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Editorial

Robot-assisted procedures have now become more popular in a few kinds of surgeries. In 
2017, there were about 4,500 of them scattered around the world’s hospitals, and they took 
part in 850,000 operations. Most of those procedures were urological and gynecological. But 
robots also helped surgeons operate on colons, hearts and other organs. The operations that 
are performed laparoscopically can be made through the robot, with more accuracy and 
safety. The use of robot surgery favors a less invasive operation, with a much better view of 
the organs being operated, with great approximation of the structures, with the surgeon’s 
vision in three dimensions, procedure even less invasive, and with less tissue trauma.

It is possible to have great accuracy, due to the interface of the “robot” between the arms of the surgeon 
and the patient’s operated organs. da Vinci itself has four arms, three of which carry tiny surgical instruments 
and one of which sports a camera. The surgeon controls these with a console fitted with joysticks and pedals, 
with the system filtering out any tremors and accidental movements made by its operator. Robotic grippers 
are specially designed to simulate the movements of the surgeon’s hands, allowing dexterity never achieved 
by laparoscopic surgery. The surgeon does not use any force to control the robotic arms, doing movements 
with the extremities of the fingers; thus, there is much less fatigue in prolonged procedures. The robot helps 
the trained surgeon perform operations even more safe and accurate.

The surgeon is aware of their performance by an assessment that appears immediately after exercise, 
showing numerous variables that exercise demand, directing the aspect that need to be improved, or if it was 
correctly done. The surgeon can thus become familiar with the equipment and thorough training, perform 
initial procedures with more skill and accuracy, reducing the learning curve and possibly reducing the risk 
of occurrence of accidents and complications, which occur in the learning curve of surgery, either open, 
laparoscopic or robotic approach.

Gynecologic surgery got significant upgradation in recent years, also leading to very good results. In 
the digestive tract, virtually all operations can be performed through the assistance of the robot. In obesity 
surgery, it allows better access to organs, maximized visualization and high precision in the sutures. In 
esophageal surgery, it provides precise, anatomic, minor assault procedures. When operating the intestine, 
the robot must allow release of the structures, preserving vessels and nerves which help preserve continence 
and potency functions, important to patients. Assisted by the robot, the operations greatly help the surgeon 
to bring greater benefit and safety for their patients, especially when there are anastomoses or dissections 
requiring high precision and privileged view; reoperations or revisions are thus much better performed with 
the aid of the robot. The dual console allows second surgeon to assist or interfere, facilitating training during 
the learning curve.

If a new generation of surgical robot can make things cheaper, then the benefits of robot-assisted surgery 
will spread. The continual miniaturization of electronics means that smarter circuits can be fitted into smaller 
and more versatile robotic arms than those possessed by Intuitive’s invention. This expands the range of 
procedures surgical robots can be involved in, and thus the size of the market. The other is that surgical 
robotics is, as it were, about to go generic. Many of Intuitive’s patents have recently expired. Others are about 
to do so. As a result, both hopeful startups and established healthcare companies are planning to enter their 
own machines into the field. The robotic platform is evolving exponentially. 

The possibilities of computer program interactions are almost endless. Costs will decrease considerably in 
the next years. So, the future has arrived! In coming issues of WJOLS, we are adding more and more robotic 
articles and I hope readers will definitely like it. Your helpful comments are much appreciated, and your 
feedback will help us continually improve the standard of articles published in World Journal of Laparoscopic 
Surgery.

RK Mishra 
Editor-in-Chief

Chairman
World Laparoscopy Hospital

Gurgaon, Haryana, India
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ABSTRACT
Aim: To evaluate the outcome of laparoscopic (LA) vs open 
appendectomy (OA) in children with perforated appendicitis.

Materials and methods: Retrospective review was conducted 
from January 2013 to October 2016 evaluating 81 patients 
with perforated appendicitis based on surgical approach. We 
compared demographics, mean operative time, length of stay, 
infectious complications, and follow-up in patients with OA  
(n = 37) and LA (n = 44).

Results: Compared with OA, LA resulted in a lower rate of 
wound infection (4.5 vs 8.1.5%; p < 0.05). The occurrence of 
the intraabdominal abscess was significantly lower in the LA 
group (0 vs 5.4%; p < 0.05). There was a significant difference 
in the duration of operation between the two groups; it was 
61.6 ± 20.3 minutes in OA, compared with the LA group (51.6 
± 28.6 minutes) (p < 0.05).

Conclusion: We conclude that LA provides better postopera-
tive course, less postoperative pain, and less postoperative 
complications.
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INTRODUCTION

Acute appendicitis is one of the most common causes 
of surgical abdomen in children and accounts for 1/3 of 
childhood admission for abdominal pain.1 Perforation 
is most common in young children with rate as high as 
82% in age under 5 years and up to 100% in 1-year-old 
children. The overall incidence of perforation varies from 
20 to 76% with a median of 36%.2 The high perforation 
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rate is usually due to delayed diagnosis, as the child 
is usually less communicative and the symptoms are 
usually diagnosed as gastroenteritis.3

Laparoscopic appendectomy has become the pre-
ferred method in treatment of simple noncomplicated 
appendicitis, but there is still a controversy about the 
use of laparoscope in complicated appendicitis with 
concern about intraabdominal abscess and long opera-
tive time.4,5

MATERIALS AND METHODS

This is a retrospective study which has been done in 
Zagazig University Hospital and International Medical 
Center, Jeddah, from the period from January 2013 to 
October 2016.

All cases operated for perforated appendicitis were 
included in the study.

During this period, all children less than 14 years who 
underwent appendectomy for perforated appendicitis 
has been evaluated regarding type of operation (OA or 
LA), demographic data (age, sex), operative time, dura-
tion of hospital stay, complication rate which includes 
wound infection, abdominal infection, adhesive intestinal 
obstruction, and readmission.

We use the Student’s t-test to evaluate the statistical 
significance with a p-value of 0.05 or less considered as 
statistically significant.

Surgical Technique

Laparoscopic appendectomy was performed through 
three ports. After general anesthesia, an 11-mm port 
was inserted through the umbilicus by open technique. 
Pneumoperitoneum was created to a pressure of 10 to 
12 mm Hg by carbon dioxide insufflation. Another two 
5-mm ports were inserted, one in the left iliac fossa and 
the other one in the suprapubic region. The appendix was 
visualized by release of all adhesions around it, mesoap-
pendix was controlled by harmonic scalpel or any other 
energy device as ligature or diathermy, the base of the 
appendix was ligated by Vicryl endoloop, and, in one 
case, was divided by endo GIA stapler. The appendix 
was removed in endobag from the umbilical port, the 
small intestine was explored by a traumatic grasper to 
release any interloper adhesion or pus. Good peritoneal 
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lavage was done and closed suction drain was inserted 
in the pelvis.

Open appendectomy has been done through right 
lower quadrant incision with muscle cutting when 
required. Postoperatively, intravenous ceftriaxone 50 
to 100 mg/kg once daily, and metronidazole 10 mg/
kg/8 hr were given until fever subsided and the white 
blood cells count decreased, and the patients were dis-
charged when they can tolerate feeding and no fever and 
continued on oral antibiotic cefixime 7 mg once daily 
and metronidazol oral 10 mg/kg/8 hr for 1 week. All 
appendices were sent for histopathology. Pus was sent 
for culture and drug sensitivity. They were followed up 
in the outpatient clinic 5 days after their discharge from 
the hospital. Perforated appendicitis has been diagnosed 
by the presence of pus either localized or generalized or 
the presence of visible perforation or fecalith operative 
time was calculated from the end of the anesthesia till 
the end of the suturing.

RESULTS

Eighty-one children who underwent appendectomy 
for perforated appendicitis between January 2013 and 
October 2016 were included in the study among 81 
patients of whom 53 were male and 28 were female; 44 
children underwent LA and 37 had OA. The demographic 
characteristics are shown in Table 1. The majority of 
the patients were male. This difference was statistically 
significant (p < 0.05). There was no difference between 
LA and OA groups with respect to mean age (p > 0.05). 
The median operative time in the LA group was 51.6 ± 
20.3 minutes, compared with the OA group (62.8 ± 28.6 
minutes). There was no difference (p > 0.05). There was no 
conversion to open in the LA group. The histopathology 
in the OA group was acute suppurative appendicitis in 
29 patients and gangrenous appendicitis in 15 patients, 
and in the LA, in 25 patients, it was acute suppurative 
appendicitis and in 12 patients, it was gangrenous appen-
dicitis. A significant difference was found as regards the 
duration of hospitalization between OA and LA; it was 3.5 
± 2.6 vs 5.8 ± 2.9 days (p < 0.05). We had 7 children (13.6%) 
who developed postoperative complications in the LA 
group and 17 patients (45.9%) in the OA group (Tables 2  
and 3) with significant difference, p < 0.05. Children in 
the LA group had a lower rate of wound infection (4.5 vs.  

8.1.5%; p < 0.05). The occurrence of the intraabdominal 
abscess was significantly lower in the LA group (0 vs 
5.4%; p < 0.05).

DISCUSSION

Open appendectomy has been done through muscle 
splitting right lower quadrant incision since long time, 
but recently, LA appendectomy has been increasing, and 
some surgeons perform it routinely, others select cases, 
and some others still do it open.1 The advantages of LA 
include short hospital stay, less postoperative pain, good 
exploration of the abdomen, fewer complications, but 
its routine use in complicated appendicitis is still con-
troversial.1 The operative time depends on the surgical 
skills and the degree of inflammation of the appendix. 
Although LA surgery takes time for preparation, and 
connection of the tubes and also working in a small 
space provide some difficulties and require meticulous 
introduction of the instruments, OA also takes time 
for opening and closure of the abdomen, especially in 
obese patients and if muscle cutting was done. In our 
study, we did not observe any difference in the operative 
time between open and LA group; this is mainly due to 
increased surgical experience in LA surgery. Also in a 
study done by Li et al,6 there was no difference in the 
operative time.10 Some studies also reported no differ-
ence in the operative time.4,6,11 And some other studies 
reported increased operative time for LA compared 
with OA in perforated appendicitis.7-9 During LA, intra-
operative complications can occur as visceral injury or 
parietal bleeding during trocar insertion. In one study, 
the incidence of bowel injury during LA was reported 
to be 0.8% and this injury can occur due to dissecting of 
the inflamed friable bowel or dissecting at the base of the 
appendix. In our study, we did not encounter any bowel 
injury.10 Bleeding also can occur during LA which is due 
to improper control of mesoappendix. The reported inci-
dence of bleeding from mesoappendix in LA in a large 

Table 3: Postoperative complications

Variable LA OA  p-value
Wound infection 2 (4.5%) 3 (8.1%) <0.05
Abdominal infection 0 2 (5.4%) <0.05
Adhesive intestinal obstruction 0 1 (2.7%) <0.05
Readmission 0 2 (5.4%) <0.05
Total 2 (4.5%) 8 (21.6%) <0.05

Table 1: Patient’s demographics

Variable LA OA  p-value
Number 44 37  NS
Age 7.6 (3–14) 8.2 (5–14)  NS
Sex (male:female) 30:14 

(68.1:31.8%)
23:14 
(62.1:37.8%)

<0.05

NS: Nonsignificant

Table 2: Operative time and postoperative course

Variable LA OA  p-value
Operative time (min) 59.6 ± 20.3 62.8 ± 28.6 >0.05 NS
Length of hospital stay 
(days)

3.5 ± 2.6 5.8 ± 2.9 >0.05 NS

NS: Nonsignificant
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retrospective study was 1.2%. In our study, we used a 
harmonic scalpel to control and divide the meso appen-
dix with good control and no intraoperative bleeding.10 
Wound infection is a common complication after appen-
dectomy, and most of the studies report wound infection 
rate to be less than 0.2% in nonperforated appendix and 
5.7% in perforated appendix.11,12 In the present study, 
the wound infection was more common in OA group 
than in the LA group (4.5 vs 8.1%; p < 0.05). And this 
is the case with most published studies.13-15 This lower 
infection rate may be related to avoiding direct contact 
of the inflamed appendix and the infected fluid with the 
abdominal wall, as the appendix was removed through 
endobag and the infected abdominal fluid is aspirated 
under vision, but in OA, the wound usually is contami-
nated from the infected fluid or the inflamed appendix. 
Jen et al16 reported the incidence of postoperative abscess 
formation to range from 1% in nonperforated appendicitis 
and 5 to 20% in perforated appendix. Previous studies 
showed increased incidence of intraabdominal abscess 
formation after LA in perforated appendicitis and this 
is mainly due to spread of infected intaabdominal fluid 
with gas insufflations.2,6,17,18 But in contrast, other studies 
concluded that LA is safer20 or equivalent4,9,19,20,22 to OA 
regarding the intraabdominal abscess formation. In our 
study, the incidence of postoperative abscess formation 
was much more common in the OA; it was 2.5% in LA 
and 14.6% in OA (p < 0.05). This improvement is due to 
the ability to visualize the whole abdominal cavity and 
perform proper peritoneal lavage and proper suction of 
the infected fluid. The risk of prolonged ileus and bowel 
obstruction ranges from 0.2 to 1.2%.9,21,23,24 In our study 
adhesive intestinal obstruction occur in one patient in 
OA group and no one in the LA group.

In our study, the length of hospitalization was 
decreased in the LA group, which is related to less pain, 
quicker ambulation, and early start of oral feeding, and 
fewer complications, less pain as the muscle cutting 
incision in OA is much more painful compared with 
muscle stretching port insertion. This also has been 
reported by several studies.4 In this study, OA patients 
had significantly more postoperative clinic visits than LA 
patients. Similar finding was also noticed by Taqi et al21  
and Muncini et al25 and this was mainly related to 
recurrent abdominal pain and follow-up for the infected 
wound.10,13

CONCLUSION

In our study, we showed that LA for perforated appen-
dicitis in children can be performed safely with a low 
incidence of complications and it offers children faster 
recovery; so, we recommend LA in all cases of compli-
cated appendicitis.
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ABSTRACT
Aim: To evaluate the outcome of laparoscopic (LA) vs open 
appendectomy (OA) in children with perforated appendicitis.

Materials and methods: Retrospective review was conducted 
from January 2013 to October 2016 evaluating 81 patients 
with perforated appendicitis based on surgical approach. We 
compared demographics, mean operative time, length of stay, 
infectious complications, and follow-up in patients with OA  
(n = 37) and LA (n = 44).

Results: Compared with OA, LA resulted in a lower rate of 
wound infection (4.5 vs 8.1.5%; p < 0.05). The occurrence of 
the intraabdominal abscess was significantly lower in the LA 
group (0 vs 5.4%; p < 0.05). There was a significant difference 
in the duration of operation between the two groups; it was 
61.6 ± 20.3 minutes in OA, compared with the LA group (51.6 
± 28.6 minutes) (p < 0.05).

Conclusion: We conclude that LA provides better postopera-
tive course, less postoperative pain, and less postoperative 
complications.
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INTRODUCTION

Acute appendicitis is one of the most common causes 
of surgical abdomen in children and accounts for 1/3 of 
childhood admission for abdominal pain.1 Perforation 
is most common in young children with rate as high as 
82% in age under 5 years and up to 100% in 1-year-old 
children. The overall incidence of perforation varies from 
20 to 76% with a median of 36%.2 The high perforation 
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rate is usually due to delayed diagnosis, as the child 
is usually less communicative and the symptoms are 
usually diagnosed as gastroenteritis.3

Laparoscopic appendectomy has become the pre-
ferred method in treatment of simple noncomplicated 
appendicitis, but there is still a controversy about the 
use of laparoscope in complicated appendicitis with 
concern about intraabdominal abscess and long opera-
tive time.4,5

MATERIALS AND METHODS

This is a retrospective study which has been done in 
Zagazig University Hospital and International Medical 
Center, Jeddah, from the period from January 2013 to 
October 2016.

All cases operated for perforated appendicitis were 
included in the study.

During this period, all children less than 14 years who 
underwent appendectomy for perforated appendicitis 
has been evaluated regarding type of operation (OA or 
LA), demographic data (age, sex), operative time, dura-
tion of hospital stay, complication rate which includes 
wound infection, abdominal infection, adhesive intestinal 
obstruction, and readmission.

We use the Student’s t-test to evaluate the statistical 
significance with a p-value of 0.05 or less considered as 
statistically significant.

Surgical Technique

Laparoscopic appendectomy was performed through 
three ports. After general anesthesia, an 11-mm port 
was inserted through the umbilicus by open technique. 
Pneumoperitoneum was created to a pressure of 10 to 
12 mm Hg by carbon dioxide insufflation. Another two 
5-mm ports were inserted, one in the left iliac fossa and 
the other one in the suprapubic region. The appendix was 
visualized by release of all adhesions around it, mesoap-
pendix was controlled by harmonic scalpel or any other 
energy device as ligature or diathermy, the base of the 
appendix was ligated by Vicryl endoloop, and, in one 
case, was divided by endo GIA stapler. The appendix 
was removed in endobag from the umbilical port, the 
small intestine was explored by a traumatic grasper to 
release any interloper adhesion or pus. Good peritoneal 
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lavage was done and closed suction drain was inserted 
in the pelvis.

Open appendectomy has been done through right 
lower quadrant incision with muscle cutting when 
required. Postoperatively, intravenous ceftriaxone 50 
to 100 mg/kg once daily, and metronidazole 10 mg/
kg/8 hr were given until fever subsided and the white 
blood cells count decreased, and the patients were dis-
charged when they can tolerate feeding and no fever and 
continued on oral antibiotic cefixime 7 mg once daily 
and metronidazol oral 10 mg/kg/8 hr for 1 week. All 
appendices were sent for histopathology. Pus was sent 
for culture and drug sensitivity. They were followed up 
in the outpatient clinic 5 days after their discharge from 
the hospital. Perforated appendicitis has been diagnosed 
by the presence of pus either localized or generalized or 
the presence of visible perforation or fecalith operative 
time was calculated from the end of the anesthesia till 
the end of the suturing.

RESULTS

Eighty-one children who underwent appendectomy 
for perforated appendicitis between January 2013 and 
October 2016 were included in the study among 81 
patients of whom 53 were male and 28 were female; 44 
children underwent LA and 37 had OA. The demographic 
characteristics are shown in Table 1. The majority of 
the patients were male. This difference was statistically 
significant (p < 0.05). There was no difference between 
LA and OA groups with respect to mean age (p > 0.05). 
The median operative time in the LA group was 51.6 ± 
20.3 minutes, compared with the OA group (62.8 ± 28.6 
minutes). There was no difference (p > 0.05). There was no 
conversion to open in the LA group. The histopathology 
in the OA group was acute suppurative appendicitis in 
29 patients and gangrenous appendicitis in 15 patients, 
and in the LA, in 25 patients, it was acute suppurative 
appendicitis and in 12 patients, it was gangrenous appen-
dicitis. A significant difference was found as regards the 
duration of hospitalization between OA and LA; it was 3.5 
± 2.6 vs 5.8 ± 2.9 days (p < 0.05). We had 7 children (13.6%) 
who developed postoperative complications in the LA 
group and 17 patients (45.9%) in the OA group (Tables 2  
and 3) with significant difference, p < 0.05. Children in 
the LA group had a lower rate of wound infection (4.5 vs.  

8.1.5%; p < 0.05). The occurrence of the intraabdominal 
abscess was significantly lower in the LA group (0 vs 
5.4%; p < 0.05).

DISCUSSION

Open appendectomy has been done through muscle 
splitting right lower quadrant incision since long time, 
but recently, LA appendectomy has been increasing, and 
some surgeons perform it routinely, others select cases, 
and some others still do it open.1 The advantages of LA 
include short hospital stay, less postoperative pain, good 
exploration of the abdomen, fewer complications, but 
its routine use in complicated appendicitis is still con-
troversial.1 The operative time depends on the surgical 
skills and the degree of inflammation of the appendix. 
Although LA surgery takes time for preparation, and 
connection of the tubes and also working in a small 
space provide some difficulties and require meticulous 
introduction of the instruments, OA also takes time 
for opening and closure of the abdomen, especially in 
obese patients and if muscle cutting was done. In our 
study, we did not observe any difference in the operative 
time between open and LA group; this is mainly due to 
increased surgical experience in LA surgery. Also in a 
study done by Li et al,6 there was no difference in the 
operative time.10 Some studies also reported no differ-
ence in the operative time.4,6,11 And some other studies 
reported increased operative time for LA compared 
with OA in perforated appendicitis.7-9 During LA, intra-
operative complications can occur as visceral injury or 
parietal bleeding during trocar insertion. In one study, 
the incidence of bowel injury during LA was reported 
to be 0.8% and this injury can occur due to dissecting of 
the inflamed friable bowel or dissecting at the base of the 
appendix. In our study, we did not encounter any bowel 
injury.10 Bleeding also can occur during LA which is due 
to improper control of mesoappendix. The reported inci-
dence of bleeding from mesoappendix in LA in a large 

Table 3: Postoperative complications

Variable LA OA  p-value
Wound infection 2 (4.5%) 3 (8.1%) <0.05
Abdominal infection 0 2 (5.4%) <0.05
Adhesive intestinal obstruction 0 1 (2.7%) <0.05
Readmission 0 2 (5.4%) <0.05
Total 2 (4.5%) 8 (21.6%) <0.05

Table 1: Patient’s demographics

Variable LA OA  p-value
Number 44 37  NS
Age 7.6 (3–14) 8.2 (5–14)  NS
Sex (male:female) 30:14 

(68.1:31.8%)
23:14 
(62.1:37.8%)

<0.05

NS: Nonsignificant

Table 2: Operative time and postoperative course

Variable LA OA  p-value
Operative time (min) 59.6 ± 20.3 62.8 ± 28.6 >0.05 NS
Length of hospital stay 
(days)

3.5 ± 2.6 5.8 ± 2.9 >0.05 NS

NS: Nonsignificant
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retrospective study was 1.2%. In our study, we used a 
harmonic scalpel to control and divide the meso appen-
dix with good control and no intraoperative bleeding.10 
Wound infection is a common complication after appen-
dectomy, and most of the studies report wound infection 
rate to be less than 0.2% in nonperforated appendix and 
5.7% in perforated appendix.11,12 In the present study, 
the wound infection was more common in OA group 
than in the LA group (4.5 vs 8.1%; p < 0.05). And this 
is the case with most published studies.13-15 This lower 
infection rate may be related to avoiding direct contact 
of the inflamed appendix and the infected fluid with the 
abdominal wall, as the appendix was removed through 
endobag and the infected abdominal fluid is aspirated 
under vision, but in OA, the wound usually is contami-
nated from the infected fluid or the inflamed appendix. 
Jen et al16 reported the incidence of postoperative abscess 
formation to range from 1% in nonperforated appendicitis 
and 5 to 20% in perforated appendix. Previous studies 
showed increased incidence of intraabdominal abscess 
formation after LA in perforated appendicitis and this 
is mainly due to spread of infected intaabdominal fluid 
with gas insufflations.2,6,17,18 But in contrast, other studies 
concluded that LA is safer20 or equivalent4,9,19,20,22 to OA 
regarding the intraabdominal abscess formation. In our 
study, the incidence of postoperative abscess formation 
was much more common in the OA; it was 2.5% in LA 
and 14.6% in OA (p < 0.05). This improvement is due to 
the ability to visualize the whole abdominal cavity and 
perform proper peritoneal lavage and proper suction of 
the infected fluid. The risk of prolonged ileus and bowel 
obstruction ranges from 0.2 to 1.2%.9,21,23,24 In our study 
adhesive intestinal obstruction occur in one patient in 
OA group and no one in the LA group.

In our study, the length of hospitalization was 
decreased in the LA group, which is related to less pain, 
quicker ambulation, and early start of oral feeding, and 
fewer complications, less pain as the muscle cutting 
incision in OA is much more painful compared with 
muscle stretching port insertion. This also has been 
reported by several studies.4 In this study, OA patients 
had significantly more postoperative clinic visits than LA 
patients. Similar finding was also noticed by Taqi et al21  
and Muncini et al25 and this was mainly related to 
recurrent abdominal pain and follow-up for the infected 
wound.10,13

CONCLUSION

In our study, we showed that LA for perforated appen-
dicitis in children can be performed safely with a low 
incidence of complications and it offers children faster 
recovery; so, we recommend LA in all cases of compli-
cated appendicitis.
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ABSTRACT
Introduction: Laparoscopic management of gallstones is 

considered as the gold standard treatment nowadays and is 

the most common surgery done in the present scenario. Post-

operative pain remains one of the most common complaints 

after laparoscopic cholecystectomy and should be managed 

with proper analgesia with minimal side effects.

Aim: To compare the efficacy of injectable tramadol and 
diclofenac in the pain management after laparoscopic chole-

cystectomy surgery.

Materials and methods: A randomized prospective study  

was done at Maharishi Markandeshwar College of Medical 

Science & Research in the Department of General Surgery 

on 50 patients undergoing laparoscopic surgery between 

December 2016 and December 2017. Postoperative analgesic 

is decided randomly with the help of dice. Pain is measured on 

visual analog scale (VAS) on 6, 12, 18, and 24 hours.

Results: A total of 50 patients, divided in two groups I and II, 

were taken in this study from December 2016 to December 

2017 who underwent laparoscopic cholecystectomy. Group I 

was given injection diclofenac and group II was given injection 
tramadol postoperatively for pain management 8 hourly. Both 

I and II groups were matched in all respect with age, weight, 

and operative time. Pain relief after diclofenac first dose post-
operatively in 8 hours was seen in 7 patients, in 9 to 16 hours 

in 12 patients, and 17 to 24 hours in 18 patients. Pain relief  

after tramadol first dose postoperatively in 8 hours was seen in 
16 patients, in 9 to 16 hours in 21 patients, and 17 to 24 hours 

in 25 patients. Postoperatively, patients complained of nausea 

and vomiting. Group II having tramadol infusion complained 

of higher incidence of nausea and vomiting as compared with 

group I having diclofenac for pain management.

Conclusion: Pain after laparoscopic cholecystectomy is a 

common complaint encountered. Good analgesia should be 

given to patients but should have minimal side effects. It was 

concluded from our study that tramadol in injectable form is 

WJOLS

ORIGINAL ARTICLE 

1,2
Assistant Professor, 

3-7
Postgraduate Student

1-6
Department of General Surgery, Maharishi Markandeshwar 

Institute of Medical Sciences & Research, Ambala, Haryana 

India

7
Department of Microbiology, Maharishi Markandeshwar Institute 

of Medical Sciences & Research, Ambala, Haryana, India

Corresponding Author: Muzzafar Zaman, Assistant Professor 

Department of General Surgery, Maharishi Markandeshwar 

Institute of Medical Sciences & Research, Ambala, Haryana  

India, Phone: +918059931554, e-mail: muzzafarzaman@yahoo.

com

10.5005/jp-journals-10007-1325

a better option than diclofenac for pain relief and comfortable 

postoperative period.

Keywords: Diclofenac, Laparoscopic cholecystectomy, Pain, 

Tramadol.

How to cite this article: Chowdhary K, Zaman M, Yadav R, 

Choudhary AK, Grewal P, Bawa A, Shah A. Injectable Tramadol 
vs Diclofenac for Postoperative Pain Management in Laparo-

scopic Cholecystectomy Surgery: A Comparative Prospective 

Study. World J Lap Surg 2018;11(1):5-7.

Source of support: Nil

Conflict of interest: None

INTRODUCTION

Laparoscopic cholecystectomy is the most common 
minimal access procedure performed by surgeon nowa-
days. Laparoscopic cholecystectomy is considered as 
the gold standard and treatment of choice for gallstone 
disease.1 In the postoperative period, pain is the most 
common complaint seen.2 For the management of pain, 
various medications are used. Diclofenac is a nonsteroidal 
anti-inflammatory drug of phenyl acetic acid class having 
antipyretic, anti-inflammatory, analgesic effects. Diclofenac 
has greater property to inhibit cyclooxygenase (COX)2 
enzyme than COX1.3 Tramadol acts by inhibition of neu-
ronal uptake of norepinephrine and serotonin at synapses 
in the descending inhibitory pain pathways. Tramadol is 
derived as a synthetic analog from codeine.4 This study is 
done to compare the efficacy of tramadol and diclofenac 
in the pain management in laparoscopic cholecystectomy.

