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Introduction
Acute appendicitis is one of the most common causes of acute abdominal pain, and it generally 

requires immediate surgical intervention [1,2]. Approximately 13% to 20% of patients with acute 
appendicitis are perforated [3], and appendiceal abscess or phlegmon is found in approximately 
3.8% of patients [4]. Emergency appendectomy is the treatment of choice for acute appendicitis 
[5,6], but in cases of perforated appendicitis with periappendiceal abscess, immediate appendectomy 
can result in excessive tissue manipulation and adjacent organ injury. These complications can lead 
to increased morbidity and the risk of extended resection [4,7,8]. Therefore, Interval Appendectomy 
(IA) which is delayed appendectomy following conservative treatment, including percutaneous 
drainage and intravenous antibiotics, is widely accepted for complicated appendicitis [9,10].

Laparoscopic appendectomy is generally recommended for acute appendicitis in order to reduce 
surgical trauma and improve cosmetic outcomes [11-13]. Due to advances in surgical instruments 
and minimally invasive techniques, laparoscopic appendectomy with a single-site incision has been 
proposed [14]. Previous studies that compared Single-Port Laparoscopic Appendectomy (SPLA) 
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Abstract
Purpose: Interval Appendectomy (IA) for complicated appendicitis after conservative treatment 
can reduce unnecessary manipulation during surgery, as well as postoperative complications. As 
minimally invasive surgery has developed, the use of laparoscopic appendectomy with a single-site 
incision is increasing. However, few studies have investigated the perioperative outcomes of Single-
Port Laparoscopic Appendectomy (SPLA) compared with Multiport Laparoscopic Appendectomy 
(MPLA) in IA. The aim of this study was to evaluate the feasibility and safety of laparoscopic IA with 
a single port compared to conventional multi-port surgery.

Methods: This study was conducted retrospectively in Konyang University Hospital, Daejeon, Korea. 
We analyzed the records of 144 patients who underwent laparoscopic IA following conservative 
treatment for complicated appendicitis between March 2003 and August 2020. The operative 
outcomes and postoperative complications of SPLA were compared with those of conventional 
MPLA.

Results: A total of 92 patients were included in this study; 31 and 61 patients underwent SPLA and 
MPLA, respectively. Using chi-square test and independent Student’s t-test, SPLA was associated 
with a significantly longer time interval between conservative management and operation (98.4 ± 
24.4 days vs. 84.8 ± 22.2 days, p=0.009) and lower intraoperative blood loss (5.0 ml ± 3.0 ml vs. 8.3 
ml ± 5.3 ml, p=0.005). However, operation time (59.2 ± 25.4 min vs. 53.4 ± 23.6 min, p=0.278), 
length of postoperative hospital stay (2.2 ± 0.7 days vs. 2.3 ± 0.9 days, p=0.537) and postoperative 
complication rate (9.7% vs. 6.6%, p=0.594) were comparable between the groups.

Conclusion: This study provides evidence that single-port laparoscopic interval appendectomy is 
safe and feasible after conservative management for complicated appendicitis.
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with Multi-Port Laparoscopic Appendectomy (MPLA) has reported 
that the single-port approach have shown comparable results for 
acute appendicitis [15-17].

However, there was no study that investigated the perioperative 
outcomes of SPLA compared with MPLA in IA for patients with 
complicated appendicitis. The aim of this study was to evaluate the 
feasibility and safety of laparoscopic IA with a single port compared 
to conventional multi-port surgery.

Materials and Methods
Patients

This study retrospectively collected data from Konyang University 
Hospital, Daejeon, Korea, between March 2003 and August 2020. 
A total of 144 patients who underwent laparoscopic IA, including 
SPLA and MPLA, following conservative treatment for complicated 
appendicitis, were enrolled in this study.

Appendicitis was diagnosed based on clinical presentation, physical 
examination, laboratory findings, and imaging studies, including 
Computed Tomography (CT). All patients enrolled in this study had 
appendiceal perforation, phlegmon, or periappendiceal abscess. The 
decision to use conservative treatment followed by IA was made by the 
surgeon based on the CT findings. The patients underwent surgery at 
least eight weeks after conservative treatment was begun. Intravenous 
antibiotics were administered until clinical manifestations improved 
and oral antibiotics were prescribed after discharge. A combination 
of second-generation cephalosporin (cefmetazole or cefotetan) or 
third-generation cephalosporin (cefotaxime or ceftriaxone) with 
metronidazole was used for conservative treatment. Percutaneous 
abscess drainage with Percutaneous Catheter Drainage (PCD) or 
percutaneous needle aspiration was performed if the periappendiceal 
abscess was anatomically accessible.

