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Background: Laparoscopic cholecystectomy is one of the most common surgeries performed nowadays.
There are lot of advances in closure of cystic duct and artery (clip ligation, suture ligation), but it remains an
enigma regarding efficacy, safety and postoperative complications for using non-absorbable suture material
or Liga clip for the operating surgeon in laparoscopic cholecystectomy.

Objectives: Our study aimed to evaluate the efficacy, safety and complications of non-absorbable sutures
ligation versus clips application in laparoscopic cholecystectomy, and to compare the operative time and cost
effectiveness of the two surgical approaches in laparoscopic cholecystectomy.

Methods: This prospective study was performed between August 2014 and February 2015 in
M. M. Institute of Medical Science and Research, in a rural center, Mullana, India. The study included
160 patients who were diagnosed with chronic cholecystitis in a single unit. Subjects were divided into two
groups and all cases were operated by a single surgeon. The cystic pedicle was tied with non-absorbable
material (silk 2-0) in group A and with Titanium clips using a clip applicator in group B.

Results: The application of silk and clips for cystic duct and artery ligation in laparoscopic cholecystectomy
can be safely used. The mean time for ligation of cystic duct was 2.50 (SD £0.25) in group A and 1.50 min
(SD +1.85) in group B, with P<0.001, which was significant. Similarly, the mean time for ligation of cystic
artery was 1.50 min (SD+0.20) in group A and 1.36 min (SD +0.11) in group B, with P>0.001. There were
no postoperative complications, such as wound infection or bile leakage, in any of the two methods. The cost
of material for silk suture (40-60 Rupees or 0.62-0.92 §$) is definitely much lower than that for Liga clips
(790-1000 Rupees or 12.28-15.55 §). For the use of clips, a clip applicator is required, but in case of silk
ligation no special instrument is required and silk is also easily available.

Conclusion: In laparoscopic cholecystectomy, ligation of cystic duct and cystic artery with clips takes
less time than by silk suture. We conclude that both ligation techniques can be safely and effectively used.
Training for junior surgeons is necessary to avoid potential complications.
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INTRODUCTION

th the introduction of laparo-

scopic surgery, management of

gallstones became easy and it

has been considered the gold

standard procedure as com-
pared to open cholecystectomy. Cholelithiasis
and its consequences are the main cause of sur-
gical entry into the peritoneal cavity. So wide-
spread is this entity that it will not be out of place
to state that cholecystectomy is routinely done
(1). Minilaparoscopic cholecystectomy (MLC)
could lead to small benefits without increased
risk for postoperative complications, which
makes it an excellent candidate for routine elec-
tive cholecystectomy. These approaches may be
imposed sometime as standard treatment by the
use of robotization (2).

Laparoscopic surgery has become the method
of choice for treatment of symptomatic and
uncomplicated gallbladder stones, appendec-
tomies and hernia repair (3). In laparoscopic
cholecystectomy (LC), cystic duct and cystic
artery are normally secured with Titanium clips.
Intracorporeal ligation is usually superior to
extracorporeal knotting. Most studies describe
separate and multiple ligations of cystic duct and
cystic artery, which are viewed as technically
demanding and time consuming. Similarly, the
harmonic scalpel and ligasure are prohibitory
expensive for resource limitations. After several
modifications, the success of intracorporeal
“single ligation of cystic duct and cystic
artery” with silk 2/0 was observed. The time
taken for tying varied from two to seven minutes,
and no bile leak or other complication were
noted (4).

We studied the efficacy and safety of silk as
compared to clip application for cystic duct and
artery ligation separately. We observed that both
techniques were safe and less time consuming,
but silk ligation has been proven to be more se-
cure than clip application. Even silk can be easy
to handle and freely accessible anywhere, which
is particularly important when working in rural
centres. But for clipping, clip applicator and Liga
clips are required. Also, special care is needed to
handle and clean the instrument. Both tech-
niques are safe and we have not encountered any
complications in our study. O

LAPAROSCOPY CHOLECYSTECTOMY

METHODS

he study was carried out between August

2014 and February 2015, in the Department
of General Surgery, M. M. Institute of Medical
Science and Research, Mullana, India, in a single
unit. Ethical clearance was taken from the insti-
tute board members. In total, 160 patients aged
18-80 years were selected and divided into two
groups of 80 subjects each; all of them under-
went LC. It was found that the disease was most
common in the third decade of life for 55
(68.75%) patients in both groups; 34 (42.5%) pa-
tients aged 31-40 years and 25 (31.25%) aged
41-50 presented in the fourth decade of life (Ta-
ble 1). It was found that the disease was predom-
inant in women. In group A (silk ligation) there
were 63 females and 17 males, and in group B
(clip ligation) 57 females and 23 males (Table 2).

