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in fact in the needlescopic approach 3-mm or less trocars 
are used

[55]
. The first needlescopic appendectomy was 

performed in 1994. The use of  smaller trocars poten-
tially reduces postoperative pain and length of  hospital 
stay due to minor abdominal wall incisions

[56]
; patients 

can quickly return to normal activity. On the other hand, 
this technique is more challenging for surgeons with a 
risk of  longer duration of  surgery and higher conversion 
rate

[57]
; these disadvantages will probably disappear after 

an appropriate learning curve and an increase of  surgi-
cal skill. Needlescopic appendectomy is likely to be more 
expensive than the traditional approach due to equipment 
costs

[58]
. This fascinating laparoscopic evolution is not 

routinely recommended because of  the lack of  scientific 
evidence: large randomized controlled trials are necessary. 
It can, however, represents an option in selected patients, 
like young women.

Single-incision laparoscopic surgery: The continuous 
evolution of  laparoscopic surgery and the ambition of  
better cosmetic results always tend to less invasive pro-
cedures. Single Incision Laparoscopic Surgery (SILS) for 
acute appendicitis in children began in 1992

[59]
. The de-

velopment and diffusion of  this technique was quite slow 
due to the lack of  adequate instruments; healthcare en-
gineering ideated multilumen ports, special laparoscopes 
and articulating instruments to facilitate the surgeon’s 
work

[60]
. SILS is now diffused in many surgical specialties 

and skilled surgeons can perform several operations in 
this way, i.e., adrenalectomy, Heller myotomy, large bowel 
surgery, splenectomy, bariatric surgery

[61]
.

In SILS, a multi-luminal and single port device is 
placed transumbilically: through this device, laparoscope 
and instruments can reach the abdominal cavity. The 
proposed advantages of  SILS are better cosmetic results, 
reduced wound infection, postoperative pain, bleeding, 

visceral injury and port site hernia due to the presence 

of  a unique abdominal wall incision: for this reason it is 

known as “scarless” surgery. In a recent randomized con-

trolled trial, SILS was associated with higher post-oper-

tative pain and more intravenous analgesics requirement; 

better wound cosmesis and higher satisfaction scores 

were also observed
[62]

. On the other hand it also has some 

technical challenges, like loss of  triangulation (the corner-

stone of  laparoscopy) and instrument crowding (sword 

fighting)
[63]

. Although it is a technical challenge, in skilled 

hands, it is considered a safe procedure; patients seem to 

appreciate when a SILS approach is performed because 

surgical incisions are hidden in the umbilicus. Recent 

studies compared SILS and conventional laparoscopic 

appendectomy: no significative differences in the opera-

tive time, length of  hospital stay, post operative pain and 

complication were observed
[64,65]

. 

 The learning curve of  single incision laparoscopic 

appendectomy is between 5 to 10 cases
[66]

. To reduce 

the need of  special materials and the costs, SILS can be 

performed using nonarticulating instruments and con-

ventional trocars: early data suggests that it can represent 

an economic and safe option, even if  operative time is 

longer
[67]

. In this approach, an adequate follow-up to de-

tect the risk of  post-incisional hernia is needed because 

many trocars are inserted in a very small area. There are 

also original ideas to reduce costs, i.e., the use of  a surgi-

cal glove like a multi-lumen port where instruments pass 

via the cutting fingers
[63]

. However, it is very difficult to 

determine the costs of  SILS
[68]

. 

Lacking of  available evidence, no recommendations 

can be made on the effectiveness of  SILS vs conventional 

multi-incision laparoscopic appendectomy
[69]

.

Natural orific

e

 transluminal endoscopic surgery: In 2004 

Rao et al
[70]

 described a new real “scarless” procedure 

performing a transgastric appendectomy. Natural Orifice 

Transluminal Endoscopic Surgery (NOTES) represents 

the forefront of  laparoscopic surgery and the next world-

wide focus on minimally invasive surgery
[71]

; using a mul-

tichannel endoscope, the access to the peritoneal cavity is 

obtained via natural orifices like vagina, rectum, stomach 

and bladder. This technique allows to perform many sur-

gical operations without visible scars; avoiding abdominal-

wall incisions, postoperative pain is minor and recovery is 

faster. SILS is considered a bridge between conventional 

multi-ports laparoscopy and NOTES.