MATERIALS AND METHODS

A randomized prospective study was done at Maharishi 
Markandeshwar College of Medical Science & Research 
in the Department of General Surgery on 50 patients 
undergoing laparoscopic cholecystectomy. Patients were 
divided into two groups randomly, I and II. Each group 
contained 25 patients; group I was given diclofenac and 
group II was given tramadol postoperatively for pain 
management 8 hourly. Patients were selected randomly 
with the help of dice for the type of analgesia selection. 
Patients having drug reaction history with tramadol and 
diclofenac were excluded. Patients were explained about 
the procedure, VAS score, and written informed consent 
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was taken before the surgery. All patients underwent 
standard preanesthetic check-up, and intubation was 
done with standard protocol. The same line of manage-
ment was used for all patients pre- and intraoperatively. 
Laparoscopic cholecystectomy was performed with 
standard 4-port technique. Insufflation was done with 
co2 and intraperitoneal pressure was maintained at  
14 mm Hg. Postoperatively 100 mg of tramadol and 75 mg  
of diclofenac were given intravenously according to the 
patient group distribution 8 hourly, and patient pain was 
measured on VAS on 6, 12, 18, and 24 hours. Additional 
complaint other than pain was managed in both the 
groups.

RESULTS

Totally 50 patients, divided into two groups I and II, were 
taken in this study from December 2016 to December 2017 
who underwent laparoscopic cholecystectomy. Group I 
was given injection diclofenac and group II was given 
injection tramadol postoperatively for pain management 
8 hourly. Both I and II groups were matched in all respects 
with age, weight, and operative time. Patients ranging 
from age 18 to 70 years were taken in this study. The 
average age in group I was 36.2 years and that in group II  
was 40 years. The average weight in two groups I and II 
is respectively, 62.2 and 64.1; 64.2 and 66 minutes is the 
average time taken in both groups I and II respectively 
(Table 1). Pain relief after diclofenac first dose postopera-
tively in 8 hours was seen in 7 patients, in 9 to 16 hours in 
12 patients, and 17 to 24 hours in 18 patients. Pain relief 
after tramadol first dose postoperatively in 8 hours was 
seen in 16 patients, in 9 to 16 hour in 21 patients, and 17 to 
24 hours in 25 patients (Table 2). Postoperatively, patients 
complained of nausea, vomiting, and gastritis. Group II 
having tramadol infusion complained of higher incidence 
of nausea and vomiting as compared with group I having 
diclofenac for pain management.

Group I having diclofenac has higher incidence of 
gastritis as compared with group II having tramadol 
management (Table 3).

DISCUSSION

The advent of laparoscopic cholecystectomy was a 
milestone achievement in the treatment of gallstones.5 
Laparoscopic cholecystectomy is the gold standard treat-
ment for the management of symptomatic gallbladder.6 
Postoperative pain management is an essential compo-
nent in surgical patients; if pain management is not done 
effectively, it may lead to increase in morbidity7,8 Good 
analgesia can decrease morbidity and decrease hospital 
stay postoperatively.9 A similar study conducted by Sinha 
et al10 revealed higher benefit of tramadol over diclofenac 
in terms of postoperative pain without any major adverse 
event. In the early hours of postoperative period, visceral 
pain is a major cause of pain. Intensity progressively 
decreases with postoperative hours if good analgesia 
is given. Postoperatively, laparoscopic cholecystectomy 
visceral pain is not intensified by mobilization as mobi-
lization only requires movement of abdominal muscle, 
not the visceral movement. On the contrary, cough 
causes displacement of the liver and viscera resulting in 
movement of operated site of cholecystectomy causing 
pain. The visceral pain is more severe than parietal 
pain in laparoscopic cholecystectomy, leading to limited 
damage to the abdominal wall.11 The study concluded 
that tramadol is a better management than diclofenac 
for managing pain in postoperatively laparoscopic cho-
lecystectomy. But patients with tramadol management 
have higher incidence of side effects (nausea/vomiting). 
Postoperative prophylactic management of opioids is not 
usually preferred due to the high rate of side effects.12 
Gousheh et al13 conducted a study in which, to overcome 
the side effect of opioids, paracetamol was used in post-
operative laparoscopic cholecystectomy period. Opioids 
consumption was reduced when paracetamol was used 
and opioids’ side effects were reduced. Brodner et al14 
conducted a study on a total of 196 patients. The nono-
pioid analgesics and paracetamol had similar efficacy. 
Surgical pain was reduced with all nonopioids compared 
with placebo; there was no effect on associated pain. 
Piritramide dosage and incidence of side effects were 
not reduced.

Table 1: Parameters of patients in groups I and II

Variable
Group I (diclofenac) 
(n = 25)

Group II (tramadol) 
(n = 25)

Mean age 36.2 40

Mean weight 62.2 64.1

Male/female 12/13 14/11

Mean surgical time 64.2 66

Table 2: Pain relief in groups I and II after injectable diclofenac 
and tramadol

Pain relief
Group I (diclofenac) 
(n = 25)

Group II (tramadol) 
(n = 25)

0–8 hourly 7 16

9–16 hourly 12 21

17–24 hourly 18 25

Table 3: Postoperative side effects

Variable
Group I (diclofenac) 
(n = 25)

Group II (tramadol) 
(n = 25)

Nausea/vomiting/

sedation

2 10

Gastritis 6 2
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CONCLUSION

In this study, we concluded that the patients receiving 
injectable tramadol had smooth postoperative period 
after elective laparoscopic cholecystectomy as compared 
with diclofenac with minimal side effects.
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ABSTRACT
Introduction: Laparoscopic management of gallstones is 

considered as the gold standard treatment nowadays and is 

the most common surgery done in the present scenario. Post-

operative pain remains one of the most common complaints 

after laparoscopic cholecystectomy and should be managed 

with proper analgesia with minimal side effects.

Aim: To compare the efficacy of injectable tramadol and 
diclofenac in the pain management after laparoscopic chole-

cystectomy surgery.

Materials and methods: A randomized prospective study  

was done at Maharishi Markandeshwar College of Medical 

Science & Research in the Department of General Surgery 

on 50 patients undergoing laparoscopic surgery between 

December 2016 and December 2017. Postoperative analgesic 

is decided randomly with the help of dice. Pain is measured on 

visual analog scale (VAS) on 6, 12, 18, and 24 hours.

Results: A total of 50 patients, divided in two groups I and II, 

were taken in this study from December 2016 to December 

2017 who underwent laparoscopic cholecystectomy. Group I 

was given injection diclofenac and group II was given injection 
tramadol postoperatively for pain management 8 hourly. Both 

I and II groups were matched in all respect with age, weight, 

and operative time. Pain relief after diclofenac first dose post-
operatively in 8 hours was seen in 7 patients, in 9 to 16 hours 

in 12 patients, and 17 to 24 hours in 18 patients. Pain relief  

after tramadol first dose postoperatively in 8 hours was seen in 
16 patients, in 9 to 16 hours in 21 patients, and 17 to 24 hours 

in 25 patients. Postoperatively, patients complained of nausea 

and vomiting. Group II having tramadol infusion complained 

of higher incidence of nausea and vomiting as compared with 

group I having diclofenac for pain management.

Conclusion: Pain after laparoscopic cholecystectomy is a 

common complaint encountered. Good analgesia should be 

given to patients but should have minimal side effects. It was 

concluded from our study that tramadol in injectable form is 
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INTRODUCTION

Laparoscopic cholecystectomy is the most common 
minimal access procedure performed by surgeon nowa-
days. Laparoscopic cholecystectomy is considered as 
the gold standard and treatment of choice for gallstone 
disease.1 In the postoperative period, pain is the most 
common complaint seen.2 For the management of pain, 
various medications are used. Diclofenac is a nonsteroidal 
anti-inflammatory drug of phenyl acetic acid class having 
antipyretic, anti-inflammatory, analgesic effects. Diclofenac 
has greater property to inhibit cyclooxygenase (COX)2 
enzyme than COX1.3 Tramadol acts by inhibition of neu-
ronal uptake of norepinephrine and serotonin at synapses 
in the descending inhibitory pain pathways. Tramadol is 
derived as a synthetic analog from codeine.4 This study is 
done to compare the efficacy of tramadol and diclofenac 
in the pain management in laparoscopic cholecystectomy.

MATERIALS AND METHODS

A randomized prospective study was done at Maharishi 
Markandeshwar College of Medical Science & Research 
in the Department of General Surgery on 50 patients 
undergoing laparoscopic cholecystectomy. Patients were 
divided into two groups randomly, I and II. Each group 
contained 25 patients; group I was given diclofenac and 
group II was given tramadol postoperatively for pain 
management 8 hourly. Patients were selected randomly 
with the help of dice for the type of analgesia selection. 
Patients having drug reaction history with tramadol and 
diclofenac were excluded. Patients were explained about 
the procedure, VAS score, and written informed consent 
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was taken before the surgery. All patients underwent 
standard preanesthetic check-up, and intubation was 
done with standard protocol. The same line of manage-
ment was used for all patients pre- and intraoperatively. 
Laparoscopic cholecystectomy was performed with 
standard 4-port technique. Insufflation was done with 
co2 and intraperitoneal pressure was maintained at  
14 mm Hg. Postoperatively 100 mg of tramadol and 75 mg  
of diclofenac were given intravenously according to the 
patient group distribution 8 hourly, and patient pain was 
measured on VAS on 6, 12, 18, and 24 hours. Additional 
complaint other than pain was managed in both the 
groups.

RESULTS

Totally 50 patients, divided into two groups I and II, were 
taken in this study from December 2016 to December 2017 
who underwent laparoscopic cholecystectomy. Group I 
was given injection diclofenac and group II was given 
injection tramadol postoperatively for pain management 
8 hourly. Both I and II groups were matched in all respects 
with age, weight, and operative time. Patients ranging 
from age 18 to 70 years were taken in this study. The 
average age in group I was 36.2 years and that in group II  
was 40 years. The average weight in two groups I and II 
is respectively, 62.2 and 64.1; 64.2 and 66 minutes is the 
average time taken in both groups I and II respectively 
(Table 1). Pain relief after diclofenac first dose postopera-
tively in 8 hours was seen in 7 patients, in 9 to 16 hours in 
12 patients, and 17 to 24 hours in 18 patients. Pain relief 
after tramadol first dose postoperatively in 8 hours was 
seen in 16 patients, in 9 to 16 hour in 21 patients, and 17 to 
24 hours in 25 patients (Table 2). Postoperatively, patients 
complained of nausea, vomiting, and gastritis. Group II 
having tramadol infusion complained of higher incidence 
of nausea and vomiting as compared with group I having 
diclofenac for pain management.

Group I having diclofenac has higher incidence of 
gastritis as compared with group II having tramadol 
management (Table 3).

DISCUSSION

The advent of laparoscopic cholecystectomy was a 
milestone achievement in the treatment of gallstones.5 
Laparoscopic cholecystectomy is the gold standard treat-
ment for the management of symptomatic gallbladder.6 
Postoperative pain management is an essential compo-
nent in surgical patients; if pain management is not done 
effectively, it may lead to increase in morbidity7,8 Good 
analgesia can decrease morbidity and decrease hospital 
stay postoperatively.9 A similar study conducted by Sinha 
et al10 revealed higher benefit of tramadol over diclofenac 
in terms of postoperative pain without any major adverse 
event. In the early hours of postoperative period, visceral 
pain is a major cause of pain. Intensity progressively 
decreases with postoperative hours if good analgesia 
is given. Postoperatively, laparoscopic cholecystectomy 
visceral pain is not intensified by mobilization as mobi-
lization only requires movement of abdominal muscle, 
not the visceral movement. On the contrary, cough 
causes displacement of the liver and viscera resulting in 
movement of operated site of cholecystectomy causing 
pain. The visceral pain is more severe than parietal 
pain in laparoscopic cholecystectomy, leading to limited 
damage to the abdominal wall.11 The study concluded 
that tramadol is a better management than diclofenac 
for managing pain in postoperatively laparoscopic cho-
lecystectomy. But patients with tramadol management 
have higher incidence of side effects (nausea/vomiting). 
Postoperative prophylactic management of opioids is not 
usually preferred due to the high rate of side effects.12 
Gousheh et al13 conducted a study in which, to overcome 
the side effect of opioids, paracetamol was used in post-
operative laparoscopic cholecystectomy period. Opioids 
consumption was reduced when paracetamol was used 
and opioids’ side effects were reduced. Brodner et al14 
conducted a study on a total of 196 patients. The nono-
pioid analgesics and paracetamol had similar efficacy. 
Surgical pain was reduced with all nonopioids compared 
with placebo; there was no effect on associated pain. 
Piritramide dosage and incidence of side effects were 
not reduced.

Table 1: Parameters of patients in groups I and II

Variable
Group I (diclofenac) 
(n = 25)

Group II (tramadol) 
(n = 25)

Mean age 36.2 40

Mean weight 62.2 64.1

Male/female 12/13 14/11

Mean surgical time 64.2 66

Table 2: Pain relief in groups I and II after injectable diclofenac 
and tramadol

Pain relief
Group I (diclofenac) 
(n = 25)

Group II (tramadol) 
(n = 25)

0–8 hourly 7 16

9–16 hourly 12 21

17–24 hourly 18 25

Table 3: Postoperative side effects

Variable
Group I (diclofenac) 
(n = 25)

Group II (tramadol) 
(n = 25)

Nausea/vomiting/

sedation

2 10

Gastritis 6 2
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CONCLUSION

In this study, we concluded that the patients receiving 
injectable tramadol had smooth postoperative period 
after elective laparoscopic cholecystectomy as compared 
with diclofenac with minimal side effects.
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Preoperative Infraumbilical Anthropometry: A Selective 
Guide to Endoscopic Hernia Repair—A Pilot Study
1Utpal De, 2Pronoy Kabiraj

ABSTRACT
Introduction: Specific preoperative indications for endoscopic 
hernia repair are nonexistent. The study was aimed to examine 
the feasibility of preoperative infraumbilical anthropometry (PIA) 
as a guide to define endoscopic repair.

Materials and methods: Forty-five patients were recruited for 
the study based on predefined inclusion and exclusion criteria. 
Preoperative anthropometric measurements (fixed bony points 
of pelvis and umbilicus) were done. All patients were subjected 
to total extraperitoneal repair (TEP). Failure of TEP was con-
verted to transabdominal preperitoneal repair (TAPP) and 
reasons for conversion were noted and statistically analyzed.

Results: A total of 33 patients underwent TEP (73.3%) and 12 
(26.7%) patients had to be converted to TAPP. Raised body 
mass index (BMI) [mean 22.53, standard deviation (SD) 0.35, 
p < 0.001], increased infraumbilical fat pad thickness (mean  
2.77 cm, SD 0.27, p < 0.00), and pelvic anthropometric param-
eters were found to be significant (p < 0.001).

Conclusion: Preoperative pelvic anthropometry could be a 
selective guide to endoscopic hernia repair.
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INTRODUCTION

A quarter of a century has passed since minimally inva-
sive hernia surgery assumed a place in the pantheon of 
hernia repair. Since then, numerous studies have been 
published focusing primarily on intraoperative con-
strains and postoperative outcome.1 During the same time 
frame, certain individualistic indications do seem to cry 
out for a hernia-specific endoscopic approach2 (Table 1).

Specific preoperative patient selection criteria for a 
particular endoscopic technique is yet to be evolved. 
Transabdominal preperitoneal is considered superior to 
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TEP as the available working space is more.3 But TEP has 
the advantages of less postoperative pain, early ambu-
lation, and lower recurrence rate.2-4 Lack of peritoneal 
breach and nonfixation of mesh has led to cost-effective 
outcome. Though several factors have been postulated 
as contraindications for TEP and indications for TAPP,2 
none of the reports have taken into consideration PIA as 
a guide to endoscopic hernia repair.

Our study was aimed to explore this gray area to 
deduce if PIA could guide endoscopic herniologist to 
choose specific (TEP/TAPP) surgery for defined patients 
with inguinal hernia.

MATERIAlS AND METHODS

The study was performed in the Department of Surgery 
from March 2014 to February 2015. Forty-five patients 
with inguinal hernia were included in the study. All 
the patients were admitted through the outpatient 
department. After proper history taking and thorough 
clinical examination, patients were recruited based on 
specific inclusion and exclusion criteria. Inclusion crite-
ria included patients of any sex, age more than 18 years, 
primary, unilateral, uncomplicated, incomplete, reduc-
ible, direct or indirect, inguinal hernias.

Exclusion criteria included patients with bilateral 
hernia, previous lower abdominal surgery (open prosta-
tectomy, lower segment cesarean section, appendectomy 
scar, and midline laparotomy scar), soft tissue tumors in 
the inguinal region on abdominal sonography, patients 
with concomitant varicocele, undescended testes, ingui-
nal lymphadenopathy, general contraindications for 
laparoscopic surgery, and unwilling patients.

History taking included duration, straining factors 
(chronic cough, lower urinary tract symptoms, and 

Table 1: Indications for TAPP and TEP1

TEP TAPP
Primary hernia: Unilateral or 
bilateral

Incarceration or strangulation

Recurrent hernia following 
open hernia repair

Scrotal hernias

Prior abdominal surgical 
history—even involving midline

Inguinodynia

Open prostatectomy Recurrence after TAPP or TEP
Patients with previous 
Pfannenstiel incision
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chronic constipation), side, previous lower abdominal 
surgery, and proportion (medial, lateral, and scrotal). 
Apart from the general physical parameters, special 
emphasis was laid to calculate the BMI. Regional exami-
nation included the type (direct or indirect), size of deep 
ring, reducibility, and impulse on coughing. Per rectal 
examination was performed in all the patients.

For special anthropometric measurement, the infra-
umbilical fat pad thickness was measured in centimeters 
using Accu-measure calipers taking a single reading from 
suprapubic region midway between umbilicus and sym-
physis pubis. The value was then interpreted from avail-
able skin fold to body fat charts available in the market.

Other parameters measured were distance between 
umbilicus (U) and symphysis pubis (SP), U and anterior 
superior iliac spine (ASIS), interspinous distance and 
ASIS to SP. These were measured in centimeters with 
the help of calipers.

All the patients were subjected to TEP. Patients in 
whom TEP failed were converted to TAPP and the reasons 
for conversion were noted. Patients received a single dose 
of linezolid 600 mg at induction. Parenteral fluids were 
continued for 12 hours and patients were allowed normal 
diet thereafter.

All the patients were discharged on the 3rd postopera-
tive day after wound dressing. Stitches were removed on 
the 10th postoperative day and patients were followed up 
monthly for 3 months and then three monthly for 1 year.

The parameters of each individual patient were 
statistically analyzed. Student’s paired t-test was used 
to compare continuous variables which were normally 
distributed. The continuous variables that were not 
normally distributed were analyzed by Mann–Whitney 
U test, the nonparametric analog for Student’s paired 
test. The p-value of <0.005 was taken as the threshold 
for statistical significance. The data were analyzed with 
the help of IBM Statistical Package for the Social Sciences 
version 22.0 (SPSS Inc., Chicago, Illinois, USA) software.

RESUlTS AND ANAlYSIS

The study included 45 male patients. Age ranged from  
18 to 82 years (average = 44.42 years). Most of the patients 
(10 patients) belonged to the age group 41 to 50 years. 
There were 34 indirect hernias and 11 direct hernias. There 
were no patients with femoral hernia in the study group. 
Direct hernias were more common in elderly patients 
above 60 years of age. Nine of these patients had lower 
urinary tract symptoms and were treated preoperatively 
with tamsulosin for 12 weeks and continued postopera-
tively for 6 months. Patients were assessed by reduction 
in symptoms and reduced residual urine on sonography 
preoperatively. Fifteen patients had right-sided and  

29 patients had left-sided inguinal hernias. Of the 15 right-
sided hernias, 8 were indirect and 7 were direct hernias. 
Of the 29 left-sided hernias, 6 were direct and 23 were 
indirect hernias. The BMI of the patients ranged from  
18.39 to 22.89 (average: 20.23). The suprapubic fat pad 
thickness ranged from 14 to 31 mm (average: 20.5 mm).

There were 10 diabetic, 15 hypertensive, and 3 hypo-
thyroid patients. All these patients were preoperatively 
optimized before surgery.

The TEP was the procedure to start with and could be 
completed in 33 patients (73.3%), whereas in 12 patients 
(26.7%), TEP was converted to TAPP. The patients in 
whom TEP was converted to TAPP had increased BMI 
(mean 22.53, SD 0.35, p < 0.001) and subcutaneous fat pad 
(mean 27.75, SD 0.27, p < 0.001) respectively. The cause 
for conversion included difficulty in port insertion and 
creation of potential working space. Moreover, during 
port insertion, five patients had inadvertent peritoneal 
breach due to poor visualization because of excessive pre-
peritoneal fat, resulting in pneumoperitoneum. Oozing 
from the dissected fat made visualization difficult due 
to less illumination. The remaining converted patients 
had less U–SP length, U–ASIS length, ASIS–ASIS length, 
and SP–ASIS measurements (Table 2). The narrow pelvis 
resulted in crowding of instruments and less freedom of 
movement.

Patients in whom TEP was successful had less BMI, 
subcutaneous fat pad thickness, and wider pelvis (Table 2).

There were no preoperative complications. Postop-
erative complications included seroma formation in five 
patients and minor port-site infection in two patients. 
Seroma was aspirated and patients were put on linezolid 
600 mg for 10 days. Pus was sent for culture from the port 
sites which revealed Staphylococcus aureus sensitive to line-
zolid. Linezolid 600 mg for 10 days resulted in complete 
wound healing. Three patients were lost to follow-up. 
There was no recurrence in the rest of the patients till date.

DISCUSSION

Open inguinal hernia repair is still performed by numer-
ous procedures and is less dependent on specific repair 
for specific hernia. The basic principle of repair remains 
the same with modification in only one step, i.e., repair 
and strengthening of posterior wall. Rather, the choice of 
operation is surgeon-centric rather than hernia-centric. 
Various studies claim superiority over one another. 
Though Lichtenstein’s tension-free mesh hernioplasty is 
the consensus operation, still other operations continue to 
be practiced on a wider scale.5-7 Surgeons practicing a par-
ticular technique continue to carry on with a particular 
procedure because of more versatility with the procedure 
and better outcome rather than any other issues.
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Endoscopic hernia repair is another armamentarium 
in this gallery of hernia repair. Though the technical 
procedure is the same, the approach is different.2,5 More-
over, the anatomy, working space, surgeon’s capability, 
learning curve, cost-effectiveness, complications, recur-
rence, and overall patients’ demand, satisfaction and 
acceptability1-6,8 have placed hernia surgeons in peculiar 
dilemma never seen before. General surgeons perform-
ing hernia surgery in an attempt to master endoscopic 
repair grope hard to adhere to one or the other procedure 
based purely on evidences laid by surgeons practicing a 
particular procedure rather than appreciating the techni-
cal details which would suit them. As endoscopic hernia 
surgery is ergonomically driven, a particular procedure 
suitable and comfortable to one surgeon might not be 
compatible with the other. As such, the issue of learn-
ing curve3-6 for a particular procedure before promoting 
oneself to another procedure does not hold true. Rather, 
mastering one technique which ergonomically suits a 
particular surgeon through constant practice should be 
the order of the day.

Currently, there are no specific preoperative indica-
tions for endoscopic TEP or TAPP barring some anatomi-
cal hindrances.2-5 Endoscopic hernia surgeons tend to 
promote and propagate the repair in which an individual 
surgeon has garnered strength. These are mainly based 
on their individual technical difficulties faced during 
operation and postoperative outcome. Keeping in view of 
the above consideration, our study aimed to define some 
predefined anthropometric parameters9,10 which could 
guide surgeons to perform a particular endoscopic repair 
for each individual hernia. In other words, endoscopic 
repair should be individualistic rather than a general-
ized approach.

Our study statistically proved that patients with high 
BMI, increased infraumbilical fat pad, and patients with 
a narrow pelvis were more likely to benefit from TAPP 
rather than TEP. This was due to availability of more 

working space, better visualization, and greater freedom 
of movement.

The other outcome from our study was that TEP 
should be the initial procedure to start with as failure 
still does not preclude the patient from TAPP, whereas 
failure in TAPP leaves the patients with the only option 
for open hernia repair.

Our results are also consistent with other studies as 
regards intraoperative complications, cost effectiveness, 
postoperative outcome, and patient satisfaction.1-8

To conclude, we can say that PIA could be helpful for 
defining patients undergoing endoscopic hernia repair, 
though a larger series with more number of patients is 
warranted. There should be no graduation parameters 
of adapting from one procedure to another and it is up 
to the operating surgeon to decide which procedure is 
ergonomically beneficial to him or her.
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ABSTRACT
Introduction: Specific preoperative indications for endoscopic 
hernia repair are nonexistent. The study was aimed to examine 
the feasibility of preoperative infraumbilical anthropometry (PIA) 
as a guide to define endoscopic repair.

Materials and methods: Forty-five patients were recruited for 
the study based on predefined inclusion and exclusion criteria. 
Preoperative anthropometric measurements (fixed bony points 
of pelvis and umbilicus) were done. All patients were subjected 
to total extraperitoneal repair (TEP). Failure of TEP was con-
verted to transabdominal preperitoneal repair (TAPP) and 
reasons for conversion were noted and statistically analyzed.

Results: A total of 33 patients underwent TEP (73.3%) and 12 
(26.7%) patients had to be converted to TAPP. Raised body 
mass index (BMI) [mean 22.53, standard deviation (SD) 0.35, 
p < 0.001], increased infraumbilical fat pad thickness (mean  
2.77 cm, SD 0.27, p < 0.00), and pelvic anthropometric param-
eters were found to be significant (p < 0.001).

Conclusion: Preoperative pelvic anthropometry could be a 
selective guide to endoscopic hernia repair.
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INTRODUCTION

A quarter of a century has passed since minimally inva-
sive hernia surgery assumed a place in the pantheon of 
hernia repair. Since then, numerous studies have been 
published focusing primarily on intraoperative con-
strains and postoperative outcome.1 During the same time 
frame, certain individualistic indications do seem to cry 
out for a hernia-specific endoscopic approach2 (Table 1).

Specific preoperative patient selection criteria for a 
particular endoscopic technique is yet to be evolved. 
Transabdominal preperitoneal is considered superior to 
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TEP as the available working space is more.3 But TEP has 
the advantages of less postoperative pain, early ambu-
lation, and lower recurrence rate.2-4 Lack of peritoneal 
breach and nonfixation of mesh has led to cost-effective 
outcome. Though several factors have been postulated 
as contraindications for TEP and indications for TAPP,2 
none of the reports have taken into consideration PIA as 
a guide to endoscopic hernia repair.

Our study was aimed to explore this gray area to 
deduce if PIA could guide endoscopic herniologist to 
choose specific (TEP/TAPP) surgery for defined patients 
with inguinal hernia.

MATERIAlS AND METHODS

The study was performed in the Department of Surgery 
from March 2014 to February 2015. Forty-five patients 
with inguinal hernia were included in the study. All 
the patients were admitted through the outpatient 
department. After proper history taking and thorough 
clinical examination, patients were recruited based on 
specific inclusion and exclusion criteria. Inclusion crite-
ria included patients of any sex, age more than 18 years, 
primary, unilateral, uncomplicated, incomplete, reduc-
ible, direct or indirect, inguinal hernias.

Exclusion criteria included patients with bilateral 
hernia, previous lower abdominal surgery (open prosta-
tectomy, lower segment cesarean section, appendectomy 
scar, and midline laparotomy scar), soft tissue tumors in 
the inguinal region on abdominal sonography, patients 
with concomitant varicocele, undescended testes, ingui-
nal lymphadenopathy, general contraindications for 
laparoscopic surgery, and unwilling patients.

