other techniques include linear staplers, endo-loops, or
sutures, which are rarely used [8]. Unlike ligation with
sutures during open surgery, the clips used during lapa-
roscopic surgery are likely to slip, displace, migrate, and
perforate the viscera with major bleeding, and rarely
embolism. It may also cause cystic duct necrosis, bile
leakage, and gallstone formation [9-13]. Routinely, the
cystic duct and cystic artery are ligated separately dur-
ing laparoscopic surgery for acute cholecystitis.

Aim of the research

The aim of this study is to compare this method
with concurrent ligation of cystic duct and artery, es-
pecially in patients with high adhesions, and evaluate
the complications and cost effectiveness of concurrent
ligation.

Material and methods

This study was designed as a single-centre, pro-
spective cohort and was approved by the Institutional
Review Board of Imam Khomeini University Medi-
cal Centre. From March 2016 to April 2019, patients
older than 18 years presenting to the emergency de-
partment with the impression of acute cholecystitis
were included. The diagnosis of acute cholecystitis
was obtained by considering the right upper quadrant
tenderness, temperature higher than 37.5°C, leuko-
cytosis, and ultrasonography or computed tomogra-
phy (CT)-scan findings. The exclusion criteria applied
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were previous upper abdominal surgery, cholangitis,
presence of stone in biliary ducts, the risk of conver-
sion to open surgery (due to the situation of the pa-
tient, previous abdominal inflammation, etc.), and
concomitant cardiovascular complications for which
general anaesthesia was contraindicated (Figure 1).

Patients were randomly assigned into ‘concur-
rent ligation” and ‘separate ligation’ groups. For the
first group, the cystic duct and artery were ligated to-
gether by hem-o-lok clips at the proximal and distal
cystic duct. In the second group, the cystic duct and
cystic artery were ligated separately in this manner.
Data including age, gender, body mass index (BMI),
concomitant medical complications, and time of
symptom onset to surgery were collected. Outcomes
such as time of the operation, injury to biliary tract,
intra-operative bleeding, haematoma or seroma for-
mation, number of applied clips, post-operative pan-
creatitis and jaundice, re-operation, re-admission
rates, and length of stay at hospital were recorded
for analysis.

Laparoscopic interventions

All patients were candidates for laparoscopic
cholecystectomy after initial evaluations. In the op-

Patients with acute
cholecystitis impression
between 2016 and 2019

(n = 247)

¢ Excluded patients due to
cholangitis, previous surgery,
stone in biliary ducts,
and CT-scan findings »| cardiovascular complications and
(n=233) risk of conversion to open surgery

¢ (n = 101)

Confirmed Lab results,
ultrasonography

Enrolled patients
(n=122)

T

Separate Concurrent

group group
(n=70) (n=52)

Figure 1. Flow diagram of enrolled patients who under-
went cholecystectomy in Imam Khomeini Hospital, Ma-
zandaran University from 2016 to 2019
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Table 1. Patients’ characteristics comparing concurrent ligation versus separate ligation in laparoscopic cholecystectomy

Parameter

Female gender, n (%)

Age, mean (SD) [years]

Body mass index, mean (SD) [kg/m?]
Diabetes, n (%)

Hypertension, n (%)

Cardiac disease, n (%)

Length of time from onset of symptoms to surgery,
mean (SD) [days]

Concurrent ligation Separate ligation P-value
(N =52) (N =70)
40 (76.9) 59 (84.3) 0.304
48.96 (8.58) 48.90 (9.18) 0.948
29.036 (3.780) 29.321 (3.060) 0.615
7 (13.5) 12 17.1) 0.579
9(17.3) 10 (14.3) 0.649
4(7.7) 5(7.1) 0.909
3.23 (0.730) 3.67 (0.846) 0.004