Out of 144 enrolled patients, 52 were excluded from this study: 42 
because they had an interval of <8 weeks from conservative treatment 
to surgery, and ten because they underwent conversion to open 
surgery during a laparoscopic appendectomy. Thus, the data of 92 
patients who met the inclusion criteria were analyzed (Figure 1).

The study was approved by the Institutional Review Board of 
Konyang University Hospital (IRB No. 2021-03-012) and performed 
in accordance with the principles of the Declaration of Helsinki. The 
need for informed consent was waived due to the retrospective nature 
of the study.

Operative techniques
Laparoscopic appendectomy was performed by six general 

surgeons at a single institution. SPLA was performed by one 
surgeon, and five surgeons performed only MPLA. The surgeon who 
performed either SPLA or MPLA decided on the type of operation 
based on the severity of inflammation found on follow-up CT. The 
patients were placed in a supine position under general anesthesia. 
For SPLA, a 2 cm vertical incision was made at the umbilicus after 
skin preparation, and subcutaneous fat and fascia were dissected 
into the peritoneum. A single-port device with four channels (Glove 
Port®, Neils, Bucheon, Gyeonggi-do, Korea) was inserted through 
the incision site. For MPLA, a vertical transumbilical incision was 
made, and an 11 mm trocar was inserted through the incision site. 
Two other 5 mm trocars for laparoscopic instruments were inserted 
in the suprapubic area and the left lower quadrant under laparoscopic 
vision. The port placements for SPLA and MPLA are shown in 
Figure 2. The abdomen was inflated with CO2, and a 10 mm, 30°C 
rigid scope and instruments were inserted through the trocars. The 
instruments were crossed with each other and placed below the scope 
during SPLA. The mesoappendix was divided, and the appendiceal 
artery was ligated using metal clips. The appendix was ligated using 
an endoloop (Surgitie Ligating Loop® [Covidien]) and resected. The 
appendix was retrieved from the umbilical port site. The endobag was 
used for MPLA but not SPLA. The incision was closed layer by layer.

Data collection
Data from this study were obtained from medical records. 

Demographic data, perioperative outcomes, and histopathological 
data were collected. Operative reports were reviewed for operative 
time, estimated blood loss, extent of operation, and drain 
placement. Postoperative painkiller injection, complications, 
length of postoperative hospital stay, and readmission were also 
examined. Postoperative complications, including wound infection, 
postoperative ileus, intra-abdominal abscess, and incisional hernia 
were assessed using the Clavien-Dindo classification.

Statistical analysis
Demographic data are presented as frequency and percentage, 

and average values are presented as means with standard deviations. 
Categorical variables were analyzed using the chi-square test and 
continuous variables were analyzed using an independent Student’s 
t-test. Statistical significance was set at p<0.05. Statistical analyses 
were performed using IBM SPSS Statistics (version 25.0; SPSS Inc., 
Chicago, IL, USA).

Figure 1: Flow chart showing patient selection.
SPLA: Single-Port Laparoscopic Appendectomy; MPLA: Multi-Port Laparoscopic Appendectomy
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Results
A total of 92 patients were included in the analysis. Of these 

patients, 31 (33.7%) underwent SPLA and 61 (66.3%) underwent 
MPLA (Table 1). The patients who underwent SPLA had a mean 
age of 50.0 ± 16.3 years (range, 23 to 84 years) and 38.7% were men. 
The mean age in the MPLA group was 52.1 ± 21.3 years (range, 8 to 
89 years) and 39.3% were men. The mean Body Mass Index (BMI) 
was 24.2 ± 3.9 kg/m2 (range, 17.3 kg/m2 to 34.1 kg/m2) in the SPLA 
group and 23.4 ± 4.1 kg/m2 (range, 15.2 kg/m2 to 34.2 kg/m2) in the 
MPLA group. No significant difference was found in patients’ basal 
characteristics, including age, sex, BMI, comorbidities, history of prior 
abdominal operation, or the American Society of Anesthesiologists 
score, between the SPLA and MPLA groups.

