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Abstract

Background: Appendectomy is one of the most commonly performed surgical procedures of the abdominal area. One of the recent
innovations is single-port laparoscopic surgery (SPLS), which can insert multiple ports through a proprietary device with multiple
channels. An incision is sited in the umbilicus to result in no visible scar.
Objectives: The study aimed to evaluate the results of the treatment of acute appendicitis by applying single-port laparoscopic
surgery.
Methods: A clinical single-port laparoscopic appendectomy intervention of 122 patients, with the absence of a control group, was
carried out by a sole surgeon at the Hue University of Medicine and Pharmacy Hospital, Hue, Vietnam, from August 2013 to Decem-
ber 2017. Research parameters included clinical history, physical examination, laboratory test, ultrasound imaging, intraoperative
characteristics, and surgical outcomes.
Results: We included 122 patients (64 males and 58 females) who met the inclusion criteria. The mean age was 31.28 ± 13.51 years
(range, 16 - 73 years). The average BMI was 20.4± 1.39 kg/m2. All patients had abdominal pain, and the average duration of symptoms
was 17.39 ± 5.41 hours (range, 6 - 31 hours). Five patients had a history of abdominal surgery. The mean diameter of appendicitis in
ultrasound was 8.8 mm (range, 6 - 15 mm). Moreover, 89.3% of patients had an increase in white blood cells. The difficult location
of appendicitis was 1.6% under the liver and 20.5% in the retrocecal region. In addition, 18.0% of retroperitoneal appendicitis and
6.6% of appendicitis were under cecalserosa. The mean operative time was 40.19 ± 14.67 mins (range, 23 - 150 min). Two cases (1.6%)
required additional trocar insertion. Three cases (2.5%) had wound infection and no other complications. The median hospital stay
was 3.64 ± 1.72 days (range, 2 - 13 days).
Conclusions: Single-port laparoscopic surgery is the safe and effective treatment of acute appendicitis. This technique may be
feasible for acute appendicitis with a difficult location.
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1. Background

Appendectomy is one of the most commonly per-
formed surgical procedures of the abdominal area (1, 2).
Laparoscopic surgery is the preferred technique widely ac-
cepted by many surgeons as the standard gold therapy for
treating acute appendicitis due to its reduced postopera-
tive pain, more rapid recovery, and improved cosmesis (3).
Following the concept of minimally invasive surgery, sur-
geons put in efforts to fully utilize the advantages of la-
paroscopic surgery by reducing the number of incisions
that would bring the benefits of improving cosmetic ap-
pearance and reducing abdominal wall trauma. One of
the recent innovations is single-port laparoscopic surgery
(SPLS), which can insert multiple ports through a propri-

etary device with multiple channels. An incision is sited in
the umbilicus to result in no visible scar (4).

Pelosi performed the first application of single-port la-
paroscopic appendectomy (SPLA) in 1992 (5). Many sur-
geons showed the new approach is safe and used to per-
form a large variety of procedures, including cholecystec-
tomy, splenectomy, and colon resection (6, 7). In 2019,
three-port laparoscopic appendectomy (TPLA) was com-
pared to SPLA and found feasibility and highly safe by To-
moe Moriguchi (Japan) (8). In addition, SPLA has been
studied in many countries with different types of patients,
from adults to children, with desirable results (9). Besides,
SPLA has been studied in many countries with different pa-
tients, from adults to children, with desirable results (10-
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12).
The conflict of instruments, absence of triangulation,

and difficult retraction of mesoappendix are the main
technical issues for SPLA. Recently, advances in laparo-
scopic instruments and optical systems have enabled sur-
geons to perform this technique. SPLA still has some signif-
icant limits of the surgical field and difficult access to the
operation through a small incision (13). It requires more
experience with surgical cases and more skill, experience
in emergency cases. However, few data and studies on the
risk have been established, and no definite indication cri-
teria for SPLA application (4, 14).

Nowadays, single-port laparoscopic appendectomy
(SPLA) is a new treatment in many countries (15). In Viet-
nam, the research on evaluating the feasibility, safety, and
clinical advantage of the single-port laparoscopic appen-
dectomy method with conventional instruments is an im-
portant means of transferring this method to hospitals.
Therefore, we aimed to evaluate the treatment results of
acute appendicitis by applying single-port laparoscopic
surgery in Vietnam.

