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Abstract
Background: Acute appendicitis is the most common surgical abdominal emergency. Single-port
laparoscopic appendectomy (SPLA) has been suggested potential advantages including less
postoperative pain and better cosmesis. The aim of this study was to compare the postoperative pain
and cosmetic outcomes between SPLA and multi-port laparoscopic appendectomy (MPLA) for acute
appendicitis.

Materials and methods: The study included 47 patients who underwent SPLA and 51 patients who
underwent MPLA for acute appendicitis between August 2014 and November 2017. The patient scar
assessment questionnaire (PSAQ) was used to assess cosmetic outcomes.

Results: MPLA involved a longer median operative time than MPLA (60 vs. 47.5 minutes, p=0.02). There
were no apparent differences in the time before diet tolerance, length of hospital stay, in�ammatory
laboratory �ndings including C-reactive protein and white blood cell count, and postoperative
complication rate. SPLA patients had a smaller total incision length (2.0 vs. 2.5 cm, p<0.001) and the
total number of analgesics used on postoperative day 0 in the SPLA group was signi�cantly lower than
that of the MPLA group (1 vs. 1, p=0.011). The PSAQ scores showed that the SPLA group had a better
overall outcome than the MPLA group with respect to total score (48 vs. 55; p = 0.026), appearance (15
vs. 18; p = 0.002) and consciousness (8 vs. 10; p = 0.005), but not in the satisfaction with appearance
and symptoms subscales.

Conclusion: SPLA is safe and feasible and provides better cosmetic outcomes and less analgesic
requirements on the day of surgery compared to MPLA.

Introduction
Laparoscopic surgery is replacing laparotomy for treating various types of abdominal surgery and has
some advantages including reduced blood loss, fewer analgesic requirements, less complications, faster
postoperative resumption, and shorter length of hospital stay compared with open surgery. Since
laparoscopic appendectomy was �rst introduced by Semm in 1983 [1], the application of this surgery has
expanded to more complex cases including perforated appendicitis and peri-appendiceal abscess. [2–5]

As minimally invasive surgery has rapidly developed in recent years, novel efforts have been aimed at
minimizing surgical trauma and improving cosmetic outcomes. These concepts have led to the
development of single-port laparoscopic surgery for various kinds of diseases[6–10]. Single-port
laparoscopic appendectomy (SPLA) was �rstly introduced by Esposito in 1998 and has been suggested
potential advantages including better cosmetic outcome, less postoperative pain, and avoidance of
possible hemorrhagic complications from injuring epigastric vessels[11–14].

Cosmetic outcomes and evaluation of postoperative pain have been considered as important issues in
postoperative quality of life. SPLA requires a larger trans-umbilical incision and some researchers have
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questioned if SPLA might actually cause less pain and better cosmesis compared with multi-port
laparoscopic appendectomy (MPLA). To date, evidence to solve this question is still lacking. The aim of
our study was to compare the clinical outcomes including cosmesis and postoperative pain between
SPLA and MPLA for acute appendicitis.

Materials And Methods

2.1 Patients
Between August 2014 and December 2017, the study enrolled 98 patients who underwent a laparoscopic
appendectomy for acute appendicitis (51 in the MPLA group; 47 in the SPLA group). Patients suspected
of generalized peritonitis, who was pregnant, who were diagnosed with a disease other than appendicitis
after surgery, and who had history of previous major laparotomy such as gastrectomy and hepatectomy,
and co-morbidities including cardiopulmonary failure, liver failure or chronic kidney disease were
excluded in this study. This study protocol was approved by the Institutional Review Board of the medical
center (IRB No. 2021-03-019), and informed consent was obtained from all patients.

2.2 Evaluation parameters
Information on patient demographics included age, sex, preoperative white blood cell (WBC) and C-
reactive protein (CRP), body mass index, type and location of appendicitis, presence of periappendiceal
abscess and onset of abdominal pain. The operative outcomes of surgery included operative time,
intraoperative bleeding amount, total incision length, diameter and length of appendix, adhesion, intra-
abdominal �uid collection, intra-abdominal drainage and additional port use. In this study, we de�ned the
port insertion time as the time from skin incision to port placement, laparoscopic procedure time as the
time from completion of port placement to port removal after appendectomy, and skin closure time as the
time for closing the incisions of port sites. Postoperative outcomes included time to gas out and soft diet,
length of stay, pain score using visual analog scale (VAS) 6, 12, and 24 hours after operation, total
number of analgesics used on postoperative day 0 and 1, and in�ammatory serum markers including
WBC and CRP 12 and 24 hours after operation.

