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Ab s t r ac t​
Background: In pursuit of minimizing surgical trauma and achieving better esthetics by reducing the size and number of ports, this mini 
two-port technique was devised to offer an easier and safe alternative in comparison to conventional three-port technique. An easy and cost-
effective mini two-port appendicectomy is made possible with a unique intracorporeal surgical knotting through a single 5-mm port with a 
single instrument, thus reducing number and size of ports and with a better cosmetic result.
Materials and methods: Total 200 patients underwent laparoscopic appendicectomy out of which, mini two-port appendicectomy (TPA) with 
novel knotting technique could be successfully performed on 168 patients (84%) and remaining 32 patients (16%) required conventional three-
port technique (CLA). None of the cases were converted to open.
Results: Patient undergoing two-port laparoscopic appendicectomy had shorter operative time with better cosmetic result with no incidence 
of port-site hernia. There was no difficulty in adhesiolysis and intraoperative bleeding control. Infection rate was 0.59% and 3.12% for TPA and 
CLA, respectively. Incidence of intraoperative bleeding and intraoperative rupture of appendix was less in TPA (1.19% and 0%) as compared to 
CLA (6.25% and 3.125%). Mean hospital stay was less in TPA (1.7 days) compared to CLA (2.1 days).
Conclusion: This mini two-port technique with novel knotting technique is easy to learn and helps to overcome the challenges and limitations 
faced during two laparoscopic appendicectomies; however conversion to conventional approach in complicated cases is still advisable. It is 
safe and effective intermediate option from conventional three-port to SILS/NOTES/Endo GIA staplers.
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In t r o d u c t i o n​
Acute appendicitis is common gastrointestinal condition in 
emergency surgical practice. It affects group of people irrespective 
of age, nationality, and religion. The incidence of acute appendicitis 
is probably lower in Asian and African countries accounting to the 
intake of high fiber diet by their inhabitants. Dietary fiber helps 
decrease the viscosity of feces, decrease bowel transit time, and 
reduce the formation of fecolith, one of the common causes of 
appendiceal lumen obstruction.

In an age group of 21–30 years, highest incidence is seen in male 
compared to female, where the highest incidence was observed 
in the age group of 11–20 years. Incidence remains same for both 
sexes after the age of 30 years.

The diagnosis is done by clinical signs and symptoms, 
Mantrels score, ultrasonography, computerized tomography. 
Computerized tomography being the investigation of choice. 
The treatment of modality for appendicitis is appendicectomy. 
Laparoscopy is a new gold standard for treatment of acute 
and chronic appendicitis. Conventional appendicectomy is by 
3-port technique. But in pursuit of minimizing surgical trauma 
and achieving better cosmetic results without compromising on 
basic principal of appendicectomy, this mini two-port technique 
is described, wherein limitations and challenges of intracorporeal 
knotting faced during two-port technique by using single 5-mm 
port are overcome by our novel knotting technique, thus to 
make mini two-port technique feasible. This technique can be 
considered as safe, cosmetic, and cost-effective intermediate 
option between three-port technique and Stapler, SILS, NOTES 
appendicectomy.

Mat e r ia  l s a n d Me t h o d s​
A total of 200 prospective nonrandomized patients were subjected 
to begin with two-port laparoscopic appendicectomy over the 
period of 3 years from 2014 to 2016 for appendicitis after written, 
informed, and valid consent. Ethical clearance was not obtained 
since it was a study involving variation in knotting technique. Of 
these, in 168 patients, mini two-port appendicectomy (TPA) was 
feasible, and in remaining 32 patients, conventional laparoscopic 
appendicectomy (CLA) had to be done due to severe inflammation, 
adhesions, and specimen that cannot be retrieved through 5-mm 
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port. Young cosmesis oriented patients with acute appendicitis 
without lump or perforation, recurrent appendicitis having 
symptoms due to fecolith, and incidental finding of inflamed 
appendix in diagnostic laparoscopy. Preileal, subceacal, and pelvic 
position of appendix were preferred.

