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A comparison of transumbilical single-port laparoscopic 
appendectomy and conventional three-port laparoscopic 
appendectomy: from the diagnosis to the hospital cost
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ORIGINAL ARTICLE

Purpose: Recently many cases of appendectomy have been conducted by single-
incision laparoscopic technique. The aim of this study is to figure out the benefits of 
transumbilical single-port laparoscopic appendectomy (TULA) compared with 
conventional three-port laparoscopic appendectomy (CTLA).

Methods: From 2010 to 2012, 89 patients who were diagnosed as acute appendicitis 
and then underwent laparoscopic appendectomy a single surgeon were enrolled in 
this study and with their medical records were reviewed retrospectively. Cases of 
complicated appendicitis confirmed on imaging tools and patients over 3 points on 
the American Society of Anesthesia score were excluded.

Results: Among the total of 89 patients, there were 51 patients in the TULA group 
and 38 patients in the CTLA group. The visual analogue scale (VAS) of postoperative 
day (POD) #1 was higher in the TULA group than in the CTLA group (P = 0.048). 
The operative time and other variables had no statistical significances (P > 0.05).
Conclusion: Despite the insufficiency of instruments and the difficulty of handling, 
TULA was not worse in operative time, VAS after POD #2, and the total operative 
cost than CTLA. And, if there are no disadvantages of TULA, TULA may be 
suitable in substituting three-port laparoscopic surgery and could be considered as 
one field of natural orifice transluminal endoscopic surgery with the improvement 
and development of the instruments and revised studies.
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INTRODUCTION

Compared to conventional type of surgery, like laparotomy, minimally invasive 
surgery causes less pain and scarring and requires less amount of analgesic. 
Consequently, it bears early ambulation, fast start to regular diet and short 
hospitalization days [1-8]. Moreover, its minor manipulation and irritation to 
operation site reduces the incidence of postoperative adhesions [1-3]. During the past 
10 years, laparoscopic surgery has advanced to less invasive methods such as single-
incision laparoscopic surgery (SILS) or natural orifice transluminal endoscopic 
surgery (NOTES) through the development of operation technology and instruments 
[9].

Since 1894, when open appendectomy procedure was first attempted by McBurney 
[10], it has taken 100 years for the implementation of laparoscopic appendectomy by 
Semm [11]. However, the latest changes are amazingly fast. Single port laparoscopic 
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appendectomy was started in 1992 [12], and recently, 
studies about procedures using transumbilical incision have 
evolved [13-15]. Even though transumbilical laparoscopic 
appendectomy (TULA) has many advantages such as less 
scarring and less postoperative pain, it still possesses several 
disadvantages. First of all, the movement of the equipment is 
limited due to the number of ports, and limitations in using 
the most favorable instruments for complexity and technical 
challenges of the procedure [16].

We wondered that in spite of these disadvantages, TULA 
could substitute conventional three-port laparoscopic appen-
dectomy (CTLA). Thus, the aim of this study is to compare 
TULA with CTLA and then to figure out the advantages and 
disadvantages of TULA procedure.

METHODS

Indication, exclusion and preoperative management
The study was conducted with patients who were diagnosed 

with acute appendicitis and underwent laparoscopic appen-
dectomy in Ewha Womans University Mokdong Hospital  
between the years 2010 and 2012. The routine preoperative 
examinations included complete medical and surgical history 
taking, physical examination, laboratory blood count and 
blood biochemistry analysis, abdominal ultrasonography (USG) 
or abdominal and pelvic computed tomography (CT). Right 
after diagnosis of acute appendicitis, the patients were injected 
with Ceftriaxone 2 g (ceftriaxone sodium 2 g/btl, Boryung 
Pharm Co., Seoul, Korea) affiliated with 3rd generation 
cephalosporin, and were given antibiotics till postoperative 
day (POD) #5. The patient groups that were defined as grossly 
gangrenous type postoperatively, were injec ted with Trizele 
500 mg (metronidazole 500 mg/100 mL, Choowae Pharma 
Co., Seoul, Korea) every 8 hours, addi tionally, until POD #3. 
When discharged before POD #3 or POD #5, intravenous 
antibiotics were given right before lea ving.