2. Objectives

The study aimed to evaluate the results of the treat-
ment of acute appendicitis by applying single-port laparo-
scopic surgery.

3. Methods

The study evaluated 122 patients who underwent
single-port laparoscopic appendectomy for acute appen-
dicitis treatment at Hue University of Medicine and Phar-
macy Hospital, Viet Nam, from August 2013 to Decem-
ber 2017. The routine preoperative examinations included
complete surgical history, physical examination, labora-
tory blood count, and abdominal ultrasonography. Indi-
viduals who were pregnant or younger than 16 years of age
were excluded from the study cohort. Patients who had
septic shock, peritonitis, or previous surgery through the
umbilical region were also excluded. All cases were per-
formed by a single surgeon.

3.1. Surgical Technique

Each patient was subjected to general anesthesia and
placed in the supine position with the left arm alongside
the body. The surgeon and medical assistants were on the
patient’s left side, and the laparoscopy monitor was on the
patient’s right side.

Before the skin drape, the umbilicus was cleansed with
betadine solution. An umbilical incision of 20 mm was per-
formed by pulling the umbilicus with two Allis forceps un-
der direct vision. The single-port device (SILSTM Port 12 mm,
Covidien, USA) was inserted from this defect. The SILS port
is a foam plug inserted through a 20-mm fascial incision,
which is once inserted to retract the abdominal wall and
prevent air leakage. Pneumoperitoneum was initiated to a
pressure of 12 mmHg. The operating table was tilted to the
Trendelenburg position.

The conventional laparoscopic instruments used to
perform the procedure were a 30° 10-mm laparoscopic
camera, dissector, grasper, and scissor (Olympus Medical
Systems). The laparoscope camera was utilized to visu-
alize the operative field. A 5-mm grasper was inserted
through the port for retracting the appendix. A dissector
was used for the dissection along the border of the mesoap-
pendix to the appendiceal base. The control of the appen-
diceal artery has been achieved by using coagulation. Af-
ter the ligation of the appendiceal base performed by us-
ing a Vicryl 2.0 intracorporeal knot-tying, the appendix
was sharply divided. The mucosa of the appendix stump
was cauterized. The appendix and single-port device were
slowly retrieved. One layer interrupt suture was done to
the peritoneum and fascia with a Vicryl 1.0. The subcuta-
neous layer was repaired by an interrupted suture using
Vicryl 3.0.

3.2. Data Collection and Analysis

Participants were assessed preoperatively to confirm
eligibility, and perioperative data were collected. The fol-
lowing parameters were collected on the patients preop-
eratively: (1) age, (2) body mass index (BMI), (3) time from
onset to hospitalization, (4) history, (5) white blood cell
(WBC) counts, and (6) abdominal ultrasound. The intra-
operative characteristics of acute appendicitis were classi-
fied according to their location and involvement of adja-
cent organs.

The primary clinical outcome was evaluated by the
severity of pain, using the visual analogue scale (VAS) at
1 - 7 days. Other clinical outcomes included the dura-
tion of operation (minutes), complication rates, conver-
sion rates, and duration of hospitalization (days). The long-
term follow-up duration was set at six months.

3.3. Statistical Analysis

The results were collected into a database and analyzed
by using the SPSS.20 application. Data were expressed by
number and percentage as well as by mean and standard
deviation (SD). The statistical significance was confirmed
with the P-values < 0.05.
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3.4. Ethics Considerations

The study was approved by the Medical Ethics Council
of Hue University of Medicine and Pharmacy. Information
of participating patients was kept confidential.

4. Results

4.1. Epidemiological Characteristics

The study included 58 women and 64 men with a mean
age of 31.28 ± 13.51 years (16 - 73 years). The average BMI
was 20.38± 1.39 kg/m2, ranging from 16.9 to 24.7 kg/m2. All
patients had abdominal pain, and the average duration of
symptoms was 17.39 ± 5.41 hours (range, 6 - 31 hours).

