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Ab s t r Ac t
Purpose: Since the description of laparoscopic appendectomy and the surgeons are trying to develop techniques using less incisions. We 
describe our initial experience with the trans-umbilical laparoscopic-assisted appendectomy (TULAA) in children.
Materials and methods: A prospective, single surgeon, single-center study was conducted. The technique was described (Video). The rates of 
conversion of intraoperative complications and of postoperative complications were noted. Risk factors for conversion were analyzed.
Results: Forty patients were included. Conversion to a classical 3-ports technique was done in 13 cases. The only intraoperative complication 
was a epiploic bleeding encountered in 1 patient. The only postoperative complication was an umbilical abscess in 2 patients. A scar-less 
abdomen was noted 1 month postoperatively.
Conclusions: Trans-umbilical laparoscopic-assisted appendectomy had combined the exposure advantages of laparoscopy and the low cost of 
open surgery. Despite the small population number, it seems to be safe, reproducible, and effective, and it had superior esthetic advantages.
Clinical significance: Trans-umbilical laparoscopic-assisted appendectomy reduces the incisions needed to do an appendectomy with no 
increased risk in increased complications when compared to the traditional techniques.
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In t r o d u c t I o n
Open appendectomy, first described in the 19th century,1 remained 
the treatment of choice of appendicitis till the introduction of 
laparoscopic appendectomy.2 Many innovative minimal invasive 
techniques have been developed,3,4 trying to decrease the number 
of ports used in the classical 3-ports laparoscopic technique. 
The trans-umbilical single incision laparoscopic appendectomy 
uses the minimum of laparoscopic instruments for the exposure, 
and appendectomy is done extra-corporeally like in the open 
technique.5,6 Trans-umbilical laparoscopic-assisted appendectomy 
thus combines the advantageous exposure of laparoscopy and 
the low cost of open surgery.7 Once a new surgical technique is 
adopted, assuring the safety of the technique during the learning 
phase might be challenging.8 In this paper, we described the initial 
experience of one surgeon started adopting the TULAA. The aim 
was to highlight a simple and reproducible technique, that was 
forgotten. We described the technique, its advantages, and its 
limitations. We analyzed the children operated using this technique 
and their complications.

MAt e r I A l s A n d Me t h o d s
All pediatric patients (age ≤18 years) operated for appendicitis 
by a single surgeon in a single center between November 2018 
and October 2019 were prospectively studied. Upon patient 
presentation, all patients had a basic blood work out and 
abdominal echography. CT scanner was not done. Patients with 
a preoperative suspicion of generalized peritonitis on the initial 
evaluation were directly operated by a classic 3-ports approach, 
so TULAA was not attempted, and hence they were excluded. All 
patients with appendicular phlegmon or abscess on the initial 
evaluation were treated medically. After a 10 weeks interval, 

they were operated according to TULAA. All other patients were 
operated according to TULAA. Only patients operated primarily 
according to TULLA were included. The operative time (OT) 
was noted. The rate of conversion was calculated. Conversion 
was either to the classical 3-ports approach or to laparotomy. 
Risk factors for conversion were identified. Intraoperative 
complications like intestinal perforation and bleeding were 
reported. Length of stay (LOS) was studied. Patients were followed 
till March 2021. Follow-up was done clinically. Postoperative 
complications, like intra-abdominal abscess, skin infection, 
intestinal obstruction, and incisional hernia were reported. All 
parents were educated about the small but still existing risk of 
intestinal obstruction.

The technique of TULAA (Video 1).
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All patients were asked to empty their bladders before the 
surgery. Patients were positioned supine with the left arm tucked. 
All surgeries were done under general anesthesia. After vigorously 
cleansing the umbilicus, the umbilicus was pulled out using 
two Allis forceps. A vertical trans-umbilical incision was made. 
Subcutaneous fat and fascia were cut to allow entry and direct 
vision into the peritoneal cavity. A sufficient incision allowed the 
introduction of the surgeon’s little finger. A single 10 mm umbilical 
port was introduced. A 10 mm 0-degree operative telescope 
with a 6 mm working channel was used (Fig.  1). Patients were 
positioned in a Trendelenburg position with the table tilted toward 
the patient’s left side. A tracheal aspiration tube connected to a 
feeding syringe was inserted in the working channel and used 
in order to aspirate the intra-abdominal liquid. A grasper was 
used in order to bluntly liberate the appendix and the cecum. 
The peritoneal attachments of the cecum and the appendix were 
bluntly divided. When those attachments were judged thick, they 
were coagulated using a monopolar power source connected 
to the grasper. Minimal liberation was needed. The extent of 
liberation was judged sufficient when, despite the presence of 
the pneumoperitoneum, the appendix’s tip reached the umbilical 
port. The appendix was trapped by its tip and exteriorized along 
with the cecum through the umbilical incision after clearing the 
pneumoperitoneum. An extra-care must be practiced while 
exteriorizing a perforated or gangrenous appendix. At skin 
level, the mesoappendix was ligated using a 3-0 multi-filament 
braided woven absorbable suture. The base was ligated using a 0 
multi-filament braided woven absorbable suture. Extracorporeal 
appendectomy was done (Fig. 2). The stump was then coagulated. 
Vigorous incisional cleansing was always done before the closure. 