Since patients with severe systemic disease have more 
susceptibility and different postoperative analgesics wash-
out rates due to their impaired hepatic or renal function, the 
individuals with an American Society of Anesthesia (ASA) 
physical status classification system points greater than 3 
were excluded from the study. Furthermore, when we started 
the method of TULA initially, the cases of complicated 
appendicitis with perforation or periappendiceal abscesses 
were not indicated because of the concern that those 
procedures may induce longer operative times. Instead, cases 
of complicated appendicitis were implemented by CTLA or 
open appendectomy because they were not contraindicated. 
Excluding complicated appendicitis from the use of TULA 
is based in the fact that it could incur bias or inaccurate 

results due to its different operative duration, postoperative 
complication, and pain. Finally, 89 acute appendicitis patients 
were enrolled in the research, TULA was implemented on 51 
of them and CTLA for the rest. The choice between the two 
operations was made after the patients and their guardians 
were thoroughly educated on details of the procedure using 
pictures. All of the operations were done by one surgeon.

Surgical technique
First, the patient was subjected to general anesthesia and 

the left arm was placed next to the body after abducting it 
in the supine position. Before the skin drape, the umbilicus 
was cleansed with alcohol swabs and a betadine solution was 
applied from the nipple to the suprapubic area and was left 
out until it dried up; then proceeding with the preparation 
process. A vertical incision, about 1.5-2 cm, was made by 
pulling the umbilicus with the towel clip that opened up the 
peritoneum layer, as well as the fascia, after dissecting the 
subcutaneous layer - followed by checking the free space 
and the intra-abdominal cavity organ (Fig. 1). Instead of the 
recently manu factured single-port trocar, the Alexis wound 
retractor (Applied Medical, Rancho Santa Margarita, CA, 
USA) X-Small size were used for widening the incision site 
(Fig. 2). Then the wrist part of the surgical glove #6 was 
folded to cover the wound retractor and three holes were made 
on each of the three fingers to insert one 11 mm and two 5 
mm of ENDOPATH XCEL trocars (Ethicon Endo-Surgery 
Inc., Cincinnati, OH, USA) which were tied and fixed with 
black silk (Fig. 3). Through the ENDOPATH XCEL trocar 11 
mm, CO2 gas was infused and inflated the abdominal cavity to 
a pressure of 12 mmHg. The operating table was tilted to the 
Trendelenburg position associated with an up rotation to allow 
adequate exposition. A 10 mm flexible laparoscope camera 
(Olympus vicera LTF type V3; Olympus Co., Tokyo, Japan) 
was inserted through the abdominal wall with the 11 mm 
trocar which was kept intact underneath the surgical glove 
and a 5 mm laparoscopic Harmonic Curved Shears (Ethicon 
Endo-Surgery Inc.) was used to dissect the mesoappendix as 
well as the periappendiceal tissue. After the double ligation 
of the appendiceal base with a round Lap loop #1-0 (Sejong 
medical, Paju, Korea), the appendix was divided with the 
laparoscopic Harmonic Curved Shears. The resected appendix 
was placed into the un-holed finger of the surgical glove that 
was covering the wound retractor and it was tied with black 
silk to prevent contamination. The mucosa of the resected 
appendix stump was cauterized. The surgical glove and the 
wound retractor were removed and one layer interrupt suture 
was done to the peritoneum and fascia with a Vicryl Plus #1-0 
(Ethicon Inc., Somerville, NJ, USA). The subcutaneous layer 
was repaired by an interrupt suture using Vicryl plus #3-0 
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(Fig. 4). Sufficient amounts of Terramycin OPH oint 3.5 g/
tube (oxytetracycline hydrochloride 17.5 mg; polymyxin B 
sulfate 35,000 IU, Pfizer, New York, NY, USA) was applied 
and a gauze ball was placed to pack the umbilicus. A 10 cm 
× 12 cm size of Tegaderm Film was attached (3M Health 
Care, Neuss, Germany). Additionally, a 10 mL syringe needle 
was inserted through the skin to the gauze ball without 
piecing the Tegaderm Film to aspirate and vacuum the area 
around the gauze ball so the tissue near the umbilicus could 
tightly adhere to the ball.