Age (years) Group A Group B Total Percentage
21-30 16 18 34 42.5%
31-40 34 21 55 68.75%
41-50 14 11 25 31.25%
51-60 12 21 33 41.25%
61-70 4 9 13 20%
TABLE 1. Age distribution in both groups
Group A Group B
Sex No. of No. of
patients Percentage patients  Percentage
(n=80) (n=80)

Female 62 77.5% 66 82.5%
Male 18 22.5% 14 17.5%
Total 80 100% 80 100%

TABLE 2. Sex distribution in both groups

Group A consisted of 70 patients who under-
went LC using cystic duct and artery ligation with
silk 2-0. Group B also consisted of 70 patients in
whom cystic duct and cystic artery were ligated
with Liga clips — two large size clips were applied
on the cystic duct and two medium size Liga clips
on the cystic artery (Figure 1). All the 160 patients
(100%) had a history of pain prior to their admis-
sion in hospital. Presenting complaints were nau-
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FIGURE 1. Material used for ligating and clipping
the cystic duct and artery

sea, nausea associated with vomiting in 21 (35%)
cases, along with occasional episodes of pain as
the second most common symptom. Sixteen
(26.67%) patients had dyspepsia with pain on and
off. None of the patients presented with fever or
jaundice. The cases were randomly allocated by a
sealed envelope method into the study group A
(70 cases) and the control group B (70 cases), and
20 patients were excluded from the study. All
cases included in this study were diagnosed as
having chronic cholecystitis with cholelithiasis.
Excluded patients presented acute cholecystitis,
empyema gallbladder, disarranged coagulation
profile, pregnancy, etc.

Procedure

All patients received preoperative medication:
antibiotic (1 mg), metrogyl (100 mL) and anxit
tablet (0.25 mg). A 10 mm infraumbilical port was
made for camera, followed by three 5 mm ports.
After completion of Callot’s triangle, a proper ex-
posure of the cystic artery and cystic duct was
made. In group A, non-absorbable suture (silk 2-0)
was pushed in the abdominal cavity in appropri-
ate size through the epigastric port and kept in
the callot’s triangle. With the help of laparoscopic
instruments (Maryland and grasper), the cystic
duct or cystic artery was tied or vice versa sepa-
rately and the time was recorded. The thread was
encircled around the cystic duct proximally and
distally as single tie respectively, and then cut.
The remaining part of the thread was used for li-
gation of the cystic artery proximally and distally
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as single tie. Out silk tie was secured enough with
single tie by observing the colour of the cystic
duct which turned whitish, meaning the note was
tightened. By making a single tie, we saved time
as compared to clip application in group B, where
three clips were applied over the cystic duct and
three over the artery. In group B, Liga clips were
applied on the cystic duct and artery. Three large
sized clips were applied over the cystic duct (two
proximal and one distally) and three medium Liga
clips over the cystic artery separately with the
help of the clip applicator. The procedure was
completed as LC. Drain was placed in the sub
hepatic area in all patients and hence, the proce-
dure was completed as four ports LC.

