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INTRODUCTION

Laparoscopic surgery is replacing laparotomy for the treat-

ment of various types of abdominal surgery and offers several 

advantages over open surgery, including lower blood loss, 

fewer analgesic needs, fewer problems, quicker postoperative 

Purpose: This study aimed to compare the postoperative outcomes and patient-surveyed scar 
assessments of single-port laparoscopic appendectomy (SPLA) with the outcomes of 
multiport laparoscopic appendectomy (MPLA).

Methods: Between August 2014 and November 2017, the prospective randomized study 
comprised 98 patients diagnosed with acute appendicitis and indicated for surgery. Fifty-one 
patients had MPLA and 47 patients received SPLA. The primary endpoint was the total score 
of Patient Scar Assessment Questionnaire (PSAQ) administered to patients 6 weeks after 
surgery. 

Results: SPLA involved a shorter median operative time than MPLA (47.5 minutes vs. 60.0 
minutes, p = 0.02). There were no apparent differences in the time before diet tolerance, length 
of hospital stay, and postoperative complication. SPLA patients had shorter total incision 
length (2.0 cm vs. 2.5 cm, p < 0.01) and required fewer analgesics on the day of surgery than 
MPLA patients (p = 0.011). The PSAQ favored the SPLA approach, revealing significant 
differences in total score (48 vs. 55, p = 0.026), appearance (15 vs. 18, p = 0.002), and 
consciousness (8 vs. 10, p = 0.005), while satisfaction with appearance and symptoms scale 
did not (p = 0.162 and p = 0.690, respectively).

Conclusion: The postoperative scar evaluated by the patient was better with SPLA than with 
MPLA, and patient satisfaction with the scar was comparable between the two techniques.
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resuming, and a shorter hospital stay [1,2]. Since Semm [3] in-

troduced laparoscopic appendectomy in 1983, its applicability 

has extended to include more complicated patients, such as 

complicated appendicitis [4,5].

As minimally invasive surgery has rapidly developed in re-

cent years, novel efforts have been aimed at minimizing surgi-

cal trauma and improving cosmetic outcomes. These concepts 

have led to the development of single-port laparoscopic sur-

gery for various diseases [6,7]. Esposito developed single-port 

laparoscopic appendectomy (SPLA) for the first time in 1998 [8], 

and its potential benefits include improved cosmetic outcome, 

less postoperative pain, and avoidance of potentially hemor-

rhagic consequences from injury to epigastric arteries [9,10].

Considered crucial to postoperative quality of life are cos-

metic outcomes and postoperative pain control. SPLA requires 

a larger transumbilical incision and some have questioned if 

SPLA might actually cause better cosmesis and less pain com-

pared with multiport laparoscopic appendectomy (MPLA). To 

date, several studies have described the cosmetic and clinical 

results of SPLA; however, there is insufficient information to an-

swer these questions.

The objective of our study was to compare the patient-

reported scar evaluation at 6 weeks after SPLA with the out-

comes of MPLA.

METHODS

Patients
This investigator-initiated randomized controlled trial was per-

formed between August 2014 and December 2017 at Keimy-

ung University Dongsan Medical Center, Daegu, Korea. A total 

of 110 patients were screened for eligibility for this trial (Fig. 1). 

Appendicitis was diagnosed based on the following criteria: a 

history of right lower quadrant pain or periumbilical pain migrat-

ing to the right lower quadrant with nausea and/or vomiting, 

a fever of greater than 38 °C and/or leukocytosis of greater 

than 10,000 cells/mm, and right lower quadrant tenderness on 

physical examination. In addition, abdominal computed tomog-

raphy was performed to confirm the diagnoses. All individuals 

involved in the study were younger than 75 years old. Utilizing 

computerized random number tables, patients were assigned 

to research groups at random. A flowchart of the study process 

is provided in Fig. 1. Four colorectal surgeons who participated 

in this study performed more than 100 cases of MPLA and 

SPLA over a period of more than 3 years. The study’s exclu-

sion criteria for the 110 patients evaluated were as follows: (1) 