In CTLA, the same preparation maneuver was used. After 
making a skin incision approximately 1.5 cm in size, as with 
TULA, marked skin was opened up to check the intra-abdo-
minal cavity. Then, a purse-string suture was made on the 
peritoneum and fascia as one layer with Vicryl plus #1-0 and 
Auto Suture Blunt Tip trocar (Covidien Inc., Mansfield, MA, 
USA) 10 mm inserted. The abdominal cavity CO2 gas pressure 
was maintained at 12 mmHg by packing the gauze into the 
incision site and sealing up the abdominal cavity by tightening 

the purse-string suture. An ENDOPATH XCEL trocar of 10 
mm was placed on the suprapubic area, an ENDOPATH XCEL 
trocar of 5 mm on about 2-finger medial side to left anterior 
superior iliac spine and then an appendectomy was conducted 
in the same manner. The resected appendix was placed into 
a small size Lap bag (Sejong medical) and then removed 
through the trocar insertion site on the infraumbilicus area 
together with the trocar to avoid wound contamination. After 
reinserting the removed trocar, the resected appendix stump 
was cauterized and all of the trocars were removed. The 
infraumbilical trocar site was tied with a purse-string suture, 
which had been implemented earlier, and dermal sutures with 
Vicryl plus #4-0 was done on each incision site followed by 
simple dressing. The umbilical wound of TULA, pictured at 
the operation room just after the surgery is on Fig. 4.

Data and outcome variables
The following parameters were collected on the enrolled 

Fig. 1. Transumbilical incision. The umbilicus was retracted with the towel clips for 
a full exposure.

Fig. 2. A wound retractor was used to prevent from the wound contamination and 
to secure the space for equipment movement. Fig. 4. The umbilical wound of transumbilical laparoscopic appendectomy, pictured 

at the operation room just after the surgery.

Fig. 3. Applied equipment for the single port. Three holes were made on the 
fingers of the surgical glove for the fixation of the 3 trocars. The remained finger 
parts of the glove were used to place the resected appendix.
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patients preoperatively: age, weight, height, body mass index 
(BMI), thickness of the abdominal walls, white blood cell 
(WBC) counts, neutrophil counts, C-reactive protein. There 
have been various methods for measuring abdominal wall 
thick ness measurements in other studies but no principal 
method for it [17-20]. In this study, the abdominal wall thick-
ness was measured by abdominal and pelvic CT at the point 
located at 1 cm lateral to the umbilicus. The patients receiving 
USG instead of preoperative CT were excluded as missing 
values in the statistics.

Outcome variables that were used for comparing the effi-
cacy between the two groups were operative time, time 
until gas-passing and starting diet, hospitalization days, cost 
of the surgery and treatment, visual analogue scale (VAS) 
on POD #1, maximum VAS from POD #2 until the day of 
discharge, intravenous analgesics dose after the surgery and 
histopathologic findings. The postoperative diet was started 
after confirmation of gas passing. Only Ketorac Injection 
(keto rolac tromethamine 30 mg/mL; Daewoo Pharm Co., 
Seoul, Korea) was used for postoperative pain control and 
patient-controlled analgesia was not used.

Data analysis
The Student t test and the chi-square test method were 

used for the data analysis with IBM SPSS ver. 19.0 (IBM Co., 
Armonk, NY, USA). P-values lower than 0.05 were considered 
to be statistically significant.

RESULTS

The average age of the 89 patients was 31 years (31.3 ± 
14.63 years) and 40 of them were male and 49 of them female. 

TULA was conducted on 51 patients and CTLA on the other 
38 patients. In TULA group, the mean age was 30.8 ± 13.23 
years old and the male to female ratio was 1:1.83. In CTLA 
group, the mean age was 31.8 ± 16.50 years old and the male 
to female ratio was 1:0.73. The male to female ratio between 
the two groups showed statistically significant difference (P = 
0.015) (Table 1).

Mean BMI of TULA group was 22.1 ± 3.62 kg/m2 and 
mean thickness of abdominal wall was 25.6 ± 6.88 cm. 
Meanwhile, mean BMI of CTLA group was 22.2 ± 3.24 kg/
m2, mean thickness of the abdominal wall was 23.6 ± 8.68 
cm. There was no statistically significant difference in the 
two variables (P > 0.05) (Table 1). Comparing the preoperative 
inflammation indicator, WBC of TULA group was 12,185 ± 
4,713.2/μL, CRP was 2.7 ± 2.93 mg/dL, WBC of CTLA group 
was 11,582 ± 3,861.4/μL, CRP was 2.0 ± 2.35 mg/dL which 
showed no statistical differences (P > 0.05) (Table 1).