Patients were evaluated daily until discharge.
Their vitals and volume of drain were noted daily.
Drain was removed when the volume decreased
to <20 mL/24 hours. All patients were discharged
from surgery as early as possible. Postoperatively,
all patients were observed for any. 1

RESULTS

total number of 140 patients were randomly

selected and divided into two groups, A and
B. Those in whom the cystic pedicle was ligated
with silk suture were assigned to group A (70 ca-
ses) and the subjects in whom Liga clips were
used to group B (70 cases) (Figures 2 and 3, re-
spectively). The mean time for completion of the
entire procedure was 26.47 min (SD %6.05) for
group A and 23.63 min (SD *+6.42) for group B
(P value 0.135). In group A, the maximum time
taken for ligation of the cystic duct was 2-3 mi-
nutes in 56 patients and 1-2 min for ligation of
cystic artery in 52 patients, whereas in group B it
was 1-2 minutes for both cystic duct clipping
(57 patients) and cystic artery (68 patients). We
observed that the colour of the cystic duct
changed to whitish with appreciate ligation
(by silk) of the cystic duct proximally and distally.
The mean time for ligation of the cystic duct was
2.50 minutes (SD =*0.25) in group A and
1.50 minutes (SD *=1.85) in group B, with P value
<0.001, which was significant. Similarly, the
mean time for ligation of the cystic artery was
1.50 minutes (SD+0.20) in group A, and
1.40 minutes (SD =0.11) in group B, with a
P value >0.001, which was non-significant
(Table 3). The time taken for cystic duct ligation



by silk was longer than for cystic artery ligation.
But time consumption was similar for ligation of
the cystic artery by silk or clip. The mean volume
of drain output in group A, on day 1, day 2 and
day 3 was 25.50 minutes (SD =%26.76),
10.40 minutes (SD *=16.64) and 2.50 minutes
(SD £5.00), respectively.

v,
£
FIGURE 2. Operative picture showing ligating the
cystic duct (marked with white arrow) and cystic
artery (marked with black arrow)

FIGURE 3. Gross operative section revealed
clipping the cystic duct and artery with the clip
applicator (marked with arrow)

No major differences were seen between
groups in terms of inpatient stay, postoperative
complications and safety of the procedure. Hos-
pital stay in both groups was similar (two to three
days). Ryle’s tube was removed in the evening on
the same day of surgery. Next day, patients were
allowed oral sips of water and by the evening full
diet. From the moment patients started taking
orally, they were discharged after 48 hours. In
four cases, the hospital stay was three to four
days. All patients were observed for any fever,
wound infection, bleeding, intra-abdominal col-
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=2 04 52 57 68

2-3 56 14 13 02
3-4 10 04 00 00

TABLE 3. Time for ligation of cystic duct and cystic artery

Bile leakage None None
Migration of clips None None
Slipping of knot None None
Wound infection None None
Postoperative pyrexia None None

TABLE 4. Postoperative complications in both groups

lection and prolonged hospital stay. They were
followed for two months to see if any complica-
tions occur. In both groups, no complications
were noted, except for the little prolonged timing
in group A as compared to group B (Table 4). The
price of suture material used during the study
was only 40-60 Rupees, whereas the cost of tita-
nium clips used for clipping was far more expen-
sive (790-1000 Rupees). This suggests that the
use of suture for ligation is cost-effective and eco-
nomical for ligation. O

DISCUSSIONS

Laparoscopy is widely practiced and it offers re-
alistic benefits over conventional surgery (5). It
was first performed by Carl Langenbuch in 1882,
and in 1983 Kurt Semm used an automatic insuf-
flation device for assessing intra-abdominal pres-
sures (6). Laparoscopic cholecystectomy is being
increasingly performed as a day surgery proce-
dure. Evidence showed that there was no signifi-
cant difference in morbidity between day surgery
procedure and overnight stay, and both ap-
proaches had similar prolonged hospitalization
and readmission rate. In addition, there was no
significant difference in the visual analogue scale
score, postoperative nausea and vomiting scale,
time to return to activity and work between the
two groups. Laparoscopic cholecystectomy can
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be performed safely in selected patients as a day
surgery procedure (7). The cystic duct and artery
are normally closed with titanium clips. They de-
clared no bile leakage or other problems with in-
tracorporeal ligation of the cystic duct/artery by
silk 2/0. The time required for tie varied from two
to seven minutes. It was reported that cystic duct
and artery were normally secured with titanium
clips. Intracorporeal ligation is normally superior
to extra corporeal knotting. Single ligation of ar-
tery and duct is safe and economical (4).