2.3 Surgical technique
MPLA required the introduction of a rigid scope through an incision in the umbilicus and two additional
incisions were made in the suprapubic area and left lower quadrant abdomen (Figure 1). Patient was
placed in supine position with head-down and tilted left-side down. The appendix was exposed and the
mesoappendix was divided by sequential use of advanced energy device or monopolar energy device
with clipping. The base of appendix was ligated using Endoloop® (Ethicon Endosurgery,Cincinnati, Ohio,
USA). Irrigation was performed in the pelvic area, sub-hepatic area, para-colic gutter, and periappendiceal
area. Specimens were extracted with sterile bag through umbilical incisional site. Following remove of
trocar, the fascia was closed with interrupted sutures using 2-0 vicryl (B. Braun Aesculap AG & Co KG,
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Tuttlingen, Germany). Skin was closed with interrupted suture using 3-0 nylon or skin stapler, or 4-0
absorbable mono�lament suture with sterile strip.

In SPLA, a single 2.0-cm vertical incision was made through the umbilical skin after the base of the
umbilical stalk was everted using Allis tissue forcep (Figure 1). The subcutaneous tissue was dissected
toward the linea alba and the peritoneum was opened. A single-port was placed in the abdominal cavity
through the trans-umbilical incision. The procedure for appendectomy in SPLS was mostly similar to that
in MPLS. The resected appendix was extracted through the sterile bag component of the single-port
without the use of additional endo-bag. The skin was closed using 3-0 nylon or skin stapler, or 4-0
absorbable mono�lament suture with sterile strip.

2.4 Patient scar assessment questionnaire scores at 12
weeks postoperatively
The patients �lled out the patient scar assessment questionnaire (PSAQ) at 12 weeks postoperatively
over the phone (Figure 2). The PSAQ consists of four sub-items following: appearance, consciousness,
satisfaction with appearance, and satisfaction with symptoms [13]. Appearance sub-item were evaluated
by questions about scar color, width, �atness, texture, shine, and overall appearance. Consciousness sub-
item was further delineated into itchiness, pain, discomfort, numbness, odd sensations, and overall
troublesomeness of symptoms. Satisfaction with appearance sub-item was ascertained by how
noticeable the scar was to the patient and to others and by the overall self-consciousness the patient
associated with the scar. Satisfaction with symptoms sub-item was assessed according to the
satisfaction with numbness of the scar, color, similarity to surrounding skin, and overall appearance. Each
sub-item comprises a set of items with four-point categorical responses, with scores ranging from 1 to 4
points (1 point is assigned to the most favorable response and 4 points are assigned to the least
favorable response).

2.5 Statistical analysis
The results were presented as averages with standard deviations, and as frequencies with percentages
for categorical outcomes. Categorical variables were analyzed using the Chi-square. Continuous variables
were analyzed with independent t-test. P-value of less than 0.05 were considered to indicate statistical
signi�cance. The statistical analyses were performed with SPSS statistical software (version 25; IBM
Corp., Armonk, NY, USA).

Results

3.1 Baseline characteristics
Baseline characteristics of MPLA and SPLA groups are described in Table 1. There were no statistically
signi�cant differences in sex, body mass index, and age distribution between the two groups. Suppurative
appendicitis was the most common type in both groups and the proportions of suppurative, gangrenous,
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and perforated appendicitis did not differ statistically between the two groups. Retrocecal position of
appendix tip was the most common position in both groups without statistical difference. Two patients
(3.9%) in MPLA group and one patient (2.1%) in SPLA group had peri-appendiceal abscess. Both groups
had no signi�cant difference in onset of symptom (1 day vs 2 days, p=0.780), preoperative WBC (12480
vs 12560, p=0.663), and CRP (1.74 vs 1.46, p=0.661).