one patient with suspected panperitonitis, (2) four patients diag-

nosed with a disease other than appendicitis after surgery, (3) 

two patients with history of previous major laparotomies such 

as gastrectomy and hepatectomy, (4) one patient with comor-

bidities such as cardiopulmonary failure, liver failure, or chronic 

kidney disease, and (5) four patients with incomplete medical 

records were excluded from this study. Finally, 51 patients were 

assigned to the MPLA group and 47 to the SPLA group. The 

primary endpoints were total score of Patient Scar Assessment 

Questionnaire (PSAQ) at 6 weeks postoperatively, and the 

secondary endpoints were postoperative pain score using a 

standard visual analog scale (VAS) after 6 hours, 12 hours, and 

24 hours postoperatively and the number of use of analgesics 

on the day of surgery and on the first day after surgery. Before 

the surgery, a single dose of cefotetan 1 mg was administered 

prior to the incision. Following the surgery, cefotetan 1 mg was 

administered twice as a routine treatment.

Evaluation parameters
Age, sex, preoperative white blood cell (WBC) and C-reactive 

Between August 2014 and December 2017
Laparoscopic procedure for acute

appendicitis (n = 110)

Total patients (n = 98)

MPLA (n = 51) SPLA (n = 47)

Exclusion criteria (n = 12)

Suspected of peritonitis

Diagnosed with a disease other than
appendicitis after surgery

History of previous major laparotomy

Major comorbidities

Incomplete medical records including follow-up loss

Fig. 1. Flowchart of patient selec-
tion. MPLA, multiport laparoscopic 
appendectomy; SPLA, single-port 
laparoscopic appendectomy.
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protein (CRP), body mass index, type and location of appen-

dicitis, presence of periappendiceal abscess, and onset of ab-

dominal pain were recorded as patient demographics. Surgical 

outcomes included operative time, intraoperative blood loss, 

total incision length, appendix diameter and length, adhesion, 

intraabdominal fluid collection, intraabdominal drainage, and ex-

tra port use. In this study, the port insertion time was defined as 

the time from skin incision to port placement, the laparoscopic 

procedure time was defined as the time from completion of 

port placement to port removal after appendectomy, and the 

skin closure time was defined as the time required to close the 

port site incisions. Postoperative outcomes consisted of time to 

gas out and soft diet, length of stay, pain score using VAS 6, 12, 

and 24 hours after operation, total number of analgesics used 

on postoperative days 0 and 1, and inflammatory serum mark-

ers such as WBC and CRP 12 and 24 hours after operation.

Surgical technique
MPLA necessitated the insertion of a videoscope through an 

umbilical incision and two further incisions in the suprapubic 

region and left lower abdominal quadrant. The patient was 

positioned in a supine position with their head facing down and 

their left side facing down. The appendix was exposed, and the 

mesoappendix was separated using a rigid laparoscopic instru-

ment and an advanced energy device or a monopolar energy 

device with clipping. The appendix’s base was ligated using 

two Endoloop (Ethicon Endosurgery) or the Endo-GIA stapler 

(Covidien). Specimens were extracted through the umbilical 

incision using a sterile bag. Following removal of the trocar, the 

fascia was closed with interrupted 2-0 vicryl sutures (B. Braun 

Aesculap AG & Co KG). The skin was closed using interrupted 

suture with 3-0 nylon or a skin stapler, or 4-0 absorbable mono-

filament suture with a sterile strip.

After the base of the umbilical stalk was severed using Al-

lis tissue forceps, a single 2.0-cm vertical incision was made 

through the umbilical skin in SPLA (Fig. 2). The subcutaneous 

tissue was dissected in the direction of the linea alba, and the 

peritoneum was opened. Through the transumbilical incision, 

a single port was inserted into the abdominal cavity. After 

pneumoperitoneum had been achieved, a 5-mm diameter rigid 

telescope, with a fiber-optic light transmission and a 30° angled 

view, was inserted through the 5-mm channel of the single-port. 