A study reported on the safety of instruments
used for LC in 60 patients. The duration of sur-
gery was 33.1 = 10 minutes when clips were
used (Group A), 31.5 =+ 11.1 minutes when
Harmonic scalpel was used (Group B), and
36.5 = 9.9 when bipolar vessel sealer was used
(Group Q). The difference between Group B and
Group C was statistically significant (P<0.04). For
all of these three groups, the total cost was 900 $,
2900 $, and 1800 $, respectively. The authors
observed that different energy source equip-
ments may be safe for patients to use with a cau-
tious dissection and sealing of the cystic duct in
LC (8). Gurusamy KS (9) found that it was neces-
sary to close the cystic duct completely during LC
to avoid leak from stump. There was a statistically
significant longer operating time (mean difference
12.00 minutes) in the ligature group than in the
non-absorbable clips group (9).

Another study performed the ‘C’ technique
for closure of the cystic duct in 1000 consecutive
patients subjected to LC as intracorporeal knot-
ting. Neither bile leakage nor any other proce-
dure-related complication was seen. The mean
time taken for cystic duct ligation was 3.5 mi-
nutes. The method of total intracorporeal cystic
duct and artery ligation in LC is simple, techni-
cally easy, secure, and economical (10). In our
study, the time for ligation of the cystic duct was
2.50 £0.25 minutes, which was comparable with
that reported by the previously mentioned study.
But the mean time taken for cystic ligation by silk
was 1.50 minutes, as repeated insertion of silk
was not required. Because for cystic duct ligation
we needed a longer thread during insertion than
for group B, re-insertion of the applicator was re-
quired every time. So, the time for ligation of the
cystic artery was shorter than for ligation of the
cystic duct. The time required for cystic artery li-
gation with clip or silk was almost the same. We
noted no postoperative bile leakage. Another

A Journal of Clinical Medicine, Volume 1% No.1, 2018

study reported that the time from skin incision to
closure of wound was 46.6 minutes in the clip
group and 70.7 minutes in the ligature group. The
authors observed that the operative time was
longer when using intracorporeal knotting as
compared with clip application, but the dif-
ference was not statistically significant (P=0.493)
(11). We also share their observations, as surgeons
are not used to intracorpeal knotting, but we ob-
served that ligation of the cystic duct or artery is
more secure when silk was used as compared
with clips. If you start using intracorporeal knot-
ting routinely, the procedure becomes less time
consuming with the increasing number of cases
done.

A study found that the average operative time
was 61.29 minutes (25-160). The authors found
12 patients with minor complications but did not
prolong the hospital stay. There were five (4.1%)
patients with intraoperative bleeding, but all ca-
ses were controlled. Fever on the second posto-
perative day occurred in four (3.3%) patients
without obvious causes. Intraabdominal collec-
tion (bile leakage) occurred in one patient (0.8%)
who was readmitted and managed conservati-
vely. This patient was fully recovered by conser-
vative treatment (12). Ghavidel A et al (13) found
that post-cholecystectomy clip migration was
rare, but could lead to complications such as
clip-related biliary stones. Most of such incidents
have been reported as case reports in the litera-
ture. It can occur at any time but mostly after a
median period of two years post-cholecystecto-
my (13). In our group, there was no such compli-
cation neither any leakage from the bile duct was
observed in the postoperative period.

Other authors observed more benefits of the
simple ligation of cystic duct. It is easy and practi-
cal as intracorporeal knotting needs special ex-
pertisation. This is a simple technique that could
be performed without any difficulty. Beyond
doubt, simple ties are always available and very
economic (14). Another study revealed that intra-
corporeal knotting and endoloop closure were
safe, successful and feasible methods for appen-
dicectomy. The authors observed that silk was a
better alternative option to ligate the base of the
appendix as compared to harmonic-like device.
Hence, in rural locations, or in settings where
instruments are not affordable to the surgeon, or
in financially compromised patients, silk can be
used withoutany complication (15). Mehmedovic Z



et al (16) declared that LC was associated with
a higher risk of intraoperative lesions and pri-
marily lesions of biliary ducts. In a small per-
centage of cases, biliary fistulas occur, most
commonly after leakage from cystic duct stump
or accessory bile ducts (16). Our study ob-
served that with the tight secure of silk to the
cystic duct, the colour of the duct changed to
white. We have not come across any kind of
injury in any group.