The two groups had similar White Blood Cell (WBC) counts 
(12,900 ± 4,700/mm3 vs. 13,100 ± 4,100/mm3, p=0.840) and C-Reactive 
Protein (CRP) levels (15.2 ± 10.9 mg/dl vs. 12.3 ± 7.8 mg/dl, p=0.220) 
at the first admission for complicated appendicitis (Table 2). In the 
SPLA group, periappendiceal abscess was found in 27 (87.1%) out 
of 31 patients and the mean abscess size was 5.1 ± 1.6 cm (range, 
2.3 cm to 6.3 cm). In the MPLA group, 54 (88.5%) out of 61 patients 

showed periappendiceal abscess and the mean abscess size was 5.0 ± 
2.1 cm (range, 1.8 cm to 10 cm). No significant difference was found 
in the presence (p=0.842) and size (p=0.830) of periappendiceal 
abscess between the SPLA and MPLA groups. Percutaneous abscess 
drainage, including PCD or percutaneous needle aspiration, was 
performed in 59.3% and 68.5% of patients in the SPLA and MPLA 
groups, respectively, with no significant difference (p=0.409).

The comparison of perioperative outcomes between the SPLA 
and MPLA groups is shown in Table 3. The time interval between 
the date of the first discharge and operation was significantly longer 
in the SPLA group than in the MPLA group (98.4 ± 24.4 days vs. 
84.8 ± 22.2 days, p=0.009). SPLA did not prolong the operative time 
significantly compared to MPLA (59.2 ± 25.4 min vs. 53.4 ± 23.6 min, 
p=0.278). Extended resection and drain insertion were performed 
in only eight patients in the MPLA group (p=0.035). All patients 
who underwent extended resection also underwent a laparoscopic 
cecectomy. Estimated blood loss was significantly greater in the 
MPLA group, but the difference was small (5.0 ± 3.0 ml vs. 8.3 ± 
5.3 ml, p=0.005). Final histologic findings demonstrated acute and 
chronic appendicitis in 41.9% and 48.4% of patients, respectively, 
in the SPLA group, and in 47.5% and 42.6% in the MPLA group, 
respectively. Mucinous neoplasms were found in 6.5% and 4.9% 
of patients in the MPLA and SPLA groups, respectively, with no 
significant difference. Other pathologic findings, such as Crohn’s 
disease, tubular adenoma, and neuroendocrine tumor, were observed 
in four patients. No malignancies were identified. The mean number 
of postoperative intravenous injections of analgesics was 1.3 ± 1.0 
ampoules (range, 0 to 4 ampoules) for the SPLA group and 1.1 ± 0.8 

Figure 2: Port sites for laparoscopic appendectomy.
SPLA: Single-Port Laparoscopic Appendectomy; MPLA: Multi-Port Laparoscopic Appendectomy

SPLA (n=31) MPLA (n=61) p

Age (year) (mean ± SD) 50.0 ± 16.3 52.1 ± 21.3 0.621

Sex (n, %) 0.953

Male 12 (38.7) 24 (39.3)

Female 19 (61.3) 37 (60.7)

BMI (kg/m2) (mean ± SD) 24.2 ± 3.9 23.4 ± 4.1 0.362

Comorbidity (n, %) 0.271

No 12 (38,7) 31 (50.8)

Yes 19 (61.3) 30 (49.2)

History of abdominal operation (n, %) 0.745

No 24 (77.4) 49 (80.3)

Yes 7 (22.6) 12 (19.7)

ASA score (n, %) 0.866

1 9 (29.0) 18 (29.5)

2 19 (61.3) 39 (63.9)

3 3 (9.7) 4 (6.6)

Table 1: Patient basal characteristics.

SPLA: Single-Port Laparoscopic Appendectomy; MPLA: Multi-Port Laparoscopic 
Appendectomy; SD: Standard Deviation; BMI: Body Mass Index; ASA: American 
Society of Anesthesiologists

SPLA (n=31) MPLA (n=61) p

WBC count (× 103/mm3) (mean ± SD) 12.9 ± 4.7 13.1 ± 4.1 0.84

CRP (mg/dl) (mean ± SD) 15.2 ± 10.9 12.3 ± 7.8 0.22

Abscess (n, %) 0.842

No 4 (12.9) 7 (11.5)

Yes 27 (87.1) 54 (88.5)

Abscess size (cm) (mean ± SD) 5.1 ± 1.6 5.0 ± 2.1 0.83
Percutaneous abscess drainage 
(n, %) 0.409

No 11 (40.7) 17 (31.5)

Yes 16 (59.3) 37 (68.5)

Table 2: Clinical outcomes at first admission for complicated appendicitis.