History taking included duration, straining factors 
(chronic cough, lower urinary tract symptoms, and 

Table 1: Indications for TAPP and TEP1

TEP TAPP
Primary hernia: Unilateral or 
bilateral

Incarceration or strangulation

Recurrent hernia following 
open hernia repair

Scrotal hernias

Prior abdominal surgical 
history—even involving midline

Inguinodynia

Open prostatectomy Recurrence after TAPP or TEP
Patients with previous 
Pfannenstiel incision
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chronic constipation), side, previous lower abdominal 
surgery, and proportion (medial, lateral, and scrotal). 
Apart from the general physical parameters, special 
emphasis was laid to calculate the BMI. Regional exami-
nation included the type (direct or indirect), size of deep 
ring, reducibility, and impulse on coughing. Per rectal 
examination was performed in all the patients.

For special anthropometric measurement, the infra-
umbilical fat pad thickness was measured in centimeters 
using Accu-measure calipers taking a single reading from 
suprapubic region midway between umbilicus and sym-
physis pubis. The value was then interpreted from avail-
able skin fold to body fat charts available in the market.

Other parameters measured were distance between 
umbilicus (U) and symphysis pubis (SP), U and anterior 
superior iliac spine (ASIS), interspinous distance and 
ASIS to SP. These were measured in centimeters with 
the help of calipers.

All the patients were subjected to TEP. Patients in 
whom TEP failed were converted to TAPP and the reasons 
for conversion were noted. Patients received a single dose 
of linezolid 600 mg at induction. Parenteral fluids were 
continued for 12 hours and patients were allowed normal 
diet thereafter.

All the patients were discharged on the 3rd postopera-
tive day after wound dressing. Stitches were removed on 
the 10th postoperative day and patients were followed up 
monthly for 3 months and then three monthly for 1 year.

The parameters of each individual patient were 
statistically analyzed. Student’s paired t-test was used 
to compare continuous variables which were normally 
distributed. The continuous variables that were not 
normally distributed were analyzed by Mann–Whitney 
U test, the nonparametric analog for Student’s paired 
test. The p-value of <0.005 was taken as the threshold 
for statistical significance. The data were analyzed with 
the help of IBM Statistical Package for the Social Sciences 
version 22.0 (SPSS Inc., Chicago, Illinois, USA) software.

RESUlTS AND ANAlYSIS

The study included 45 male patients. Age ranged from  
18 to 82 years (average = 44.42 years). Most of the patients 
(10 patients) belonged to the age group 41 to 50 years. 
There were 34 indirect hernias and 11 direct hernias. There 
were no patients with femoral hernia in the study group. 
Direct hernias were more common in elderly patients 
above 60 years of age. Nine of these patients had lower 
urinary tract symptoms and were treated preoperatively 
with tamsulosin for 12 weeks and continued postopera-
tively for 6 months. Patients were assessed by reduction 
in symptoms and reduced residual urine on sonography 
preoperatively. Fifteen patients had right-sided and  

29 patients had left-sided inguinal hernias. Of the 15 right-
sided hernias, 8 were indirect and 7 were direct hernias. 
Of the 29 left-sided hernias, 6 were direct and 23 were 
indirect hernias. The BMI of the patients ranged from  
18.39 to 22.89 (average: 20.23). The suprapubic fat pad 
thickness ranged from 14 to 31 mm (average: 20.5 mm).

There were 10 diabetic, 15 hypertensive, and 3 hypo-
thyroid patients. All these patients were preoperatively 
optimized before surgery.

The TEP was the procedure to start with and could be 
completed in 33 patients (73.3%), whereas in 12 patients 
(26.7%), TEP was converted to TAPP. The patients in 
whom TEP was converted to TAPP had increased BMI 
(mean 22.53, SD 0.35, p < 0.001) and subcutaneous fat pad 
(mean 27.75, SD 0.27, p < 0.001) respectively. The cause 
for conversion included difficulty in port insertion and 
creation of potential working space. Moreover, during 
port insertion, five patients had inadvertent peritoneal 
breach due to poor visualization because of excessive pre-
peritoneal fat, resulting in pneumoperitoneum. Oozing 
from the dissected fat made visualization difficult due 
to less illumination. The remaining converted patients 
had less U–SP length, U–ASIS length, ASIS–ASIS length, 
and SP–ASIS measurements (Table 2). The narrow pelvis 
resulted in crowding of instruments and less freedom of 
movement.

Patients in whom TEP was successful had less BMI, 
subcutaneous fat pad thickness, and wider pelvis (Table 2).

There were no preoperative complications. Postop-
erative complications included seroma formation in five 
patients and minor port-site infection in two patients. 
Seroma was aspirated and patients were put on linezolid 
600 mg for 10 days. Pus was sent for culture from the port 
sites which revealed Staphylococcus aureus sensitive to line-
zolid. Linezolid 600 mg for 10 days resulted in complete 
wound healing. Three patients were lost to follow-up. 
There was no recurrence in the rest of the patients till date.

DISCUSSION

Open inguinal hernia repair is still performed by numer-
ous procedures and is less dependent on specific repair 
for specific hernia. The basic principle of repair remains 
the same with modification in only one step, i.e., repair 
and strengthening of posterior wall. Rather, the choice of 
operation is surgeon-centric rather than hernia-centric. 
Various studies claim superiority over one another. 
Though Lichtenstein’s tension-free mesh hernioplasty is 
the consensus operation, still other operations continue to 
be practiced on a wider scale.5-7 Surgeons practicing a par-
ticular technique continue to carry on with a particular 
procedure because of more versatility with the procedure 
and better outcome rather than any other issues.
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Endoscopic hernia repair is another armamentarium 
in this gallery of hernia repair. Though the technical 
procedure is the same, the approach is different.2,5 More-
over, the anatomy, working space, surgeon’s capability, 
learning curve, cost-effectiveness, complications, recur-
rence, and overall patients’ demand, satisfaction and 
acceptability1-6,8 have placed hernia surgeons in peculiar 
dilemma never seen before. General surgeons perform-
ing hernia surgery in an attempt to master endoscopic 
repair grope hard to adhere to one or the other procedure 
based purely on evidences laid by surgeons practicing a 
particular procedure rather than appreciating the techni-
cal details which would suit them. As endoscopic hernia 
surgery is ergonomically driven, a particular procedure 
suitable and comfortable to one surgeon might not be 
compatible with the other. As such, the issue of learn-
ing curve3-6 for a particular procedure before promoting 
oneself to another procedure does not hold true. Rather, 
mastering one technique which ergonomically suits a 
particular surgeon through constant practice should be 
the order of the day.

Currently, there are no specific preoperative indica-
tions for endoscopic TEP or TAPP barring some anatomi-
cal hindrances.2-5 Endoscopic hernia surgeons tend to 
promote and propagate the repair in which an individual 
surgeon has garnered strength. These are mainly based 
on their individual technical difficulties faced during 
operation and postoperative outcome. Keeping in view of 
the above consideration, our study aimed to define some 
predefined anthropometric parameters9,10 which could 
guide surgeons to perform a particular endoscopic repair 
for each individual hernia. In other words, endoscopic 
repair should be individualistic rather than a general-
ized approach.

Our study statistically proved that patients with high 
BMI, increased infraumbilical fat pad, and patients with 
a narrow pelvis were more likely to benefit from TAPP 
rather than TEP. This was due to availability of more 

working space, better visualization, and greater freedom 
of movement.

The other outcome from our study was that TEP 
should be the initial procedure to start with as failure 
still does not preclude the patient from TAPP, whereas 
failure in TAPP leaves the patients with the only option 
for open hernia repair.

Our results are also consistent with other studies as 
regards intraoperative complications, cost effectiveness, 
postoperative outcome, and patient satisfaction.1-8

To conclude, we can say that PIA could be helpful for 
defining patients undergoing endoscopic hernia repair, 
though a larger series with more number of patients is 
warranted. There should be no graduation parameters 
of adapting from one procedure to another and it is up 
to the operating surgeon to decide which procedure is 
ergonomically beneficial to him or her.
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Posterior Rectus Sheath: A Prospective Study of 
Laparoscopic Live Surgical Anatomy during Total 
Extraperitoneal Preperitoneal Hernioplasty
Maulana M Ansari

ABSTRACT
Aim: Posterior rectus sheath (PRS) recently assumed great 
importance during laparoscopic total extraperitoneal preperito-
neal (TEPP) hernioplasty. However, literature is scanty and cadav-
eric. Novel observations on live PRS anatomy are reported here.

Materials and methods: Totally, 60 male patients with primary 
inguinal hernia underwent 68 TEPP hernioplasties. Standard 
3-midline-port technique was used with telescopic dissection. 
Data were analyzed as mean ± standard deviation (SD).

Results: All patients were male with mean age and body 
mass index of 50.1 ± 17.2 years (18–80) and 22.6 ± 2.0 kg/m2  
(19.5–31.2) respectively. The classically described PRS 
(normal-length whole tendinous) was found in only 46% of 
the cases, while in the remaining 54%, the PRS was found as 
variant types, which included short whole-tendinous (4.4%), 
long whole tendinous (LWT) (4.4%), complete-length whole 
tendinous (8.8%), normal-length partly tendinous (NPT) 
(11.8%), long partly tendinous (LPT) (10.3%), normal-length 
thinned-out (NTO) (1.5%), complete-length thinned-out (4.4%), 
normal-length grossly attenuated (1.5%), complete-length 
grossly attenuated (4.4%), complete-length partly tendinous 
(CPT) (1.5%), and complete-length musculo-tendinous (CMT) 
(1.5%). Additionally, anatomy of the PRS was not a mirror 
image on the two sides of the body in 75% of patients with 
bilateral hernias. No hernia recurrence occurred in mean 
follow-up of 33 months.

Conclusion: Posterior rectus sheath varied markedly in 
its extent and morphology, resulting in its categorization of  
12 types. Truly new visions of the structures known for centuries 
are realized under excellent perspective and magnification of 
laparoscopy, and, therefore, continued anatomic research is 
strongly recommended.

Clinical significance: Crisp, precise knowledge of preperito-
neal anatomy is of paramount importance for timely identifica-
tion of its variations in order to perform a seamless laparoscopic 
hernia repair with better outcome.

Keywords: Clinical research, Laparoscopic live surgical 
anatomy, Posterior rectus canal, Posterior rectus sheath, Pre-
peritoneal anatomy, Total extraperitoneal preperitoneal access 
anatomy, Total extraperitoneal preperitoneal anatomy.
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INTRODUCTION

The oversimplified traditional description of the ingui-
nal anatomy is still taught in our anatomy classrooms, 
leading to a fixed mindset that often proves counter-
productive for instant recognition and precise dissec-
tion of the anatomical structures required during the 
laparoscopic surgery.1 This seems true not only for the 
upcoming young surgeons, but also the seasoned senior 
surgeons. Inadequate understanding and improper dis-
section of the preperitoneal anatomy is now regarded 
as the main cause of difficulties during the TEPP her-
nioplasty, especially in presence of the wide anatomic 
variations reported from time-to-time over the last 
several decades,2-6 which received little/no attention of 
the anatomists and the practicing surgeons alike.1 In view 
of the sparse/scanty research work on the laparoscopic 
live surgical anatomy available in the literature, especially 
in relation to the TEPP access anatomy,1,7 a prospective 
first-of-its-kind laparoscopic study of the PRS was under-
taken and its partial observations were published as the 
interim result by the author8 in order to create a general 
awareness among the surgical fraternity, especially the 
upcoming young hernia surgeons, and to get feedback 
from them to make the present study more illuminating 
and fruitful at completion, which is presented herein. 
Laparoscopic live surgical anatomy (morphology and 
extent) of the PRS is primarily addressed here with its 
possible clinical significance.

MATERIALS AND METHODS

A prospective study was conducted in the form of a 
doctoral research for award of doctorate in surgery. 
Infraumbilical PRS was carefully studied under the 
excellent perspective and magnification of the preperi-
toneal laparoscopy. Laparoscopic TEPP was performed 
in the Department of Surgery, Jawaharlal Nehru Medical 
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College, Aligarh Muslim University, Aligarh, Uttar 
Pradesh, India, during a period w.e.f. April 2010 to 
November 2015. All patients with inguinal hernia were 
operated under the ethical clearance of our Institutional 
Ethics Committee and written informed consent.

Selection Criteria for Recruitment in the Study

•	 Patient’s	choice	under	the	informed	consent.
•	 Patient’s	good	financial	status:	The	existing	financial	

circumstances	 of	 the	 patients	 including	 patients’	
ability to expend extra money for the laparoscopic 
procedure (our institution charges double for the 
laparoscopic hernioplasty as compared with the open 
hernioplasty).

•	 Preoperative	feasibility	of	laparoscopic	hernioplasty	
based on the preanesthetic check-up (PAC) in outpa-
tient department.

•	 Availability	of	 functioning	 laparoscopic	equipment	
and instruments.

•	 Availability	of	the	expertise	(laparoscopic	surgeon).

Inclusion Criteria of the Study

•	 Patients	with	age	more	than	18	years
•	 Patients	with	uncomplicated	fully	reducible	primary	

inguinal hernia
•	 Patients	with	American	Society	of	Anesthesiologists	

(ASA) grades I to II only
•	 Written	informed	consent	for	laparoscopic	repair	of	

inguinal hernia

Exclusion Criteria of the Study

•	 Patient’s	refusal	for	laparoscopic	repair
•	 Patients	with	age	less	than	18	years
•	 Patients	with	severe	comorbid	disease	(ASA	grades	

III–V)
•	 Patients	with	recurrent	inguinal	hernia
•	 Patients	with	complicated	inguinal	hernia	(irreducible/ 

inflamed/obstructed/strangulated)
•	 Patients	with	femoral	and	other	groin	hernia
•	 Patients	with	history	of	lower	abdominal	surgery

Surgical Technique

Under general anesthesia with patient supine, the dis-
tance between the umbilicus and the upper border of the  
pubic symphysis was first measured and, thereafter,  
the laparoscopic TEPP hernioplasty was performed with 
the standard 3-midline port technique as reported earlier 
by the author.9,10 Access to the posterior rectus canal was 
obtained by open method through a 2 cm infraumbilical 
incision in skin and anterior rectus sheath ipsilateral  
to the side of inguinal hernia. After placement and  

fixation of an 11-mm optical trocar, the initial dissection 
in posterior rectus canal was performed with unhurried 
to-and-fro movements of the 0° 10-mm laparoscope 
with careful observation and documentation of PRS 
extent and morphology. Two 5-mm working ports were 
placed in the midline lower down for further dissection 
(Fig. 1) in the retropubic and inguinal regions for mesh 
placement.

As per the traditional teaching through major 
anatomy textbooks,11 the anterior rectus sheath is con-
sidered as complete as it is covering the whole length of 
the rectus abdominis muscle, while the PRS is consid-
ered incomplete, as it covers the undersurface of only 
the upper two-thirds of the rectus abdominis muscle 
and ends short of the pubic symphysis with formation 
of an Arcuate line (of Douglas). Based on two factors, 
viz., firstly, our present understanding based on current 
literature11-13 that the Arcuate line is generally present at 
about one-thirds of the distance from umbilicus to the 
pubic symphysis (U-PS), and secondly, the maximum 
U-PS of 18.0 cm recorded in the present study, the 
infraumbilical incomplete PRS (IC-PRS) was arbitrarily 
divided into three categories for further reference and 
discussion:	(1)	The	classical	normal-length	PRS	(U-AL	
3–6 cm), (2) the short PRS (U-AL <3 cm), and (1) the long 
PRS (U-AL >6 cm), where U-AL represents the distance 
from umbilicus to the arcuate line. The PRS extending 
up to the pubic symphysis with/without formation of an 
arcuate line was considered as the complete PRS (C-PRS) 
in the present study.

The demographic data of age, weight (measured 
without footwear), height, and occupation of the patients 
were recorded. Body mass index (BMI) was calculated 
by the formula of weight in kilogram divided by the 
square of the height in meters as recommended in 1991 

Fig. 1: Port placement for laparoscopic TEPP hernioplasty for right 
inguinal hernia: F, foot end of patient; H, head end of patient; 1,  
infraumbilical site with optical port (11 mm) in situ; 2 and 3, site 
for working ports (5 mm); 4, marking for upper border of pubic 
symphysis
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by Deurenberg et al.14 The PRS was observed in terms 
of its extent, morphology, layer, and symmetry in all the 
patients who underwent the laparoscopic TEPP hernio-
plasty for the inguinal hernia. The Statistical Package 
for Social Sciences version 21 was used for the statistical 
analysis. All data were computed as mean ± SD.

RESULTS

Demographic Characteristics of Patients

Sixty out of 63 adult male patients with primary inguinal 
hernia successfully underwent a total of 68 TEPP her-
nioplasties [unilateral 52 (left side 35; right side17), and 
bilateral 8]. Three patients were excluded due to early 
forced conversion before sufficient observations were 
made of the PRS; and the reasons for exclusion included 
early peritoneal injury by the first blunt trocar secondary 

to short PRS as detected on conversion to TAPP (1), early 
inadvertent injury to the deep inferior epigastric vessels 
(1), and early anesthetic problem secondary to excessive 
CO2 retention (1). Three female patients with inguinal 
hernia presenting in the study period were not recruited 
for the laparoscopic hernia repair due to one or more 
exclusion criteria. Mean age and BMI of the 60 patients 
studied were 50.1 ± 17.2 years (18–80) and 22.6 ± 2.0 kg/m2  
(19.5–31.2) respectively. Totally, 49 out of 60 patients were 
in the ASA grade I, while 11 patients were in ASA grade 
II. By occupation, patients were manual laborers (n = 24), 
retired persons (n = 9), office workers (n = 8), students  
(n = 7), farmers (n = 6), and field workers (n = 6).

Extent of PRS

The PRS was found incomplete in 79.4% of cases (Figs 2 to 4)  
and the PRS was complete in 20.6% of cases (Figs 5 to 8),  

Figs 2A and B: Dissection in posterior rectus canal showing incomplete PRS (whole tendinous): (A) An IC-PRS which is tendinous in 
nature throughout with formation of a well-defined arcuate line (black arrow); green arrow indicates the gradual opening of the posterior 
rectus canal with the to-and-fro movement of the telescope; (B) an IC-PRS which is tendinous in nature throughout with formation of 
a well-defined arcuate line (black arrow) in another patient; S: Sign of lighthouse seen in the depth; RA: Rectus abdominis muscle; 
RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle

Figs 3A and B: Dissection in posterior rectus canal showing incomplete PRS (partly thinned out): (A) an IC-PRS, which is tendinous 
in its upper part; (B) an IC-PRS, which is gradually thinned out in its lower part with formation of a rather ill-defined arcuate line (arrow) 
in the same patient; TF: Transversalis fascia; RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle

A

A

B

B
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Figs 4A and B: Dissection in posterior rectus canal showing incomplete PRS (long tendinous): (A) long tendinous incomplete PRS 
(L-PRS) extending up to just short of pubic bone and pectineal ligament; (B) more clearly defined low arcuate line (arrow), which is seen 
situated just above the pectineal ligament covered by corona mortis (c) after the transversalis fascia is dissected off; TF: Transversalis 
fascia; RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle; S: Sign of lighthouse; P: Plastic working port

Figs 5A and B: Dissection in posterior rectus canal showing complete PRS (whole tendinous): (A) A C-PRS, which is tendinous in 
nature throughout and extending up to the pubic symphysis without formation of an arcuate line; S: Sign of lighthouse seen in the 
depth; RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle

Figs 6A and B: Dissection in posterior rectus canal showing complete PRS (partly thinned out): (A and B) a C-PRS which was 
tendinous in its upper part with formation of a partial arcuate line (arrow), but which was continued down in a thinned-out membranous 
fashion in its lower part (extending up to the pubic symphysis found on further dissection); S: Sign of lighthouse seen in the depth;  
RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle; mRF: Medial part of the rectusial fascia, which was inadvertently 
taken down along with the PRS during the telescopic dissection

A

A

B

B

A B
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and mean age and BMI of the patients were not sig-
nificantly different (p > 0.05) between the two groups  
(Tables 1 and 2). In other words, the occurrence of the 
complete and incomplete PRS was independent of the 
age or BMI of the patients.

Based on our criteria (vide supra), three types of 
the incomplete PRS (n = 54) were documented in the 
present study, namely, (1) the normal-length incomplete 
PRS (NIC) in 60.3%, (2) the long incomplete PRS (LIC) 
in 14.7% (Fig. 4), and the short incomplete PRS (SIC) in 
4.4% (Table 1).

The occurrence of the three subgroups of the incomplete 
PRS (NIC, LIC, and SIC) did not vary significantly (p > 0.05) 
with respect to the age of the patients (Table 1). However, 
the BMI of patients with the short incomplete (SIC) PRS was 
statistically much higher (p < 0.001) in comparison with not 

only the other two subgroups (NIC and LIC) of the incom-
plete PRS, but also the complete PRS (Table 2). In other 
words, the overweight/obese patients, albeit limited in 
number, tend to have the short type of the incomplete PRS.

Morphology of PRS

The present study documented 5 morphology types of 
the	PRS:	(1)	whole	tendinous	(WT)	in	43	cases	(Fig.	5),	(2)	
musculo-tendinous (MT) in 1 case, (3) partly tendinous 
(upper part tendinous and then gradually attenuated 
below) (PT) in 16 cases (Fig. 6), (4) thinned-out membra-
nous/fascia-like throughout (TO) in 4 cases (Fig. 7), and 
(5) grossly attenuated lattice like with/without tendinous 
bands (GA) in 4 cases (Fig. 8) (Tables 3 to 5).

There was no significant difference (p > 0.05) in the 
mean age and BMI among the patients with the four types 

Figs 7A and B: Dissection in posterior rectus canal showing complete PRS (whole thinned out): (A) A C-PRS, which is thinned-out 
membranous in nature throughout and extending up to the pubic symphysis without formation of an arcuate line; (B) thinned-out 
membranous C-PRS across which blades of the instruments are visible after the C-PRS was opened up about half-way with creation 
of an artificial arcuate line (arrow) in the same patient; S: Sign of lighthouse seen in the depth; RF: Posterior epimysium (rectusial 
fascia) of rectus abdominis muscle; V: Deep inferior epigastric vessels visible across the thin C-PRS and transversalis fascia

Figs 8A and B: Dissection in posterior rectus canal showing complete PRS (grossly attenuated): (A) A C-PRS, which is grossly 
attenuated with loosely arranged fibers and extending up to the pubic symphysis without formation of an arcuate line; (B) grossly 
attenuated C-PRS with formation of tendinous band in-between in the same patient; S: Sign of lighthouse seen in the depth;  
RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle; N: Needle confirmation before placement of working port

A B

A B
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Table 1: Age distribution of patients with different types of PRS according to its extent

PRS type

Hernias Patients Age, mean ± SD (range)

CID t- or f-value

  Sig. 

(2-tailed)   p-valuen % n % Years

IC-PRS 54 79.4 47 78.3 51.64 ± 16.42 (18–80) −3.508 to 17.868 t = 1.3447  0.184 >0.05
C-PRS 14 20.6 13 21.7 44.46 ± 19.23 (19–72)
Total 68 100 60 100
IC-PRS types
NIC 41 75.9 35 74.5 50.51 ± 17.86 (18–80) – F2 44 = 0.318  0.729 >0.05
LIC 10 18.5 9 19.1 55.22 ± 11.63 (40–72)
SIC 3 5.6 3 6.4 54 ± 12.17 (40–62)
C vs NIC vs LIC vs SIC – – – – – – F3 56 = 0.785  0.507 >0.05
Total 54 100 47 100
CID: 95% confidence interval of difference; t: independent-sample t-test value; F: one-way analysis of variance value; p > 0.05: insignificant

Table 2: The BMI distribution of patients with different types of PRS according to its extent

PRS type

Hernia Patient BMI, mean ± SD (range) kg/m
2

CID t- or f-value

Sig. 

(2-tailed)   p-valuen % n % Years

IC-PRS 54 79.4 47 78.3 22.54 ± 2.22 (19.3–31.2) −1.471 to 1.0914 t = 0.2968 0.7677 >0.05
C-PRS 14 20.6 13 21.7 22.73 ± 1.13 (20.9–24.3)
Total 68 100 60 100
IC-PRS types
NIC 41 75.9 35 58.3 22.20 ± 1.65 (19.3–27.5) – F2 44 = 23.303 0 <0.001
LIC 10 18.5 9 15.0 21.81 ± 0.71 (20.9–23.2)
SIC 3 5.6 3 5.0 28.63 ± 2.38 (26.5–31.2)
C vs NIC vs 
LIC vs SIC

– – – – – – F3 56 = 17.314 0 <0.001

Total 54 100 47 100
CID: 95% confidence interval of difference; t: independent-sample t-test value; F: one-way analysis of analysis value; p > 0.05: insignificant

Table 3: Age distribution of the patients with various morphological types of PRS

PRS type

Hernias Patients Age, mean ± SD (range) kg/m
2

f-value Sig. (2-tailed)  p-valuen % n % Years

WT + MT 44 64.71 39 65.00 44.18 ± 17.51 (18–80) F3 56 = 0.895 0.449 >0.05
PT 16 23.53 14 23.33 52.64 ± 15.66 (21–80)
TO 4 5.88 4 6.67 51.00 ± 26.41 (20–80)
GA 4 5.88 3 5.00 48.67 ± 12.20 (35–58)
Total 68 100 60 100
WT also includes 1 case of MT PRS to avoid invalidation of statistical analysis due to n less than 2 in any group; F: one-way analysis 
of variance value; Sig.: Significance value; p > 0.05: not significant

Table 4: The BMI distribution of the patients with different types of PRS according to its morphology

PRS type

Hernias Patients BMI, mean ± SD (Range) kg/m
2

f-value Sig. (2-tailed)  p-valuen % n % Years

WT + MT 44 64.71 39 65.00 22.85 ± 2.34 (19.3–31.2) F3 56 = 0.716 0.547 >0.05
PT 16 23.53 14 23.33 21.96 ± 1.22 (19.5–23.8)
TO 4 5.88 4 6.67 22.15 ± 1.39 (20.9–23.5)
GA 4 5.88 3 5.00 22.47 ± 0.84 (21.5–23.00)
Total 68 100 60 100
WT also includes 1 case of MT PRS to avoid invalidation of statistical analysis due to n less than 2 in any group; F: one-way analysis 
of analysis value; Sig.: Significance value; p > 0.05: not significant

(WT	+	MT,	PT,	TO,	and	GA)	of	the	PRS	morphology	(Tables	3	 
and 4). In other words, the PRS morphology was inde-
pendent of the changes in the age or BMI of the patients.

The	normal-length	whole-tendinous	(NWT)	incom-
plete PRS is traditionally known as the classical type 

as compared with the other types, which are called the 
variant types (Tables 5 and 6). The classical morphology 
(NWT)	of	the	PRS	was	seen	in	31	out	of	68	cases,	while	
variant PRS was observed in 37 instances. The classical 
and variant groups of the PRS were not significantly 
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different (p > 0.05) with respect to the mean age and BMI 
of the patients (Tables 5 and 6). In other words, the PRS 
morphology was not affected by the variations in the age 
or BMI of the individuals.

The	five	morphological	groups	(WT,	MT,	PT,	TO,	and	
GA) of the variant PRS were categorized into further 11 
subgroups according to the extent of the PRS (Tables 
5 and 6). The different morphological subtypes of the 
variant PRS (n = 37) included short whole tendinous 
(SWT)	 in	 3	 cases,	 LWT	 in	 3	 (Fig.	 8),	 complete-length	
whole	tendinous	(CWT)	in	6,	NPT	in	8,	LPT	in	7,	NTO	in	
1, complete-length thinned out (CTO) in 3, normal-length 
grossly attenuated (NGA) in 1, complete-length grossly 

attenuated (CGA) in 3, CPT in 1, and complete-length 
musculo-tendinous (CMT) in 1 case of a young student 
accustomed to regular gymnasium exercises (Tables 5 
and 6).