Cystic duct leakage with metal clips persists
after laparoscopic cholecystectomy (17). Use of
locking clips on leaks from the cystic duct
stump after LC is an alternative to metal clips
(17). A study noted the migration of two clips
into the common bile duct (CBD) along with
retained stones as rare complications of LC,
and highlighted that it should be kept in mind
as differential diagnosis of recurrent cholangitis
in post-cholecystectomy cases (18). An author
described an intraductal migration of surgical
clips into the CBD after 10 years of LC, which
was unusual and could result in gallstone for-
mation clip cholelithiasis (19). Photi ES et al (20)
have done the ligation of the cystic duct with
surgical clips, and reported a case of cholangitis
secondary to clip migration into the CBD.
Another case was reported as postoperative
Mirizzi syndrome caused by the migration of
four polymer laparoscopic clips, which could
confuse the diagnostic and therapeutic field for
treatment (21). A study reported a case of bile
leak caused by an injury to the ducts of Luschka
after LC; the leak was treated with ES using
5-F NBT, and the resolution of the leak was
confirmed without repeated endoscopy (22). In
our study, no such complication was encoun-
tered (Table 5). Another study observed bile
leakage in two (0.82%) patients postoperati-
vely. In one case, it was found that the clip had
slipped from the cystic duct (23). We applied
the clips with keeping the distance from the
cystic and CBD junction, which may be the
reason of non-migration of clips into the CBD.
Though it was our observation, large series of
studies required to mention it.

We believe that, if LC is performed under
safety guidance and meticulously, then compli-
cations may be decreased. One more observa-
tion in our study was that silk ligation was a
safer option than clip application to avoid the
CBD stricture formation or migration. During

LAPAROSCOPY CHOLECYSTECTOMY

Authors

of clips

Shah JN et al (2010)* 0 0
Golash V (2008)"

Ghavidel A et al (2015)" 1
Mehmedovic Z(2016)'° 1
Matsui Y et al (2015)"7 0 0
Rawal KK et al (2017)'8 2

Cookson NE et al (2015)* 1

Photi ES et al (2014)® 1

Nagorni EA (2016)* 4

Ko SY (2017)* 1
Farooq U 2
Our study 0 0

Migration Bile duct
leakage

Percentage

1
0

TABLE 5. Postoperative complications by authors’ reports

the study it was noted that repeated insertion
of the clip applicator was required for clipping
but in case of silk ligation, only one time thread
was inserted and kept near the callots triangle
or dissected area. The cystic duct or artery vice
versa could be ligated separately with a piece
of thread, though there were no major differ-
ences in the form of timing.

In our study, the cost of silk suture was
much cheaper than that of titanium clips used
for the cystic duct and artery. For the suture
material used during the study, the price was
only 40-60 Rupees (0.62-0.92 $), whereas for
the titanium clips used for clipping it was far
higher, reaching ~ 790-1000 Rupees
(12.28-15.55 $). This suggests that the use of
suture for ligation is a very cost-effective and
economic option for ligation. In the present
study, surgery was performed by a single sur-
geon to avoid complications, as operating time
would vary among surgeons. With the use of
silk, epigastric port size can be reduced from
10 mm to 5 mm. Therefore, the advantages of
the present study include: 1) suture ligation
needs skills and experience, which can be im-
proved by training; 2) when the colour of the
cystic duct becomes white, it means that silk
tied to the cystic duct is secure enough; 3) su-
ture is readily available everywhere, but the
availability of clips can be sometime questioned
even in terms of appropriate size; 4) the cost of
clips is much higher than that of silk; 5) silk is
easy to apply in dilated or short cystic duct. Q
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CONCLUSION

he use of silk or clips can produce effective
and safe ligation of the cystic duct or artery

Total timing and complications also depend on

surgeons’ or residents’ experience and skills,

during laparoscopic cholecystectomy. When

clip applicator is not available, suture can be
alternatively used. The laparoscopic surgeon

should be well versed with both techniques.
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