The separation of mesoappendix was undergone using rigid 

laparoscopic instruments and an advanced energy device or 

a monopolar energy device with clipping. The other procedure 

was similar to that of the MPLA. The appendix was removed 

via the sterile bag component of the single port without the use 

of endo-bag. The skin was closed with 3-0 nylon or a skin sta-

pler, or 4-0 monofilament absorbable suture with sterile strip.

Patient Scar Assessment Questionnaire scores at 6 
weeks postoperatively
At 6 weeks postoperatively, patients completed the PSAQ 

via telephone (Fig. 3). Four subitems comprise the PSAQ: ap-

pearance, consciousness, satisfaction with appearance, and 

satisfaction with symptoms [11]. Scar color, width, flatness, tex-

ture, sheen, and overall appearance were evaluated for the ap-

pearance subitem. The subitem for consciousness was further 

subdivided into itching, pain, discomfort, numbness, strange 

sensations, and the general bothersomeness of symptoms. 

Satisfaction with appearance subitem was determined based 

on how obvious the scar was to the patient and others, as well 

as the patient’s overall self-consciousness regarding the scar. 

The satisfaction with symptoms subitem was evaluated based 

on the scar’s numbness, color, likeness to the surrounding 

skin, and overall appearance. Each subitem consists of a set 

of four-point categorical responses with scores ranging from 

one to four points (one point is assigned to the most favorable 

response and four points are assigned to the least favorable 

response). 

Statistical analysis
The main analyses will be based on the intention-to-treat prin-

ciple. The intention-to-treat population will include all random-

ized participants who start on treatment, excluding consent 

withdrawals. The prospective randomized trial used parallel 

A B

Fig. 2. Port placement for single-port (A) and multiport (B) 
laparoscopic appendectomy.
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group on superiority design and the sample size was obtained 

before study initiation. The sample size calculation was based 

on the difference in PSAQ at 6 weeks after surgery between 

the MPLA and SPLA groups of four points with α-error of 0.05, 

β-power of 80%, and 10% follow-up loss rate; the sample size 

was 110 patients (55 patients in each arm). The results were 

reported as means and standard deviations for continuous 

outcomes, and as frequencies and percentages for categorical 

outcomes. Categorical variables were analyzed using the chi-

square statistic and continuous variables were examined with 

an independent t-test. A p-value of less than 0.05 was regarded 

as statistically significant. IBM SPSS version 25 was used for 

the statistical analysis (IBM Corp.).

RESULTS

Baseline characteristics
Table 1 describes the baseline characteristics of the MPLA and 

SPLA groups. There were no statistically significant differences 

between the two groups in terms of sex, body mass index, or 

age distribution. In both groups, suppurative appendicitis was 

the most prevalent kind, and the proportions of suppurative, 

gangrenous, and perforated appendicitis did not differ signifi-

cantly. The retrocecal position of the appendix tip was statisti-

cally the most prevalent in both groups. Two patients in the 

MPLA group (3.9%) and one patient in the SPLA group (2.1%) 

suffered periappendiceal abscess. The onset of symptoms (1 

day vs. 2 days, p = 0.780), preoperative WBC (12,480 cells/mL 

vs. 12,560 cells/mL, p = 0.663), and CRP (1.74 mg/dL vs. 1.46 

mg/dL, p = 0.661) did not differ significantly between the two 

groups.

Perioperative outcomes
The MPLA group had considerably longer median total opera-

tive times than the SPLA group (60 minutes vs. 47.5 minutes, 

p = 0.02) (Table 2). In detail, the median of port insertion time 

and laparoscopic procedure time were shorter in the SPLA 

group than in the MPLA group (5 and 27.5 minutes vs. 6 and 

41 minutes; p = 0.05 and p < 0.01, respectively), whereas the 

mean of skin closure time was significantly longer in the SPLA 

group than in the MPLA group (13 minutes vs. 10 minutes, p < 

0.01). The diameter and length of the appendix did not differ 

substantially across groups. Total incision length was less in the 

SPLA group than in the MPLA group (20.1 mm vs. 27.3 mm, p 

< 0.001). In nine patients in each group, intraabdominal drain-

age was required. Due to severe inflammation and adhesion, 

seven patients (14.9%) treated with SPLA required an additional 

2-mm port insertion and one patient (1.9%) treated with MPLA 

A B C

D E F

Fig. 3. Postoperative scar of single-
port (A–C) and multiport (D–F) 
laparoscopic appendectomy.
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Table 1. Baseline characteristics