The 11 subgroups of the variant PRS morphology 
(SWT,	LWT,	NPT,	LPT,	NTO,	NGA,	CWT,	CTO,	CGA,	CPT,	
and CMT) were not different significantly (p > 0.05) with 
respect to the age of the patients (Table 5). However, they 
were different very significantly (p < 0.001) with respect 
to	the	BMI	of	the	patients.	The	patients’	mean	BMI	(28.63	
± 2.38 kg/m2)	in	the	short	whole	(SWT)	variant	subgroup	
was	much	higher	as	compared	with	the	patients’	mean	
BMI (21.00 ± 0.00 kg/m2 to 23.90 ± 0.00 kg/m2) in the other 

Table 6: The BMI distribution of patients with various subtypes of PRS according to the combined features of its morphology and extent

PRS type

Hernias Patients BMI, mean ± SD (range) 

years CID t- or f-value Sig. (2-tailed)   p-valuen % n %

NWT 31 45.6 27 45.00 22.29 ± 1.70 (19.3–27.5) −1.5867 to 0.5267 t = 1.004 0.3196 >0.05
V-PRS 37 54.4 33 55.00 22.82 ± 2.27 (19.5–31.2)
Total 68 60
SWT 3 8.1 3 9.1 28.63 ± 2.38 (26.5–31.2)
NPT 8 21.6 7 21.2 22.03 ± 1.60 (19.5–23.8)
LPT 7 18.9 7 21.2 21.89 ± 0.80 (20.9–23.2)
LWT 3 8.1 2 6.1 21.55 ± 0.07 (21.5–21.6)
NTO 1 2.7 1 3.0 21.00 ± 0.00 (–) – F10 26 = 7.616 0 <0.001
CTO 3 8.1 3 9.1 22.53 ± 1.42 (20.9–23.5)
CGA 3 8.1 3 9.1 22.47 ± 0.84 (21.5–23.0)
CMT 1 2.7 1 3.0 23.90 ± 0.00 (–)
CWT 6 16.2 6 18.2 22.77 ± 1.29 (21.1–24.3)
CPT 1 2.7 OS – 23.00 ± 0.00 (–)
NGA 1 2.7 OS – 21.50 ± 0.00 (–)
Total 37 100 33 100
OS: Opposite side; CID: Confidence interval of difference; t: independent-sample t-test value; F: one-way analysis of analysis value; 
Sig.: Significance value; p > 0.05: not significant

Table 5: Age distribution of various subtypes of PRS according to the combined features of its morphology and extent

PRS type

Hernias Patients Age, mean ± SD (range)

CID t- or f-value Sig. (2-tailed)  p-valuen % n % Years

NWT 31 45.6 27 45.00 49.67 ± 17.48 (18–80) −9.7357 to 8.2357 t = 0.1671 0.8679 >0.05
V-PRS 37 54.4 33 55.00 50.42 ± 17.15 (19–80)
Total 68 100 60 100
V-PRS type

SWT 3 8.1 3 9.1 54 ± 12.17 (40–62)
LWT 3 8.1 2 6.1 53.5 ± 4.95 (50–57)
CWT 6 16.2 6 18.2 48.17 ± 21.74 (20–72)
CMT 1 2.7 1 3.0 19.00 ± 0.00 (–)
NPT 8 21.6 7 21.2 49.57 ± 18.28 (21–80)
LPT 7 18.9 7 21.2 55.71 ± 13.23 (40–72) – F10 26 = 1.088 0.407 >0.05
CPT 1 2.7 OS – 35.00 ± 0.00 (–)
NTO 1 2.7 1 3.0 80.00 ± 0.00 (–)
CTO 3 8.1 3 9.1 41.33 ± 22.03 (20–64)
NGA 1 2.7 OS – 72.00 ± 0.00 (–)
CGA 3 8.1 3 9.1 48.67 ± 12.20 (35–58)
Total 37 100 33 100
OS: Opposite side; t: independent-sample t-test value; F: one-way analysis of analysis value; Sig.: Significance value; p > 0.05: not 
significant
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10 subgroups of the variant PRS morphology and the 
difference was highly significant statistically (p < 0.001) 
(Table 6). In other words, the PRS tends to be well-defined 
and shorter in the overweight/obese persons.

Layers of PRS

In	 all	 patients	 with	 the	 4	 categories	 of	 WT,	 MT,	 TO,	
and GA, the PRS consisted of a single layer (SM) only. 
However, the PRS in the PT category was found as a 
double membranous layer (DM) in 8 out of 16 cases (Fig. 9) 
and as a single membranous layer (SM) in the remaining 
eight patients, i.e., in the PT category, the PRS was found 
consisting of single layer (SM) in only 50% of the cases 
but consisted of double layer (DM) in the remaining 50% 
of PT-PRS group, especially in the patients with long PRS 
(n = 7) and complete PRS (n = 1) (Fig. 9).

There was no significant difference in the mean age, 
BMI, and ASA grade of the patients between the SM and 
DM groups. However, there was a highly significant 
correlation between the PRS types and the PRS extent 
(p < 0.001); the likelihood ratio was very highly significant 
(p < 0.001), and the linear-by-linear association was also 
highly significant (p < 0.01) (Graph 1).

It is of interest to acknowledge that during the initial 
telescopic dissection in the posterior rectus canal, the 
laparoscope used to enter the cave of Retzius readily 
and smoothly in an avascular fashion in all our patients, 
suggesting that the posterior rectus space/canal directly 
communicated with the retropubic space of Retzius. 
However, the pubic bones were not seen bare due to 
the regular presence of a fascia in direct continuity of 
the rectusial epimysium/fascia (Figs 2 to 8) as reported 
earlier.10 In this situation, the retropubic space was found 
bounded posteriorly by the transversalis fascia alone or 
by both the complete PRS (if present, vide supra) and the 
transversalis fascia.

Bilateral Anatomy of PRS

In patients undergoing the bilateral TEPP hernioplasty  
(n = 8), the PRS on the left side was long incomplete 
(LIC) in 7 cases and complete in 1 case. However, the PRS 
extent on the right side was found complete in 3 cases, 
and incomplete in 5 cases; and the incomplete PRS was 
of the classical extent (3–6 cm) in 3 cases (NIC) and long 
(>6 cm) in 2 cases (LIC) (Table 7). Ratio of incomplete and 
complete	PRS	was	1.6:1	and	7:1	on	the	right	and	left	sides	
respectively, i.e., complete PRS tend to occur more com-
monly on the right side. The types of the incomplete PRS 
(NIC vs LIC) were also found variable on the two sides 
of the body (Table 7). The PRS extent was a mirror image 
in only 4 out of 8 cases (bilateral classical incomplete in  
3 cases and bilateral complete in 1 case), while it was  
not mirror image in the remaining 4 cases (complete vs 

Figs 9A and B: Dissection in posterior rectus canal showing double-layered complete PRS (double PRS): (A and B) Double-layered 
PRS (D-PRS) is seen clearly after creation of an artificial arcuate line (arrow) about half-way surgically in a patient with complete 
PRS; 1: First layer of PRS; 2: Second layer of PRS

Graph 1: Correlation between the PRS-PT types and the PRS 
extent. SM: Single membranous; DM: Double membranous; NIC: 
Classical incomplete; LIC: Long incomplete; C: Complete; Pearson 

CHISQ CC: R = 16.000, df 2, Sig. 0.000, p < 0.001; Likelihood Ratio: 
R = 22.181, df 2, Sig. 0.000, p < 0.001; Linear-by-Linear Association: 
R = 9.615, df 2, Sig. 0.002, p < 0.01

A B
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classical incomplete (NIC) in 2 cases, and long incomplete 
(LIC) vs classical incomplete (NIC) in 2 cases) (Table 7).

In only 5 out of 8 cases, the PRS morphology was 
mirror	 image	 on	 the	 two	 sides	 of	 the	 body	 (WT	 both	
sides in 4 cases, and PT in 1 case), and in the remaining 
3 cases, the PRS morphology was not mirror image (GA 
vs PA in 1 case; tendinous vs GA in 1 case; and PA vs	WT	
in 1 case) (Table 7).

In terms of both the PRS extent and morphology, the 
mean age and BMI of patients did not differ significantly 
(p > 0.05) between the two subgroups of the mirror and 
nonmirror anatomy (Tables 8 and 9). In other words, the 
PRS anatomy did not tend to differ on the two sides of the 
body with respect to the age or BMI of the individuals.

In patients undergoing bilateral TEPP hernioplasty, 
asymmetry of both the PRS extent and morphology was 
seen in only one case of a 72-year-old retired person with 
BMI of 21.8 kg/m2. The patient with twin asymmetry of 
PRS extent and morphology was much older than the 
age (mean age 53.57 ± SD 10.83; 35–65 years), although 

his BMI was comparable with mean BMI (21.77 ± SD 0.65; 
21.1–22.4 kg/m2) (Tables 8 and 9).

Relation of PRS Anatomy with Profession

Distribution of various types of the PRS among the 
different kinds of professional workers is shown in the 
Graph 2. Pearson Chi-squared analysis did not reveal 
any significant correlation between the classical/variant 
PRS and the nature of work (R = 3.466, df 5, Sig. 0.629, 
p > 0.05). Further, Pearson chi-squared analysis also did 
not reveal any significant correlation between the 12 
PRS subtypes (the classical 1, and the variant 11) and 
the	nature	of	patients’	work	(R	=	46.685,	df	55,	Sig.	0.780,	
p > 0.05) (Graph 3).

Moreover, the likelihood ratio and linear-by-linear 
association were also found statistically insignificant 
among the 12 subtypes of the PRS with respect to the 
patients’	occupation	(likelihood	ratio:	R	=	42.283,	df	55,	
Sig.	0.895,	p	>	0.05;	linear-by-linear	association:	R	=	0.330,	
df 1, Sig. 0.566, p > 0.05) (Graph 3).

Table 9: The BMI of patients with mirror and nonmirror anatomy of PRS on two sides of the body in patients with bilateral hernias

Anatomy Type n % BMI, mean ± SD (range) kg/m
2

CID t- value Sig. (2-tailed)  p-value

PRS extent Mirror 4 50 21.38 ± 0.80 (20.5–22.4) −3.285 to 1.4453 0.9517 0.3780 >0.05
Nonmirror 4 50 22.30 ± 1.76 (202–24.4)

PRS morphology Mirror 5 62.5 21.88 ± 1.74 (20.2–24.4) −2.550 to 2.7701 0.1012 0.9227 >0.05
Nonmirror 3 37.5 21.77 ± 0.77 (21.1–22.4)

PRS extent and 
morphology

Mirror 7 87.5 21.77 ± 0.65 (21.1–22.4)   NA NA NA   NA
Nonmirror 1 12.5 21.84

NA: t-test not applicable due to n < 2 in one group; CID: Confidence interval of difference; t: independent-sample t-test value; Sig.: 
Significance value; p > 0.05: not significant

Table 7: Anatomy of PRS in the consecutive bilateral inguinal hernias (n = 8) in patients who underwent TEPP hernioplasty

PRS extent PRS extent subtypes PRS morphology PRS extent and morphology

Right side Left side Right side Left side Right side Left side Right side Left side

IC IC NIC NIC PT PT NPT NPT
IC 1C NIC NIC WT WT NWT NWT
C C C C GA PT* CGA CPT*
C IC* C NIC* WT WT CWT NWT*
C IC* C NIC* WT GA* CWT NGA*
IC IC* LIC NIC* WT WT LWT NWT*
IC IC NIC NIC PT WT* NPT NWT*
IC IC LIC NIC* WT WT LWT NWT*
*Different PRS type on contralateral side

Table 8: Age of patients with mirror and nonmirror anatomy of PRS on two sides of the body in patients with bilateral hernias

Anatomy Type n % Age, mean ± SD (range) years CID t-value Sig. (2-tailed)  p-value

PRS extent Mirror 4 50 47.5 ± 10.40 (35–60) −24.925 to 7.9253 1.2663 0.2524 >0.05
Nonmirror 4 50 56.00 ± 8.49 (45–65)

PRS morphology Mirror 5 62.5 56.00 ± 8.49 (45–65) −22.754 to 23.4139 0.0350 0.9732 >0.05
Nonmirror 3 37.5 55.67 ± 18.88 (35–72)

PRS extent and 
morphology

Mirror 7 87.5 53.57 ± 10.83 (35–65)   NA NA NA   NA
Nonmirror 1 12.5 72

NA: t-test not applicable due to n < 2 in one group; CID: Confidence interval of difference; t: independent-sample t-test value; Sig.: 
Significance value; p > 0.05: not significant
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Clinical Outcome

All 60 patients successfully underwent 68 TEPP hernio-
plasties (unilateral TEPP 54; bilateral TEPP 8). There was 
no conversion due to the difficult dissection secondary 
to the so-called adhesions or inflammatory reactions. 
There was no recurrence of inguinal hernia after TEPP 
hernioplasty in the mean follow-up period of 33 ± 17 
months (5–61 months).

DISCUSSION

Wide	anatomic	variations	observed	in	the	present	study	are	
in tune with the several previous reports of gross cadaveric 
dissections.3-6,15-18 No report on the live surgical anatomy of 
the rectus sheath was available in the English literature to 
the	best	of	the	author’s	knowledge.	It	is	interesting	to	recall	
that in 1960, Anson et al17 in their classic publication on 500 

groin dissections documented 43 variations in defects and 
musculoaponeurotic insertions of the internal oblique and 
transversus abdominis in the inguinal region.

The PRS in the present study was found neither closely 
applied nor attached/adherent to the undersurface of the 
rectus abdominis muscle. Our observations were in full 
agreement with those of other authors.19-21 This anatomic 
feature really facilitates the technical feasibility of not only 
the rectus sheath technique of the TEPP hernioplasty, but 
also the smooth avascular telescopic dissection, obviating 
the need of the specialized dissecting balloon.

Classical teaching describes the PRS as incomplete with 
formation of the Arcuate line of Douglas at its lower end.19-

21 However, this anatomic disposition is often lacking,17,18 
and wide variations in the rectus sheath formation have 
been reported from time-to-time.2 Twelve subtypes of 
the PRS were documented in various proportions in the 

Graph 2: Distribution of the classical and 11 variant subtypes of PRS-morphology. Observed during TEPP hernioplasty (n = 68) in the different 
workers (n = 60); NWT: Normal-length whole-tendinous; SWT: Short whole-tendinous; LWT: Long whole-tendinous; CWT: Complete whole-
tendinous; CMT: Complete musculo-tendinous; NPT: Normal-length partly tendinous; LPT: Long partly-tendinous; CPT: Complete partly-tendinous; 
NTO: Normal-length thinned-out; CTO: Complete thinned-out; NGA: Normal-length grossly attenuated; CGA: Complete grossly attenuated;

Graph 3: Correlation between PRS types and occupation; NWT: Normal-length whole-tendinous; SWT: Short whole-tendinous; LWT: Long 
whole-tendinous; CWT: Complete whole-tendinous; CMT: Complete musculo-tendinous; NPT: Normal-length partly tendinous; LPT: Long 
partly-tendinous; CPT: Complete partly-tendinous; NTO: Normal-length thinned-out; CTO: Complete thinned-out; NGA: Normal-length 
grossly attenuated; CGA: Complete grossly attenuated
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Graph 4: Comparative morphology of the incomplete PRS: Ansari 
vs Rizk: WT: Whole-tendinous; MT: Musculo-tendinous; PT: Partly 
tendinous (upper part tendinous and lower part fascia-like thinned-
out); TO: Thinned out throughout; GA: Grossly attenuated with 
tendinous bands (numbers indicate percentage)

present	study	 (NWT,	SWT,	LWT,	CWT,	NPT,	LPT,	CPT,	
NTO, CTO, NGA, CGA, and CMT) based on its twin ana-
tomic features of morphology and extent (Tables 5 and 6, 
vide supra).

Way	back	in	1940,	McVay	and	Anson16 reported the 
occurrence of the classical PRS, i.e., incomplete tendinous 
PRS	with	a	single	sharp	well-defined	arcuate	line	(SWD-AL)	 
in only 2 out of their 56 specimens (3.6%). Rizk4 also 
observed	the	classical	PRS	with	SWD-AL	in	only	1.25%	in	
a study of 80 cadaver sides (Graph 4). Arregui1 described 
that the PRS is of variable thickness and almost always 
continues below the arcuate line, if one is present, albeit 
in an attenuated form up to the symphysis pubis.

The incomplete PRS was recently documented in only 
80% of human cadavers by Mwachaka et al.6 This was 
confirmed by the present observation of 79% incidence 
of the incomplete PRS in patients undergoing TEPP her-
nioplasty. These observations are in sharp contrast to the 
other previous cadaveric studies.

Loukas et al12 observed three distinct types of the 
incomplete PRS in a study of 100 cadavers, viz., (1) gradual 
thinning with absent arcuate line (65%), (2) tendinous 
with well-defined arcuate line (25%), and (3) attenuated 
with thickened tendinous bands and double arcuate lines 
(10%). The present study showed a reverse phenomenon 
in the PRS anatomy, i.e., the incomplete PRS was tendi-
nous in a high percentage of 68% and variably attenuated 
in the remaining 32% of the cases (Graph 5).

Anson et al17 documented that “occasionally … the 
medial margin of the Linea Semicircularis is attached to 
the pubic crest, not to the linea alba", i.e., the PRS was often 
found complete extending up to the pubic symphysis in 
their study. McVay18	supported	Anson’s	observations.	In	
2001, Spitz and Arregui22 has pointed out that “Much 
of the confusion regarding the preperitoneal fascia, the 

posterior rectus fascia, and the transversalis fascia may 
stem from the erroneous anatomical preoccupation that 
all fibres of the rectus sheath pass anterior to the rectus 
muscle below the arcuate line.”

Rizk4 reported presence of the complete PRS in 98.75% 
of the human cadavers (80 sides), and his observations 
were supported by Arregui.1 However, the present study 
documented the complete PRS in only 21% during the 
laparoscopic TEPP hernia repair, which is in full agree-
ment with its incidence of 20% in the cadavers studied 
by Mwachaka et al.6

In terms of the morphology of the complete PRS, 
Arregui1 observed in 1997 that the PRS was generally 
complete, being partly tendinous above the arcuate line 
and partly attenuated fascia-like below the arcuate line. 
Present study documented five morphology types of  
complete PRS, and this was in tune with four types 
of morphology of the complete PRS reported by Rizk4 
(Graph 6). However, the complete PRS was whole-tendi-
nous/musculo-tendinous PRS in only 50% of our cases 
and variably attenuated PRS in the remaining 50%, while 
Rizk4 documented the normal thickness (tendinous) of 
the complete PRS and its variable attenuation in 90 and 
10% of cases respectively (Graph 6).

Our observation of the musculo-aponeurotic complete 
PRS in only 1.5% of hernia repair is at variance with its 
much higher incidence of 11.5 and 57.5% in cadaveric 
studies reported by Mwachaka et al5 and Monkhouse 
and Khalique3 respectively. The musculo-tendinous 
PRS in the present study was seen in a young student 
accustomed to regular gymnasium exercises. This is  
easily understandable, but may not be necessarily true. It 
is unfortunate that other two investigators reporting its 
higher incidence did not elaborate any correlation between 
the PRS nature and the profession of the individuals.

Graph 5: Comparative morphology of incomplete PRS: Ansari 
vs Loukas; WT: Whole-tendinous; MT: Musculo-tendinous; PT: 
Partly tendinous (upper part tendinous and lower part fascia-like 
thinned-out; TO: Thinned-out throughout; GA: Grossly attenuated 
with tendinous bands (numbers indicate percentage)
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It is being increasingly recognized that the termina-
tion of the PRS is usually gradual, but may occasionally be 
abrupt with formation of a well-defined arcuate line.1,11,22 
Cunningham et al23 reported a gradual thinning of the 
PRS with absence of the arcuate line in 10% of the human 
cadavers (n = 19). The present study documented this 
phenomenon of attenuation in only 1.5% of the hernia 
repairs (n = 68) or 7% of all complete PRS cases (Graph 6).

In a classic first laparoscopic study, Arregui1 observed 
in 1997 that “In many dissections, we have also noticed 
that this posterior fascial sheet is made up of more than 
one layer further supporting the idea that this is a continu-
ation of the attenuated PRS…”. Later in 2001, Spitz and 
Arregui22 observed that “with the improved optics and 
magnification afforded by the laparoscope, we have seen, 
as mentioned earlier, that the PRS continues in a variably 
attenuated	fashion	below	the	arcuate	line.	We	are	also	able	
to see that the PRS is comprised of more than one layer 
below the arcuate line.” Their observations supported the 
findings of Anson et al.17 In the present study, a double-
layered PRS was seen in 50% of the PT category (n = 16) 
of the PRS only, resulting in its overall incidence of 11.8%.

Colborn and Skandalakis24 reported nonmirror 
anatomy of the PRS in about 30% of the cadaveric dissec-
tions. Present study documented nonmirror morphology 
of the PRS in 37.5% of the hernia repairs, which is in tune 
with that of the Colborn and Skandalakis24; however, the 
PRS extent in our study was nonmirror in a much higher 
percentage of 50% (Graph 7). Rizk4 reported nonmirror 
anatomy of the PRS in only 2.5% of cadavers, especially in 
terms of the PRS extent and the PRS morphology was found 
similar on the two sides of the body even in these cases.

The extent and/or morphology of the PRS did not vary 
significantly with respect to the age or profession of the 

patients	in	the	present	study.	With	respect	to	the	BMI	of	
the patients, the PRS extent was found to vary significantly 
and the short PRS tended to occur mainly in the over-
weight/obese patients. To the best of our knowledge, there 
is no clinical report cited in the literature in this regard for 
our comparative assessment. Therefore, this phenomenon 
(occurrence of shorter PRS in overweight/obese individu-
als) needs, in view of the very small number of patients 
in this group, validation by a larger laparoscopic study.

Recurrence after TEPP hernioplasty for the primary 
inguinal hernia has come down markedly to 0.1 to 0.5% 
in recent years.25,26 However, some recent studies have 
reported even 0% recurrence rate after primary laparo-
scopic repair through the TEPP approach.27-29 Present 
study also did not record any instance of hernia recurrence 
in the mean follow-up period of 33 months. Presently zero-
recurrence rate is cherished by many TEPP surgeons, espe-
cially in surgical forums and live operative workshops. 
As it is evident also in the present study, identification of 
the variability of the structures is really important for the 
success of the seamless laparoscopic hernia repair with 
better outcomes.1,30	We	agree	with	Faure	et	al25 that “the 
requirement for a flawless knowledge of preperitoneal 
anatomy and its variations” is essential for performing the 
well-organized preperitoneal repair with ease and safety. 
Moreover,	we	now	believe	the	prophetic	Words	of	Spitz	
and Arregui22 that “As comprehensive knowledge of the 
preperitoneal fascial anatomy becomes more widespread, 
there likely will be a broader application of the laparo-
scopic preperitoneal hernia repair.”

The present study has rather two limitations—one, the 
sample size is rather small, and second, there is absence 
of female patients in the study, because inguinal hernia 
is one of the commonest surgical procedures in general 
surgery and that the inguinal hernia is known to occur 
in both sexes albeit rarely in females.

Graph 7: Comparative distribution of mirror and nonmirror anatomy 
of the PRS on the two sides of the body (Numbers indicate 
percentage)

Graph 6: Comparative morphology of the complete PRS: Ansari 
vs Rizk; WT: Whole-tendinous; MT: Musculo-tendinous; PT: Partly 
tendinous (upper part tendinous and lower part fascia-like thinned-
out); TO: Thinned out throughout; GA: Grossly attenuated with 
tendinous bands; (Numbers indicate percentage)
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CONCLUSION

The PRS varies markedly in its extent and morphology. 
The present study documented the occurrence of the 
classically described PRS in only 46% of the laparo-
scopic TEPP hernia repairs, while in the remaining 
54% of the cases, the PRS was found variant in extent 
and/or	morphology.	Variant	PRS	included	SWT	(4.4%),	
LWT	 (4.4%),	 CWT	 (8.8%),	 NPT	 (11.8%),	 LPT	 (10.3%),	
NTO (1.5%), CTO (4.4%), NGA (1.5%), CGA (4.4%), CPT 
(1.5%), and CMT (1.5%). Moreover, the PRS anatomy did 
not have mirror image on the two sides of the body in 
75% of the bilateral hernias. Early conversion second-
ary to unforeseen anatomic variation was seen in 1.6%, 
but there was no conversion secondary to the so-called 
difficult dissection. There was no recurrence of hernia.

CLINICAL SIgNIfICANCE

Truly new visions of the structures known for centuries are 
realized under excellent perspective and magnification of 
laparoscopy,7 and therefore, continued research in the lapa-
roscopic live surgical anatomy cannot be overemphasized 
in the current era of the newer laparoscopic approaches as 
had been rightly recommended by Arregui1 and Avisse 
et al.7 The requirement for a crisp, precise knowledge of 
preperitoneal anatomy and the timely identification of 
its variations for performing the seamless laparoscopic 
hernia repair with better outcomes cannot be overem-
phasized,1,25,30 as is also evident from the present study.
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Posterior Rectus Sheath: A Prospective Study of 
Laparoscopic Live Surgical Anatomy during Total 
Extraperitoneal Preperitoneal Hernioplasty
Maulana M Ansari

ABSTRACT
Aim: Posterior rectus sheath (PRS) recently assumed great 
importance during laparoscopic total extraperitoneal preperito-
neal (TEPP) hernioplasty. However, literature is scanty and cadav-
eric. Novel observations on live PRS anatomy are reported here.

Materials and methods: Totally, 60 male patients with primary 
inguinal hernia underwent 68 TEPP hernioplasties. Standard 
3-midline-port technique was used with telescopic dissection. 
Data were analyzed as mean ± standard deviation (SD).

Results: All patients were male with mean age and body 
mass index of 50.1 ± 17.2 years (18–80) and 22.6 ± 2.0 kg/m2  
(19.5–31.2) respectively. The classically described PRS 
(normal-length whole tendinous) was found in only 46% of 
the cases, while in the remaining 54%, the PRS was found as 
variant types, which included short whole-tendinous (4.4%), 
long whole tendinous (LWT) (4.4%), complete-length whole 
tendinous (8.8%), normal-length partly tendinous (NPT) 
(11.8%), long partly tendinous (LPT) (10.3%), normal-length 
thinned-out (NTO) (1.5%), complete-length thinned-out (4.4%), 
normal-length grossly attenuated (1.5%), complete-length 
grossly attenuated (4.4%), complete-length partly tendinous 
(CPT) (1.5%), and complete-length musculo-tendinous (CMT) 
(1.5%). Additionally, anatomy of the PRS was not a mirror 
image on the two sides of the body in 75% of patients with 
bilateral hernias. No hernia recurrence occurred in mean 
follow-up of 33 months.

Conclusion: Posterior rectus sheath varied markedly in 
its extent and morphology, resulting in its categorization of  
12 types. Truly new visions of the structures known for centuries 
are realized under excellent perspective and magnification of 
laparoscopy, and, therefore, continued anatomic research is 
strongly recommended.

Clinical significance: Crisp, precise knowledge of preperito-
neal anatomy is of paramount importance for timely identifica-
tion of its variations in order to perform a seamless laparoscopic 
hernia repair with better outcome.