erating room, they were placed in a supine position.
Anaesthesia was induced by midazolam (300 pg/kg)
and fentanyl (2 pug/kg). Anaesthesia was maintained
by sevoflurane (0.9% with 65% N,0/35% O,), atra-
curium (0.01 mg/kg/min), and propofol (0.2 mg/kg/
min). After induction of anaesthesia, an endotracheal
tube was inserted. A nasogastric tube was also insert-
ed to drain the secretions and compress the stomach.
A single 2 cm incision was made in the upper edge of
the umbilicus. Pneumoperitoneum was created with
insufflation of carbon dioxide by a Verres needle.
Then a 10-mm trocar was inserted through this inci-
sion. The laparoscopic camera was inserted and three
additional ports (one 10 mm and two 5 mm) were
placed under direct vision. The gallbladder fundus
was retracted over the edge of the liver. Adhesions in
hilar area were released by blunt dissection. Further
dissections were performed using an electrocautery
hook to achieve the triangle of Calot. After identifica-
tion of the cystic artery, cystic duct, and common bile
duct, a hem-o-lok clip was placed on the distal cystic
duct. In the ‘concurrent ligation’ group, the surgeon
did not perform the dissection of cystic duct and ar-
tery because of adhesions and inflammation of these
components. Then two clips were placed in a way that
proximal cystic duct and cystic artery were ligated to-
gether. In the ‘separate ligation’ group, two clips were
placed on the proximal cystic duct and the duct was
divided. Cystic artery was divided in this manner. The
gallbladder was dissected out of the gallbladder fossa
by hook cautery. Haemostasis of the inferior surface
of the liver was achieved. Finally, the gallbladder was
removed via supra-umbilical incision. The gallblad-
der was removed by endo-bag when it was inflamed
or gangrenous. The ports were removed, and a drain
was inserted through one of incisions only when nec-
essary to ensure liver homeostasis. After deflation of
peritoneum, skin was closed by 4/0 Prolene sutures.
A total of six clips for each patient in the separate liga-
tion group and three clips for those in the concurrent
group were used.

Statistical analysis

Descriptive quantitative data were computed
while calculating the mean and standard deviation or
median and quadratic range as well as qualitative data
describing the frequency and percentage. Statistical
comprising the y?, Fisher’s exact test, Mann-Whitney
U-test, and Student’s t-test were applied to analyse the
data obtained from the study groups. The Statistical
Package for the Social Sciences (SPSS, version 21.0;
IBM, USA) was used for data analysis. A two-sided
p-value of < 0.05 was considered as the significance
level.

Results

A total of 122 patients who underwent laparoscopic
cholecystectomy for acute cholecystitis were enrolled
in this study. A summary of patients’ characteristics
is given in Table 1. Concurrent ligation performed for
52 patients, and 70 patients underwent routine liga-
tion. Median age at the time of surgery was 48.96
+8.58 years for the concurrent ligation group and
4890 £9.18 years for the separate ligation group.
Nineteen patients had a history of diabetes. Nine-
teen patients had hypertension, and cardiac problems
were reported in nine patients. From the anaesthesi-
ologist’s point of view, cardiovascular complications
of these patients were such that they had no contrain-
dication for laparoscopic surgery.

The median length of time from symptoms to
surgery was 3.23 days for the concurrent ligation
group versus 3.67 days for the separate ligation group
(p = 0.004). Total of seven patients were re-admitted
during the study due to upper abdominal pain after
surgery (9.6% in the concurrent ligation group vs.
2.9% in the separate ligation group, p = 0.135). There
was no statistically significant difference in post-op-
erative complications. One patient in the concurrent
ligation group had biliary colic and cholestasis due
to a stone in common bile duct (CBD), which was
managed by endoscopic retrograde cholangiopan-
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Table 2. All intra-operative and post-operative complications, number of clips used, length of operation, and length of

stay at hospital

Parameter Concurrent ligation Separate ligation P-value
(N = 52) (N = 70)

Readmission following upper abdominal pain, n (%) 5(9.6) 2 (2.9) 0.135
Re-operation (ERCP), n (%) 1(1.9) 0 (0) 0.426
Post-op. jaundice, n (%) 0 (0) 0 (0) -
Post-op. pancreatitis, n (%) 0 (0) 1(1.4) 0.20
Haematoma, n (%) 0(0) 0(0) -
Intra-operative haemorrhage, n (%) 0 (0) 0 (0) -
Biliary duct injury, n (%) 0 (0) 0(0) -
Number of clips, n (%): <0.001

3 clips in each patient 52 (100) 0 (0)

6 clips in each patient 0 (0) 70 (100)

Total 156 (27) 420 (73)
Costs of clips 78,000,000 IRR 210,000,000 IRR <0.001
Total length of operation, mean (SD) [min] 58.46 (11.77) 67.43 (12.09) <0.001
Total hospital length of stay, mean (SD) [days] 3.519 (0.99) 3.157 (0.879) 0.022

creatography (ERCP). One patient in the separate
ligation group developed post-operative pancreati-
tis treated with antibiotics and intravenous fluids.
Complications including conversion to open sur-
gery, biliary duct injury, haematoma, jaundice, and
intraoperative haemorrhage did not occur during
this study.