During every exploration according to TULAA, the operating 
room was prepared for a possible conversion to 3-ports classical 
technique.

re s u lts
Fifty-five patients were operated for appendicitis. Fifteen patients 
operated directly according the classical 3-ports technique. Forty 
patients were initially operated according to TULAA. Median 
follow-up was 22 (17–27) months. Twenty-five patients were 
males (male to female ratio: 1.7). The mean age was 10 (3.9–17) 
years. The mean weight was 37 (9–115) kg. The mean duration of 
evolution before the presentation to emergency room was 43 
(8–120) hours. Mean CRP was 58 (1–107) mg/L. Mean leukocytes 
count was measured at 15 (6–30) giga/L. Mean polynuclear 
neutrophils count was 11.8 (1.3–27) giga/L. On pre-operative 
ultrasonography, intra-abdominal effusion was seen in 10 
patients and appendicolith was seen in 10 patients. Intraoperative 
diagnosis was early appendicitis in 12 patients, preperforative 
appendicitis in 14 patients, localized peritonitis in 10 patients, 
and generalized peritonitis in 2 patients. Two patients had interval 
appendectomy according to TULAA. Conversion to a 3-ports 
traditional technique was done in 13 patients. The diagnosis 
in those was, early appendicitis in 6 patients, preperforative 
appendicitis in 5 patients, and generalized peritonitis in the 
remaining 2 patients. The conversion was due to a retrocecal or 
a subserosal appendicitis with or without a non-mobile-fixed 
cecum in 7 patients. In 2 patients, it was due to generalized 
peritonitis. In 1 patient, it was due to short appendiciel vessels. 
In 1 patient, it was related to retro-ileal appendicitis. In 1 patient, 

Figs 1A to C: All the needed instruments. (A) The grasper; (B) The tip of the grasper; and (C) The grasper in the telescope with the 10 mm port

Figs 2A to C: Extracorporeal steps. (A) Exteriorization of the appendix; (B) Ligation of the meso-appendix; (C) The cecum and the base of the 
appendix had reached skin level
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it was secondary to morbid obesity and hence difficulty of 
extracorporeal ligation of the appendiceal vessels. In 1 patient, 
it was due to accidental epiploic bleeding. No conversion to 
a laparotomy (or Mcburnery) was needed. Adhesions were 
encountered during interval appendectomy; however, conversion 
was not needed. Median OT was 50 (10–67) minutes with a mean 
of 40 minutes. Intraoperative complications were limited to 1 case 
of mild epiploic bleeding related to port insertion managed by 
bipolar cauterization. No intestinal perforation was encountered. 
Median postoperative LOS was 2 days. Two patients (5%) had 
short-term postoperative complications. Both of them had an 
infra-centimetric umbilical abscess, managed with antiseptic 
dressings. No long-term complications were noted. No incisional 
hernias were found, and no intestinal obstruction was diagnosed. 
Esthetic results were very good, with no evidence of a scar at the 
month follow of 1 month postoperatively (Fig. 3).

dI s c u s s I o n
Although the gold standard technique for appendectomy is 
highly debatable,9,10 there is a growing evidence that laparoscopic 
approach is associated with less postoperative pain, shorter 
LOS, earlier postoperative recovery, less cutaneous infectious 
complications, and better cosmetics.7,11 The main drawback of 
laparoscopic appendectomy was thought to be an increased risk 
of postoperative intra-abdominal abscess formation, which was 
reported in initial experiences,9,12 however, large multi-centric 
studies had shown that this risk probably does not exist.11 Since 
the introduction of minimal invasive appendectomy,2 and after the 
increasing understanding of the advantages of minimal invasive 
approach, surgeons were trying to reduce the number of ports used 
in the classic 3-ports techniques. The appendectomy techniques 
used today are: the classic 3-ports technique, a 2-ports technique,13 
the single-port laparoscopic appendectomy using either the 
SILSPort or the glove-port technique,14 and the TULLA.

The advantages of TULLA were numerous. The installation 
was easy. There was no need to assemble a port; instead a 
classic 10 mm port was needed. Good patient positioning was 
an efficient maneuver to help a better exposure. TULAA was fast 
and easily reproducible. Using a simple classical non-articulated 
grasper, no particular technical skills were needed. Extracorporeal 

appendectomy decreased the need for additional potentially 
“costy” material, like additional ports, endo-loop, and an endo-
bag. The most common reason for conversion in our series was 
retrocecal-subserosal appendix with/without a non-mobile 
cecum. In cases of generalized peritonitis, we opted directly for a 
3-ports technique. This attitude was adopted by other authors.6 
Our impression was that aspiration without a counter-traction was 
not sufficient in cases of generalized peritonitis. We could have 
used a 2-ports technique instead of 3, however, that was not in our 
protocol. Localized peritonitis was not a reason for a conversion. 
The last advantage is the cosmetics. One month after surgery, 
the abdomen was scar-less. From here, we felt the importance 
of family education about the small but existent risk of intestinal 
obstruction later in life. Though our fastest operative time was 
short (10 minutes) our mean operative time (40 minutes) was 
longer than other series.6 We think that with further experience in 
this technique, the operative time might decrease. Regarding the 
complications, when generalized peritonitis cases were excluded, 
we don’t think it’s meaningful to compare the incidence of intra-
abdominal infections and digestive complications (like intestinal 
perforation) with the conventional 3-ports technique as patient’s 
population differs. However, wound infection seemed to be the 
main drawback to this technique.15 In accordance with larger 
multiple series,7 we had 5% umbilical skin superficial infection. 
The reason was probably related to the contact of the infected 
appendix with the abdominal wall, although vigorous incisional 
cleansing was always done before the closure. The installation 
of a protector retractor of Alexis-type might be advantageous in 
those cases, however, this was not proven to decrease the risk of 
infections.16

co n c lu s I o n
We had a small population number, so definite conclusions could 
not be drawn. Despite this, we feel that the main advantages of 
this technique remain: the scar-less, easily reproducible, safe, and 
low-cost surgery. We think it should be attempted every time a 
generalized peritonitis is not suspected.

su p p l e M e n tA ry MAt e r I A l
A Supplementary Video to this article is available online on the 
website of www.wjols.com.
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