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Abstract

Background: Suture ligation of appendix base during
laparoscopic appendectomy with Extracorporeal Sliding-Knot
(ECK) is associated with better outcomes than Intracorporeal
Knot (ICK) continues to be a matter of debate.

Aim of the Study: Is to compare Extracorporeal Sliding-
knot (ECK) and Intracorporeal Knot (ICK) in ligation of the
base of the appendix in laparoscopic appendectomy.

Patients and Methods: This prospective randomized
comparative study was carried out in Gastrointestinal, Liver
& Laparoscopic Surgery Unit of Tanta University Hospitals
from May 2016 till May 2017 on 30 patients with acute
appendicitis divided into two equal groups; Group I: Were
subjected to extracorporeal sliding-knot (15 cases) and Group
II: Were subjected to intracorporeal knot (15 cases).

Results: The mean age of ECK group was 29+£5.10 years,
compared to 29.33+£5.39 in ICK group. There were 9 males
and 6 females in ECK group, compared to 7 males and 8
females in ICK group. A highly statistically significant differ-
ence was present in operative time between both groups; ECK
Group had operative time mean of 46.07% 11.70 minutes,
compared to 61.73 £ 11.33 minutes in ICK group. Superficial
wound infection developed in one patient in ECK group and
two patients in ICK group. Only one patient in ICK group
developed post-operative abscess in the RIF.

Conclusion: ECK technique had significant shorter oper-
ative time in comparison with ICK that needs more laparo-
scopic skills. Incidence of post-operative wound infection,
intraabdominal abscess were higher in ICK technique, but
these findings were not statistically significant.
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Introduction

LAPAROSCOPIC Appendectomy (LA) is cur-
rently a well-established and widely accepted
method. It has a lot of advantages as compared
with open approach technique, including less pain
in the post-operative period, faster return to normal
activity and work, shorter hospital stay and lower
percentage of wound infections [1,2].

Adequate closure of the appendix stump is very
important to avoid serious complications such as
post-operative fistula, peritonitis, and sepsis. During
LA, several modifications with new materials have
been introduced for optimizing and controlling the
appendiceal stump closure including; staplers,
endoloop, titanium clips, nonabsorbable polymer
clips (Hem-o-lock clips), hand-made loops, suture
closure through extracorporeal sliding-knot or
intracorporeal knot ligation [3].

Tying the knots intra-abdominally with the help
of laparoscope is challenging and difficult due to
limited space for movement, lack of twist move-
ment at the wrist joint, the fulcrum for movement
due to long instruments, is far from the desired
site and it also requires great manual dexterity [4].

Extracorporeal knotting is an alternative tech-
nique which is widely used. To make use of extra-
corporeal sliding-knots, the idea is to make the
knot outside the body and then slide it in to do the
job. The knot applied must be as secure as the
traditional ones, quick and easy to apply [4].

The most common extracorporeal sliding-knots
are; Roeder's knot, Mishra's knot, Gea extracorpor-
eal knot, Duncan loop, Tayside knot, Tennessee
slider, Nicky's knot, SMC knot, Weston knot, and
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Meltzer's knot [5,6] . The most common intracorpor-
eal knot tying techniques are; intracorporeal Square
Knot (Loop Method, Wind Method & Tumble
Square Knot), Surgeons Knot, Tying laparoscopic
intracorporeal knots with one instrument: Dowais
tie and Single instrument intracorporeal knot tying
(Magid Ismail, Rafik Shalaby technique) [7,9].

Patients and M ethods

This study is a prospective randomized com-
parative study included 30 patients, admitted to
Gastrointestinal, Liver & Laparoscopic Surgery
Unit of Tanta University Hospitals, El-Gharbeia,
Egypt that were diagnosed as appendicitis and
were subjected to laparoscopic appendectomy
starting from May 2016 till May 2017. The thirty
patients were divided into 2 equal groups; Group
| were subjected to extracorporeal dliding-knot
ligation (15 cases) and Group |1 were subjected to
intracorporeal knot (15 cases).

All cases that diagnosed as clinically evident
appendicitis pre-operatively were included in our
study except; patient under 18 years of age, perfo-
rated appendicitis with peritonitis, pre-operatively
diagnosed appendicular mass or abscess, severely
septic patients for whom a laparotomy is indicated,
patients with severe lung or cardiac diseases, and
pregnancy (1 st and 3rd trimester).