Op e r at i v e Te c h n i q u e​
Under general anesthesia, patient is placed in Trendelenburg 
position with laparoscopy trolley on patient’s right and surgeon 
on patient’s left side. Laparoscopic access into the abdomen 
was obtained via Hasson’s technique through the umbilicus 
with 5-mm port, and the procedure was started by creating 
pneumoperitoneum through umbilical port with insufflation 
pressures being maintained between 10 and 12 mm Hg. A 5-mm 30° 
scope is introduced through the 5-mm umbilical port. Under direct 
vision, a 5-mm trocar was inserted through a suprapubic incision 
made below the pubic hairline (Fig. 1). A 2-0 polypropylene suture 
is threaded and reversed through an 18-gauge epidural needle to 
create a loop at the tip. This needle loop retractor is then inserted 
in the right iliac fossa (Fig. 1) at the position of appendix as defined 
by laparoscopy. Dissection of mesoappendix up to the base of the 
mesoappendix is done using bipolar energy device (Fig. 1).

In Case of Dense Adhesions and When Tip of Appendix 
is Not Visualized
In difficult appendix with adhesions and when the tip of the 
appendix is not visualized, a double loop retraction, one with 
additional subserosal appendix stitch with 2-0 polyglactin suture 
passed through abdominal wall is taken on most visible portion of 
appendix which aides in retraction and dissection of the appendix, 
and when tip becomes visible, a second 2-0 polypropylene loop 
retraction as described above is used (Fig. 1) to hitch up the 
appendix and aid in the process of adhesiolysis (Fig. 1). After 
adequate mobilization, first polyglactin suture is later removed 

and then the tip of appendix is then repositioned within 2-0 
polypropylene loop. Mesoappendix is divided with bipolar energy 
device till base is visible (Fig. 1). A segment of 2-0 polyglactin suture 
held on tip of needle holder together is introduced through the 
5-mm suprapubic port so as to encircle the base of the appendix. 
After encircling the base and creating a loop, tip of the 2-0 
polyglactin suture is again held with needle holder in the right 
hand of surgeon and with outer end of 2-0 polyglactin suture held 
in surgeon’s left hand, and single instrument surgical knot analogs 
to the open technique is performed (Fig. 2), wherein internal end 
of the suture is held with needle holder in the right hand and the 
long end of 2-0 polyglactin suture is held externally by the left hand. 
Another knot is placed at the distal location in the similar fashion 
and appendix is divided and delivered through either of 5-mm 
port after completely withdrawing specimen within the cannula 
of 5-mm port to prevent port-site contamination.

In a Case of Grossly Inflamed Appendix/Edematous 
Cecum
In an instance of the edematous cecum and grossly inflamed 
appendix, base of the appendix is transfixed (Fig. 3) with entire 
length of 2-0 polyglactin suture introduced through a percutaneous 
puncture in right iliac fossa, needle is cut and retrieved through right 
iliac fossa, and opposite long end of suture is pulled out through 
5-mm port alongside of the needle holder. Knot analogous to the 
open surgical knot is placed as described above, and then second 
surgical intracorporeal knot is placed distally. Appendix is divided 
between two knots and retrieved. None of the operated cases 
were converted to conventional 3-port or open appendicectomy.

Re s u lts​
A total of 200 patients were operated of which 168 underwent TPA 
and 32 underwent CLA. Comparison of the two group’s operative 
time was 24 minutes and 42 minutes for TPA and CLA, respectively. 

Fig. 1: Two 5-mm port placement, polypropylene loop retraction of 
appendix, and dissection of mesoappendix with bipolar device up to 
base of appendix

Fig. 2: 2-0 Polyglactin held with needle holder is passed through 5-mm 
port; suture is encircled around the base to form loop, and surgical 
knot tied
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Better cosmesis achieved in TPA as scar was hidden in umbilicus 
and pubic hairline producing scarless appearance (Fig. 4) and scar 
was visible at umbilicus and left iliac fossa in CLA. Infection rate 
was 0.59% and 3.125% for TPA and CLA, respectively. Incidence of 
intraoperative bleeding and intraoperative rupture of appendix 
was less in TPA (1.19% and 0%, respectively) as compared to CLA 
(6.25% and 3.125%, respectively). Mean hospital stay was less in 
TPA (1.7 days) compared to CLA (2.1 days). No major intraoperative 
complications were observed (Table 1).