Patients with a perforated type of acute appendicitis or ap-
pendicitis with periappendiceal abscess on the preoperative 
radiologic evaluation were excluded from the study. In fact, 
10 patients in the TULA group and 12 patients in the CTLA 
group were found to have had a periappendiceal abscess from 
the postoperative histopathologic results. Minimal inflam-
mation finding was observed in four patients in the CTLA 
group and nine in the TULA, and suppurative type of appen-
dicitis was observed in 32 patients in TULA group and 22 in 
CTLA group (Table 2).

Mean operative time was 71.6 ± 23.55 minutes in TULA 
group, 71.7 ± 21.03 minutes in CTLA group. The mean 
POD until gas passing in TULA group was 1.1 ± 0.33, and 
starting of diet is on POD 1.2 ± 0.66 on average. Meanwhile, 
in the CTLA group, the mean POD until the passing of gas 
was 1.2 ± 0.58, and the starting of diet was POD 1.3 ± 
0.52 on average. The average hospitalization days of TULA 
group was 4.3 ± 1.70 and 4.5 ± 1.29 with CTLA group. 
The mean operative time, the time until starting of diet and 
hospitalization days showed no statistical differences.

Table 1. Demographic results and inflammatory indicators in TULA group 
and CTLA group

Variable TULA group
(n=51)

CTLA group
(n=38) P-value

Age (yr) 30.8 ± 13.23 31.8 ± 16.50 0.766

Sex (male:female) 18:33 22:16 0.015a)

Body mass index (kg/m2) 22.1 ± 3.62 22.2 ± 3.24 0.870

Thickness of abdominal
  wall (cm)

25.6 ± 6.88 23.6 ± 8.68 0.256

Preoperative WBC (/μL) 12,185 ± 4,713.2 11,582 ± 3,861.4 0.509

Preoperative neutrophil
  counts (%)

75.5 ± 12.89   73.4 ± 12.32 0.454

Preoperative CRP (mg/dL) 2.7 ± 2.93 2.0 ± 2.35 0.375

Values are presented as mean ± standard deviation.
TULA, transumbilical laparoscopic appendectomy; CTLA, conventional three-port 
laparoscopic appendectomy; WBC, white blood cell; CRP, C-reactive protein.
 a)P < 0.05.

Table 2. Histopathological results of appendix in TULA group and CTLA 
group

TULA group
(n = 51)

CTLA group
(n = 38) P-value

Pathologic diagnosis 0.389

Minimal 9 4

Suppurative 32 22

Perforated 0 0

Abscess 10 12

TULA, transumbilical laparoscopic appendectomy; CTLA, conventional three-port 
laparoscopic appendectomy.
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Immediately after the surgery, the VAS of the TULA group 
was 3.5 ± 1.30 on average and CTLA group 2.3 ± 0.58, which 
showed higher score in TULA group and was statistically 
significant (P = 0.048). However, a maximum VAS from POD 
#2 until the day of discharge, in TULA group was 2.2 ± 1.26 
and 2.0 ± 1.00 in CTLA group. Also, there was no significant 
difference between the two groups. The hospital cost of TULA 
in US dollars was 1,527 ± 218.3 and CTLA was US dollars 
1,549 ± 119.8, a not statistically significant difference (P = 
0.048) (Table 3). 

In this study, systematic complications were not checked, 
but wound complications were confirmed in two patients in 
TULA group. One of them had stitch abscess and the other 
had wound seroma. These wound infection cases got treated 
after conservative treatment through the out-patients depart-
ment (P = 0.505) (Table 4).