Keywords: Clinical research, Laparoscopic live surgical 
anatomy, Posterior rectus canal, Posterior rectus sheath, Pre-
peritoneal anatomy, Total extraperitoneal preperitoneal access 
anatomy, Total extraperitoneal preperitoneal anatomy.
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INTRODUCTION

The oversimplified traditional description of the ingui-
nal anatomy is still taught in our anatomy classrooms, 
leading to a fixed mindset that often proves counter-
productive for instant recognition and precise dissec-
tion of the anatomical structures required during the 
laparoscopic surgery.1 This seems true not only for the 
upcoming young surgeons, but also the seasoned senior 
surgeons. Inadequate understanding and improper dis-
section of the preperitoneal anatomy is now regarded 
as the main cause of difficulties during the TEPP her-
nioplasty, especially in presence of the wide anatomic 
variations reported from time-to-time over the last 
several decades,2-6 which received little/no attention of 
the anatomists and the practicing surgeons alike.1 In view 
of the sparse/scanty research work on the laparoscopic 
live surgical anatomy available in the literature, especially 
in relation to the TEPP access anatomy,1,7 a prospective 
first-of-its-kind laparoscopic study of the PRS was under-
taken and its partial observations were published as the 
interim result by the author8 in order to create a general 
awareness among the surgical fraternity, especially the 
upcoming young hernia surgeons, and to get feedback 
from them to make the present study more illuminating 
and fruitful at completion, which is presented herein. 
Laparoscopic live surgical anatomy (morphology and 
extent) of the PRS is primarily addressed here with its 
possible clinical significance.

MATERIALS AND METHODS

A prospective study was conducted in the form of a 
doctoral research for award of doctorate in surgery. 
Infraumbilical PRS was carefully studied under the 
excellent perspective and magnification of the preperi-
toneal laparoscopy. Laparoscopic TEPP was performed 
in the Department of Surgery, Jawaharlal Nehru Medical 
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College, Aligarh Muslim University, Aligarh, Uttar 
Pradesh, India, during a period w.e.f. April 2010 to 
November 2015. All patients with inguinal hernia were 
operated under the ethical clearance of our Institutional 
Ethics Committee and written informed consent.

Selection Criteria for Recruitment in the Study

•	 Patient’s	choice	under	the	informed	consent.
•	 Patient’s	good	financial	status:	The	existing	financial	

circumstances	 of	 the	 patients	 including	 patients’	
ability to expend extra money for the laparoscopic 
procedure (our institution charges double for the 
laparoscopic hernioplasty as compared with the open 
hernioplasty).

•	 Preoperative	feasibility	of	laparoscopic	hernioplasty	
based on the preanesthetic check-up (PAC) in outpa-
tient department.

•	 Availability	of	 functioning	 laparoscopic	equipment	
and instruments.

•	 Availability	of	the	expertise	(laparoscopic	surgeon).

Inclusion Criteria of the Study

•	 Patients	with	age	more	than	18	years
•	 Patients	with	uncomplicated	fully	reducible	primary	

inguinal hernia
•	 Patients	with	American	Society	of	Anesthesiologists	

(ASA) grades I to II only
•	 Written	informed	consent	for	laparoscopic	repair	of	

inguinal hernia

Exclusion Criteria of the Study

•	 Patient’s	refusal	for	laparoscopic	repair
•	 Patients	with	age	less	than	18	years
•	 Patients	with	severe	comorbid	disease	(ASA	grades	

III–V)
•	 Patients	with	recurrent	inguinal	hernia
•	 Patients	with	complicated	inguinal	hernia	(irreducible/ 

inflamed/obstructed/strangulated)
•	 Patients	with	femoral	and	other	groin	hernia
•	 Patients	with	history	of	lower	abdominal	surgery

Surgical Technique

Under general anesthesia with patient supine, the dis-
tance between the umbilicus and the upper border of the  
pubic symphysis was first measured and, thereafter,  
the laparoscopic TEPP hernioplasty was performed with 
the standard 3-midline port technique as reported earlier 
by the author.9,10 Access to the posterior rectus canal was 
obtained by open method through a 2 cm infraumbilical 
incision in skin and anterior rectus sheath ipsilateral  
to the side of inguinal hernia. After placement and  

fixation of an 11-mm optical trocar, the initial dissection 
in posterior rectus canal was performed with unhurried 
to-and-fro movements of the 0° 10-mm laparoscope 
with careful observation and documentation of PRS 
extent and morphology. Two 5-mm working ports were 
placed in the midline lower down for further dissection 
(Fig. 1) in the retropubic and inguinal regions for mesh 
placement.

As per the traditional teaching through major 
anatomy textbooks,11 the anterior rectus sheath is con-
sidered as complete as it is covering the whole length of 
the rectus abdominis muscle, while the PRS is consid-
ered incomplete, as it covers the undersurface of only 
the upper two-thirds of the rectus abdominis muscle 
and ends short of the pubic symphysis with formation 
of an Arcuate line (of Douglas). Based on two factors, 
viz., firstly, our present understanding based on current 
literature11-13 that the Arcuate line is generally present at 
about one-thirds of the distance from umbilicus to the 
pubic symphysis (U-PS), and secondly, the maximum 
U-PS of 18.0 cm recorded in the present study, the 
infraumbilical incomplete PRS (IC-PRS) was arbitrarily 
divided into three categories for further reference and 
discussion:	(1)	The	classical	normal-length	PRS	(U-AL	
3–6 cm), (2) the short PRS (U-AL <3 cm), and (1) the long 
PRS (U-AL >6 cm), where U-AL represents the distance 
from umbilicus to the arcuate line. The PRS extending 
up to the pubic symphysis with/without formation of an 
arcuate line was considered as the complete PRS (C-PRS) 
in the present study.

The demographic data of age, weight (measured 
without footwear), height, and occupation of the patients 
were recorded. Body mass index (BMI) was calculated 
by the formula of weight in kilogram divided by the 
square of the height in meters as recommended in 1991 

Fig. 1: Port placement for laparoscopic TEPP hernioplasty for right 
inguinal hernia: F, foot end of patient; H, head end of patient; 1,  
infraumbilical site with optical port (11 mm) in situ; 2 and 3, site 
for working ports (5 mm); 4, marking for upper border of pubic 
symphysis
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by Deurenberg et al.14 The PRS was observed in terms 
of its extent, morphology, layer, and symmetry in all the 
patients who underwent the laparoscopic TEPP hernio-
plasty for the inguinal hernia. The Statistical Package 
for Social Sciences version 21 was used for the statistical 
analysis. All data were computed as mean ± SD.

RESULTS

Demographic Characteristics of Patients

Sixty out of 63 adult male patients with primary inguinal 
hernia successfully underwent a total of 68 TEPP her-
nioplasties [unilateral 52 (left side 35; right side17), and 
bilateral 8]. Three patients were excluded due to early 
forced conversion before sufficient observations were 
made of the PRS; and the reasons for exclusion included 
early peritoneal injury by the first blunt trocar secondary 

to short PRS as detected on conversion to TAPP (1), early 
inadvertent injury to the deep inferior epigastric vessels 
(1), and early anesthetic problem secondary to excessive 
CO2 retention (1). Three female patients with inguinal 
hernia presenting in the study period were not recruited 
for the laparoscopic hernia repair due to one or more 
exclusion criteria. Mean age and BMI of the 60 patients 
studied were 50.1 ± 17.2 years (18–80) and 22.6 ± 2.0 kg/m2  
(19.5–31.2) respectively. Totally, 49 out of 60 patients were 
in the ASA grade I, while 11 patients were in ASA grade 
II. By occupation, patients were manual laborers (n = 24), 
retired persons (n = 9), office workers (n = 8), students  
(n = 7), farmers (n = 6), and field workers (n = 6).

Extent of PRS

The PRS was found incomplete in 79.4% of cases (Figs 2 to 4)  
and the PRS was complete in 20.6% of cases (Figs 5 to 8),  

Figs 2A and B: Dissection in posterior rectus canal showing incomplete PRS (whole tendinous): (A) An IC-PRS which is tendinous in 
nature throughout with formation of a well-defined arcuate line (black arrow); green arrow indicates the gradual opening of the posterior 
rectus canal with the to-and-fro movement of the telescope; (B) an IC-PRS which is tendinous in nature throughout with formation of 
a well-defined arcuate line (black arrow) in another patient; S: Sign of lighthouse seen in the depth; RA: Rectus abdominis muscle; 
RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle

Figs 3A and B: Dissection in posterior rectus canal showing incomplete PRS (partly thinned out): (A) an IC-PRS, which is tendinous 
in its upper part; (B) an IC-PRS, which is gradually thinned out in its lower part with formation of a rather ill-defined arcuate line (arrow) 
in the same patient; TF: Transversalis fascia; RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle

A

A

B

B
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Figs 4A and B: Dissection in posterior rectus canal showing incomplete PRS (long tendinous): (A) long tendinous incomplete PRS 
(L-PRS) extending up to just short of pubic bone and pectineal ligament; (B) more clearly defined low arcuate line (arrow), which is seen 
situated just above the pectineal ligament covered by corona mortis (c) after the transversalis fascia is dissected off; TF: Transversalis 
fascia; RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle; S: Sign of lighthouse; P: Plastic working port

Figs 5A and B: Dissection in posterior rectus canal showing complete PRS (whole tendinous): (A) A C-PRS, which is tendinous in 
nature throughout and extending up to the pubic symphysis without formation of an arcuate line; S: Sign of lighthouse seen in the 
depth; RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle

Figs 6A and B: Dissection in posterior rectus canal showing complete PRS (partly thinned out): (A and B) a C-PRS which was 
tendinous in its upper part with formation of a partial arcuate line (arrow), but which was continued down in a thinned-out membranous 
fashion in its lower part (extending up to the pubic symphysis found on further dissection); S: Sign of lighthouse seen in the depth;  
RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle; mRF: Medial part of the rectusial fascia, which was inadvertently 
taken down along with the PRS during the telescopic dissection

A

A

B

B

A B
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and mean age and BMI of the patients were not sig-
nificantly different (p > 0.05) between the two groups  
(Tables 1 and 2). In other words, the occurrence of the 
complete and incomplete PRS was independent of the 
age or BMI of the patients.

Based on our criteria (vide supra), three types of 
the incomplete PRS (n = 54) were documented in the 
present study, namely, (1) the normal-length incomplete 
PRS (NIC) in 60.3%, (2) the long incomplete PRS (LIC) 
in 14.7% (Fig. 4), and the short incomplete PRS (SIC) in 
4.4% (Table 1).

The occurrence of the three subgroups of the incomplete 
PRS (NIC, LIC, and SIC) did not vary significantly (p > 0.05) 
with respect to the age of the patients (Table 1). However, 
the BMI of patients with the short incomplete (SIC) PRS was 
statistically much higher (p < 0.001) in comparison with not 

only the other two subgroups (NIC and LIC) of the incom-
plete PRS, but also the complete PRS (Table 2). In other 
words, the overweight/obese patients, albeit limited in 
number, tend to have the short type of the incomplete PRS.

Morphology of PRS

The present study documented 5 morphology types of 
the	PRS:	(1)	whole	tendinous	(WT)	in	43	cases	(Fig.	5),	(2)	
musculo-tendinous (MT) in 1 case, (3) partly tendinous 
(upper part tendinous and then gradually attenuated 
below) (PT) in 16 cases (Fig. 6), (4) thinned-out membra-
nous/fascia-like throughout (TO) in 4 cases (Fig. 7), and 
(5) grossly attenuated lattice like with/without tendinous 
bands (GA) in 4 cases (Fig. 8) (Tables 3 to 5).

There was no significant difference (p > 0.05) in the 
mean age and BMI among the patients with the four types 

Figs 7A and B: Dissection in posterior rectus canal showing complete PRS (whole thinned out): (A) A C-PRS, which is thinned-out 
membranous in nature throughout and extending up to the pubic symphysis without formation of an arcuate line; (B) thinned-out 
membranous C-PRS across which blades of the instruments are visible after the C-PRS was opened up about half-way with creation 
of an artificial arcuate line (arrow) in the same patient; S: Sign of lighthouse seen in the depth; RF: Posterior epimysium (rectusial 
fascia) of rectus abdominis muscle; V: Deep inferior epigastric vessels visible across the thin C-PRS and transversalis fascia

Figs 8A and B: Dissection in posterior rectus canal showing complete PRS (grossly attenuated): (A) A C-PRS, which is grossly 
attenuated with loosely arranged fibers and extending up to the pubic symphysis without formation of an arcuate line; (B) grossly 
attenuated C-PRS with formation of tendinous band in-between in the same patient; S: Sign of lighthouse seen in the depth;  
RF: Posterior epimysium (rectusial fascia) of rectus abdominis muscle; N: Needle confirmation before placement of working port

A B
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Table 1: Age distribution of patients with different types of PRS according to its extent

PRS type
Hernias Patients Age, mean ± SD (range)

CID t- or f-value
  Sig. 
(2-tailed)   p-valuen % n % Years

IC-PRS 54 79.4 47 78.3 51.64 ± 16.42 (18–80) −3.508 to 17.868 t = 1.3447  0.184 >0.05
C-PRS 14 20.6 13 21.7 44.46 ± 19.23 (19–72)
Total 68 100 60 100
IC-PRS types
NIC 41 75.9 35 74.5 50.51 ± 17.86 (18–80) – F2 44 = 0.318  0.729 >0.05
LIC 10 18.5 9 19.1 55.22 ± 11.63 (40–72)
SIC 3 5.6 3 6.4 54 ± 12.17 (40–62)
C vs NIC vs LIC vs SIC – – – – – – F3 56 = 0.785  0.507 >0.05
Total 54 100 47 100
CID: 95% confidence interval of difference; t: independent-sample t-test value; F: one-way analysis of variance value; p > 0.05: insignificant

Table 2: The BMI distribution of patients with different types of PRS according to its extent

PRS type
Hernia Patient BMI, mean ± SD (range) kg/m2

CID t- or f-value
Sig. 
(2-tailed)   p-valuen % n % Years

IC-PRS 54 79.4 47 78.3 22.54 ± 2.22 (19.3–31.2) −1.471 to 1.0914 t = 0.2968 0.7677 >0.05
C-PRS 14 20.6 13 21.7 22.73 ± 1.13 (20.9–24.3)
Total 68 100 60 100
IC-PRS types
NIC 41 75.9 35 58.3 22.20 ± 1.65 (19.3–27.5) – F2 44 = 23.303 0 <0.001
LIC 10 18.5 9 15.0 21.81 ± 0.71 (20.9–23.2)
SIC 3 5.6 3 5.0 28.63 ± 2.38 (26.5–31.2)
C vs NIC vs 
LIC vs SIC

– – – – – – F3 56 = 17.314 0 <0.001

Total 54 100 47 100
CID: 95% confidence interval of difference; t: independent-sample t-test value; F: one-way analysis of analysis value; p > 0.05: insignificant

Table 3: Age distribution of the patients with various morphological types of PRS

PRS type
Hernias Patients Age, mean ± SD (range) kg/m2

f-value Sig. (2-tailed)  p-valuen % n % Years
WT + MT 44 64.71 39 65.00 44.18 ± 17.51 (18–80) F3 56 = 0.895 0.449 >0.05
PT 16 23.53 14 23.33 52.64 ± 15.66 (21–80)
TO 4 5.88 4 6.67 51.00 ± 26.41 (20–80)
GA 4 5.88 3 5.00 48.67 ± 12.20 (35–58)
Total 68 100 60 100
WT also includes 1 case of MT PRS to avoid invalidation of statistical analysis due to n less than 2 in any group; F: one-way analysis 
of variance value; Sig.: Significance value; p > 0.05: not significant

Table 4: The BMI distribution of the patients with different types of PRS according to its morphology

PRS type
Hernias Patients BMI, mean ± SD (Range) kg/m2

f-value Sig. (2-tailed)  p-valuen % n % Years
WT + MT 44 64.71 39 65.00 22.85 ± 2.34 (19.3–31.2) F3 56 = 0.716 0.547 >0.05
PT 16 23.53 14 23.33 21.96 ± 1.22 (19.5–23.8)
TO 4 5.88 4 6.67 22.15 ± 1.39 (20.9–23.5)
GA 4 5.88 3 5.00 22.47 ± 0.84 (21.5–23.00)
Total 68 100 60 100
WT also includes 1 case of MT PRS to avoid invalidation of statistical analysis due to n less than 2 in any group; F: one-way analysis 
of analysis value; Sig.: Significance value; p > 0.05: not significant

(WT	+	MT,	PT,	TO,	and	GA)	of	the	PRS	morphology	(Tables	3	 
and 4). In other words, the PRS morphology was inde-
pendent of the changes in the age or BMI of the patients.

The	normal-length	whole-tendinous	(NWT)	incom-
plete PRS is traditionally known as the classical type 

as compared with the other types, which are called the 
variant types (Tables 5 and 6). The classical morphology 
(NWT)	of	the	PRS	was	seen	in	31	out	of	68	cases,	while	
variant PRS was observed in 37 instances. The classical 
and variant groups of the PRS were not significantly 
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different (p > 0.05) with respect to the mean age and BMI 
of the patients (Tables 5 and 6). In other words, the PRS 
morphology was not affected by the variations in the age 
or BMI of the individuals.

The	five	morphological	groups	(WT,	MT,	PT,	TO,	and	
GA) of the variant PRS were categorized into further 11 
subgroups according to the extent of the PRS (Tables 
5 and 6). The different morphological subtypes of the 
variant PRS (n = 37) included short whole tendinous 
(SWT)	 in	 3	 cases,	 LWT	 in	 3	 (Fig.	 8),	 complete-length	
whole	tendinous	(CWT)	in	6,	NPT	in	8,	LPT	in	7,	NTO	in	
1, complete-length thinned out (CTO) in 3, normal-length 
grossly attenuated (NGA) in 1, complete-length grossly 

attenuated (CGA) in 3, CPT in 1, and complete-length 
musculo-tendinous (CMT) in 1 case of a young student 
accustomed to regular gymnasium exercises (Tables 5 
and 6).

The 11 subgroups of the variant PRS morphology 
(SWT,	LWT,	NPT,	LPT,	NTO,	NGA,	CWT,	CTO,	CGA,	CPT,	
and CMT) were not different significantly (p > 0.05) with 
respect to the age of the patients (Table 5). However, they 
were different very significantly (p < 0.001) with respect 
to	the	BMI	of	the	patients.	The	patients’	mean	BMI	(28.63	
± 2.38 kg/m2)	in	the	short	whole	(SWT)	variant	subgroup	
was	much	higher	as	compared	with	the	patients’	mean	
BMI (21.00 ± 0.00 kg/m2 to 23.90 ± 0.00 kg/m2) in the other 

Table 6: The BMI distribution of patients with various subtypes of PRS according to the combined features of its morphology and extent

PRS type
Hernias Patients BMI, mean ± SD (range) 

years CID t- or f-value Sig. (2-tailed)   p-valuen % n %
NWT 31 45.6 27 45.00 22.29 ± 1.70 (19.3–27.5) −1.5867 to 0.5267 t = 1.004 0.3196 >0.05
V-PRS 37 54.4 33 55.00 22.82 ± 2.27 (19.5–31.2)
Total 68 60
SWT 3 8.1 3 9.1 28.63 ± 2.38 (26.5–31.2)
NPT 8 21.6 7 21.2 22.03 ± 1.60 (19.5–23.8)
LPT 7 18.9 7 21.2 21.89 ± 0.80 (20.9–23.2)
LWT 3 8.1 2 6.1 21.55 ± 0.07 (21.5–21.6)
NTO 1 2.7 1 3.0 21.00 ± 0.00 (–) – F10 26 = 7.616 0 <0.001
CTO 3 8.1 3 9.1 22.53 ± 1.42 (20.9–23.5)
CGA 3 8.1 3 9.1 22.47 ± 0.84 (21.5–23.0)
CMT 1 2.7 1 3.0 23.90 ± 0.00 (–)
CWT 6 16.2 6 18.2 22.77 ± 1.29 (21.1–24.3)
CPT 1 2.7 OS – 23.00 ± 0.00 (–)
NGA 1 2.7 OS – 21.50 ± 0.00 (–)
Total 37 100 33 100
OS: Opposite side; CID: Confidence interval of difference; t: independent-sample t-test value; F: one-way analysis of analysis value; 
Sig.: Significance value; p > 0.05: not significant

Table 5: Age distribution of various subtypes of PRS according to the combined features of its morphology and extent

PRS type
Hernias Patients Age, mean ± SD (range)

CID t- or f-value Sig. (2-tailed)  p-valuen % n % Years
NWT 31 45.6 27 45.00 49.67 ± 17.48 (18–80) −9.7357 to 8.2357 t = 0.1671 0.8679 >0.05
V-PRS 37 54.4 33 55.00 50.42 ± 17.15 (19–80)
Total 68 100 60 100
V-PRS type
SWT 3 8.1 3 9.1 54 ± 12.17 (40–62)
LWT 3 8.1 2 6.1 53.5 ± 4.95 (50–57)
CWT 6 16.2 6 18.2 48.17 ± 21.74 (20–72)
CMT 1 2.7 1 3.0 19.00 ± 0.00 (–)
NPT 8 21.6 7 21.2 49.57 ± 18.28 (21–80)
LPT 7 18.9 7 21.2 55.71 ± 13.23 (40–72) – F10 26 = 1.088 0.407 >0.05
CPT 1 2.7 OS – 35.00 ± 0.00 (–)
NTO 1 2.7 1 3.0 80.00 ± 0.00 (–)
CTO 3 8.1 3 9.1 41.33 ± 22.03 (20–64)
NGA 1 2.7 OS – 72.00 ± 0.00 (–)
CGA 3 8.1 3 9.1 48.67 ± 12.20 (35–58)
Total 37 100 33 100
OS: Opposite side; t: independent-sample t-test value; F: one-way analysis of analysis value; Sig.: Significance value; p > 0.05: not 
significant
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10 subgroups of the variant PRS morphology and the 
difference was highly significant statistically (p < 0.001) 
(Table 6). In other words, the PRS tends to be well-defined 
and shorter in the overweight/obese persons.

Layers of PRS

In	 all	 patients	 with	 the	 4	 categories	 of	 WT,	 MT,	 TO,	
and GA, the PRS consisted of a single layer (SM) only. 
However, the PRS in the PT category was found as a 
double membranous layer (DM) in 8 out of 16 cases (Fig. 9) 
and as a single membranous layer (SM) in the remaining 
eight patients, i.e., in the PT category, the PRS was found 
consisting of single layer (SM) in only 50% of the cases 
but consisted of double layer (DM) in the remaining 50% 
of PT-PRS group, especially in the patients with long PRS 
(n = 7) and complete PRS (n = 1) (Fig. 9).

There was no significant difference in the mean age, 
BMI, and ASA grade of the patients between the SM and 
DM groups. However, there was a highly significant 
correlation between the PRS types and the PRS extent 
(p < 0.001); the likelihood ratio was very highly significant 
(p < 0.001), and the linear-by-linear association was also 
highly significant (p < 0.01) (Graph 1).

It is of interest to acknowledge that during the initial 
telescopic dissection in the posterior rectus canal, the 
laparoscope used to enter the cave of Retzius readily 
and smoothly in an avascular fashion in all our patients, 
suggesting that the posterior rectus space/canal directly 
communicated with the retropubic space of Retzius. 
However, the pubic bones were not seen bare due to 
the regular presence of a fascia in direct continuity of 
the rectusial epimysium/fascia (Figs 2 to 8) as reported 
earlier.10 In this situation, the retropubic space was found 
bounded posteriorly by the transversalis fascia alone or 
by both the complete PRS (if present, vide supra) and the 
transversalis fascia.

Bilateral Anatomy of PRS

In patients undergoing the bilateral TEPP hernioplasty  
(n = 8), the PRS on the left side was long incomplete 
(LIC) in 7 cases and complete in 1 case. However, the PRS 
extent on the right side was found complete in 3 cases, 
and incomplete in 5 cases; and the incomplete PRS was 
of the classical extent (3–6 cm) in 3 cases (NIC) and long 
(>6 cm) in 2 cases (LIC) (Table 7). Ratio of incomplete and 
complete	PRS	was	1.6:1	and	7:1	on	the	right	and	left	sides	
respectively, i.e., complete PRS tend to occur more com-
monly on the right side. The types of the incomplete PRS 
(NIC vs LIC) were also found variable on the two sides 
of the body (Table 7). The PRS extent was a mirror image 
in only 4 out of 8 cases (bilateral classical incomplete in  
3 cases and bilateral complete in 1 case), while it was  
not mirror image in the remaining 4 cases (complete vs 

Figs 9A and B: Dissection in posterior rectus canal showing double-layered complete PRS (double PRS): (A and B) Double-layered 
PRS (D-PRS) is seen clearly after creation of an artificial arcuate line (arrow) about half-way surgically in a patient with complete 
PRS; 1: First layer of PRS; 2: Second layer of PRS

Graph 1: Correlation between the PRS-PT types and the PRS 
extent. SM: Single membranous; DM: Double membranous; NIC: 
Classical incomplete; LIC: Long incomplete; C: Complete; Pearson 
CHISQ CC: R = 16.000, df 2, Sig. 0.000, p < 0.001; Likelihood Ratio: 
R = 22.181, df 2, Sig. 0.000, p < 0.001; Linear-by-Linear Association: 
R = 9.615, df 2, Sig. 0.002, p < 0.01

A B
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classical incomplete (NIC) in 2 cases, and long incomplete 
(LIC) vs classical incomplete (NIC) in 2 cases) (Table 7).

In only 5 out of 8 cases, the PRS morphology was 
mirror	 image	 on	 the	 two	 sides	 of	 the	 body	 (WT	 both	
sides in 4 cases, and PT in 1 case), and in the remaining 
3 cases, the PRS morphology was not mirror image (GA 
vs PA in 1 case; tendinous vs GA in 1 case; and PA vs	WT	
in 1 case) (Table 7).

In terms of both the PRS extent and morphology, the 
mean age and BMI of patients did not differ significantly 
(p > 0.05) between the two subgroups of the mirror and 
nonmirror anatomy (Tables 8 and 9). In other words, the 
PRS anatomy did not tend to differ on the two sides of the 
body with respect to the age or BMI of the individuals.

In patients undergoing bilateral TEPP hernioplasty, 
asymmetry of both the PRS extent and morphology was 
seen in only one case of a 72-year-old retired person with 
BMI of 21.8 kg/m2. The patient with twin asymmetry of 
PRS extent and morphology was much older than the 
age (mean age 53.57 ± SD 10.83; 35–65 years), although 

his BMI was comparable with mean BMI (21.77 ± SD 0.65; 
21.1–22.4 kg/m2) (Tables 8 and 9).

Relation of PRS Anatomy with Profession

Distribution of various types of the PRS among the 
different kinds of professional workers is shown in the 
Graph 2. Pearson Chi-squared analysis did not reveal 
any significant correlation between the classical/variant 
PRS and the nature of work (R = 3.466, df 5, Sig. 0.629, 
p > 0.05). Further, Pearson chi-squared analysis also did 
not reveal any significant correlation between the 12 
PRS subtypes (the classical 1, and the variant 11) and 
the	nature	of	patients’	work	(R	=	46.685,	df	55,	Sig.	0.780,	
p > 0.05) (Graph 3).

Moreover, the likelihood ratio and linear-by-linear 
association were also found statistically insignificant 
among the 12 subtypes of the PRS with respect to the 
patients’	occupation	(likelihood	ratio:	R	=	42.283,	df	55,	
Sig.	0.895,	p	>	0.05;	linear-by-linear	association:	R	=	0.330,	
df 1, Sig. 0.566, p > 0.05) (Graph 3).