4.2. Intra-Operative Characteristics of Acute Appendicitis

Five patients had a history of abdominal surgery, in-
cluding one left inguinal hernia procedure, two cesarean
sections, one sterilization, and one resection of giant ovar-
ian tumor. The mean diameter of appendicitis by ultra-
sound was 8.8 mm (range, 6 - 15 mm) and 89.3% of pa-
tients had increased levels of white blood cells. The intra-
operative characteristics of acute appendicitis were classi-
fied according to their location and involvement of adja-
cent organs (Table 1).

Table 1. Intra-Operative Characteristics of Acute Appendicitis

Intraoperative Finding No. (%); N = 122

Location of appendix

Right iliac fossa 111 (91.0)

Under the liver 2 (1.6)

Right pelvis 9 (7.4)

Appendiceal location with cecum and ileum

Subcecum 80 (65.6)

Retrocecum 25 (20.5)

Paracecum 7 (5.7)

Postileum 10 (8.2)

Involvement of adjacent organs

Appendix covered by greater omentum 7 (5.7)

Appendix covered with ileum 10 (8.2)

Appendix under cecal serosa 8 (6.6)

Retroperitoneal appendix 22 (18.0)

4.3. Postoperative Outcomes of Single-Port Laparoscopic Ap-
pendectomy

The mean of the operative time was 40.19 ± 14.67
minutes (range, 23 - 150 minutes). There was no intra-
abdominal injury or massive bleeding during the opera-
tion. Of the 122 patients, two cases required an additional

trocar insertion. There were no patients who required
conversion to conventional laparoscopic appendectomy
or open appendectomy (Table 2).

Table 2. Postoperative Outcomes of Single-Port Laparoscopic Appendectomy

Variable Mean ± SD Range

Operative time (min) 40.19 ± 14.67 (23 - 150)

Pain at 1st POD (VAS) 4.13 ± 2.04 (1 - 9)

Pain at 2nd POD (VAS) 2.67 ± 1.75 (1 - 9)

Pain at 7th POD (VAS) 1.18 ± 0.60 (1 - 5)

Time until gas passing (h) 13.11 ± 5.53 (6 - 36)

Time until starting diet (h) 16.34 ± 6.94 (8 - 51)

Hospital stay (day) 3.64 ± 1.72 (2 - 13)

Abbreviations: VAS, visual analogue scale; POD, postoperative day.

The time of starting a diet after surgery was 16.34 ±
6.94 hours. Postoperative complications occurred in three
patients (2.5%) with wound complications. These patients
were treated by antibiotic therapy. The median hospital
stay was 3.64± 1.72 days (range, 2 - 13 days). On the first day
after surgery, the VAS was 4.13 ± 2.04. A mean VAS on the
second postoperative day was 2.67 ± 1.75. All the patients
were reexamined on the seventh postoperative day, and no
postoperative complication was encountered. The mean
of VAS on the seventh postoperative day was 1.18 ± 0.60.
The long-term follow-up period was six months. Moreover,
81.15% of patients were followed up for six months, and no
patient showed any evidence of complication (Table 2).

5. Discussion

The era of minimally invasive surgery has been toward
performing operations without a scar. The SPLS has been
applied as a new trend in abdominal surgery, which signif-
icantly has reduced the number of surgical sites. However,
SPLA is not free from difficulties, especially by the loss of
triangulation associated with the classic technique, retrac-
tion, and dissection of the appendix (16). In addition, SPLA
can be challenging in some special cases, such as abnormal
location or serious adhesion of appendicitis. In this study,
the difficulty in localizing appendicitis was combined by
20.5% with retrocecum and 1.6% with under the liver. The
feasibility of SPLA is mainly evaluated by the involvement
of adjacent organs. Thus, advanced operative skills are vital
for this approach. In this study, cases involving organs, in-
cluding 18% retroperitoneal appendicitis, 6.6% appendici-
tis under cecal serosa, and 8.2% appendicitis covered with
ileum (Table 1), were successfully performed with no intra-
operative complication.
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Regarding operating time, some studies have shown
that SPLA lasts approximately 2 to 6 minutes longer
than conventional laparoscopy, which might have resulted
from a lack of experience in using the new technique
(17, 18). Despite the disadvantage, some surgeons expect
that SPLA’s effectiveness will eventually reach conventional
methods (1). Throughout the study, the mean operating
time was 40.19 ± 14.67 minutes, with the range of 23 to 150
minutes case being the shortest (23 minutes) and the 4th
case being the longest (150 minutes). In the latter case, the
appendicitis was located in the subserosa of the cecal wall
and was too difficult to operate on.