DISCUSSION

McBurney [10] described open appendectomy in 1894. Since 
then, Semm [11] introduced laparoscopic appendectomy for 
the first time; compared to open appendectomy, laparoscopic 
appendectomy has less postoperative pain and lesser doses 
of analgesics. It also has not only less tissue injury but also 
less irritation of the intestines so that the results in reduction 
of adhesion may occur after the sugery. It enables early am-
bulation and food intake and a short hospitalization period. 
Thus, patients can return early to normal lives and also have 
less cosmetic problems after surgery. For these reasons, lapa-
roscopic surgery is now widely performed [1-3]. And a variety 
of methods using single incision such as NOTES or hybrid 
NOTES have been performed. As this type of surgery is 
becoming more popular, various studies concerning it have 

been increasingly conducted.
NOTES which approaches into the abdominal cavity 

through the natural orifices such as the umbilicus, the sto-
mach, the vagina, the bladder and the rectum reduces post-
operative pain and enables a faster return to routine activity 
and better cosmetic outcome [21,22]. But for several reasons 
such as limited degrees of freedom of movement, number of 
ports, and limitation of optimal instruments for the complexity 
and technical challenges of the operation, ‘pure’ NOTES 
could not be applied freely for the operation. As a result, 
‘hybrid’ NOTES or modified laparoscopic technique that use 
an additional port for approaching the abdominal cavity have 
been developed as a bridge procedure [21]. Additionally, studies 
on pure forms of NOTES have been conducted continuously 
as well [21,23-25].

 Recently, not only overseas but also in Korea, the transum-
bilical approach has been tried for minimal scarring. Accor-
ding to a study conducted by Lee et al. [13], there are no 
differences in postoperative outcomes between a TULA and 
the conventional three-port laparoscopic approach. Other studies 
reported longer operative times and more doses of analgesics 
in patients who underwent TULA [14,15]. Especially, Lee et al. 
[14] figured out that postoperative wound infection increased 
significantly. Despite these disadvantages and controversies 
over the benefits, transumbilical single-port laparoscopic 
appen dectomy has been conducted continuously in the expec-
tation of early recovery and desired cosmesis.

This study is based on the operative results of acute appen-
dicitis treated surgically by a single well-trained surgeon. 
Especially, this approach minimized the possible biases by 
stratifying the data by the medical history, ASA score and 
preoperative imaging study.

First of all, a significant difference in the outcome was 
found between the different gender groups (P = 0.015), since 
the patients chose the method of surgery; TULA was per-
formed more in females whose concerns were more about 
scaring, which reflects that TULA has an advantage regarding 

Table 3. Postoperative outcomes in TULA group and CTLA group

Variable TULA group
(n = 51)

CTLA group
(n = 38) P-value

Operative time (min) 71.6 ± 23.55 71.7 ± 21.03 0.976

Time until gas passing (day) 1.1 ± 0.33 1.2 ± 0.58 0.223

Time until starting diet (day) 1.2 ± 0.66 1.3 ± 0.52 0.725

Duration of hospitalization (day) 4.3 ± 1.70 4.5 ± 1.29 0.674

VAS of POD #1 (point) 3.5 ± 1.30 2.3 ± 0.58 0.048a)

VAS after POD #2 (point) 2.2 ± 1.26 2.0 ± 1.00 0.816

Intravenous analgegics (ample) 3.4 ± 1.63 2.8 ± 1.99 0.120

Hospital cost (US dollar) 1,527 ± 218.3 1,549 ± 119.8 0.547

Values are presented as mean ± standard deviation.
TULA, transumbilical laparoscopic appendectomy; CTLA, conventional three-port 
laparoscopic appendectomy; VAS, visual analogue scale; POD, postoperative day; 
US, united states.
a)P < 0.05.

Table 4. Complications outcomes in TULA group and CTLA group

Complication TULA group
(n = 51)

CTLA group
(n = 38) P-value

Wound complications 0.505

Seroma 1 0

Stitch abscess 1 0

Dehiscence 0 0

Incisional hernia 0 0

Systematic complication 0 0 -

TULA, transumbilical laparoscopic appendectomy; CTLA, conventional three-port 
laparoscopic appendectomy.
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cosmetic concerns.
The mean operative time of TULA and CTLA were 71.6 

minutes and 71.7 minutes respectively, which are nearly 
the same. This is quite different to the previous studies that 
showed TULA group’s operative time at about 5-10 minutes 
longer than CTLA group’s [26,27]. Even a study conducted by 
Kim et al. [28] presented about 15 minutes more of operative 
time in TULA group, which was statistically significant. 
TULA is expected to take more operative time than CTLA 
because it requires difficult surgical techniques due to a single 
surgical window, but it was actually not. The reason is that 
when a surgeon already skilled at CTLA executes TULA, 
the reduced number of trocars does not affect the operative 
time because the range of dissection is not broad and so the 
surgeons get used to the procedure fast. Also, setting up the 3 
incisions for the trocars themselves in CTLA takes a long time. 
And with the development of SILS instruments, appendectomy 
and cholecystectomy executed in a localized space with those 
instruments can be implemented fast and easily. 