Di s c u s s i o n​
The incidence of appendicitis gradually rises from birth,1 peaks in 
the late 10 years, and gradually declines in the geriatric years.2 It 
is most prevalent in young belonging to the age group of 10–19 
years.3 In recent years, the number of cases in patients aged 30–69 
years has increased to 6.3%.4 However, cosmesis has been an utmost 
importance lately among all the age groups.

Clinical presentation of 30% to 45% patients suspected of 
appendicitis is frequently unspecified and despite common 

occurrence leads to many difficulties in diagnosis. Diagnosis 
of acute appendicitis includes clinical examination, laboratory 
tests, diagnostic scoring systems, and imaging modalities like 
ultrasonography and computerized tomography. CT demonstrates 
a sensitivity and specificity of 83%–100%.5 Scoring systems link 
clinical examination and laboratory tests by certain quantification 
of symptoms, signs, and laboratory parameters.6

The first successful appendicectomy was performed in by 
Claudius Amyand in 1735. Laparoscopic appendicectomy was first 
performed by the German gynecologist Kurt Semm in 1980,7 which 
became a new gold standard in surgical treatment of appendicitis.8 
Surgical advancement in the management of acute appendicitis 
has evolved in great extent in the last 120 years, from McBurney’s 
simple large incision and its modification to minimally invasive LA, 
to barely noticeable incisions after single-incision laparoscopic 
surgery (SILS).9

The safest treatment in all stages of the inflamed appendix 
is appendicectomy.10 Open appendicectomy always results in a 
disfiguring scar over the abdomen. Cosmetic outcome is important 
to consider as the disease affects mainly the young people.11,12 Apart 
from cosmesis, Larson et al.13 has established numerous reasons 
why a laparoscopic procedure stands superior to the conventional 
open appendicectomy which includes better visualization and 
magnification, exploration of all surrounding viscera, better 
handling in obese patients, minimal tissue trauma, and reduced 
the incidence of surgical-site infection.14,15

The conventional three-port laparoscopic appendicectomy 
includes 10-mm camera port at the umbilicus and 2 working 5-mm 

Fig. 3: Trans-fixation of base of appendix by percutaneous introduction 
of polyglactin suture, needle retrieved, and long end of suture pulled 
out through port and knotting done Fig. 4: Postoperative scar in male and female patients

Table 1: Showing results of two-port appendicectomy vs conventional laparoscopic appendicectomy

S. no Parameters
Mini two-port technique of appendicectomy 
(n = 168)

Conventional three-port 
appendicectomy (n = 32)

1 Operative time (minutes) 24 42
2 Cosmesis Two 5-mm port scars hidden in umbilicus 

and pubic hairline producing “scarless” 
appearance

One 10 mm and two 5 mm. Scar 
visible at umbilicus and lt. iliac fossa

3 Wound infection 1 (0.59%) 1 (3.125%)
4 Hospital stay (mean days) 1.7 2.1
5 Intraoperative rupture of 

appendix
0 1 (3.125%)

6 Intraoperative bleeding 2 (1.19%) 2 (6.25%)
7 Adhesiolysis 50 12
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ports in suprapubic region and left iliac fossa. Laparoscopy gives 
great advantage to both patient and surgeon and also the efforts 
to reduce the resultant trauma and to increase better cosmetic 
results by decreasing the size and number of cuts created for the 
ports. Mini-laparoscopy poses as an option to achieve this by using 
portals located as usual but with using instruments of smaller 
diameter.15,16 Our technique of mini two-port appendicectomy 
gives the advantages of the both decreased number and size of 
the scar as compared to the CLA (Fig. 4).

The TPA technique with loop polypropylene retraction provides 
a good result even with extensive inflammation, enables stable 
manipulation, and gives better counter traction than conventional 
forceps used in three-port technique. The site for placement of the 
needle loop is decided on the basis of the position of the appendix 
on laparoscopic visualization of the appendix, also considering 
ergonomic viewpoint. The umbilical and suprapubic port sites are 
hidden by natural camouflages, and the left Iliac fossa (LIF) port is 
the only visible external sign of surgery in the CLA. The two-port 
technique avoids even this marker of abdominal invasion,17 and 
5-mm umbilical port further reduces the scar size.