All patients were subjected to; history taking
with emphasis on; onset, course and duration of
pain, clinical examination with emphasis on; pulse,
temperature, maximum point of tenderness and
cough tenderness, right iliac fossa rebound tender-
ness, guard, rigidity or palpation of a mass, Rovs-
ing's sign, psoas sign and obturator internus sign.
Also investigations were done in form of: Total
leucocytic count, C-reactive protein, urine anaysis,
pregnancy test in females and imaging studiesin
form of; pelviabdominal ultrasound and plain X-
ray of the abdomen and pelvisin erect position.

Fig. (1): Tightening the ECK with Maryland around the base.

Surgical technique:

Creation of pneumoperitoneum was done by
either closed or open techniques through supraum-
bilical incision. We used carbon dioxide for insuf-
flation with arange pressure of 12- 14mmHg, when
pneumoperitoneum is established, the 30° 10mm
telescope is inserted inside the umbilical port.

We utilized a three-port technique, with one
umbilical 10mm port for the camera and the first
5mm working port at midline 4-5cm above the
pubis under |aparoscopic vision with care to avoid
injury of the bladder, the second 5mm working
port is at left iliac fossa medial to left anterior
superior iliac spine.

Firstly identification of the appendix in the
right iliac fossa was done and confirmation of the
diagnosis, then mobilization and holding the ap-
pendix with atraumatic grasper with traction to-
wards anterior abdominal wall, any adhesions
between the appendix and the surrounding struc-
tures were lysed with a combination of blunt and
sharp dissection.

The mesoappendix is then cauterized using
unipolar diathermy starting from the tip of the
appendix to its base combining the coagul ation
and cutting electrocautery. It is worth mentioning
that a harmonic scalpel was used in few cases for
the same purpose.

ECK technique: There are various methods of
ECK, in our study we used Roeder's and Mishra
sliding knot with vicryl-0-suture. Three knots were
used for ligation of the base of the appendix. The
Roeder's knot was prepared outside the abdominal
cavity through formula of (1:3:1), one hitch, three
winds and one locking hitch then the knot was
checked for sliding. Knot was held to abdominal
cavity through the trocar. Once inside the abdominal
cavity, the appendix was placed through the loop.
The knot was tightened with a Maryland. End of
the knot was trimmed with scissors.

Fig. (2): Suturing the first intracorporeal knot around the base.
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ICK technique: Intracorporeal knot was done
with 20cm of vicryl-0-suture. Three knots were
used around the appendix base using square knot
and surgeons knot.

Lastly the specimen was removed through the
port with the valve held open. Peritoneal lavage
was done and drain insertion (if needed), caecum
and stump were visualized using the camera, for
checking hemostasis and security. After resection
of the appendix, histopathological study was or-
dered for all specimens.

Results

Total number of patientsin our study was 30
patients that were divided into two equal groups,
Group |: ECK group (15 patients) and Group 11:
ICK group (15 patients).

* The demographic characteristics of our study
groups: The mean age of ECK group was 29+5.10
years, compared to 29.33+5.39 in ICK group. There
were 9 males (60%) and 6 females (40%) in ECK
group, while there were 7 males (46.7%) and 8
females (53.3%) in ICK group. Among the female
patients there were 2 pregnant cases; one in each
group in the 18th and 20th gestational week respec-
tively. The mean BMI of ECK group was 25.45 +
2.76kg/m? compared to 26.68+2.94kg/m? in ICK
group, no statistically significant difference was
found as regard age, gender and BMI between both
study groups.

* Laboratory investigation characteristics: No
statistically significant difference in leucocytic
count and CRP between both groups. ECK group
had leucocytic count mean of 8310.20+6786.06,
compared to 8966.73+4092.62 in ICK group. Re-
garding CRP level; in ECK group the mean of CRP
level was 9.47 whilein ICK group the mean of
CRPwas 15.

* Alvarado score: The mean of Alvarado score
in ECK group was 6.87+1.68, whilein ICK group
the mean of Alvarado score was 7.33 £ 1.63 with
p-value=0.448 which is statistically insignificant.