VAS on POD #1 was significantly higher in TULA group 
(TULA group, 3.50 ± 1.30; CTLA group, 2.30 ± 0.58; P = 
0.048), which was assumed that TULA requires longer fascia 
incision than CTLA, resulting in more wound stretching 
wound bundling due to the amount of equipment on only 
one incision. Park et al. [29] reported that in a single incision 
laparoscopic surgery for an appendectomy, immediate post-
operative pain was more severe than in a conventional 3- 
port laparoscopic appendectomy. Usually, patients expect less 
pain in a less incision-required procedure. Therefore, the 
unexpected strong pain might contribute to the higher VAS. The 
VAS after POD #2 and total dose of postoperative intra venous 
analgesics did show no difference between the two groups.

Additionally, the gas passing, postoperative starting diet 
date, and total hospitalization days show no significant dif-
ference between the two groups leading to a similar hospital 
course in the two groups. Another study concerning single-
port laparoscopic appendectomy also showed no significant 
difference in hospital course compared to CTLA [13-15,26-28], 
which might originate from the characteristics of appen dectomy 
procedure itself - a small incision, minimal bowel manipulations 
and irritation, early passing-gas and little pain. In this study, the 
hospital course was checked on a daily basis, but if checked on 
in fewer intervals, different results would have appeared.

The cost of the surgery and the treatment was US dollars 
1,527 ± 218.3 in TULA group, and US dollars 1,549 ± 119.8 
in CTLA group, which showed no statistical significance. 
(P = 0.547). According to the study conducted by Lee et al. 
[30], the cost was significantly lower in TULA group; this is 
because the instrument was made using slim pipes and trocar. 
In this study, 3 disposable trocars and one disposable wound 

retractor were used in the TULA group, which did not cause 
a higher total cost than the CTLA group on the use of instru-
ments.  TULA group did not use the X-Small size Alexis 
wound retractor because the resected appendix was placed 
into an un-holed finger of the surgical glove instead of using 
the small size Lap bag to prevent contamination, and also re-
duce the cost; and different trocars for cameras were used. 
Diff ering time under anesthesia due to different operative 
time also can be one of the causes for this lack of difference 
in cost. These days, many instruments and SILS port have 
been developed to improve surgical efficacy. Although there 
are negative aspects of surgical costs rising. Therefore, when 
con sidering the cost of SILS instruments, it might be better 
to use the above mentioned instruments rather than using 
commercialized disposable trocars.

In some of the previous studies, it has been reported that 
TULA procedure takes more operative time [26-28] and 
causes more pain postoperatively [14,15] than CTLA. However, 
there was no difference in operative time, hospitalization date 
after the surgery, and the cost of the surgery in this study. 
The patient might complain of more pain right after TULA 
than after CTLA. However, in terms of surgery efficiency, 
single port surgery could be equally good, and considering 
the cosmetic outcome of the surgery, it would be generally 
recommended for patients. As the development of the tech-
niques and the instruments progress, increasing SILS’ efficiency 
will be shown.

The main limitation of this research could be the small 
num ber of enrolled patients. Also, this research did not include 
any cases of complicated appendicitis. In order to do research 
more specifically regarding TULA’s efficiency or indications, 
more information relating to complicated appendicitis cases 
should have been collected.

In conclusion, TULA had no disadvantages in comparison 
with CTLA in operative time, time of starting diet, intention 
of postoperative pain, postoperative complications, and 
hospital cost. Therefore, TULA could be a feasible alternative 
of CTLA for appendectomy. In order to make an improvement 
of the above mentioned limitations of this  study, a randomized 
prospective study with a large number of patients is needed in 
the future.
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