TABLE 1

Baseline characteristics 
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  MPLA (n=51) SPLA (n=47) p value

Age (years), median (range) 40 (19-66) 39 (19-72) 0.490

Sex

Male

Female

 

31 (56.4)

20 (46.5)

 

24 (43.6)

23 (53.5)

0.440

 

 

BMI (kg/m2), median (range) 23.5 (18.9-40.6) 22.9 (16.1-31.7) 0.253

ASA groups, n (%)

I

II

III

 

46 (90.2)

3 (5.9)

2 (3.9)

 

41 (87.2)

5 (10.6)

1 (2.1)

0.427

Type of appendicitis, n (%)     0.213

Supprative 37 (72.5) 29 (61.7)  

Gangrenous 6 (11.8) 12 (25.5)  

Perforated 8 (15.7) 6 (12.8)  

Location of appendicitis, n (%)

 Retrocecal

 Pelvic

 Retroperitoneal

 Antececal

 

37 (72.5)

4 (7.8)

1 (2.0)

9 (17.6)

 

34 (72.3)

2 (4.3)

4 (8.5)

7 (14.9)

0.443

Peri-appendiceal abscess 2 (3.9) 1 (2.1) 0.607

Onset of symptom 1(1-7) 2(1-10) 0.780

WBC at admission 12480(3710-20010) 12560(4580-34200) 0.663

CRP at admission 1.74(0.01-15.71) 1.46(0.01-26.94) 0.661

MPLA, Multi-Port Laparoscopic Surgery; SPLA, Single-Port Laparoscopic Surgery; ASA, American
Society of Anesthesiologists; BMI, body mass index; WBC, white blood cell; CRP, C-reactive protein

3.2 Perioperative outcomes
The median total operative times was signi�cantly longer in MPLA group than SPLA group (60 min vs
47.5 min, p=0.02) (Table 2). In detail, medians of port insertion time and laparoscopic procedure time in
SPLA group were shorter than that in MPLS group (5 and 27.5 min vs. 6 and 41 min, p=0.05 and p<0.01,
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respectively), whereas the median of skin closure time was signi�cantly longer in SPLA group than MPLA
group (13 min vs 10 min, p<0.01). Diameter and length of appendix were not signi�cantly different
between two groups. The total incision length was shorter in SPLA group compared to MPLA group
(20.1mm vs 27.3mm, p<0.001). Intra-abdominal drainage was required in 9 patients in each group. Seven
patients (14.9%) who were treated with SPLA needed an additional 2 mm port insertion and one patient
(1.9%) who were treated with MPLA needed additional 5 mm port placement for the e�cient traction due
to severe in�ammation and adhesion.

TABLE 2

 Perioperative outcomes

MPLA (n=51) SPLA (n=47) p value

Total operation time (min), median (range) 60 (30-135) 47.5 (28-100) 0.02

Port insertion time (min), median (range) 6 (3-40) 5 (2-13) 0.05

Laparoscopic procedure time (min), median (range) 41 (15-110) 27.5 (14-85) <0.01

Skin closure time (min), median (range) 10 (3-25) 13 (5-20) <0.01

Total length of incision (cm), median (range) 2.5 (1.0-5.0) 2.0 (1.2-4.0) <0.01

Diameter of appendix (mm), median (range) 10 (5-30) 10 (8-20) 0.586

Length of appendix (cm), median (range) 7 (4-12) 7 (3-11) 0.958

Intra-abdominal drainage 9 (17.6%) 9 (19.1%) 0.848

Additional port insertion

  5mm

  2mm

 

1 (1.9)

0

 

0

7 (14.9)

0.011

MPLA, Multi-Port Laparoscopic Surgery; SPLA, Single-Port Laparoscopic Surgery;

3.3 Postoperative operative outcomes
There were no signi�cant differences in terms of time to gas out and soft diet and length of stay between
two groups (Table 3). In�ammatory laboratory �ndings including WBC, CRP 12 and 24 hours after surgery
and the rate of postoperative complications showed no statistical difference. In MPLA group, 4 patients
(7.8%) had surgical site infection (SSI) and one of them was re-admitted for intravenous antibiotics
treatment and wound management. In SPLA group, two patients (4.2%) had SSI and one patient (2.1%)
had postoperative ileus. Two patients who had SSI were treated with wound evacuation and daily
dressing and one patient who had ileus was treated with conservative management including hydration
and nasogastric tube insertion.
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TABLE 3

 Post-operatively clinical and hematological outcomes

  MPLA (n=51) SPLA (n=47) p
value

  Gas out (day), median (range) 1 (0-2) 1 (1-5) 0.078

  Time to soft diet (day), median (range) 1 (0-3) 1 (0-8) 0.068

  Hospital stay (day), median (range) 2 (1-6) 3 (1-9) 0.108

  WBC after 12hrs 10510 (1120-
25800)

10825 (5510-
19230)

0.680

  WBC after 24hrs 9025 (5430-
19760)

8766.5(4000-
15180)

0.587

  CRP after 12hrs 8.3 (0-20) 9.35 (0-31) 0.499

  CRP after 24hrs 10.83 (1-47) 9.88 (0-28) 0.652

  Morbidity within 30 days after surgery
(no.), (%)