Table 9: The BMI of patients with mirror and nonmirror anatomy of PRS on two sides of the body in patients with bilateral hernias

Anatomy Type n % BMI, mean ± SD (range) kg/m2 CID t- value Sig. (2-tailed)  p-value
PRS extent Mirror 4 50 21.38 ± 0.80 (20.5–22.4) −3.285 to 1.4453 0.9517 0.3780 >0.05

Nonmirror 4 50 22.30 ± 1.76 (202–24.4)
PRS morphology Mirror 5 62.5 21.88 ± 1.74 (20.2–24.4) −2.550 to 2.7701 0.1012 0.9227 >0.05

Nonmirror 3 37.5 21.77 ± 0.77 (21.1–22.4)
PRS extent and 
morphology

Mirror 7 87.5 21.77 ± 0.65 (21.1–22.4)   NA NA NA   NA
Nonmirror 1 12.5 21.84

NA: t-test not applicable due to n < 2 in one group; CID: Confidence interval of difference; t: independent-sample t-test value; Sig.: 
Significance value; p > 0.05: not significant

Table 7: Anatomy of PRS in the consecutive bilateral inguinal hernias (n = 8) in patients who underwent TEPP hernioplasty

PRS extent PRS extent subtypes PRS morphology PRS extent and morphology
Right side Left side Right side Left side Right side Left side Right side Left side
IC IC NIC NIC PT PT NPT NPT
IC 1C NIC NIC WT WT NWT NWT
C C C C GA PT* CGA CPT*
C IC* C NIC* WT WT CWT NWT*
C IC* C NIC* WT GA* CWT NGA*
IC IC* LIC NIC* WT WT LWT NWT*
IC IC NIC NIC PT WT* NPT NWT*
IC IC LIC NIC* WT WT LWT NWT*
*Different PRS type on contralateral side

Table 8: Age of patients with mirror and nonmirror anatomy of PRS on two sides of the body in patients with bilateral hernias

Anatomy Type n % Age, mean ± SD (range) years CID t-value Sig. (2-tailed)  p-value
PRS extent Mirror 4 50 47.5 ± 10.40 (35–60) −24.925 to 7.9253 1.2663 0.2524 >0.05

Nonmirror 4 50 56.00 ± 8.49 (45–65)
PRS morphology Mirror 5 62.5 56.00 ± 8.49 (45–65) −22.754 to 23.4139 0.0350 0.9732 >0.05

Nonmirror 3 37.5 55.67 ± 18.88 (35–72)
PRS extent and 
morphology

Mirror 7 87.5 53.57 ± 10.83 (35–65)   NA NA NA   NA
Nonmirror 1 12.5 72

NA: t-test not applicable due to n < 2 in one group; CID: Confidence interval of difference; t: independent-sample t-test value; Sig.: 
Significance value; p > 0.05: not significant
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Clinical Outcome

All 60 patients successfully underwent 68 TEPP hernio-
plasties (unilateral TEPP 54; bilateral TEPP 8). There was 
no conversion due to the difficult dissection secondary 
to the so-called adhesions or inflammatory reactions. 
There was no recurrence of inguinal hernia after TEPP 
hernioplasty in the mean follow-up period of 33 ± 17 
months (5–61 months).

DISCUSSION

Wide	anatomic	variations	observed	in	the	present	study	are	
in tune with the several previous reports of gross cadaveric 
dissections.3-6,15-18 No report on the live surgical anatomy of 
the rectus sheath was available in the English literature to 
the	best	of	the	author’s	knowledge.	It	is	interesting	to	recall	
that in 1960, Anson et al17 in their classic publication on 500 

groin dissections documented 43 variations in defects and 
musculoaponeurotic insertions of the internal oblique and 
transversus abdominis in the inguinal region.

The PRS in the present study was found neither closely 
applied nor attached/adherent to the undersurface of the 
rectus abdominis muscle. Our observations were in full 
agreement with those of other authors.19-21 This anatomic 
feature really facilitates the technical feasibility of not only 
the rectus sheath technique of the TEPP hernioplasty, but 
also the smooth avascular telescopic dissection, obviating 
the need of the specialized dissecting balloon.

Classical teaching describes the PRS as incomplete with 
formation of the Arcuate line of Douglas at its lower end.19-

21 However, this anatomic disposition is often lacking,17,18 
and wide variations in the rectus sheath formation have 
been reported from time-to-time.2 Twelve subtypes of 
the PRS were documented in various proportions in the 

Graph 2: Distribution of the classical and 11 variant subtypes of PRS-morphology. Observed during TEPP hernioplasty (n = 68) in the different 
workers (n = 60); NWT: Normal-length whole-tendinous; SWT: Short whole-tendinous; LWT: Long whole-tendinous; CWT: Complete whole-
tendinous; CMT: Complete musculo-tendinous; NPT: Normal-length partly tendinous; LPT: Long partly-tendinous; CPT: Complete partly-tendinous; 
NTO: Normal-length thinned-out; CTO: Complete thinned-out; NGA: Normal-length grossly attenuated; CGA: Complete grossly attenuated;

Graph 3: Correlation between PRS types and occupation; NWT: Normal-length whole-tendinous; SWT: Short whole-tendinous; LWT: Long 
whole-tendinous; CWT: Complete whole-tendinous; CMT: Complete musculo-tendinous; NPT: Normal-length partly tendinous; LPT: Long 
partly-tendinous; CPT: Complete partly-tendinous; NTO: Normal-length thinned-out; CTO: Complete thinned-out; NGA: Normal-length 
grossly attenuated; CGA: Complete grossly attenuated
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Graph 4: Comparative morphology of the incomplete PRS: Ansari 
vs Rizk: WT: Whole-tendinous; MT: Musculo-tendinous; PT: Partly 
tendinous (upper part tendinous and lower part fascia-like thinned-
out); TO: Thinned out throughout; GA: Grossly attenuated with 
tendinous bands (numbers indicate percentage)

present	study	 (NWT,	SWT,	LWT,	CWT,	NPT,	LPT,	CPT,	
NTO, CTO, NGA, CGA, and CMT) based on its twin ana-
tomic features of morphology and extent (Tables 5 and 6, 
vide supra).

Way	back	in	1940,	McVay	and	Anson16 reported the 
occurrence of the classical PRS, i.e., incomplete tendinous 
PRS	with	a	single	sharp	well-defined	arcuate	line	(SWD-AL)	 
in only 2 out of their 56 specimens (3.6%). Rizk4 also 
observed	the	classical	PRS	with	SWD-AL	in	only	1.25%	in	
a study of 80 cadaver sides (Graph 4). Arregui1 described 
that the PRS is of variable thickness and almost always 
continues below the arcuate line, if one is present, albeit 
in an attenuated form up to the symphysis pubis.

The incomplete PRS was recently documented in only 
80% of human cadavers by Mwachaka et al.6 This was 
confirmed by the present observation of 79% incidence 
of the incomplete PRS in patients undergoing TEPP her-
nioplasty. These observations are in sharp contrast to the 
other previous cadaveric studies.

Loukas et al12 observed three distinct types of the 
incomplete PRS in a study of 100 cadavers, viz., (1) gradual 
thinning with absent arcuate line (65%), (2) tendinous 
with well-defined arcuate line (25%), and (3) attenuated 
with thickened tendinous bands and double arcuate lines 
(10%). The present study showed a reverse phenomenon 
in the PRS anatomy, i.e., the incomplete PRS was tendi-
nous in a high percentage of 68% and variably attenuated 
in the remaining 32% of the cases (Graph 5).

Anson et al17 documented that “occasionally … the 
medial margin of the Linea Semicircularis is attached to 
the pubic crest, not to the linea alba", i.e., the PRS was often 
found complete extending up to the pubic symphysis in 
their study. McVay18	supported	Anson’s	observations.	In	
2001, Spitz and Arregui22 has pointed out that “Much 
of the confusion regarding the preperitoneal fascia, the 

posterior rectus fascia, and the transversalis fascia may 
stem from the erroneous anatomical preoccupation that 
all fibres of the rectus sheath pass anterior to the rectus 
muscle below the arcuate line.”

Rizk4 reported presence of the complete PRS in 98.75% 
of the human cadavers (80 sides), and his observations 
were supported by Arregui.1 However, the present study 
documented the complete PRS in only 21% during the 
laparoscopic TEPP hernia repair, which is in full agree-
ment with its incidence of 20% in the cadavers studied 
by Mwachaka et al.6

In terms of the morphology of the complete PRS, 
Arregui1 observed in 1997 that the PRS was generally 
complete, being partly tendinous above the arcuate line 
and partly attenuated fascia-like below the arcuate line. 
Present study documented five morphology types of  
complete PRS, and this was in tune with four types 
of morphology of the complete PRS reported by Rizk4 
(Graph 6). However, the complete PRS was whole-tendi-
nous/musculo-tendinous PRS in only 50% of our cases 
and variably attenuated PRS in the remaining 50%, while 
Rizk4 documented the normal thickness (tendinous) of 
the complete PRS and its variable attenuation in 90 and 
10% of cases respectively (Graph 6).

Our observation of the musculo-aponeurotic complete 
PRS in only 1.5% of hernia repair is at variance with its 
much higher incidence of 11.5 and 57.5% in cadaveric 
studies reported by Mwachaka et al5 and Monkhouse 
and Khalique3 respectively. The musculo-tendinous 
PRS in the present study was seen in a young student 
accustomed to regular gymnasium exercises. This is  
easily understandable, but may not be necessarily true. It 
is unfortunate that other two investigators reporting its 
higher incidence did not elaborate any correlation between 
the PRS nature and the profession of the individuals.

Graph 5: Comparative morphology of incomplete PRS: Ansari 
vs Loukas; WT: Whole-tendinous; MT: Musculo-tendinous; PT: 
Partly tendinous (upper part tendinous and lower part fascia-like 
thinned-out; TO: Thinned-out throughout; GA: Grossly attenuated 
with tendinous bands (numbers indicate percentage)
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It is being increasingly recognized that the termina-
tion of the PRS is usually gradual, but may occasionally be 
abrupt with formation of a well-defined arcuate line.1,11,22 
Cunningham et al23 reported a gradual thinning of the 
PRS with absence of the arcuate line in 10% of the human 
cadavers (n = 19). The present study documented this 
phenomenon of attenuation in only 1.5% of the hernia 
repairs (n = 68) or 7% of all complete PRS cases (Graph 6).

In a classic first laparoscopic study, Arregui1 observed 
in 1997 that “In many dissections, we have also noticed 
that this posterior fascial sheet is made up of more than 
one layer further supporting the idea that this is a continu-
ation of the attenuated PRS…”. Later in 2001, Spitz and 
Arregui22 observed that “with the improved optics and 
magnification afforded by the laparoscope, we have seen, 
as mentioned earlier, that the PRS continues in a variably 
attenuated	fashion	below	the	arcuate	line.	We	are	also	able	
to see that the PRS is comprised of more than one layer 
below the arcuate line.” Their observations supported the 
findings of Anson et al.17 In the present study, a double-
layered PRS was seen in 50% of the PT category (n = 16) 
of the PRS only, resulting in its overall incidence of 11.8%.

Colborn and Skandalakis24 reported nonmirror 
anatomy of the PRS in about 30% of the cadaveric dissec-
tions. Present study documented nonmirror morphology 
of the PRS in 37.5% of the hernia repairs, which is in tune 
with that of the Colborn and Skandalakis24; however, the 
PRS extent in our study was nonmirror in a much higher 
percentage of 50% (Graph 7). Rizk4 reported nonmirror 
anatomy of the PRS in only 2.5% of cadavers, especially in 
terms of the PRS extent and the PRS morphology was found 
similar on the two sides of the body even in these cases.

The extent and/or morphology of the PRS did not vary 
significantly with respect to the age or profession of the 

patients	in	the	present	study.	With	respect	to	the	BMI	of	
the patients, the PRS extent was found to vary significantly 
and the short PRS tended to occur mainly in the over-
weight/obese patients. To the best of our knowledge, there 
is no clinical report cited in the literature in this regard for 
our comparative assessment. Therefore, this phenomenon 
(occurrence of shorter PRS in overweight/obese individu-
als) needs, in view of the very small number of patients 
in this group, validation by a larger laparoscopic study.

Recurrence after TEPP hernioplasty for the primary 
inguinal hernia has come down markedly to 0.1 to 0.5% 
in recent years.25,26 However, some recent studies have 
reported even 0% recurrence rate after primary laparo-
scopic repair through the TEPP approach.27-29 Present 
study also did not record any instance of hernia recurrence 
in the mean follow-up period of 33 months. Presently zero-
recurrence rate is cherished by many TEPP surgeons, espe-
cially in surgical forums and live operative workshops. 
As it is evident also in the present study, identification of 
the variability of the structures is really important for the 
success of the seamless laparoscopic hernia repair with 
better outcomes.1,30	We	agree	with	Faure	et	al25 that “the 
requirement for a flawless knowledge of preperitoneal 
anatomy and its variations” is essential for performing the 
well-organized preperitoneal repair with ease and safety. 
Moreover,	we	now	believe	the	prophetic	Words	of	Spitz	
and Arregui22 that “As comprehensive knowledge of the 
preperitoneal fascial anatomy becomes more widespread, 
there likely will be a broader application of the laparo-
scopic preperitoneal hernia repair.”

The present study has rather two limitations—one, the 
sample size is rather small, and second, there is absence 
of female patients in the study, because inguinal hernia 
is one of the commonest surgical procedures in general 
surgery and that the inguinal hernia is known to occur 
in both sexes albeit rarely in females.

Graph 7: Comparative distribution of mirror and nonmirror anatomy 
of the PRS on the two sides of the body (Numbers indicate 
percentage)

Graph 6: Comparative morphology of the complete PRS: Ansari 
vs Rizk; WT: Whole-tendinous; MT: Musculo-tendinous; PT: Partly 
tendinous (upper part tendinous and lower part fascia-like thinned-
out); TO: Thinned out throughout; GA: Grossly attenuated with 
tendinous bands; (Numbers indicate percentage)
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CONCLUSION

The PRS varies markedly in its extent and morphology. 
The present study documented the occurrence of the 
classically described PRS in only 46% of the laparo-
scopic TEPP hernia repairs, while in the remaining 
54% of the cases, the PRS was found variant in extent 
and/or	morphology.	Variant	PRS	included	SWT	(4.4%),	
LWT	 (4.4%),	 CWT	 (8.8%),	 NPT	 (11.8%),	 LPT	 (10.3%),	
NTO (1.5%), CTO (4.4%), NGA (1.5%), CGA (4.4%), CPT 
(1.5%), and CMT (1.5%). Moreover, the PRS anatomy did 
not have mirror image on the two sides of the body in 
75% of the bilateral hernias. Early conversion second-
ary to unforeseen anatomic variation was seen in 1.6%, 
but there was no conversion secondary to the so-called 
difficult dissection. There was no recurrence of hernia.

CLINICAL SIGNIFICANCE

Truly new visions of the structures known for centuries are 
realized under excellent perspective and magnification of 
laparoscopy,7 and therefore, continued research in the lapa-
roscopic live surgical anatomy cannot be overemphasized 
in the current era of the newer laparoscopic approaches as 
had been rightly recommended by Arregui1 and Avisse 
et al.7 The requirement for a crisp, precise knowledge of 
preperitoneal anatomy and the timely identification of 
its variations for performing the seamless laparoscopic 
hernia repair with better outcomes cannot be overem-
phasized,1,25,30 as is also evident from the present study.
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Rouviere’s Sulcus and Critical View of Safety:  
A Guide to prevent Bile Duct Injury during  
Laparoscopic Cholecystectomy
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ABSTRACT

Context: Laparoscopic cholecystectomy is a commonly per-

formed minimal invasive surgery. However, its advantages are 

somewhat tempered due to risk of injury to bile duct.

Aims: The objective of the study is to identify Rouviere’s sulcus 

(RS) and critical view of safety (CVS) before commencement 

of dissection of Calot’s triangle to prevent injury to bile duct.

Materials and methods: A series of consecutive 100 patients 

admitted in the Department of Surgery in our hospital with 

uncomplicated symptomatic cholelithiasis underwent laparo-

scopic cholecystectomy identifying RS and CVS and complica-

tions (if any) emphasizing bile duct injury.

Results: The average duration of surgery after identifying 

RS and achievement of CVS was 65.30 minutes. There was 

no incidence of bile duct injury after identification of RS and 
achievement of CVS.

Conclusion: Rouviere’s sulcus is an important anatomical land-

mark for the safe laparoscopic cholecystectomy. Achievement 

of CVS should be tried in all laparoscopic cholecystectomy.

Keywords: Bile duct injury, Critical view of safety, Laparoscopic 

cholecystectomy, Rouviere’s sulcus.
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INTRODUCTION

Cholelithiasis was first described in 1420 by a Florentine 
pathologist Antonio Benivenius.1,2 The first open chole-
cystectomy was performed by Carl Johann August Lan-
genbuch, a German surgeon, at the Lazarus Krankenhaus 
on July 15, 1882,3,4 whereas laparoscopic cholecystectomy 
was first performed in 1987 by Phillip Mouret.5,6 His 
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work led to the respectability of laparoscopic surgery in 
medical field.

Laparoscopic cholecystectomy is the “gold standard” 
for surgical treatment of symptomatic gallstones.3 
Minimal invasive surgery holds an important position in 
today’s practice. A large number of surgical procedures 
are performed laparoscopically worldwide with laparo-
scopic cholecystectomy being one of the most commonly 
practiced.

The advantages of laparoscopic cholecystectomy over 
open surgery are well known.7 However, along with all 
the benefits of minimal invasive procedure came the 
inherent drawbacks of performing surgeries in new and 
unfamiliar way. The incidence of biliary tract injuries was 
definitely more as compared with open cholecystectomy.8 
Despite the advancement of laparoscopic cholecystectomy 
techniques, biliary tract injury still continues to be an 
important complication today, although the true inci-
dence is unknown. The most common cause of injury to 
biliary tract is misidentification. The misidentifications 
are of two main types.

In the first scenario, the common bile duct (CBD) 
is mistaken to be the cystic duct and secondly, but 
less commonly, the identification of an aberrant right 
hepatic duct as the cystic duct.8 The direction of trac-
tion of gallbladder has been known to contribute the 
appearance of CBD as cystic duct which can lead to 
misidentification injury.

When Hartmann’s pouch is pulled superiorly and not 
laterally, the cystic duct and CBD get aligned and appear 
as single structure.9 The Rouviere’s sulcus (RS) described 
by Henri Rouviere in 1924 is now marked as a reference 
point to guide the commencement of safe dissection.10,11 
It is a cleft in liver (Fig. 1) recognizable in >90% of patients, 
shown by retracting the gallbladder infundibulum 
medially.11 Similarly, a well-delineated junction of cystic 
duct with the gallbladder and demonstration of space  
between gallbladder and liver clear of any structure  
other than cystic artery (safety window or critical view) 
(Fig. 2) is also recommended as an essential step to 
prevent biliary tract injury.8 For the last 15 years, achieve-
ment of CVS has been adopted by surgeons throughout 
the world for performance of laparoscopic cholecystec-
tomy.12 When it was initially described, it was done so 
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with a brief description and picture without a thorough 
explanation of the rationale for this approach.

The primary purpose of study was to combine both 
RS and CVS and to understand why this method is pro-
tective in reducing the incidence of biliary tract injury 
through its use.

MATeRIALS AND MeTHODS

The study was done with 100 patients undergoing lapa-
roscopic cholecystectomy in a tertiary care hospital in 
northern India.

The patients presented to the surgical outpatient 
department with diagnosis of gallbladder stones. Patients 
who gave informed consent after full explanation were 
electively admitted for an ambulatory laparoscopic cho-
lecystectomy after preanesthetic check-up and routine 
investigations. Close monitoring was done in terms of 
vitals, postoperative complications, and morbidity.

Inclusion Criteria

•	 Uncomplicated	symptomatic	cholelithiasis
•	 Medically	fit	and	stable	patients

exclusion Criteria

•	 Multiple	comorbid	diseases,	coagulation	disorders
•	 Suspected/proven	malignancy
•	 Absence	of	RS
•	 Conversion	to	open	cholecystectomy

Operative technique: Four-port technique for laparo-
scopic cholecystectomy was used. Two 10-mm ports and 
two 5-mm ports were used, 10-mm ports in the umbilical 
and epigastric region and 5-mm ports in the right hypo-
chondrium and anterior axillary line (subcostal).

Pneumoperitoneum was created by inserting Veress 
needle in the infraumbilical region. After creating 
pneumoperitoneum, a 10-mm port was introduced and 

a telescope was put in. After the abdominal survey, rest 
of the ports were put under direct vision, i.e., the 10-mm 
port in the epigastric region, 5-mm port in the right 
hypochondrium, and another 5-mm port in the anterior 
axillary line (subcostal). The patient was placed in reverse 
Trendelenburg’s (Fowler’s) position with the patient’s 
head up and tilted to the left and the surgeon standing 
on left side of the patient. Gallbladder was grasped from 
the fundus through a 5-mm port and retracted.

Rouviere’s sulcus was identified and dissection 
of triangle of Calot’s was done above the level of this 
sulcus and CVS was created. Cystic artery and duct 
were defined. Cystic duct and cystic artery were clipped 
separately using Liga clips. Gallbladder removal was 
done from a 10-mm port (epigastric). Abdominal cavity 
was washed with normal saline to remove all the clots 
and spilled biliary content, if any.

Complete hemostasis was achieved. All port sites 
were closed with non-absorable suture. All patients were 
followed up after 1 week with history and clinical exami-
nation for any postoperative complications.

ReSULTS

A total of hundred (n = 100) patients were taken up for 
laparoscopic cholecystectomy according to the preset 
selection criteria:
•	 Uncomplicated	symptomatic	cholelithiasis
•	 Medically	fit	and	stable	patients

The patients presented to the outpatient department 
with symptomatic cholelithiasis. All the patients had 
routine investigations and a preanesthetic check-up for 
fitness for surgery. The average duration of surgery after 
identifying RS and achievement of CVS was 65.30 minutes 
(20–120 min) (Table 1).

The average hospital stay was 1.33 days (1–5 days) 
(Table 2). There was no bile duct injury after identification 

Fig. 1: Rouviere’s sulcus Fig. 2: Critical view of safety
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of RS and achievement of CVS. Patients were followed 
up after 1 week and thorough history of any complaint 
was taken, and clinical examination was done (Table 3).

DISCUSSION

No other surgery has been so profoundly affected by 
the advent of laparoscopy as gallbladder surgery, i.e., 
cholecystectomy.

In fact, the converse may be more accurate; laparo-
scopic cholecystectomy has been instrumental in usher-
ing in the laparoscopic era. Laparoscopic cholecystectomy 
has become the procedure of choice for routine gallblad-
der removal very rapidly.13 With increasing frequency 
of laparoscopic cholecystectomy, the incidence of biliary 
tract injury has also increased simultaneously.

According to the need, many suggestions and modi-
fications have been proposed to prevent biliary tract 
injury, and one of these is extrabiliary landmarks. Ana-
tomical landmarks are the descriptions of neighboring 
structures crucial for identifying proper target tissue for 
dissection and resection. Although individual patients 

may vary, their anatomical structure and certain com-
monalities exist.

These commonalities become obvious through the 
numerous cases and procedures reported. Laparoscopic 
surgeons must rely on these landmarks and it is crucial in 
laparoscopy that detour must be minimized; otherwise, 
an unexpected injury is likely to occur. The RS and CVS 
are the two landmarks mentioned in preventing bile 
duct injury.

Identification of RS and keeping the dissection ventral 
to it is one of the successful methods to prevent the bile 
duct injury.10 Although recently its significance in lapa-
roscopic cholecystectomy has been appreciated, there are 
nearly no clinical trials specifying the outcome of surgery 
in terms of bile duct injury. As compared with RS, the role 
of CVS in preventing bile duct injury has been largely 
appreciated and studied in preventing bile duct injury.

In our study, we have combined the above-mentioned 
landmarks to study their importance in safe execution 
of laparoscopic cholecystectomy. The importance of this 
combination has not been studied before according to 
the best of our knowledge. Heistermann et al14 achieved 
CVS in 97 out of 100 patients and cholecystectomies were 
successfully completed with a minor incidence of cystic 
stump leak.

Incidence of bile duct injury was 1%, while the conver-
sion rate was 3%.14 Yegiyants and Collins15 also achieved 
CVS in 3,000 patients and reported only one bile duct 
injury (0.033%) which occurred during the dissection 
of Calot’s triangle prior to achieving the critical view. 
Similarly, Avgerinos et al16 attained CVS in 998 out of 
1,046 patients. Five minor bile duct leaks (0.47%) were 
reported which resolved spontaneously.

Their conversion rate was 2.7%.16 Likewise, Sanjay et al17  
got success in achieving CVS in 388 out of 447 patients, 
all of them completed successfully without any incidence 
of bile duct injury. In cases where CVS was not achieved, 
they were converted. Rawlings et al18 studied the impor-
tance of CVS in 54 patients who underwent single-incision 
laparoscopic cholecystectomy and reported no incidence 
of bile duct injury and came to a conclusion that dis-
section to obtain the CVS should be the goal in every 
patient (Table 4). In our present study, we laid emphasis 

Table 1: Duration of surgery after identifying RS and 

achievement of CVS

Duration (in min) Percentage of patients

20–40 16

41–60 40

61–80 23

81–100 16

101–120 5

Table 2: Length of hospital stay

Hospital stay (days) Percentage of cases

1 80

2 12

3 4

4 or more 4

Table 3: Incidence of bile duct injury

Bile duct injury Percentage of cases

Intraoperative 0

Postoperative (leak) 0

Table 4: Studies showing impact of CVS creation with/without identification of RS

Series Type of study RS identified CVS created Bile duct injury

Conversion to open 

cholecystectomy

Heistermann et al
14

Case series (n = 100) No Yes (97 cases) 1 minor leak 3%

Yegiyants and Collins
15

Case series (n = 300) No Yes 1

Avgerinos et al
16

Case series (n = 104) No Yes (998 cases) 5 minor leaks 2.7%

Sanjay et al
17

Case series (n = 447) No Yes (388 cases) Nil 13%

Rawlings et al
18

Case series (n = 54) No Yes Nil –

Present study Case series (n = 100) Yes Yes Nil –
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on identification of RS before commencement of dissec-
tion of Calot’s triangle and keeping the dissection above 
the level of sulcus to establish CVS before clipping and 
transection of cystic duct.

Although achievement of CVS is widely accepted, 
there are little data about the significance of RS. We 
created CVS in 100 patients after identifying RS. The 
incidence of bile duct injury among these patients was 
zero, based on clinical features. Our study has shown 
that the dreadful complications of biliary tract injuries 
can be avoided which greatly reduces the morbidity and 
mortality associated with it.

Our results should encourage additional studies to 
reduce the complications of laparoscopic cholecystecto-
mies keeping in mind the significance of RS and CVS. 
The results obtained in our study demonstrate that 
laparoscopic cholecystectomy has lesser incidence of 
biliary tract injury according to the technique mentioned 
in this study.

CONCLUSION

Rouviere’s sulcus is an important anatomical landmark 
to increase the safety of laparoscopic cholecystectomy.

Achievement of CVS should be tried in all laparo-
scopic cholecystectomy. The result obtained by our study 
demonstrates that laparoscopic cholecystectomy is even 
safer in terms of biliary tract injuries after identification 
of RS and achievement of CVS.
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Rouviere’s Sulcus and Critical View of Safety:  
A Guide to prevent Bile Duct Injury during  
Laparoscopic Cholecystectomy
1Malwinder Singh, 2Atul Jain, 3Subhajeet Dey, 4Tanweer Karim, 5Nabal Mishra, 6Mansoor Bandey

ABSTRACT

Context: Laparoscopic cholecystectomy is a commonly per-

formed minimal invasive surgery. However, its advantages are 

somewhat tempered due to risk of injury to bile duct.

Aims: The objective of the study is to identify Rouviere’s sulcus 

(RS) and critical view of safety (CVS) before commencement 

of dissection of Calot’s triangle to prevent injury to bile duct.

Materials and methods: A series of consecutive 100 patients 

admitted in the Department of Surgery in our hospital with 

uncomplicated symptomatic cholelithiasis underwent laparo-

scopic cholecystectomy identifying RS and CVS and complica-

tions (if any) emphasizing bile duct injury.