* Operative data: Creation of pneumoperitone-
um was accomplished through open technique in
one patient (6.7%) in each group while in the other
14 patients (93.3%) we used closed method tech-
nique. Regarding drain insertion; in ECK group
we inserted atube drain in 4 patients (26.7%),
whilein ICK group weinserted adrain in 2 patients
(13.3%), with statistically insignificant difference
between both groups. A highly statistically signif-
icant difference was present in operative time
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between both groups. ECK group had a shorter
operative time than ICK group. Operative time
was 46.07£11.70 minutesin ECK group compared
t0 61.73%11.33 minutesin ICK group with p-value
=0.001.

During our study, we did not convert to the
open procedure in any case additionally there was
no significant intraoperative bleeding in both
groups.

* Type of the appendix: In ECK group; smple
appendicitis was found in 10 patients (66.66%),
complicated appendicitisin 3 patients (20%), and
no macroscopic signs of inflammation in 2 patients
(13.33%). On the other hand, in ICK group; simple
appendicitis was found in 8 patients (53.33%),
complicated appendicitisin 5 patients (33.33%),
and no macroscopic signs of inflammation in 2
patients (13.33%). In case of macroscopic honin-
flamed appendix while no other obvious abdominal
pathology was detected explaining right-lower
quadrant pain, we were still keen to remove the
appendix. Histological examination showed acute
appendicitisin 28 (93.33%) out of 30 patients.
There was no statistically significant difference
between two groups as regards the type of appen-
dicitis (p=0.697).

* Post-operative return of intestinal sounds &
starting feeding: The intestinal sound returned
with starting the oral feeding in ECK group after
14.40+4.97 hours post-operatively, whilein ICK
group intestinal sounds returned after 17.60 +6.20
hours, with p-value=0. 130 which is statistically
insignificant.

* Post-operative complications: Superficial
wound infection developed in one patient (6.7%)
in ECK group and two patients (13.3%) in ICK
group, also each group had only one patient (6.7%)
with post-operative delayed peristalsis, but regard-
ing intraabdominal abscess there was one patient
only in ICK group who devel oped post-operative
abscess in the RIF. Additionally there was no
patient developed fecal fistula, bleeding or port
site hernia. No statistical significant difference
between two groups in post-operative complica-
tions.

* Duration of hospital stay in days among the
study groups: 4 cases (26.7%) in ECK group were
discharged in '~ post-operative day in comparison
to 2 cases (13.3%) in ICK group. 11 cases (73.3%)
were discharged in 2nd post-operative day in ECK
group, while 13 cases (86.7%) were discharged in
2nd post-operative day in ICK group, whichis
statistically insignificant.
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Patient was discharged when he was vitally
stable, on full oral feeding, no signs of early post-
operative complications. All of the 30 patients in
this study were followed-up weekly in the first
month.

Table (1): The age characteristics of our study groups.

Range Mean £ SD t-test p-value
Age:
GI 20-35 29.00£5.10 0.030 0.863
GII 23-39 29.33+5.39

t: Independent sample ¢-test.

Table (2): The mean operative time among our study groups.

Range  Mean £ SD t-test  p-value
Operative time:
Gl 30-66  46.07+11.70  13.886  0.001*
GII 35-75  61.73£11.33
t : Independent sample ¢-test.
: Statistically significant difference.
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Fig. (3): Alvarado score characteristics of the study groups.
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Fig. (4): The hospital stay among both groups.
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Discussion

Appendicular stump closure is a crucial step
during laparoscopic appendectomy, and its inap-
propriate management can lead to catastrophic
complications. Different techniques have been
described to secure the appendicular base during
LA, and despite many studies, there is no universal
agreement on any method [9]. There are prospective
randomized studies with large number of cases
that compared different methods, staplers can be
considered when the appendix base is extremely
inflamed or necrotic but unfortunately staplers and
endoloops are more expensive methods as com-
pared to others. Using cheaper alternatives such
as ligation with sutures and handmade loops will
be more appropriate due to the particular conditions
of poor countries. All methods have a similar
reliability, therefore methods that are cheap and
easy to apply should be considered as first choice.
Nevertheless, the final decision on the method to
be used will rely on the surgeon's training and
experience, the availability of equipments, costs
and the extent of appendix inflammation [3].

Inherent disadvantages of laparoscopic intrac-
orporeal knot tying are; limited space for move-
ment, decreased sensation of the applied tension
to the tissues and the knot with difficulty in creating
the knot because of technical requirements. In
contrast, extracorporeal knots are easier to create,
and the surgeon who advances the knot controls
the tension. The majority of extracorporeal knots
are sliding knots, and this raises concerns about
the safety of the ligatures. Due to numerous diffi-
culties and challenges to intracorporeal knot tying,
the surgeons try to avoid intracorporeal suturing
and make use of extracorporeal technique [4,10].