After dissection of hilum and visualisation of cys-
tic duct and cystic artery, three and six hem-o-lok
clips were used for each patient in concurrent and
separate ligation groups, respectively (p < 0.001).
Given the price of 500,000 IRR (about 12 USD) for
each hem-o-lok clip, the total price of the clips was
78,000,000 IRR (1857 USD) for the concurrent ligation
group and 210,000,000 (5000 USD) for the separate li-
gation group (p < 0.001). The overall operation time
was significantly higher in the separate ligation group
(67.43 min vs. 58.46 for the concurrent ligation group,
p < 0.001). Median total length of stay in the hospital
was 3.157 and 3.519 days for separate and concurrent
ligation groups, respectively (p = 0.022, Table 2).

Discussion and conclusions

The results of this study show that the mean du-
ration of surgery in the separate ligation group was
significantly longer than for the concurrent ligation
group. Also, the number of clips used in the separate
ligation group was greater than in the concurrent
ligation group. No complications were seen during
surgery, including bleeding and bile duct injury. Post-
operative jaundice, haematoma, and seroma forma-
tion were not reported in any patient. There were
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no significant differences between the two groups in
other complications such as pancreatitis, readmission
due to abdominal pain, or reoperation. In a systematic
review of complications after laparoscopic cholecys-
tectomy by Alexander et al. including 967 complica-
tions in 233 studies, conversion to open surgery was
the most commonly reported complication (58%). Bile
leak (38%) and bile duct injuries (38%) were the most
common complications after that [14]. In our study,
none of the laparoscopic procedures was converted to
open surgery. Patients with higher risk of conversion
to open surgery (such as previous upper abdominal
surgery or inflammation) were excluded from this
study. Also, biliary tracts were not injured in any
patient during surgery. Terho et al. and Botaitis et al.
both demonstrated that conversion to open surgery is
associated with gallbladder gangrene or abscess. The
other risk factors included diabetes, age > 65 years,
or previous upper abdominal surgery. Also, fever and
high levels of C-reactive protein (CRP) were associ-
ated with this complication [15, 16]. In other study by
Nagaoka et al. it was shown that higher incidence of
complications was expected if the interval between
the onset of cholecystitis symptoms and surgery was
longer than 72 h. Further analyses demonstrated that
elevated serum CRP and heavy intra-operative blood
loss could develop post-operative complications [17].
In the present study, the median length of time from
symptom onset to surgery was 3.23 and 3.67 days in
the concurrent and separate ligation groups, respec-
tively. Intra-operative massive haemorrhage and post-
operative haematoma were not reported in patients.
However, 1 patient in the concurrent ligation group
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had post-operative cholestasis symptoms due to
a stone in the CBD. This case was managed by ERCP.
Previous studies showed that delayed laparoscopic
operations that take more than 48 h from the onset
of symptoms are associated with higher conversion
rates, post-operative complications, longer stay in
the hospital, and higher hospital costs. Laparoscopic
surgery within 24 h was shown to be associated with
fewer complications and conversion rates. However,
there was no significant correlation between the wait-
ing time to surgery and the mortality rate [18-20].
Some complications of laparoscopic cholecystectomy
are due to the nature of the surgery itself. The study
of Yano et al. indicated that applying absorbable clips
is associated with lower rates of conversion to open
surgery than metal clips. Operative time and length
of stay in the hospital were also lowered by using ab-
sorbable clips [8]. Although patients in the concurrent
ligation group had shorter length of operation and
lower cost of clips, the length of stay in the hospital
was greater for them (but not significantly).

Overall, the number of clips used in the separate
ligation group was twice that of the concurrent liga-
tion group (six clips for each patient in the separate
ligation group vs. three clips for those in the concur-
rent ligation group) in present study. To put it simply,
the costs of the clips in the concurrent group were
half that of the other group for each patient, and also
the duration of surgery was shorter for them. In lapa-
roscopic cholecystectomy, the costs of operation de-
pend on the surgeon. The surgeon’s decision for using
equipment and cost-saving strategies can affect the
supply costs in the long term [21, 22].

This study has several limitations. To our knowl-
edge, except for a few reports with different meth-
ods in open cholecystectomy, there is no study with
a method similar to ours that could compare the
results. Despite the shorter operation time and cost
of clips in the concurrent ligation group, the dura-
tion of hospital stay was longer. In this regard, we
did not compare the two groups regarding overall
costs of hospital stay. We recommend further studies
with larger populations to compare the total hospital
charges, not just the operating costs. The differences
between these two methods of ligation in terms of
intra-operative and post-operative complications,
length of stay in the hospital, and mortality were not
statistically significant. However, concurrent ligation
has a shorter surgical duration, and fewer clips were
used in this method. Laparoscopic cholecystectomy
with concurrent ligation of the cystic duct and artery
seems to be associated with similar complications
and therapeutic outcomes compared to separate liga-
tion (routine procedure) in acute cholecystitis with
high adhesions and inflammation. It is cost-effective
and could replace the routine procedure in the fu-
ture.
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