As per Khan and Al-Bassam,18 studies suggest that the two-port 
appendicectomy compared to three port was quicker to perform 
with less postoperative analgesia requirement with an added 
advantage of smaller incision and a better cosmetic result. There 
are many studies that have used this surgical technique19 but with 
use of commercially endoloop, knot pusher.

Our intracorporeal two-port laparoscopic appendicectomy 
with indigenously completely intracorporeal novel knotting 
technique is an appealing alternative for the treatment of acute 
appendicitis because of its decreased invasiveness and improved 
cosmesis. The use of an intra-abdominal sling technique by using 
needle retraction suture counterpoises for the lack of the retraction 
port in the left iliac fossa and eliminates any skin scarring at that 
site. The use of novel knotting technique helps reduce the size of 
the working port as 12-mm ports are used in case of stapler-assisted 
ligation of base of appendix.

In epochs where surgeons are focusing on transluminal 
approaches to access the abdominal cavity, laparoscopy is favored 
for its extended advantages of enhanced exposure, ergonomics, 
instrument diversity, economically sound, and overall patient 
safety.7 TPA is a hybrid technique combines the advantages of 
laparoscopy, which consists of aspects like improved visualization 
and better abdominal exploration, and traditional techniques of 
open surgery.7

Nevertheless, despite these advantages, efforts to further 
decrease the abdominal incision and scar has led into expansion 
of natural orifice transluminal endoscopic surgery (NOTES). Even 
though NOTES is virtually scarless as the intra-abdominal entry 
points are hidden. There are several drawbacks, such as, lack of 
instruments availability, intraluminal invasion of the hollow organs, 
and failed sutures, which fails the idea of cost benefit analysis.20,21

Single-incision laparoscopic surgery applies a single 
multiluminal port, or multiple monoluminal ports, through a 
single skin incision. Although this technique has been embraced 
by surgeons worldwide, instruments and procedure are under 
fundamental stage of investigation.22 List of disadvantages include 
lack of triangulation and ease of maneuverability due to clashing 
of instruments as it uses single umbilical port for all the working 
instruments and requirements of specialized instruments. As 
per Donmez et al.,23 in SILS port procedure, a 2.5-cm incision is 

required, which may result increased infection risk, port-site hernia, 
postoperative pain, and subsequently a large visible scar which is 
avoided in 2-port technique. SILS also demands requirements of 
specialized instruments leading higher operation cost.24–27

The only limitation of TPA with as described by Kiran et al.28 is 
the presence of dense adhesions and long appendix, but here a 
double retraction technique described in our study can overcome 
this shortcoming. Our study also describes the technique pragmatic 
in cases of edematous cecum and grossly inflamed appendix, 
which further circumvents the likelihoods of conversion to CLA or 
open appendicectomy. The suture used polyglactin 2-0 in ligating 
the base of the appendix in our technique is easily available and 
cost-effective in contrast to the endoloop or Endo GI stapler. The 
two-port technique further reducing the financial burden and can 
be used in rural and peripheral areas with limited resources.29,30 
This novel suturing technique is easy to learn (reproducible) and 
apply (replicable), with short learning cure. The overall procedure 
can be performed by trained laparoscopic surgeon, whereas SILS 
and NOTES demand expertise and also have a steep learning curve.5

In pursuit of minimizing surgical trauma and achieving better 
esthetics by reducing the size and number of ports, this mini two-
port technique is devised to offer an easier and safe alternative in 
comparison to conventional three-port technique. This led to the 
invention of laparoscopic surgical knot which can be tied with a 
single instrument through a single port and single hand which can 
also be used to ligate cystic duct, renal vessels, splenic vessels, or 
any other tubular structure without need for additional port.

Co n c lu s i o n​
This mini two-port technique with novel knotting technique is easy 
to learn and helps to overcome the challenges and limitations faced 
during two laparoscopic appendicectomies; however, conversion 
to conventional approach in complicated cases is still advisable. It 
is safe and effective intermediate option from conventional three 
port to SILS/NOTES/Endo GIA staplers.
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