Characteristic Characteristic MPLA groupMPLA group SPLA groupSPLA group pp-value-value

No. of patients 51 47

Age (yr) 40.9 ±14.3 42.6 ±14.3 0.545

Sex, n (%)

    Male
    Female

31 (56.4)
20 (46.5)

24 (43.6)
23 (53.5)

0.440

Body mass index (kg/m2) 24.3 ± 4.4 23.5 ± 3.4 0.281

ASA PS grade 0.427

    I 46 (90.2) 41 (87.2)

    II 3 (5.9) 5 (10.6)

    III 2 (3.9) 1 (2.1)

Type of appendicitis 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 0.443

    Retrocecal 37 (72.5) 34 (72.3)

    Pelvic 4 (7.8) 2 (4.3)

    Retroperitoneal 1 (2.0) 4 (8.5)

    Antececal 9 (17.6) 7 (14.9)

Periappendiceal abscess 2 (3.9) 1 (2.1) 0.607

Duration of pain (day) 4.8 ± 13.2 4.2 ± 11.1 0.778

Preoperative WBC (cells/mL) 12,390 ± 3,987 12,918 ± 5,241 0.578

Preoperative CRP (mg/dL) 3.4 ± 4.7 3.9 ± 5.6 0.697

Values are presented as number only, mean ± standard deviation, or number (%). 
MPLA, multiport laparoscopic appendectomy; SPLA, single-port laparoscopic appendectomy; ASA, American Society of Anesthesiologists; PS, 
physical status; WBC, white blood cell; CRP, C-reactive protein. 

Table 2. Perioperative outcomes

VariableVariable MPLA group (n = 51)MPLA group (n = 51) SPLA group (n = 47)SPLA group (n = 47) pp-value-value

Total operative time (min)  63.0 ± 21.0 52.2 ± 19.4 0.010

Port insertion time (min) 8.5 ± 8.5 6.0 ± 2.8 0.053

Laparoscopic procedure time (min) 44.2 ± 20.5 33.8 ± 18.5 0.010

Skin closure time (min) 6.8 ± 5.8 6.4 ± 7.4 0.756

Intraoperative bleeding (mL) 9.2 ± 10.4 7.9 ± 8.3 0.486

Total incision length (mm) 27.3 ± 8.9 20.1 ± 6.6 <0.001

Diameter of appendix (mm) 12.2 ± 5.6 11.6 ± 3.5 0.558

Length of appendix (mm) 66.1 ± 19.0 66.6 ± 22.1 0.901

Intraabdominal drainage 9 (17.6) 9 (19.1) 0.848

Additional port insertion 0.011

    5 mm 1 0

    2 mm 0 7

Values are presented as mean ± standard deviation, number (%), or number only.
MPLA, multiport laparoscopic appendectomy; SPLA, single-port laparoscopic appendectomy.
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required an additional 5-mm port placement for effective surgi-

cal traction.

Postoperative outcomes
There were no significant differences between groups in terms 

of time to gas out and soft diet and length of stay (Table 3). 

Inflammatory test results, including WBC and CRP, were sta-

tistically identical 12 and 24 hours after surgery. Four patients 

in the MPLA group (7.8%) experienced superficial surgical site 

infection (SSI), one of them was readmitted for intravenous an-

tibiotics treatment and wound management. Two patients (4.2%) 

experienced superficial SSI and one patient (2.1%) had postop-

erative ileus in the SPLA group. Two patients with superficial 

SSI were treated with daily dressings, and one patient with ileus 

was managed conservatively with hydration and nasogastric 

tube placement. Concerning postoperative pain, VAS scores 

6, 12, and 24 hours after surgery did not differ significantly be-

tween two groups (3 vs. 3, p = 0.672; 4 vs. 3, p = 0.319; 3 vs. 3, 

p = 0.380, respectively) (Table 4). The MPLA group used more 

analgesics on postoperative day (p = 0.011); however, the two 

groups used equivalent amounts on postoperative day 1.