Results: The average duration of surgery after identifying 

RS and achievement of CVS was 65.30 minutes. There was 

no incidence of bile duct injury after identification of RS and 
achievement of CVS.

Conclusion: Rouviere’s sulcus is an important anatomical land-

mark for the safe laparoscopic cholecystectomy. Achievement 

of CVS should be tried in all laparoscopic cholecystectomy.

Keywords: Bile duct injury, Critical view of safety, Laparoscopic 

cholecystectomy, Rouviere’s sulcus.
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INTRODUCTION

Cholelithiasis was first described in 1420 by a Florentine 
pathologist Antonio Benivenius.1,2 The first open chole-
cystectomy was performed by Carl Johann August Lan-
genbuch, a German surgeon, at the Lazarus Krankenhaus 
on July 15, 1882,3,4 whereas laparoscopic cholecystectomy 
was first performed in 1987 by Phillip Mouret.5,6 His 
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work led to the respectability of laparoscopic surgery in 
medical field.

Laparoscopic cholecystectomy is the “gold standard” 
for surgical treatment of symptomatic gallstones.3 
Minimal invasive surgery holds an important position in 
today’s practice. A large number of surgical procedures 
are performed laparoscopically worldwide with laparo-
scopic cholecystectomy being one of the most commonly 
practiced.

The advantages of laparoscopic cholecystectomy over 
open surgery are well known.7 However, along with all 
the benefits of minimal invasive procedure came the 
inherent drawbacks of performing surgeries in new and 
unfamiliar way. The incidence of biliary tract injuries was 
definitely more as compared with open cholecystectomy.8 
Despite the advancement of laparoscopic cholecystectomy 
techniques, biliary tract injury still continues to be an 
important complication today, although the true inci-
dence is unknown. The most common cause of injury to 
biliary tract is misidentification. The misidentifications 
are of two main types.

In the first scenario, the common bile duct (CBD) 
is mistaken to be the cystic duct and secondly, but 
less commonly, the identification of an aberrant right 
hepatic duct as the cystic duct.8 The direction of trac-
tion of gallbladder has been known to contribute the 
appearance of CBD as cystic duct which can lead to 
misidentification injury.

When Hartmann’s pouch is pulled superiorly and not 
laterally, the cystic duct and CBD get aligned and appear 
as single structure.9 The Rouviere’s sulcus (RS) described 
by Henri Rouviere in 1924 is now marked as a reference 
point to guide the commencement of safe dissection.10,11 
It is a cleft in liver (Fig. 1) recognizable in >90% of patients, 
shown by retracting the gallbladder infundibulum 
medially.11 Similarly, a well-delineated junction of cystic 
duct with the gallbladder and demonstration of space  
between gallbladder and liver clear of any structure  
other than cystic artery (safety window or critical view) 
(Fig. 2) is also recommended as an essential step to 
prevent biliary tract injury.8 For the last 15 years, achieve-
ment of CVS has been adopted by surgeons throughout 
the world for performance of laparoscopic cholecystec-
tomy.12 When it was initially described, it was done so 
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with a brief description and picture without a thorough 
explanation of the rationale for this approach.

The primary purpose of study was to combine both 
RS and CVS and to understand why this method is pro-
tective in reducing the incidence of biliary tract injury 
through its use.

MATeRIALS AND MeTHODS

The study was done with 100 patients undergoing lapa-
roscopic cholecystectomy in a tertiary care hospital in 
northern India.

The patients presented to the surgical outpatient 
department with diagnosis of gallbladder stones. Patients 
who gave informed consent after full explanation were 
electively admitted for an ambulatory laparoscopic cho-
lecystectomy after preanesthetic check-up and routine 
investigations. Close monitoring was done in terms of 
vitals, postoperative complications, and morbidity.

Inclusion Criteria

•	 Uncomplicated	symptomatic	cholelithiasis
•	 Medically	fit	and	stable	patients

exclusion Criteria

•	 Multiple	comorbid	diseases,	coagulation	disorders
•	 Suspected/proven	malignancy
•	 Absence	of	RS
•	 Conversion	to	open	cholecystectomy

Operative technique: Four-port technique for laparo-
scopic cholecystectomy was used. Two 10-mm ports and 
two 5-mm ports were used, 10-mm ports in the umbilical 
and epigastric region and 5-mm ports in the right hypo-
chondrium and anterior axillary line (subcostal).

Pneumoperitoneum was created by inserting Veress 
needle in the infraumbilical region. After creating 
pneumoperitoneum, a 10-mm port was introduced and 

a telescope was put in. After the abdominal survey, rest 
of the ports were put under direct vision, i.e., the 10-mm 
port in the epigastric region, 5-mm port in the right 
hypochondrium, and another 5-mm port in the anterior 
axillary line (subcostal). The patient was placed in reverse 
Trendelenburg’s (Fowler’s) position with the patient’s 
head up and tilted to the left and the surgeon standing 
on left side of the patient. Gallbladder was grasped from 
the fundus through a 5-mm port and retracted.

Rouviere’s sulcus was identified and dissection 
of triangle of Calot’s was done above the level of this 
sulcus and CVS was created. Cystic artery and duct 
were defined. Cystic duct and cystic artery were clipped 
separately using Liga clips. Gallbladder removal was 
done from a 10-mm port (epigastric). Abdominal cavity 
was washed with normal saline to remove all the clots 
and spilled biliary content, if any.

Complete hemostasis was achieved. All port sites 
were closed with non-absorable suture. All patients were 
followed up after 1 week with history and clinical exami-
nation for any postoperative complications.

ReSULTS

A total of hundred (n = 100) patients were taken up for 
laparoscopic cholecystectomy according to the preset 
selection criteria:
•	 Uncomplicated	symptomatic	cholelithiasis
•	 Medically	fit	and	stable	patients

The patients presented to the outpatient department 
with symptomatic cholelithiasis. All the patients had 
routine investigations and a preanesthetic check-up for 
fitness for surgery. The average duration of surgery after 
identifying RS and achievement of CVS was 65.30 minutes 
(20–120 min) (Table 1).

The average hospital stay was 1.33 days (1–5 days) 
(Table 2). There was no bile duct injury after identification 

Fig. 1: Rouviere’s sulcus Fig. 2: Critical view of safety
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of RS and achievement of CVS. Patients were followed 
up after 1 week and thorough history of any complaint 
was taken, and clinical examination was done (Table 3).

DISCUSSION

No other surgery has been so profoundly affected by 
the advent of laparoscopy as gallbladder surgery, i.e., 
cholecystectomy.

In fact, the converse may be more accurate; laparo-
scopic cholecystectomy has been instrumental in usher-
ing in the laparoscopic era. Laparoscopic cholecystectomy 
has become the procedure of choice for routine gallblad-
der removal very rapidly.13 With increasing frequency 
of laparoscopic cholecystectomy, the incidence of biliary 
tract injury has also increased simultaneously.

According to the need, many suggestions and modi-
fications have been proposed to prevent biliary tract 
injury, and one of these is extrabiliary landmarks. Ana-
tomical landmarks are the descriptions of neighboring 
structures crucial for identifying proper target tissue for 
dissection and resection. Although individual patients 

may vary, their anatomical structure and certain com-
monalities exist.

These commonalities become obvious through the 
numerous cases and procedures reported. Laparoscopic 
surgeons must rely on these landmarks and it is crucial in 
laparoscopy that detour must be minimized; otherwise, 
an unexpected injury is likely to occur. The RS and CVS 
are the two landmarks mentioned in preventing bile 
duct injury.

Identification of RS and keeping the dissection ventral 
to it is one of the successful methods to prevent the bile 
duct injury.10 Although recently its significance in lapa-
roscopic cholecystectomy has been appreciated, there are 
nearly no clinical trials specifying the outcome of surgery 
in terms of bile duct injury. As compared with RS, the role 
of CVS in preventing bile duct injury has been largely 
appreciated and studied in preventing bile duct injury.

In our study, we have combined the above-mentioned 
landmarks to study their importance in safe execution 
of laparoscopic cholecystectomy. The importance of this 
combination has not been studied before according to 
the best of our knowledge. Heistermann et al14 achieved 
CVS in 97 out of 100 patients and cholecystectomies were 
successfully completed with a minor incidence of cystic 
stump leak.

Incidence of bile duct injury was 1%, while the conver-
sion rate was 3%.14 Yegiyants and Collins15 also achieved 
CVS in 3,000 patients and reported only one bile duct 
injury (0.033%) which occurred during the dissection 
of Calot’s triangle prior to achieving the critical view. 
Similarly, Avgerinos et al16 attained CVS in 998 out of 
1,046 patients. Five minor bile duct leaks (0.47%) were 
reported which resolved spontaneously.

Their conversion rate was 2.7%.16 Likewise, Sanjay et al17  
got success in achieving CVS in 388 out of 447 patients, 
all of them completed successfully without any incidence 
of bile duct injury. In cases where CVS was not achieved, 
they were converted. Rawlings et al18 studied the impor-
tance of CVS in 54 patients who underwent single-incision 
laparoscopic cholecystectomy and reported no incidence 
of bile duct injury and came to a conclusion that dis-
section to obtain the CVS should be the goal in every 
patient (Table 4). In our present study, we laid emphasis 

Table 1: Duration of surgery after identifying RS and 

achievement of CVS

Duration (in min) Percentage of patients

20–40 16

41–60 40

61–80 23

81–100 16

101–120 5

Table 2: Length of hospital stay

Hospital stay (days) Percentage of cases

1 80

2 12

3 4

4 or more 4

Table 3: Incidence of bile duct injury

Bile duct injury Percentage of cases

Intraoperative 0

Postoperative (leak) 0

Table 4: Studies showing impact of CVS creation with/without identification of RS

Series Type of study RS identified CVS created Bile duct injury

Conversion to open 

cholecystectomy

Heistermann et al
14

Case series (n = 100) No Yes (97 cases) 1 minor leak 3%

Yegiyants and Collins
15

Case series (n = 300) No Yes 1

Avgerinos et al
16

Case series (n = 104) No Yes (998 cases) 5 minor leaks 2.7%

Sanjay et al
17

Case series (n = 447) No Yes (388 cases) Nil 13%

Rawlings et al
18

Case series (n = 54) No Yes Nil –

Present study Case series (n = 100) Yes Yes Nil –
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on identification of RS before commencement of dissec-
tion of Calot’s triangle and keeping the dissection above 
the level of sulcus to establish CVS before clipping and 
transection of cystic duct.

Although achievement of CVS is widely accepted, 
there are little data about the significance of RS. We 
created CVS in 100 patients after identifying RS. The 
incidence of bile duct injury among these patients was 
zero, based on clinical features. Our study has shown 
that the dreadful complications of biliary tract injuries 
can be avoided which greatly reduces the morbidity and 
mortality associated with it.

Our results should encourage additional studies to 
reduce the complications of laparoscopic cholecystecto-
mies keeping in mind the significance of RS and CVS. 
The results obtained in our study demonstrate that 
laparoscopic cholecystectomy has lesser incidence of 
biliary tract injury according to the technique mentioned 
in this study.

CONCLUSION

Rouviere’s sulcus is an important anatomical landmark 
to increase the safety of laparoscopic cholecystectomy.

Achievement of CVS should be tried in all laparo-
scopic cholecystectomy. The result obtained by our study 
demonstrates that laparoscopic cholecystectomy is even 
safer in terms of biliary tract injuries after identification 
of RS and achievement of CVS.
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Pouch of Douglas: A Noble Route for Surgical Specimen 
Retrieval in Laparoscopic Pelvic Mass Surgery
1Abhipsa Mishra, 2Sujit Behera

ABSTRACT
Aim: To evaluate the feasibility and surgical outcome of sur-
gical specimen retrieval through the pouch of Douglas by an 
innovative way of puncturing the same with a 10 mm trocar and 
cannula in 100 consecutive women undergoing laparoscopic 
gynecological procedures for a pelvic mass.

Materials and methods: A prospective study over a period 
of 2 years from June 2012 to June 2014; 100 cases of pelvic 
mass (small-to-large) surgeries were done laparoscopically and 
specimens removed through pouch of Douglas by our own new 
method of puncturing the same with 10 mm trocar and cannula 
and putting the mass in endobag and removing with a grasper. 
Parameters studied were indications, operative time, blood loss, 
spillage, postoperative pain, long-term complications.

Results: In 96% of cases, surgical specimens were retrieved 
successfully, with minimal spillage without any intraoperative or 
postoperative complication. Though the rest 4% were retrieved 
successfully, 2% had laceration but they were managed intra-
operatively, 2% had postoperative abscess formation managed 
conservatively. Only 5% had pain in vagina at 24 hours on 10 cm 
visual analog scale (VAS); 95% cases had no complaint of dys-
pareunia on 3rd month follow-up and 5% were lost to follow-up.

Conclusion: A pouch of Douglas approach for specimen 
removal by our new method after laparoscopic resection of 
pelvic masses offers the advantage of less postoperative 
pain, with minimal spillage, good cosmetic result, and patient 
satisfaction without prolonging the operative time.

Clinical significance: Tissue retrieved through pouch of 
Douglas after puncturing with 10 mm trocar with cannula 
under vision is a safe, feasible, less time-consuming method 
in laparoscopic pelvic mass surgery. It avoids the enlargement 
of operative port site.

Keywords: Incisional hernia, Laparoscopic, NOTES, Port closure.
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INTRODUCTION

With the advent of laparoscopic surgery, the major 
challenge has been to find the easy and safe method of 
tissue retrieval from the surgical site. Retrieval of small 
specimen with massive hemoperitoneum and retrieval of 
medium-to-large specimen sometimes leads to struggle 
for hours and ultimately it becomes frustrating for the 
surgeon. The conventional method remains the enlarge-
ment of a 5-mm ancillary port-site incision to 10 mm, or 
more, or through 10 mm primary port. The use of larger 
entries does not only implicate cosmetic drawbacks jeop-
ardizing the whole purpose of minimal access surgery 
but can also increase the chance of injuries involving the 
inferior epigastric vessels (the most common vascular 
complication accounting for more than 3 per 1,000 events 
during operative laparoscopies).1 Moreover, enlargement 
and stretching of port-site incisions have the potential 
to increase the risk of incisional hernia formation,2 post-
operative pain, and infection. Whole of the surgeon’s 
effort goes in vein when these complications happen. 
Removal through pouch of Douglas under vision is one 
of the natural orifice transluminal endoscopic methods, 
although this route of specimen extraction has not been 
explored by many suspicious of expected injury to bowel, 
bladder, vessel, and dyspareunia. Opening of pouch of 
Douglas can be done by direct bold incision vaginally 
or with the help of monopolar hook on the bulging part 
of vagina after inserting a colpotomizer. We tried a new 
method of puncturing the pouch of Douglas by10 mm 
trocar cannula under vision at the apex of triangle formed 
by two uterosacral ligament and retrieved the specimen 
by tooth grasping forceps (Fig. 1). 

MATERIALS AND METHODS

The study was a prospective study which was conducted 
in the Department of Gynecology, KIMS Hospital, from 
June 2012 to June 2014.

Inclusion Criteria

•	 Reproductive-age	group	women	(18–45	years)
•	 Adnexal	mass	(3–20	cm)
•	 Benign	in	nature
Ultrasound investigation was performed before surgery 
to evaluate the morphology and size of the adnexal mass. 
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Tumor markers were studied in suspected cases and ruled 
out malignancies.

Exclusion Criteria

•	 Unmarried
•	 Preoperative	suspicion	or	intraoperative	diagnosis	of	

malignancy or deep infiltrating endometriosis
•	 Intraoperative	diagnosis	of	complete	obliteration	of	

the pouch of Douglas
•	 Previous	hysterectomy

PROCEDURE

•	 Before	 the	 procedure,	 consent	 was	 taken	 from	 the	
patient.

•	 All	the	surgical	procedures	were	done	by	the	same	
surgeon and same assistant.

•	 Injectable	third-generation	cephalosporin	was	given	
just an hour before the procedure.

•	 General	anesthesia	was	given.
•	 A	10	mm	supraumbilical	primary	port	and	two	bilat-

eral 5 mm side ports were created.
•	 After	complete	detachment	of	 the	specimen,	 it	was	

kept inside the endobag.
•	 A	 10	 mm	 trocar	 with	 cannula	 was	 punctured	 in	

pouch of Douglas just at the apex of triangle made by 
two uterosacral ligaments under vision, trocar was 

removed and grasping forceps were introduced and 
held the mouth of endobag and the specimen was 
removed through pouch of Douglas slowly in sliding 
manner.	Any	morcellation	was	done	vaginally.

•	 Saline	 lavage	 was	 done	 in	 all	 cases	 after	 securing	
hemostasis.

•	 The	colpotomy	was	closed	with	a	running	0	chromic	
catgut vaginally.

•	 Postoperative	pain	scoring	done	on	10	cm	VAS	at	1-,	3-,	
and	24-hour	postoperative	period.	Postoperative	pain	
was	managed	with	inj	dynapar	IM	8	hourly	for	the	 
first 24 hours.

•	 On	 discharge,	 patient	 was	 advised	 abstinence	 for	
6 weeks.

•	 Follow-up	evaluation	was	scheduled	1	and	3	months	
after surgery.

PARAMETERS EVALUATED

•	 Indications	for	laparoscopy
•	 Intraoperative	details	of	the	procedure	(details	of	the	

adnexa mass)
•	 Time	required	for	surgical	specimen	removal
•	 Total	operative	time
•	 Estimated	blood	loss
•	 Intraoperative	and	postoperative	complications
•	 Postoperative	pain	score

Statistical Analysis

Descriptive statistics were used to analyze the data. Con-
tinuous variable results were reported as mean, standard 
deviation (SD), and range. Categorical data were reported 
as percentages of the total (Tables 1 to 4).

DISCUSSION

Retrieval of specimen is a big challenge in laparoscopic 
surgery. Removal of small specimen is not a problem, but 
removal of medium-to-large specimen leads to struggle 
for the surgeon. It can be done from the primar port site 
or enlargement of secondary port site, through a mini-
laparotomy incision or through pouch of Douglas.

Table 1: Patient’s characteristics

Characteristics Mean SD Range
Age (years) 23 12 18–45
Body mass index (kg/m2) 22 7 16–35
Adnexa mass size (cm) 7 4 3–20

No Percentage
Obese (No) 10 10
Previous abdominal surgery (No) 20 20
Nulliparous (No) 15 15

Table 2: Clinical diagnosis

Characteristic No Percentage
Simple ovarian cyst 20 20
Hemorrhagic cyst 10 10
Dermoid cyst 5 5
Chocolate cyst 20 20
Hydrosalpinx 8 8
Ectopic pregnancy 30 30
Myoma 5 5
Appendicitis 2 2

Fig. 1: Puncture of 10 mm trocar with cannula in pouch of Douglas
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Table 3: Laparoscopic procedures and intraoperative details
Type of procedure  
(Total no = 100) No Percentage
U/L ovarian cystectomy 15 15
B/L ovarian cystectomy 5 5
U/L ovariotomy 5 5
Myomectomy 5 5
U/L salpingectomy 20 20
B/L salpingectomy 8 8
M/L salpingo-oophorectomy 20 20
B/L salpingo-oophorectomy 10 10
Appendicectomy 2 2

Mean SD Range
Estimated blood loss, mL 20 12 10–100
Operative time, min 60 40 40–120
Specimen retrieval time, min 15 8 5–30

Table 4: Pain score on 10 cm VAS
Postoperative time in hours (1–2 cm) N = 100 Percentage
1 hour 20 20
3 hours 10 10
24 hours 5 5

Removal through primary port needs change of 10 to 
5 mm scope to visualize leads to increase the operative 
time.	 Enlargement	 of	 port	 site	 leads	 to	 intraoperative	
vessel injury and postoperative pain, bad scar, and hernia 
formation.2-4 Minilaparotomy spoils the whole purpose 
of laparoscopy.

Transvaginal route is a natural route of tissue retrieval 
explained more than 100 long years back.5 Though it 
has not been explored much by gynecologist in laparo-
scopic surgery for specimen retrieval in apprehension of 
potential injury to bowel, bladder, infection, and sexual 
dysfunction, but nowadays, it has emerged as a preferred 
site of tissue extraction as a procedure of natural orifice 
transluminal endoscopic surgery among surgeon.6

We tried a new method of opening the pouch of 
Douglas by puncturing with 10 mm trocar and cannula 
with a clean cut margin under vision which avoided use 
of any colpotomizer or any energy source which may 
lead to lateral spread to rectum. The advantages of this 
route are that it is easily stretchable, and drainage of large 
amount	of	peritoneal	collection	is	done	easily	and	quickly	
and closer is easy.

In our study, all the specimens (100%) could be 
removed	through	the	pouch	of	Douglas.	All	the	masses	
were removed in endobag without spillage except the 
specimen of ruptured ectopic. Suction of cyst mate-
rial was done vaginally. Rapid drainage of blood and 
clot in massive hemoperitoneum in ruptured ectopic 
was another advantage of this route. Only two cases 
had extended laceration of vagina which was sutured 
intraoperatively and two cases had developed pelvic 

abscess diagnosed by ultrasound on 1st month follow-
up, managed conservatively with injectable antibiotics. 
Postoperative	10	cm	VAS	score	out	of	100	in	only	5%	had	
pain	 (1–2	 cm)	 at	 24	 hours;	 95%	 of	 the	 patients	 had	 no	
complaint of dyspareunia on the 3rd month follow-up 
and 5% were lost to follow-up.

Studies comparing tradit ional laparoscopic 
approaches with transumbilical specimen retrieval vs 
transvaginal approaches have demonstrated that it is a 
safe,	feasible,	and	applicable	technique.	Further	research	
is needed to assess the real advantages of this natural 
orifice extraction procedure.7 Furthermore, studies have 
demonstrated no increased risk of postoperative infec-
tion or incidence of sexual dysfunction or pelvic pain.8 
Twenty-two women who had undergone laparoscopic 
posterior colpotomy at initial operative laparoscopy and 
later underwent a second laparoscopic procedure were 
evaluated for adhesion formation. It does not appear that 
tissue removal via laparoscopic colpotomy predisposes 
reproductive-age women to postoperative adnexal adhe-
sion formation.9 Theoretical complications that could be 
attributed to culdotomy include rectal injury, injury to the 
bladder and ureters, hemorrhage, vaginal cuff hematoma, 
vaginal scarring, and postoperative pelvic infections. 
These complications are rare when the transvaginal 
route is used.10

CONCLUSION

A	 pouch	 of	 Douglas	 approach	 after	 puncturing	 with	
10 mm trocar and cannula for specimen removal after 
laparoscopic resection of pelvic masses offers the advan-
tage of being safe, easy to perform, less time consuming, 
less postoperative pain, with minimal spillage, good cos-
metic result, and patient satisfaction without prolonging 
the operative time.
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Pouch of Douglas: A Noble Route for Surgical Specimen 
Retrieval in Laparoscopic Pelvic Mass Surgery
1Abhipsa Mishra, 2Sujit Behera

ABSTRACT
Aim: To evaluate the feasibility and surgical outcome of sur-
gical specimen retrieval through the pouch of Douglas by an 
innovative way of puncturing the same with a 10 mm trocar and 
cannula in 100 consecutive women undergoing laparoscopic 
gynecological procedures for a pelvic mass.

Materials and methods: A prospective study over a period 
of 2 years from June 2012 to June 2014; 100 cases of pelvic 
mass (small-to-large) surgeries were done laparoscopically and 
specimens removed through pouch of Douglas by our own new 
method of puncturing the same with 10 mm trocar and cannula 
and putting the mass in endobag and removing with a grasper. 
Parameters studied were indications, operative time, blood loss, 
spillage, postoperative pain, long-term complications.

Results: In 96% of cases, surgical specimens were retrieved 
successfully, with minimal spillage without any intraoperative or 
postoperative complication. Though the rest 4% were retrieved 
successfully, 2% had laceration but they were managed intra-
operatively, 2% had postoperative abscess formation managed 
conservatively. Only 5% had pain in vagina at 24 hours on 10 cm 
visual analog scale (VAS); 95% cases had no complaint of dys-
pareunia on 3rd month follow-up and 5% were lost to follow-up.

Conclusion: A pouch of Douglas approach for specimen 
removal by our new method after laparoscopic resection of 
pelvic masses offers the advantage of less postoperative 
pain, with minimal spillage, good cosmetic result, and patient 
satisfaction without prolonging the operative time.

Clinical significance: Tissue retrieved through pouch of 
Douglas after puncturing with 10 mm trocar with cannula 
under vision is a safe, feasible, less time-consuming method 
in laparoscopic pelvic mass surgery. It avoids the enlargement 
of operative port site.
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INTRODUCTION

With the advent of laparoscopic surgery, the major 
challenge has been to find the easy and safe method of 
tissue retrieval from the surgical site. Retrieval of small 
specimen with massive hemoperitoneum and retrieval of 
medium-to-large specimen sometimes leads to struggle 
for hours and ultimately it becomes frustrating for the 
surgeon. The conventional method remains the enlarge-
ment of a 5-mm ancillary port-site incision to 10 mm, or 
more, or through 10 mm primary port. The use of larger 
entries does not only implicate cosmetic drawbacks jeop-
ardizing the whole purpose of minimal access surgery 
but can also increase the chance of injuries involving the 
inferior epigastric vessels (the most common vascular 
complication accounting for more than 3 per 1,000 events 
during operative laparoscopies).1 Moreover, enlargement 
and stretching of port-site incisions have the potential 
to increase the risk of incisional hernia formation,2 post-
operative pain, and infection. Whole of the surgeon’s 
effort goes in vein when these complications happen. 
Removal through pouch of Douglas under vision is one 
of the natural orifice transluminal endoscopic methods, 
although this route of specimen extraction has not been 
explored by many suspicious of expected injury to bowel, 
bladder, vessel, and dyspareunia. Opening of pouch of 
Douglas can be done by direct bold incision vaginally 
or with the help of monopolar hook on the bulging part 
of vagina after inserting a colpotomizer. We tried a new 
method of puncturing the pouch of Douglas by10 mm 
trocar cannula under vision at the apex of triangle formed 
by two uterosacral ligament and retrieved the specimen 
by tooth grasping forceps (Fig. 1). 

MATERIALS AND METHODS

The study was a prospective study which was conducted 
in the Department of Gynecology, KIMS Hospital, from 
June 2012 to June 2014.

Inclusion Criteria

•	 Reproductive-age	group	women	(18–45	years)
•	 Adnexal	mass	(3–20	cm)
•	 Benign	in	nature
Ultrasound investigation was performed before surgery 
to evaluate the morphology and size of the adnexal mass. 
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Tumor markers were studied in suspected cases and ruled 
out malignancies.

Exclusion Criteria

•	 Unmarried
•	 Preoperative	suspicion	or	intraoperative	diagnosis	of	

malignancy or deep infiltrating endometriosis
•	 Intraoperative	diagnosis	of	complete	obliteration	of	

the pouch of Douglas
•	 Previous	hysterectomy

PROCEDURE

•	 Before	 the	 procedure,	 consent	 was	 taken	 from	 the	
patient.

•	 All	the	surgical	procedures	were	done	by	the	same	
surgeon and same assistant.

•	 Injectable	third-generation	cephalosporin	was	given	
just an hour before the procedure.

•	 General	anesthesia	was	given.
•	 A	10	mm	supraumbilical	primary	port	and	two	bilat-

eral 5 mm side ports were created.
•	 After	complete	detachment	of	 the	specimen,	 it	was	

kept inside the endobag.
•	 A	 10	 mm	 trocar	 with	 cannula	 was	 punctured	 in	

pouch of Douglas just at the apex of triangle made by 
two uterosacral ligaments under vision, trocar was 

removed and grasping forceps were introduced and 
held the mouth of endobag and the specimen was 
removed through pouch of Douglas slowly in sliding 
manner.	Any	morcellation	was	done	vaginally.

•	 Saline	 lavage	 was	 done	 in	 all	 cases	 after	 securing	
hemostasis.