Regarding acute appendicitis, in female patients a 

transvaginal approach can be used (TVA, TransVaginal 

Appendectomy); an incision performed in the posterior 

fornix of  vagina permits the access to the peritoneal cav-

ity (Figure 2).

A prospective study comparing TVA to traditional 

3-port laparoscopic appendectomy showed significantly 

less post-operative analgesia demand (Patient Controlled 

Analgesia morphine utilization) and faster return to 
normal activity; compared with the conventional laparo-
scopic approach there were no differences in the length 

Laparoscope

Instruments
Appendix

The red cross represents the trocar site

Figure 1  Traditional laparoscopic appendectomy: 3 ports are used to 

place instruments in the abdomen. 
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ditional 3 port laparoscopic appendectomy was feasible and safe in clos-

ing the appendiceal stump.16 The polymer clips are non-absorbable and

range in size between 7 and 13 mm. The clips have small serrated teeth

which allow it to firmly attach to tissue and limit shifting or migra-

tion.16 We apply the clips to the base of the appendix to seal the

mesoappendix. Alternatively, the mesoappendix can be divided by the

use of electrocautery. Polymer clips are reported to induce minimal soft

tissue inflammation.17 In our cohort we did not encounter any sympto-

matic foreign body reaction. 

The polymer clips are applied with long appliers through the 6mm

working channel of the straight 10 mm 0 degree Storz telescope.

Conventional staplers do not fit the channel and commercially available

Endoloop® ligatures (Ethicon part of the Johnson & Johnson family of

companies; Johnson & Johnson, New Brunswick, NJ, USA) are too

short. A potentially limiting step in our proposed method is the size of

the clips. Only the medium sized clips fit the instrument channel,

which allow ligation of up to 10 mm thick tissue. Larger appendices are

not amenable to this technique. This method of single port appendec-

tomy provides a safe ligation of the appendiceal base and vasculature

with a more traditional approach to limited cecal mobilization.

Compared to the conventional three port laparoscopic appendectomy,

average operative time was shorter using the hybrid technique. This

did not reach statistical significance possibly due to small sample size.

The cohorts presented in this study had a similar sex, age, type of

appendicitis, and weight distribution although patients treated by the

three-port technique were more likely to be male.

Conclusions

The hybrid single port laparoscopic appendectomy using the 10 mm
Storz telescope with inbuilt working channel, Polymer WECK® Hem-o-

Lock Clip® and 2.3 mm Clutch Grasper has been shown to be safe, effec-
tive, replicable, with a virtually scar-less results and was successfully
applied in normal weight and overweight pediatric patients. We have

found that the surgical site infection rate is similar to the conventional
three-port laparoscopic appendectomy with a lower incidence compared to
the transumbilical laparoscopic assisted extracorporeal appendectomy. We

speculate that wider application of the hybrid technique results in reduced
cost compared to the conventional three-port technique but a prospective

randomized study is necessary to enforce this suggested benefit.
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Abstra c t

AIM: To compare laparoscopic vs  mini-incision open 
appendectomy in light of recent data at our centre.

M ETHODS: The data of patients who underwent 
appendectomy between January 2011 and June 2013 
were collected. The data included patients’ demographic 
data, procedure time, length of hospital stay, the need 
for pain medicine, postoperative visual analog scale of 
pain, and morbidities. Pregnant women and patients 
with previous lower abdominal surgery were excluded. 
Patients with surgery converted from laparoscopic 
appendectomy (LA) to mini-incision open appendectomy 
(MOA) were excluded. Patients were divided into two 
groups: LA and MOA done by the same surgeon. The 
patients were randomized into MOA and LA groups a 
computer-generated number. The diagnosis of acute 
appendicitis was made by the surgeon with physical 
examination, laboratory values, and radiological tests 
(abdominal ultrasound or computed tomography). All 
operations were performed with general anaesthesia. 
The postoperative vision analog scale score was recorded 
at postoperative hours 1, 6, 12, and 24. Patients were 
discharged when they tolerated normal food and 
passed gas and were followed up every week for three 
weeks as outpatients.