SPLA: Single-Port Laparoscopic Appendectomy; MPLA: Multi-Port Laparoscopic 
Appendectomy; SD: Standard Deviation; WBC: White Blood Cell; CRP: 
C-Reactive Protein
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ampoules (range, 0 to 4 ampoules) for the MPLA group, with one 
patient in each group taking narcotics once. No significant difference 
in the requirement for intravenous analgesics was found (p=0.216). 
Postoperative complications were observed in three (9.7%) patients 
in the SPLA group, all of which were wound infections, and in 
three (4.9%) patients in the MPLA group, one of which was wound 
infection and two of which were incisional hernias. Only one patient 
who required surgical intervention for an incisional hernia was 
classified as Clavien-Dindo grade III. No mortality was observed 
in either group. The frequency (p=0.127) and severity (p=0.273) of 
postoperative complications were not significantly different. Length 
of postoperative hospital stay was similar between the SPLA and 
MPLA groups (2.2 ± 0.7 days vs. 2.3 ± 0.9 days, p=0.537).

Discussion
In this study, we compared perioperative outcomes of SPLA to 

MPLA to evaluate the feasibility and safety of SPLA when performing 
an IA for complicated appendicitis. SPLA did not increase the 
operative time or intraoperative blood loss compared with MPLA. 
In addition, no significant difference was found in the requirement 
for postoperative intravenous analgesics, incidence of postoperative 
complications, or length of postoperative hospital stay between the 
SPLA and MPLA groups. These results suggest that SPLA could be a 
safe and feasible method as an IA for complicated appendicitis.

However, the need for IA is controversial. In some studies, 
the incidence of appendiceal neoplasms has increased in patients 
undergoing IA [18,19]. These studies reported the incidence of 
appendiceal neoplasms to be 1.5% to 12.5% in the immediate 
appendectomy group and 12.2% to 12.4% in the IA group. A meta-
analysis of eight studies by Peltrini et al. [20] showed a similar 
incidence of appendiceal neoplasms after IA (11%), 29% of which 
were adenocarcinoma. In this study, mucinous neoplasms were found 
in 5.4% of all patients, which is lower than the incidence reported 
in previous studies, but higher than the rate reported in patients 
who underwent immediate appendectomy. Additionally, medical 
costs were generally higher in patients who underwent IA following 
conservative treatment than in those who underwent emergency 
surgery [21,22].

In contrast, other studies have shown that an IA has a lower rate 
of postoperative morbidity and extended resection than emergency 
appendectomy for both adults and children [8,21,23-26]. Akingboye et 
al. [23] reviewed 9,264 patients including both adults and children and 
reported that IA significantly reduced the operative time and number 
of unplanned bowel resections, although there were no significant 
differences in postoperative complications, length of postoperative 
hospital stay, or mortality rate. In a multicenter propensity score 
matching prospective study, Kim et al. [26] compared early surgery 
with elective interval surgery for complicated appendicitis. Their 
results showed a significantly lower rate of extended surgery, a lower 
postoperative complication rate, and an even shorter postoperative 
hospital stay in the IA group. For these reasons, IA was considered for 
patients with complicated appendicitis at this institution.

Many studies have shown that SPLA was not inferior to MPLA in 
terms of operative outcomes, including postoperative complications 
[27,28]. Chen et al. [29] conducted a meta-analysis with seven 
randomized controlled trials for the comparison of the two procedures 
and found comparable results of conversion rate, drain insertion, 
length of hospital stay, and postoperative complications. However, 
SPLA showed a better cosmetic satisfaction score and shorter recovery 
time significantly than MPLA. Unlike the results of this study, SPLA 
had a longer operative time than MPLA. In this study, perioperative 
outcomes, including operative time, requirement of intravenous 
analgesics, postoperative complication rate, and length of hospital 
stay were similar between the two groups.