In our study we compare securing the base of
the appendix using extracorporeal sliding-knot
versus intracorporeal knot as regard: (Simplicity,
operative time, effectiveness and complications).

The presenting age of patients participating in
ECK technique was 29.00+£5.10 years, while in
ICK technique the mean age was 29.33 £5.39 years,
with no statistically significant difference.

Our result is similar to Chand Prem et al., [11],
who reported in their study comparing ICK with
endoloop that the mean age of all patients was
29.01 years, and they explained the cause of high
incidence of appendicitis in the second and third
decade of life is considerably due to hyperplasia
of lymphoid tissue in the appendix, which reaches
its peak at 20 years of age. Nadeem et al., [12]
reported in their study comparing ECK (36 patients)
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with metallic endoclip (32 pati ents), that the mean
24x7.78

age of ECK group was years.

The ECK group in this study showed 9 males
(60%) and 6 females (40%), while ICK group were
consisted of 7 males (46.7%) and 8 females
(53.3%), with no statistically significant difference.
Ateset al., [13] reported in their study comparing
ICK with titanium endoclip that ICK group (31
patients) consisted of 19 males (61.3%) and 12
females (38.7%). Arcovedo et al., [14] reported in
their study comparing Gea extracorporea diding-
knot with stapler that there were 34 male patients
(54%) and 29 female patients (46%) in ECK group.

The operative timein this study showed a sta-
tistically highly significant difference between
both groups with p-value=0.001. ECK group had
a shorter operative time than ICK group. Interest-
ingly, ICK group in which suture knot was used,
had significantly longer duration compared with
the ECK group, which can be attributed to the fact
that this method seems to be more technically
demanding that improve with more training.

The operative time in our study is similar to
Nguyen et al., [15] that evaluated two different
types of knot-tying techniques-intracorporeal versus
extracorporeal-they found in their study a statisti-
cally significant difference between the two meth-
ods with a performance time for the extracorporeal
knot tying technique less than that for the intrac-
orporeal technique with p-value >0.05.

Elshouraet al., [16] reported in their study
comparing endoscopic stapler, ECK and ICK, that
the mean operative time of ECK group was 71.5
minutes (range: 40-90 minutes), and of ICK group
was 84.3 minutes (range: 45-125 minutes), while
the mean operation time was 56.4 minutesin en-
dostapler group.

They used the post-hoc test that showed statis-
tically significant differences as regards operation
time between the groups: Between endostapler
group and ECK group the p-value was 0.01; be-
tween endostapler group and ICK group the p-
value was 0.02; and between ECK group and ICK
group the p-value was 0.004 [16].

Gonenc et al., [17] reported in their study com-
paring ICK versus metal endoclip that the mean
operative time of ICK group (46 patients) was 61.9
minutes, also Kieuddlis et al., [18] found in their
study comparing ICK with invaginating suture
versus endol oops that the mean operative time of
intracorporeal group (40 patients) was 79.6 £21
minutes. Time was significantly longer because
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invaginating suture was also used in the study.
Nadeem et al., [12], reported in their study compar-
ing ECK (36 patients) with metallic endoclip that
the mean operative time of EC knot group was
48.3+8.45 minutes.

In ECK group; we inserted atubedrainin 4
patients (26.7%). Whilein ICK group we inserted
atubedrain in 2 patients (13.3%), with p-value=
0.361, which statistically insignificant. All drains
were removed in the second day post-operative.

No cases of mortality or intraoperative compli-
cations were reported in our study, although an
array of factors were standing behind laparotomy,
which had variable frequency, like adhesions,
localized perforation, diffuse peritonitis, appendix
base necrosis, bleeding, and iatrogenic lesions.
Among the 30 studied patients, no patients needed
laparotomy.

Kieudelis et al., [18] reported in their study
comparing |CK with invaginating suture versus
endol oops that one patient of ICK group (40 pa-
tients) has intraoperative bleeding. Nadeem et al.,
[12] reported in their study comparing ECK (36
patients) with metallic endoclip that one patient
has intraoperative bleeding in EC knot group.