  Surgical site infection

  Ileus

4 (7.8)

4 (7.8)

0

3 (6.4)

2 (4.2)

1 (2.1)

0.779

  Clavien-Dindo Classi�cation

  I

  II

 

4 (7.8)

0

 

2 (4.2)

1 (2.1)

0.987

  MPLA, Multi-Port Laparoscopic Surgery; SPLA, Single-Port Laparoscopic Surgery; WBC, White
Blood Cell; CRP, C-reactive Protein

Regarding postoperative pain, VAS score 6, 12 and 24 hours after surgery were not signi�cantly different
between two groups (3 vs 3, p=0.672; 4 vs 3, p=0.319; 3 vs 3, p=0.380, respectively) (Table 4). The total
number of analgesics used on postoperative day 0 in the SPLA group was signi�cantly lower than that of
the MPLA group (1 vs. 1, p=0.011), whereas similar on postoperative day 1 between two groups.
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TABLE 4

 Assessment of the pain after taking appendectomy

MPLA (n=51) SPLA (n=47) p value

1st  VAS*, 6hr, median (range) 3 (0-8) 3 (0-8) 0.672

2nd  VAS, 12hr, median (range) 4 (0-7) 3 (0-5) 0.319

3rd  VAS, 24hr, median (range) 3 (0-7) 3 (1-8) 0.380

Analgesics use on POD #0 1 (0-5) 1 (0-3) 0.011

Analgesics use on POD #1 1 (0-3) 1 (0-4) 0.734

MPLA, Multi-Port Laparoscopic Surgery; SPLA, Single-Port Laparoscopic Surgery; VAS, Visual Analog
Scale; POD, Post Operative Day

3.4 Patient scar assessment questionnaire scores at 12
weeks postoperatively
Table 5 shows the comparison of patient scar assessment questionnaire scores at 12 weeks
postoperatively between two groups. The PSAQ scores showed that the SPLA group had a better overall
outcome than the MPLA group with respect to total score (48 vs. 55; p = 0.026). For the questionnaire
sub-items, statistically signi�cant differences were observed in the appearance and consciousness sub-
items (5 and 8 in SPLA vs. 18 and 10 in MPLA, p = 0.002 and p = 0.005, respectively), but not in the
satisfaction with appearance and symptoms subscales.

TABLE 5

 Patient Scar Assessment Questionnaire Scores at 12 weeks postoperatively

  Best possible score MPLA (n=51) SPLA (n=47) P-value

Appearance 9 18 (9-31) 15 (9-32) 0.002

Consciousness 6 10 (6-21) 8 (6-24) 0.005

Satisfaction with Appearance 8 16 (8-29) 16 (8-29) 0.162

Satisfaction with Symptoms 5 10 (5-20) 10 (5-20) 0.690

Total 28 55 (29-96) 48 (28-101) 0.026

MPLA, Multi-Port Laparoscopic Surgery; SPLA, Single-Port Laparoscopic Surgery;
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Discussion
In this study, our results showed the feasibility and safety of SPLA compared to MPLA in terms of
postoperative clinical outcomes. Operative times were shorter in SPLA group except skin closure time.
There was no statistical difference on clinical outcomes including recovery, in�ammatory laboratory,
morbidity and postoperative VAS score, whereas there was lesser usage of analgesics on the day of
surgery in SPLA group. In cosmetic outcomes, the SPLA group had shorter total incision length and better
PSAQ results on total score, appearance and consciousness sub-items at 12 weeks postoperatively

Recently, several studies comparing with MPLA and SPLA showed different results on operation time.
Some studies showed longer operation time of SPLA[12, 15–17], whereas other showed similar outcomes
between two groups. [18–20] In the present study, total operation times was signi�cantly longer in MPLA
group than SPLA group (60 min vs 47.5 min). In detail, port insertion time tended to be shorter in SPLA
group, because the method of using natural ori�ce as a port insertion site made it easy to achieve
pneumo-peritoneum without additional port insertions in other quadrants. Laparoscopic procedure time
was shorter in SPLA group and this result may be associated with recent development of laparoscopic
instrument including surgical energy device and the accumulated experiences of surgeons. Moreover, we
did not require a use of endo-bag and the specimen was extracted through the single incision site during
the SPLA, which could reduce the operation time. Unlike other operation times, skin closure time was
longer in SPLA group due to the need to suture the relatively long fascia line in the narrow skin incision.