Table 3. Postoperatively clinical and hematological outcomes

VariableVariable MPLA group (n = 51)MPLA group (n = 51) SPLA group (n = 47)SPLA group (n = 47) pp-value-value

Gas out (day) 1.17 ± 0.58 1.43 ± 0.88 0.078

Time to soft diet (day) 1.39 ± 1.50 1.53 ± 1.33 0.626

Length of stay (day) 2.71 ± 1.89 2.89 ± 1.56 0.592

White blood cell

    After 12 hr 10,200 ± 3,841 10,637 ± 3,456 0.564

    After 24 hr 8,560 ± 2,878 9,092 ± 2,730 0.391

C-reactive protein

    After 12 hr 7.34 ± 5.36 8.09 ± 6.91 0.555

    After 24 hr 9.76 ± 8.55 9.11 ± 7.45 0.715

Morbidity within 28 days after surgery 4 (7.8) 3 (6.4) 0.779

    Superficial SSI 4 (7.8) 2 (4.2)

    Ileus 0 (0) 1 (2.1)

Clavien-Dindo classification 0.987

    <IIIa 4 (7.8) 2 (4.2)

    ≥IIIa 0 (0) 1 (2.1)

Values are presented as mean ± standard deviation or number (%). 
MPLA, multiport laparoscopic appendectomy; SPLA, single-port laparoscopic appendectomy; SSI, surgical site infection.

Table 4. Assessment of the pain after taking appendectomy

VariableVariable MPLA group (n = 51)MPLA group (n = 51) SPLA group (n = 47)SPLA group (n = 47) pp-value-value

VAS score

    After 6 hr 3.73 ± 1.55 3.71 ± 1.95 0.968

    After 12 hr 3.46 ± 1.49 3.28 ± 1.50 0.547

    After 24 hr 2.88 ± 1.37 3.30 ± 1.49 0.182

Analgesics use

    On POD 0 1.67 ± 0.93 1.23 ± 0.70 0.011

    On POD 1 0.90 ± 1.02 0.98 ± 1.19 0.734

Values are presented as mean ± standard deviation. 
MPLA, multiport laparoscopic appendectomy; SPLA, single-port laparoscopic appendectomy; VAS, visual analog scale; POD, postoperative 
day. 
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Patient Scar Assessment Questionnaire scores at 6 
weeks postoperatively
The comparison of PSAQ ratings at 6 weeks postoperatively 

between the two groups is presented in Table 5. The PSAQ 

scores revealed that the SPLA group performed better than 

the MPLA group in terms of total score (49.4 vs. 57.7, p = 0.047). 

Statistically significant changes were reported for the appear-

ance and consciousness subitems of the questionnaire (p = 

0.001 and p = 0.020, respectively), but not for the satisfaction 

with appearance and symptoms subitems (p = 0.364 and p = 

0.768, respectively).

DISCUSSION

In this prospective randomized trial, our evaluation of body im-

age perception and satisfaction showed superior outcomes 

with the SPLA than with MPLA at the 6-week follow-up visits, 

although satisfaction with the scar was comparable between 

the two techniques. Additionally, our findings demonstrate 

the technical feasibility and safety of SPLA. The SPLA group 

required significantly shorter operative times and fewer anal-

gesics on the day of surgery. These results demonstrate that 

SPLA can be used alongside MPLA as a standard treatment 

option for acute appendicitis.

Recent studies between MPLA and SPLA have revealed 

divergent results regarding operation time. Some studies dem-

onstrated a longer duration of SPLA operation [12,13], whereas 

others showed similar outcomes between two groups [14,15]. 

In this study, MPLA operation times were significantly longer 

than SPLA operation times (60 minutes vs. 47.5 minutes). Port 

insertion time was significantly shorter in the SPLA group, as 

the method of using the natural orifice as the port insertion site 

made pneumoperitoneum easy to achieve without the need for 

additional port insertions in other quadrants. We did not require 

the use of endo-bag and the specimen was extracted through 

the single incision site during the SPLA, which could reduce the 

operation time.