In this study the intestinal peristalsis returned
in ECK group after 14.40+4.97 hours post-
operatively and in ICK group after 17.60+6.20
hours, with p-value=0. 130 which is statistically
insignificant. Chand Prem, et al., [11], reported in
their study on 60 patients that the bowel sounds
in patients of 1CK group (30 patients) returned
after 18.80+8.14 hours.

There was a post-operative wound infection in
one patient (6.7%) in ECK group, while two pa-
tients (13.3%) in ICK group devel oped wound
infection; also each group has one patient (6.7%)
who developed post-operative delayed peristalsis,
and regarding intraabdominal abscess there was
one patient only in ICK group that has post-
operative abscess in theright iliac fossa. No sig-
nificant statistical difference between two groups
as regards post-operative complications.

The three patients who devel oped superficia
wound infection were managed with regular wound
care and antibiotics. Two patients experienced
delayed peristalsis, which resolved under conserv-
ative treatment (nasogastric tube, nothing per
month, intravenous fluids, and bowel stimulants).
One patient who devel oped intraabdominal abscess
was treated by the placement of ultrasound-guided
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percutaneous tube drain into the abscess under the
cover of parental antibiotic regimen.

Elshouraet a., [16] reported in their study that;
in ECK group the complication rate was 6.6%
(three cases: One intra-abdominal abscess, one
superficial wound infection, and one delayed per-
istalsis), whilein ICK group the complication rate
was 2.3%; (one rel aparoscopy because of intraab-
dominal abscess). And in endostapler group the
complication rate was 4.2%; (two cases. One su-
perficial wound infection and one intraabdominal
abscess).

Chand Prem et al., [11], reported in their study
on 60 patients that only one patient in ICK group
(30 patients) had wound infection, and none of
patientsin ICK group had bleeding from the port
or the stump. No patient developed delayed peri-
stalsis or intestinal obstruction in the given period
of follow-up. No patient had port site herniain 3
months follow-up period. Nurettin et a., [19], found
in their study comparing ICK in complicated and
noncomplicated appendicitis on 90 patients that
incision site infection was observed in seven cases
(7.8%), and delayed peristalsis was observed in
two cases with complicated appendix (2.2%).

Nadeem et al., [12], reported in their study
comparing EC sliding knot (36 patients) with
metallic endoclip that one patient in EC knot group
has post-operative delayed peristalsis, aso no post-
operative delayed peristalsis has been reported
after extracorporeal knotting in studies done by
Di Saverio et al., and Arcovedo et al., [14,20] .

In this study, 4 cases (26.7%) in ECK group
were discharged in 1 st post-operative day in com-
parison to 2 cases (13.3%) in ICK group, whilein
the 2nd post-operative day; 11 cases (73.3%) in
ECK group were discharged in comparison to 13
cases (86.7%) in ICK group, with no statistically
significant difference between the two groups.

The average length of hospitalization in recent
studies was from 2 to 5.9 days, showing no statis-
tically significant difference among the various
approaches of appendix stump closure [2,21] . Chand

Prem et al., [11] found in their study on 60
patients that most of patient in ICK group (30
patients) were discharged in 1 st and 2nd day post-
operative except one case was discharged in 3rd
day, due to post-operative pyrexia as aresult of
port siteinfection. Ateset al., [13], found in their
study comparing IC knot with titanium endoclip
that the mean of hospital stay in ICK group (31
patients) was 2.06+0.9 days. Nadeem et al., [17],

reported in their study, that the mean hospital stay
among patients in EC knot group was 21.6+13.6
hours, also the average hospital stay in ECK group
reported by Arcovedo et al., [14] was 2.78 days
(range, 7h to 15 days).

We realize that ligation of the appendicular
base should be only moderately tight. The degree
of tension applied to the knot is very important as
loose knot may cause bleeding or post-operative
leakage and collection, also tight closure of the
applied knot resulting in cutting or tearing of the
tissues, which necessitates conversion to open
surgery with transfixing the appendicular stump
[22] . In our study we concluded that tension applied
to the knot could be controlled through the ECK
technique more than the ICK, but we had no case
of bleeding or leakage among both group.

Conclusions:

Application of the ICK and ECK is safe, sure
and reliable method for stump closure and enhances
the surgical hand skills. Suture ligation is econom-
ically cheaper when compared to standard tech-
nigues as staplers or endoloops. Finally we can
conclude that ECK is safe, easy to learn and carry
the advantage of shorter operative time compared
to the ICK technique, but we recommend that every
|aparoscopic surgeon must be acquainted by both
techniques.
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