In general, the degree of postoperative pain is mostly caused by trauma to muscles and parietal
peritoneum.[21, 22] Since no trocar is inserted through the muscle, it is predicted to show lesser pain in
patients who undergo SPLA compared to MPLA [18, 19, 23, 24]. Jatenaonkar et al.[24] and Kye et al.[20]
showed that pain scores on day 0 and 1 were signi�cantly less in the SPLA group than MPLA,
respectively. One study reported that pain score and the number of using hydromorphone during 12 hours
were lower in SPLA group compared to MPLA group [19]. However, the other study reported signi�cantly
greater pain scores during the initial 24 hours after SPLA than after conventional approach [16]. In that
study, the authors thought that the increased pain with single-port approach was due to a longer fascia
incision in the umbilicus. The number of analgesics used on the day of surgery was signi�cantly fewer in
the SPLA group, although postoperative VAS scores and the number of analgesics used on the next day
of surgery weren’t signi�cantly different in both groups. Further study is needed to evaluate the
postoperative pain between two surgical approach.

Regarding postoperative complications, previous literatures reported majority of postoperative
complications was surgical site infection (SSI) in laparoscopic appendectomy[23, 25, 26], although SSI
rate was clearly decreased in laparoscopic approach compared to open method[27, 28] in some studies.
These results can be deduced form the fact that in�amed appendix may contaminate the wound which
may cause infection in open appendectomy. In studies comparing SPLA and MPLA, Peter et al. in their
prospective randomized trial reported that wound infection was 3.3% in the single-incision group and
1.7% in the 3-port group, respectively, without statistically signi�cant difference, and SG Jin et al. reported
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8.7% of wound complication in single-port method compared to 5.6% of conventional method[14, 23]. A
meta-analysis demonstrated that SSI rate was similar between SPLA and MPLA [29]. In our study, there
was lower SSI rate in SPLA group than MPLA group (4.2% vs. 7.8%). We think that cleansing the everted
umbilicus with betadine once more after routine surgical drape is import for the prevention of surgical site
infection in SPLA.

In previous studies, postoperative intra-abdominal abscess was more common in laparoscopic
appendectomy than open appendectomy [30, 31]. In our study, there was no cases of intra-abdominal
abscess formation after appendectomy in both single-port and three-port approach. We routinely
performed meticulous irrigation and suction in pelvic cavity, paracolic gutter, and subhepatic region
besides the surgical site and we used antibiotics postoperatively after discharge during 1 week for
gangrenous or perforated appendicitis as needed.

Since SPLA requires a larger incision than a conventional laparoscopic incision, some researchers have
wondered if SPLA can actually cause better cosmesis, because 5 mm scars are often barely noticeable
after a year. Carter et al. [19] used their own Body Image Questionaire and Cosmetic Appearance Scale
and reported that cosmetic outcomes after 6 months were excellent and indistinguishable in SPLA and
MPLA groups. However, Jategaonkar et al. showed the favorable cosmetic outcomes in SPLA group
using Easy-to-use scar grade that was based on patients’ subjective feeling about the postoperative scars
(1 = thrilled, 2 = happy, 3 = not bothered, 4 = unhappy) [24]. In the current study, patients who underwent
SPLA checked better cosmetic outcomes in appearance and consciousness sub-items and total score,
while patients’ satisfactions with their scars’ appearance and consciousness sub-items did not show the
signi�cant differences. We think that the better perception of scar image did not translate into improved
satisfaction in patients with SPLA.

Our study has several limitations including its retrospective nature, small sample size, and lack of the
long-term cosmetic outcomes. Moreover, PSAQ relies on the patient's subjective thoughts. A multicenter
randomized prospective study to compare cosmetic outcome and pain assessment using more objective
parameters between SPLA and MPLA is needed.

Conclusions
SPLA is safe and feasible and provides better cosmetic outcomes and less analgesic requirements on the
day of surgery compared to MPLA.

Abbreviations
SPLA: single-port laparoscopic appendectomy; MPLA: multi-port laparoscopic appendectomy; WBC: white
blood cell; CRP: C-reactive protein; VAS: visual analog scale; PSAQ: patient scar assessment
questionnaire; SSI: surgical site infection.
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Figures

Figure 1
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(a) Port placement for single-port laparoscopic appendectomy. (b) Port placement for multi-port
laparoscopic appendectomy.

Figure 2

(a) Postoperative scar: (A) single-port laparoscopic appendectomy and (B) multi-port laparoscopic
appendectomy.