In general, postoperative pain is typically caused by muscle 

and parietal peritoneum trauma [16,17]. Since no trocar is insert-

ed through the muscle, patients undergoing SPLA are expected 

to experience less pain than those undergoing MPLA [18,19]. 

Jategaonkar and Yadav [19] and Kye et al. [15] demonstrated 

that pain scores on days 0 and 1 were considerably lower in 

the SPLA group. The other study, however, found considerably 

higher pain levels in the first 24 hours after SPLA [13]. In that 

study, the authors believed that a longer fascia incision in the 

umbilicus caused the higher pain associated with the single-

port technique. In our study, the SPLA group used significantly 

fewer analgesics on the day of surgery, although postoperative 

VAS scores and the number of analgesics used on the next 

day after surgery were not statistically different between the 

two groups.

Regarding postoperative complications, SSI rate was clearly 

decreased in laparoscopic approach compared to open 

method in previous studies [20,21]. SPLA was associated with 

a higher incidence of wound complications in the umbilicus, 

although the effect of SPLA on SSI is controversial. One study 

revealed a wound infection rate of 8% with SPLA and 5% for 

the standard three-port approach, although there was no signif-

icant difference between the two approaches [22]. St Peter et 

al. [23] reported 3.3% and 1.7% wound infection rates for SPLA 

and MPLA. In our study, there was lower SSI rate in SPLA 

group than MPLA group, although there was no significant dif-

ference. We think that re-cleansing the everted umbilicus with 

betadine after surgical draping is important for preventing SSI in 

SPLA.

The cosmetic result of postoperative scarring is an essential 

aspect of postoperative quality of life, particularly for patients 

with benign abdominal illnesses. Recently, not only benign but 

also malignant disorders have been the subject of intensive 

Table 5. Patient Scar Assessment Questionnaire scores at 6 weeks postoperatively

VariableVariable MPLA group (n = 51)MPLA group (n = 51) SPLA group (n = 47)SPLA group (n = 47) pp-value-value

Appearance 21.1 ± 49.5 17.4 ± 5.2 0.001

Consciousness 11.1 ± 3.8 9.2 ± 3.8 0.020

Satisfaction with appearance 14.1 ± 3.7 13.3 ± 4.2 0.364

Satisfaction with symptoms 9.7 ± 3.3 9.5 ± 3.3 0.768

Total 57.7 ± 15.7 49.4 ± 49.3 0.047

Values are presented as mean ± standard deviation.
MPLA, multiport laparoscopic appendectomy; SPLA, single-port laparoscopic appendectomy.
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study on cosmetic results [24]. Using the body image question-

naire and cosmetic appearance scale, Carter et al. [14] reported 

that after 6 months, the SPLA and MPLA groups had similar 

cosmetic effects. On the other hand, Jategaonkar and Yadav 

[19] demonstrated favorable cosmetic outcomes in the SPLA 

group using the easy-to-use scar grade, which was based on 

patients’ subjective feelings on their postoperative scars (1 = 

thrilled, 2 = happy, 3 = unconcerned, 4 = sad). In the current 

study, patients who underwent SPLA reported better cosmetic 

outcomes in the appearance and consciousness subitems and 

total score than outcomes of MPLA group, although patients’ 

satisfaction with the appearance and consciousness subitems 

of their scars did not differ significantly. We think that a positive 

perception of a postoperative scar can have a positive effect 

on postoperative quality of life, although we do not have data 

on the association between cosmesis and postoperative qual-

ity of life in this study.

Our study is limited by small sample size and lack of long-

term cosmetic effects. In addition, PSAQ relies on the subjec-

tive thoughts of the patient. Further research is required to 

compare the cosmetic outcome and pain assessment of SPLA 

with MPLA using more objective measures. 

In conclusion, the postoperative scar evaluated by the patient 

was better with SPLA than with MPLA, and patient satisfaction 

with the scar was comparable between the two techniques.
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