RESULTS: Of the 243 patients, 121 (49.9%) underwent 

MOA, while 122 (50.1%) had laparoscopic appendectomy. 
There were no significant differences in operation time 
between the two groups (P  = 0.844), whereas the visual 

analog scale of pain was significa nt l y higher in the open 
appendectomy group at the 1

st
 hour (P  = 0.001), 6

th 
hour 

(P  = 0.001), and 12
th
 hour (P  = 0.027). The need for 

analgesic medication was significa nt l y higher in the MOA 
group (P  = 0.001). There were no differences between 
the two groups in terms of morbidity rate (P  = 0.599). 

The rate of total complications was similar between the 
two groups (6.5% in LA vs  7.4% in OA, P  = 0.599). All 
wound infections were treated non-surgically. Six out 

of seven patients with pelvic abscess were successfully 
treated with percutaneous drainage; one patient required 
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Statement 5.1.1:  

Laparoscopic appendectomy should represent the first 

choice where laparoscopic equipment and skills are 

available, since it offers clear advantages in terms of less 

pain, lower incidence of SSI, decreased LOS, earlier 

return to work and overall costs. (EL 1, GoR A)  

rudolf.schrittwieser@kages.at 13 



Statement 5.1.2:  

Laparoscopy offers clear advantages and should be 

preferred in obese patients, older patients and patients 

with comorbidities. (EL 2, GoR B)  
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Laparoscopy is feasible and safe in young male patients 

although no clear advantages can be demonstrated in 

such patients. (EL 2, GoR B)  
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Statement 5.1.4:  

Laparoscopy should not be considered as a first choice 

over open appendectomy in pregnant patients. (EL 1, 

GoR B)  
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Statement 5.1.5:  

No major benefits have also been observed in 

laparoscopic appendectomy in children, but it reduces 

hospital stay and overall morbidity. (EL 1, GoR A)  
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Statement 5.1.6:  

In experienced hands, laparoscopy is more beneficial 

and cost-effective than open surgery for complicated 

appendicitis. (EL 3, GoR B)  
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Statement 5.3.1:  

There are no clinical differences in outcomes, LOS and 

complications rates between the different techniques described 

for mesentery dissection (monopolar electrocoagulation, bipolar 

energy, metal clips, endoloops, Ligasure, Harmonic Scalpel 

etc.). (EL3, GoR B)  

Statement 5.3.2:  

Monopolar electrocoagulation and bipolar energy are the most 

cost-effective techniques, even if more experience and technical 

skillsis required to avoid potential complications (e.g. bleeding) 

and thermal injuries. (EL3, GoR B)  
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Statement 5.4.1:  

There are no clinical advantages in the use of 

endostapler over endoloops for stump closure for both 

adults and children. (EL 1, GoR A)  

Statement 5.4.2:  

Endoloops might be preferred for lowering the costs 

when appropriate skills/learning curve are available. (EL 

3, GoR B)  
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• ...“ergibt sich eine Kostenersparnis von 76€ pro Operation.“ 

 

• „...nicht die erhoffte deutliche Ersparnis brachte...“ 
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Statement 5.4.3: There are no advantages of stump 

inversion over simple ligation, either in open or 

laparoscopic surgery. (EL 2, GoR B)  
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ORIGINAL ARTICLE  

Can laparoscopic appendectomy be safely performed by surgical residents without prior experience of 

open appendectomy?  

Kosuke Hiramatsu*, Shigeo Toda, Tomohiro Tate, Yudai Fukui, Kenji Tomizawa, Yutaka Hanaoka, Jin 

Moriyama, 

Shuichiro Matoba, Hiroya Kuroyanagi  

Department of Digestive Surgery, Colorectal Surgery Unit, Toranomon Hospital Tokyo, Tokyo, Japan  

Received 24 September 2016; received in revised form 28 November 2016; accepted 5 December 2016  

Conclusion: Laparoscopic appendectomy can be performed 
safely by surgical residents who had little experience or 
training with animal models or open appendectomy. In this 
era of laparoscopic surgery, laparoscopic appendectomy 
represents an important opportunity for training surgical 
residents with little experience of open surgery.  
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