However, several perioperative outcomes were significantly 
different in the present study. The time interval from the first discharge 
to operation was significantly longer in the SPLA group than in the 
MPLA group. In the most recent international guidelines for acute 
appendicitis, no definitive criteria exist for the optimal timing of IA 
[30], but it is generally recommended 6 to 12 weeks after the resolution 
of the abscess [30-32]. The five surgeons who performed MPLA in 
the present study determined the operative timing based on these 
studies, and the surgeon who performed SPLA decided to conduct 
the operation after eight weeks of sufficient remodeling of previous 

 SPLA 
(n=31)

MPLA 
(n=61) p

Time interval from first discharge to 
operation (days) (mean ± SD) 98.4 ± 24.4 84.8 ± 22.2 0.009

Operative time (minutes) (mean ± SD) 59.2 ± 25.4 53.4 ± 23.6 0.278

Extended resection (n, %) 0.035

No 31 (100) 53 (86.9)

Yes 0 (0) 8 (13.1)

Drain insertion (n, %) 0.035

No 31 (100) 53 (86.9)

Yes 0 (0) 8 (13.1)

Estimated blood loss (ml) (mean ± SD) 5.0 ± 3.0 8.3 ± 5.3 0.005

Gross findings (n, %) 0.003

Edematous 4 (12.9) 10 (16.4)

Suppurative 12 (38.7) 23 (37.7)

Gangrenous 0 (0) 7 (11.5)

Perforated 1 (3.2) 6 (9.8)

Abscess 1 (3.2) 8 (13.1)

Chronically inflammated 13 (41.9) 7 (11.5)

Histologic findings (n, %) 0.915

Acute appendicitis 13 (41.9) 29 (47.5)  

Chronic appendicitis 15 (48.4) 26 (42.6)

Mucinous neoplasm 2 (6.5) 3 (4.9)

Others 1 (3.2) 3 (4.9)
Intravenous analgesics (ampule) (mean ± 
SD) 1.3 ± 1.0 1.1 ± 0.8 0.216

Complications (n, %) 0.127

No 28 (90.3) 58 (95.1)

Wound infection 3 (9.7) 1 (1.6)

Postoperative ileus 0 (0) 0 (0)

Intra-abdominal abscess 0 (0) 0 (0)

Incisional hernia 0 (0) 2 (3.3)

Clavien-Dindo classification (n, %) 0.273

Grade I, II 3 (100) 2 (66.7)

Grade III, IV 0 (0) 1 (33.3)
Length of postoperative hospital stay (days) 
(mean ± SD) 2.2 ± 0.7 2.3 ± 0.9 0.537

Table 3: Perioperative outcomes.

SD: Standard Deviation; SPLA: Single-Port Laparoscopic Appendectomy; MPLA: 
Multiport Laparoscopic Appendectomy
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intra-abdominal inflammation. The difference in the time interval 
between the two groups could have resulted from the differences 
in operative timing between the surgeons. Other differences in 
extended resection and intraoperative drain placement were also 
observed in this study. Extended resections were more frequent 
in the MPLA group than in the SPLA group. Since the decision to 
perform SPLA or MPLA was based on the severity of intra-abdominal 
inflammation on follow-up CT, extended resections were performed 
more frequently in patients in the MPLA group who might have more 
severe inflammation. Similarly, a drain was placed more frequently 
in the MPLA group. Moreover, the surgeon who performed SPLA 
minimized drain placement, because some previous studies have 
shown that abdominal drainage after appendectomy does not reduce 
complications, such as intra-abdominal abscess, in either adults or 
children [33,34].

This study had several limitations. First, it was a retrospective 
study with a relatively small number of patients. Second, there were 
selection biases. The decision to perform SPLA or MPLA was made 
based on the surgeon’s preference. Third, there was a lack of data 
on postoperative pain and cosmesis. Therefore, further large-scale 
prospective cohort studies are needed in order to determine the 
advantages of SPLA in interval operation settings.

Conclusion
In conclusion, SPLA had similar perioperative outcomes, 

including operative time, postoperative pain, postoperative 
complications, and length of postoperative hospital stay, compared 
with MPLA. Thus, SPLA is feasible and safe for IA in patients with 
complicated appendicitis. Further large-scale comparative studies are 
required to confirm this hypothesis.
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