The average postoperative hospitality was 3.64 ± 1.72
days (range of 2 to 13), with three patients of extended du-
ration for wound therapy. In this study, 81.15% of patients
were followed up for six months, and there was no compli-
cation reported.

In SPLA therapy, early pain was more severe in compar-
ison to the conventional laparoscopy approach. The cause
of elevated pain is widely accepted due to the length of fas-
cia incision being longer than the skin incision in the um-
bilical area (19). The mean VAS score in this study was 4.13
± 2.04 on the first postoperative day. With a low expecta-
tion of pain from patients, the unpredictably strong reac-
tion might cause higher VAS on the first day (5). Several au-
thors described the umbilicus as a natural scar without a
vessel or nerve (20, 21). However, increasing the incision
size over the umbilical region would damage the subcu-
taneous vessels and nerves. In the pain management on
the first postoperative day, Lohsiriwat et al. (22) introduced
bupivacaine into the muscular layer of the operative site.
They found the pain reduction at 6, 12, and 24 postopera-
tive hours. Kim et al. (20) reported that the pain level on
the second postoperative day was lower than at the first
postoperative day for the group that underwent SPLA and
as same as conventional laparoscopy. In our study, the post-
operative pain was reevaluated on day 7 with the mean VAS
at 1.18 ± 0.60 (vs. 2.67 ± 1.75 on day 2), which was mild and
required no pharmacological therapy.

Damaging the epigastric vessels, one of the uncom-
mon complications from laparoscopic appendectomy pro-
cedure that may lead to emergencies, could be avoided in
applying SPLA (17). In the study of 1,145 cases that under-
went SPLS by Weiss et al. (23), the average incision length
was 3.77 ± 1.62 cm in the group with an incisional hernia
and 2.96± 1.06 cm in the group without the complication.
In our study, the incisional length was in the range of 2.0
to 2.5 cm and could not increase the incisional hernia rate.
Of all participants in this study, three patients contracted
wound infection, and no one had a major postoperative
complication. Weiss et al. (23) reported that removing the
surgical specimens was not related to the infection rate;

however, preoperative cleaning of umbilical and perium-
bilical skin would reduce the incidence of postoperative in-
fection.

The SPLA is more technically challenging than conven-
tional laparoscopy, even for experienced surgeons (24, 25).
There are challenges when this technique is approached
rapidly. Ibrahim (25) suggested that SPLA could be applied
cautiously and used to perform exploratory surgery. How-
ever, the high conversion rate to conventional laparoscopy
has been a significant setback of SPLA (1). In the study of
Chiu et al. (16), two of 26 cases required the insertion of
one additional port, and one of 26 was converted to the
common three-port technique. The individuals in these
cases had significant bowel distention followed by exten-
sive inflammation and adhesions from perforated appen-
dicitis. Choudhary et al. (6) performed 25 cases using SPLA,
two of which must be converted to open procedure due
to excessive adhesion. In our study, two cases required
an additional trocar insertion: (1) one due to acute ap-
pendicitis and excessive adhesion; (2) another retrocecal
insertion into the subserosa of the cecal wall. Both of
these cases showed difficulties in mobilizing the appendix.
Thus, the decision to add an additional trocar was depen-
dent on the difficulty degree of appendicitis. The surgeon,
who performed SPLA, was experienced in conventional la-
paroscopy with complicated appendicitis. However, cases
of appendicitis with abscess or phlegmon remained chal-
lenging for SPLA. Regarding these cases, we had the indi-
cation of performing SPLA when the situation happened
within two days. In our study, there was one case of acute
appendicitis with dense adhesion; we inserted an addi-
tional trocar for the operation afterward.

Based on the results from this study, we believe that the
feasibility of single-port laparoscopic appendectomy has
provided a new direction for surgeons in clinical applica-
tion, and the minimally invasive methods on patients are
more developed. Improving the SPLA approach, in both
technical and accepting aspects, requires more researches.
The main limitation of this study was small sample popu-
lation.
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