•	 The	colpotomy	was	closed	with	a	running	0	chromic	
catgut vaginally.

•	 Postoperative	pain	scoring	done	on	10	cm	VAS	at	1-,	3-,	
and	24-hour	postoperative	period.	Postoperative	pain	
was	managed	with	inj	dynapar	IM	8	hourly	for	the	 
first 24 hours.

•	 On	 discharge,	 patient	 was	 advised	 abstinence	 for	
6 weeks.

•	 Follow-up	evaluation	was	scheduled	1	and	3	months	
after surgery.

PARAMETERS EVALUATED

•	 Indications	for	laparoscopy
•	 Intraoperative	details	of	the	procedure	(details	of	the	

adnexa mass)
•	 Time	required	for	surgical	specimen	removal
•	 Total	operative	time
•	 Estimated	blood	loss
•	 Intraoperative	and	postoperative	complications
•	 Postoperative	pain	score

Statistical Analysis

Descriptive statistics were used to analyze the data. Con-
tinuous variable results were reported as mean, standard 
deviation (SD), and range. Categorical data were reported 
as percentages of the total (Tables 1 to 4).

DISCUSSION

Retrieval of specimen is a big challenge in laparoscopic 
surgery. Removal of small specimen is not a problem, but 
removal of medium-to-large specimen leads to struggle 
for the surgeon. It can be done from the primar port site 
or enlargement of secondary port site, through a mini-
laparotomy incision or through pouch of Douglas.

Table 1: Patient’s characteristics

Characteristics Mean SD Range
Age (years) 23 12 18–45
Body mass index (kg/m2) 22 7 16–35
Adnexa mass size (cm) 7 4 3–20

No Percentage
Obese (No) 10 10
Previous abdominal surgery (No) 20 20
Nulliparous (No) 15 15

Table 2: Clinical diagnosis

Characteristic No Percentage
Simple ovarian cyst 20 20
Hemorrhagic cyst 10 10
Dermoid cyst 5 5
Chocolate cyst 20 20
Hydrosalpinx 8 8
Ectopic pregnancy 30 30
Myoma 5 5
Appendicitis 2 2

Fig. 1: Puncture of 10 mm trocar with cannula in pouch of Douglas
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Table 3: Laparoscopic procedures and intraoperative details
Type of procedure  
(Total no = 100) No Percentage
U/L ovarian cystectomy 15 15
B/L ovarian cystectomy 5 5
U/L ovariotomy 5 5
Myomectomy 5 5
U/L salpingectomy 20 20
B/L salpingectomy 8 8
M/L salpingo-oophorectomy 20 20
B/L salpingo-oophorectomy 10 10
Appendicectomy 2 2

Mean SD Range
Estimated blood loss, mL 20 12 10–100
Operative time, min 60 40 40–120
Specimen retrieval time, min 15 8 5–30

Table 4: Pain score on 10 cm VAS
Postoperative time in hours (1–2 cm) N = 100 Percentage
1 hour 20 20
3 hours 10 10
24 hours 5 5

Removal through primary port needs change of 10 to 
5 mm scope to visualize leads to increase the operative 
time.	 Enlargement	 of	 port	 site	 leads	 to	 intraoperative	
vessel injury and postoperative pain, bad scar, and hernia 
formation.2-4 Minilaparotomy spoils the whole purpose 
of laparoscopy.

Transvaginal route is a natural route of tissue retrieval 
explained more than 100 long years back.5 Though it 
has not been explored much by gynecologist in laparo-
scopic surgery for specimen retrieval in apprehension of 
potential injury to bowel, bladder, infection, and sexual 
dysfunction, but nowadays, it has emerged as a preferred 
site of tissue extraction as a procedure of natural orifice 
transluminal endoscopic surgery among surgeon.6

We tried a new method of opening the pouch of 
Douglas by puncturing with 10 mm trocar and cannula 
with a clean cut margin under vision which avoided use 
of any colpotomizer or any energy source which may 
lead to lateral spread to rectum. The advantages of this 
route are that it is easily stretchable, and drainage of large 
amount	of	peritoneal	collection	is	done	easily	and	quickly	
and closer is easy.

In our study, all the specimens (100%) could be 
removed	through	the	pouch	of	Douglas.	All	the	masses	
were removed in endobag without spillage except the 
specimen of ruptured ectopic. Suction of cyst mate-
rial was done vaginally. Rapid drainage of blood and 
clot in massive hemoperitoneum in ruptured ectopic 
was another advantage of this route. Only two cases 
had extended laceration of vagina which was sutured 
intraoperatively and two cases had developed pelvic 

abscess diagnosed by ultrasound on 1st month follow-
up, managed conservatively with injectable antibiotics. 
Postoperative	10	cm	VAS	score	out	of	100	in	only	5%	had	
pain	 (1–2	 cm)	 at	 24	 hours;	 95%	 of	 the	 patients	 had	 no	
complaint of dyspareunia on the 3rd month follow-up 
and 5% were lost to follow-up.

Studies comparing tradit ional laparoscopic 
approaches with transumbilical specimen retrieval vs 
transvaginal approaches have demonstrated that it is a 
safe,	feasible,	and	applicable	technique.	Further	research	
is needed to assess the real advantages of this natural 
orifice extraction procedure.7 Furthermore, studies have 
demonstrated no increased risk of postoperative infec-
tion or incidence of sexual dysfunction or pelvic pain.8 
Twenty-two women who had undergone laparoscopic 
posterior colpotomy at initial operative laparoscopy and 
later underwent a second laparoscopic procedure were 
evaluated for adhesion formation. It does not appear that 
tissue removal via laparoscopic colpotomy predisposes 
reproductive-age women to postoperative adnexal adhe-
sion formation.9 Theoretical complications that could be 
attributed to culdotomy include rectal injury, injury to the 
bladder and ureters, hemorrhage, vaginal cuff hematoma, 
vaginal scarring, and postoperative pelvic infections. 
These complications are rare when the transvaginal 
route is used.10

CONCLUSION

A	 pouch	 of	 Douglas	 approach	 after	 puncturing	 with	
10 mm trocar and cannula for specimen removal after 
laparoscopic resection of pelvic masses offers the advan-
tage of being safe, easy to perform, less time consuming, 
less postoperative pain, with minimal spillage, good cos-
metic result, and patient satisfaction without prolonging 
the operative time.
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Robot-assisted Laparoendoscopic Single-site 
Myomectomy: Current Status
Sugandha Agarwal

ABSTRACT
Introduction: The commercial availability of robotic da Vinci 
surgical system (Intuitive Surgical inc., Sunnyvale, California, 
USA) has attracted the gynecologic surgeon’s interest due 
to proposed favorable surgical ergonomics, greater preci-
sion in dissection, and easier suturing as well as knot tying. 
Robot-assisted laparoendoscopic single-site surgery appears 
to be encouraging for more suture-intensive surgeries like 
myomectomy as it offers potential in resolving the ergonomic 
challenges imposed by the restrictive range of motion and vision 
of conventional LESS.

Aim: The aim of this review is to appraise the available literature 
on robot-assisted laparoendoscopic single-site (RA-LESS) 
myomectomy and comment on the feasibility, reproducibility, 
learning curve as well as financial implications of this technique.

Results: The studied outcome measures of mean operative 
time, estimated blood loss, and number and type of myomas 
removed suggest that this is a feasible technique. It was found 
to be a safe procedure with no reported intraoperative compli-
cations or conversions and negligible postoperative complica-
tions. The data on financial implication are, however, limited.

Conclusion: Current initial data indicate that RA-LESS is a 
promising technique. It is a safe and reproducible procedure 
for performing myomectomy. However, more studies with larger 
cohorts and long-term follow-ups are needed to conclusively 
recommend this technique for a wider application.

Clinical significance: With increasing experience in minimal 
invasive techniques and availability of single-port da Vinci surgi-
cal system, more challenging surgeries like myomectomy can 
be safely performed to optimize clinical benefits to the patients.

Keywords: Myomectomy, Robotic, Single site.
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INTRODUCTION

Minimally invasive surgery for gynecological proce-
dures has gained worldwide acceptance. This specialty 
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is forever optimistically moving forward in hope of 
performing safe surgical procedures with cosmeti-
cally smaller and fewer scars to the patient, as well as 
improving peri/postoperative surgical outcomes. With 
the progression in the learning curve, surgeons are now 
inclined to perform more challenging procedures, such 
as myomectomy via the minimally invasive route.

Clinical advantages of conventional multiport lapa-
roscopic myomectomy over abdominal myomectomy in 
young women seeking fertility preservation are now well 
proven.1-3 Furthering the minimally invasive approach, 
laparoendoscopic single-site surgery (LESS) has been 
adopted by the surgeons due to better cosmetic accep-
tance by the patients.4,5 Additionally, the wider umbilical 
access associated with LESS provides for an alternative to 
electromechanical morcellator for contained mechanical 
tissue extraction. This feature becomes more relevant to 
gynecologic surgeons owing to the recently imposed ban 
by US Food and Drug Administration (FDA) on the use 
of electromechanical morcellators.6 However, the use of 
LESS for myomectomy has not gained wide popularity 
due to intensive reconstruction and suturing required 
as well as lack of proven robust surgical benefits when 
compared with conventional multiport myomectomy.7-9 
Other challenges posed by LESS like manipulation of 
three articulating instruments through one access port, 
lack of triangulation, instrument crowding or clashing, 
poor ergonomics, and a long learning curve make it a 
less favored choice for a demanding surgery, such as 
myomectomy.

The commercial availability of robotic da Vinci surgi-
cal system (Intuitive Surgical inc., Sunnyvale, California, 
USA) has attracted the gynecologic surgeon’s interest 
due to proposed favorable surgical ergonomics, greater 
precision in dissection, and easier suturing as well as 
knot tying. Robot-assisted laparoscopic myomectomy 
has shown similar surgical outcomes as conventional 
laparoscopy and has gained acceptance as a safe and 
reproducible operation.10-13 Robot-assisted laparoendo-
scopic single-site surgery appears to be encouraging for 
more suture intensive surgeries like myomectomy as it 
offers potential in resolving the ergonomic challenges 
imposed by the restrictive range of motion and vision 
of conventional LESS.14
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The aim of this review is to appraise the available 
literature on RA-LESS myomectomy and comment on the 
feasibility, reproducibility, and learning curve as well as 
financial implication of this technique.

MATERIALS AND METHODS

An electronic search was conducted using relevant key-
words and Mesh terms like single port, single incision, 
single site, laparoscopic myomectomy, robotic assisted. 
PubMed, Google Scholar, and Cochrane central register for 
controlled trials databases were searched to identify perti-
nent studies from 2010 to 2017. Studies where hybrid tech-
niques, that is, robotic assistance combined with any other 
technique like conventional single site/multiport, mini 
laparotomy were not included. As RA-LESS is a relatively 
newer technique, it was decided to include case studies, case 
series, retrospective as well as prospective cohort studies for 
analysis. Statistical Package for the Social Sciences software 
was used for statistical analysis where required.

RESULTS

Lewis et al15 were the first to publish their experience 
with robotic single-site myomectomy using the da Vinci 
Si Surgical System in four patients. This was followed by 
a step-by-step tutorial of their technique and results from 
their first series of 10 women.16 Consecutively, in 2017, two 
studies were published; one was a retrospective analy-
sis of 61 cases by Choi et al17 and another a prospective 
cohort of 21 patients by Gargiulo et al.18 Comparison of 
the outcomes is listed in Table 1.

Most of the patients in all the studies had a high 
body mass index (BMI). The mean size of the largest 
myoma that was enucleated was 6.73 ± 2.04 cm by Choi 
et al17 and 5.7 ± 1.9 by Gargiulo et al18 and the largest 
myoma stood at 12.8 cm in diameter. Maximum number 
of myomas removed from a single patient was 12. All 
types including intramural, submucosal (International 
Federation of Gynecology and Obstetrics 2), subserosal, 
broad ligament, and retroperitoneal as well as anterior, 

Table 1: Comparison of included studies

Study Lewis et al15 Gargiulo et al16 Choi et al17 Gargiulo et al18

Type Case series Surgical video tutorial Retrospective analysis Prospective cohort
Technique used da Vinci RA-LESS with 

semirigid instruments
da Vinci RA-LESS with 
semirigid instruments

da Vinci single site 
platform with specialized 
silicone port

da Vinci with standard 
rigid instruments in 
coaxial arrangement

Surgeon learning curve Surgeon with >8 years 
experience with da 
Vinci, and >1 year with 
RA-LESS

Not mentioned >200 cases of robotic 
surgery and certification 
program in robotic 
single-site surgery

Not mentioned

Number of patients 4 10 61 21
BMI in kg/m2 (mean ± SD, 
range)

30.75 (25–35) Not mentioned 22.29 ± 4.05 (17.63–38) 29.4 ± 4.7

Total operative time in min 
(mean ± SD, range)

Median 210 (202–254) Median 202 (141–254) 135.98 ± 59.62 (60–295) 154.2 ± 55.2

Blood loss in mL (mean ± 
SD, range)

Median 103 (75–300) Median 87.5 (10–300) 182.62 ± 153.02 
(10–600)

57.9 ± 53.7

Largest myoma size in cm 
(mean ± SD, range)

Not mentioned Median 6 (4–8) 6.73 ± 2.04 (3.0–12.8) 5.7 ± 1.9

Myoma weight in gm  
(mean ± SD, range)

106.4 (45.0–160.4) Median 70 (26–154) Not mentioned 81.6±51

Maximum number (range) 7 (2–7) 8 (1–8) 12 (1–12) 8 (1–8)
Skin incision length in cm 
(mean ± SD, range)

Not mentioned Not mentioned 2.70 ± 0.19 (2.4–3.10) Not mentioned

Intraoperative complication None None None None
Intraoperative conversion None None None None
Duration of hospitalization 
in days

<24 hour Not mentioned 4.21 ± 0.84 (3–6) 0.57 ± 0.87

Early/late postoperative 
complication

Temporary urinary 
retention—one

None None Small bowel 
obstruction—one

At 4 weeks—none Superficial cellulitis—one
Patient perception of 
cosmetic appearance

Satisfied Not mentioned Not mentioned Not mentioned

Financial implication Not mentioned Not mentioned Not mentioned Difference of $450 
between RA-LESS and 
its multiport counterpart

SD: Standard deviation
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posterior, and fundal location of myomas were ame-
nable to enucleation.15,17,18 The mean operative time in 
minutes as mentioned by Choi et al17 was 135.98 ± 59.62 
(60–295) and 154.2 ± 55.2 by Gargiulo et al.18 None of the 
studies reported excessive blood loss or requirement of 
intraoperative blood transfusion. There were no major 
intraoperative complications noticed in any of the series 
and none of the patients had to be converted to other 
techniques for completion of surgery.

Lewis et al15 and Choi et al16 mentioned the surgical 
experience of their operating surgeons. Surgeons had 
more than 8 years of experience of working with the da 
Vinci surgical system and performing more than 800 
robotic surgeries respectively. This suggests a long learn-
ing curve required to safely perform this challenging 
surgery. None of the studies performed a complete cost 
analysis of the procedure. Only one study18 compared 
the cost of robotic-assisted single-site surgery with con-
ventional single-site myomectomy and found an overall 
cost difference of $450 per surgery that accounted for the 
use of GelPOINT device for their technique.

DISCUSSION

Since its approval by the FDA in 2013 for hysterectomy 
and adnexal surgery, RA-LASS for the da Vinci Surgical 
System has been proved to be a safe surgery.19-21 Also, it 
can supposedly overcome some of the limitations like 
inferior ergonomics, limited maneuverability of instru-
ments, difficult intracorporeal suturing, and limited 
vision associated with conventional laparoscopic tech-
nique. This makes RA-LESS an attractive choice in the 
armamentarium of gynecologic surgeons for challenging 
surgeries like myomectomy.

It is notable that high BMI is usually considered a rela-
tive contraindication to LESS by some due to associated 
technical difficulty and higher complication and conver-
sion rates.22,23 This knowledge may inhibit a surgeon to 
offer this minimally invasive technique to obese patients 
thus, limiting their surgical benefits. However, all the 
studies noticeably had a patient population with a higher 
BMI. The median BMI reported by Lewis et al15 was 30.75 
kg/m2 with a range of 25 to 35 kg/m2, whereas Choi  
et al17 reported a mean BMI of 22.29 ± 4.05 kg/m2 with a 
range of 17.63 to 38 kg/m2. This suggests that RA-LESS 
is feasible and can be safely offered in women with 
higher BMI without apprehension of conversion. Also, 
the deep umbilicus in obese women also provides the 
benefit of cosmetically more acceptable surgical scar. The 
RA-LESS technique is usually associated with a larger 
incision when compared with the conventional multiport 
laparoscopic surgery. One of the studies reported the 
mean skin incision as 2.70 ± 0.19 (2.4–3.10) cm.17 With the  

controversy over the use of electromechanical morcellator 
and its recent ban by the US FDA, RA-LESS provides a 
unique opportunity to mechanically retrieve the myoma 
specimen using knife with the same incision, which, in 
turn, saves operative time. This seems to be a benefit 
over the robotic/laparoscopic multiport myomectomy 
where an additional minilaparotomy/or extension of the 
incision will be needed to extract the tissue if the use of 
electromechanical morcellator has to be avoided. All the 
studies15-18 in this review combined their technique of 
RA-LESS with contained endobag mechanical morcella-
tion for tissue retrieval suggesting that this technique can 
be easily adapted by gynecologic surgeons in the absence 
of availability of morcellators.

Surgical access to multiple myomas might be a point 
of concern while considering LESS owing to the technical 
challenges associated with conventional LESS technique. 
All the studies, however, suggested that myomas of all 
types including intramural, subserosal, and submucosal 
as well as all location anterior, posterior, fundal, broad 
ligament, and retroperitoneal are amenable to dissection. 
Choi et al17 compared total operation time and EBL accord-
ing to the type and size of myoma. The mean total opera-
tion time was 97.50 ± 2.12 minutes for intraligamentary 
myomas, 140.25 ± 64.97 minutes for intramural myomas, 
and 178.75 ± 52.66 minutes for mixed myomas and 
showed no statistical difference (p = 0.178). The mean EBL 
was 150.67 ± 152.20 mL for subserosal myomas, and 162.50 
± 94.65 mL for mixed myomas, and 195.25 ± 153.63 mL  
for intramural myomas with no statistical difference (p = 
0.755). Currently, there are no available studies comparing 
RA-LESS directly with conventional LESS to compare if 
RA-LESS offers any significant advantage in accessing 
a particular type or location of myoma. The number 
of myomas also did not seem to be a limiting factor in 
any of the studies. The maximum weight of the myoma 
removed was 160.4 g as reported by Lewis et al15 in their 
initial experience.

However, the present data are limited to comment 
on the exact indications or contraindications for this 
procedure, and patient selection criteria in terms of type, 
location, or size of myoma will evolve with the growing 
experience.

The operating time of LESS surgery is usually longer 
than that of the conventional multiport laparoscopic 
surgery.24 This is further increased in suture-intensive 
surgeries like myomectomy. This fact is reflected in the 
high operative times reported in all the studies. Choi  
et al17 reported a mean total operative time of 135.98 
± 59.62 minutes with the highest of 295 minutes, and  
Gargiulo et al18 reported a similar high mean total opera-
tive time of 154.2 ± 55.2 minutes. Choi et al17 divided their 
patients into three groups based on the largest myoma 
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diameter (< 6, 6–10, and >10 cm). The mean myoma diam-
eter was 4.99 ± 0.79 cm in the < 6 cm group, 7.33 ± 0.90 cm 
in the 6 to 10 cm group, and 11.66 ± 0.99 cm in the >10 cm 
group. There were no statistically significant differences 
across the three groups in total operation time. However, 
the expected blood loss was lowest in the <6 cm group 
(132.80 ± 122.32 mL) compared with the other two groups 
(210.97 ± 157.72 mL in the 6 to 10 cm group and 256.00 ± 
215.48 mL in the >10 cm group), representing a statisti-
cally significant trend (p = 0.078).

It is important to note that robotic myomectomy is 
a significantly lengthier procedure compared with con-
ventional laparoscopic myomectomy,13 but the robotic 
platform allows for a broader range of applications com-
pared with conventional laparoscopy for this indication. 
Also, the obese can realize the same clinical and quality 
benefits of minimally invasive surgery as the nonobese 
at the cost of additional operative time.

One of the aims of this study was to analyze the 
comprehensive cost of this procedure. However, none of 
the studies reported on the cost analysis. Only one study 
compared the robotic modality with its laparoscopic 
counterpart and found an associated higher cost with the 
robotic technique.18 This is an important area that needs 
to be further studied, especially, to understand if a wider 
application of this technique is economically feasible. 
Another limitation is that in all the studies, the surgeries 
were performed by highly experienced surgeons in the 
field of minimally invasive and robot-assisted surgery, 
and it is, therefore, unclear whether these techniques 
would translate to successful adoption by the larger 
surgical community.

CONCLUSION

Current initial data indicate that RA-LESS is a promis-
ing technique. It is a safe, feasible, and reproducible 
procedure for performing myomectomy. However, more 
studies with larger cohorts and long-term follow-ups are 
needed to conclusively recommend this technique for a 
wider application. Also, the exact indications for its use 
and patient selection criteria for optimum outcome still 
need to be determined.

REFERENCES

 1. Mais V, Ajossa S, Guerriero S, Mascia M, Solla E, Melis GB. 
Laparoscopic versus abdominal myomectomy: a prospective, 
randomized trial to evaluate benefits in early outcome. Am J 
Obstet Gynecol 1996 Feb;174(2):654-658.

 2. Seracchioli R, Rossi S, Govoni F, Rossi E, Venturoli S, Bul-
letti C, Flamigni C. Fertility and obstetric outcome after 
laparoscopic myomectomy of large myomata: a randomized 
comparison with abdominal myomectomy. Hum Reprod 2000 
Dec;15(12):2663-2668.

 3. Palomba S, Zupi E, Falbo A, Russo T, Marconi D, Tolino A, 
Manguso F, Mattei A, Zullo F. A multicenter randomized, 
controlled study comparing laparoscopic versus minilapa-
rotomic myomectomy: reproductive outcomes. Fertil Steril 
2007 Oct;88(4):933-941.

 4. Bush AJ, Morris SN, Millham FH, Isaacson KB. Women’s pref-
erences for minimally invasive incisions. J Minim Invasive 
Gynecol 2011 Sep-Oct;18(5):640-643.

 5. Goebel K, Goldberg JM. Women’s preference of cosmetic 
results after gynecologic surgery. J Minim Invasive Gynecol 
2014 Jan-Feb;21(1):64-67.

 6. FDA Safety Communication. Updated laparoscopic uterine 
power morcellation in hysterectomy and myomectomy. 
2014. Available from: http://www.fda.gov/MedicalDevices/
Safety/AlertsandNotices/ucm424443.htm.

 7. Han CM, Lee CL, Su H, Wu PJ, Wang CJ, Yen CF. Single-
port laparoscopic myomectomy: initial operative experi-
ence and comparative outcome. Arch Gynecol Obstet 2013 
Feb;287(2):295-300.

 8. Choi CH, Kim TH, Kim SH, Choi JK, Park JY, Yoon A, Lee YY,  
Kim TJ, Lee JW, Kim BG, et al. Surgical outcomes of a new 
approach to laparoscopic myomectomy: single-port and 
modified suture technique. J Minim Invasive Gynecol 2014 
Jul-Aug;21(4):580-585.

 9. Yoshiki N, Okawa T, Kubota T. Single-incision laparoscopic 
myomectomy with intracorporeal suturing. Fertil Steril 2011 
Jun;95(7):2426-2428.

 10. Bendient CE, Magrina JF, Noble BN, Kho RM. Comparison of 
robotic and laparoscopic myomectomy. Am J Obstet Gynecol 
2009 Dec;201(6):566.e1-566.e5.

 11. Nezhat C, Lavie O, Hsu S, Watson J, Barnett O, Lemyre M.  
Robotic-assisted laparoscopic myomectomy compared 
with standard laparoscopic myomectomy—a retrospec-
tive matched control study. Fertil Steril 2009 Feb;91(2): 
556-559.

 12. Advincula AP, Xu X, Goudeau S 4th, Ransom SB. Robot-
assisted laparoscopic myomectomy versus abdominal 
myomectomy: a comparison of short-term surgical outcomes 
and immediate costs. J Minim Invasive Gynecol 2007 Nov-
Dec;14(6):698-705.

 13. Gargiulo AR, Srouji SS, Missmer SA, Correia KF, Vellinga TT,  
Einarsson JI. Robot-assisted laparoscopic myomectomy 
compared with standard laparoscopic myomectomy. Obstet 
Gynecol 2012 Aug;120(2 Pt 1):284-291.

 14. Eisenberg D, Vidovszky TJ, Lau J, Guiroy B, Rivas H. Com-
parison of robotic and laparoendoscopic single-site surgery 
systems in a suturing and knot tying task. Surg Endosc 2013 
Sep;27(9):3182-3186.

 15. Lewis EI, Srouji SS, Gargiulo AR. Robotic single site myo-
mectomy: initial report and technique. Fertil Steril 2015 
May;103(5):1370-1377.

 16. Gargiulo AR, Lewis EI, Kaser DJ, Srouji SS. Robotic single 
site myomectomy: a step by step tutorial. Fertil Steril 2015 
Nov;104(5):e13.

 17. Choi EJ, Rho AM, Lee SR, Jeong K, Moon HS. Robotic single-
site myomectomy: clinical analysis of 61 consecutive cases. J 
Minim Invasive Gynecol 2017 May-Jun;24(4):632-639.

 18. Gargiulo AR, Choussein S, Srouji SS, Cedo LE, Escobar PF. 
Coaxial robot assisted laparoendoscopic single site myomec-
tomy. J Robotic Surg 2017 Mar;11(1):27-35.

 19. Sendag F, Akdemir A, Oztekin MK. Robotic single-incision 
transumbilical total hysterectomy using a single-site robotic 



Robot-assisted Laparoendoscopic Single-site Myomectomy

World Journal of Laparoscopic Surgery, January-April 2018;11(1):33-37 37

WJOLS

platform: initial report and technique. J Minim Invasive 
Gynecol 2014 Jan-Feb;21(1):147-151.

 20. Nam EJ, Kim SW, Lee M, Yim GW, Paek JH, Lee SH, Kim S, 
Kim JH, Kim JW, Kim YT. Robotic single-port transumbili-
cal total hysterectomy: a pilot study. J Gynecol Oncol 2011 
Jun;22(2):120-126.

 21. Scheib SA, Fader AN. Gynecologic robotic laparoendoscopic 
single-site surgery: prospective analysis of feasibility, safety, 
and technique. Am J Obstet Gynecol 2014 Feb;211(2):1.e1-1.e8.

 22. Sesti F, Boccia C, Sorrenti G, Baffa A, Piccione E. Single-
incision laparoscopic adnexectomy in an obese patient with 
previous laparotomies. JSLS 2013 Jan-Mar;17(1):164-166.

 23. Escobar PF, Bedaiwy MA, Fader AN, Falcone T. Laparoen-
doscopic single-site (LESS) surgery in patients with benign 
adnexal disease. Fertil Steril 2010 Apr;93(6):2074.e7-2074.e10.

 24. Murji A, Patel VI, Leyland N, Choi M. Single-incision lapa-
roscopy in gynecologic surgery: a systematic review and 
meta-analysis. Obstet Gynecol 2013 Apr;121(4):819-828.



Robot-assisted Laparoendoscopic Single-site Myomectomy

World Journal of Laparoscopic Surgery, January-April 2018;11(1):33-37 33

WJOLS

Robot-assisted Laparoendoscopic Single-site 
Myomectomy: Current Status
Sugandha Agarwal

ABSTRACT
Introduction: The commercial availability of robotic da Vinci 
surgical system (Intuitive Surgical inc., Sunnyvale, California, 
USA) has attracted the gynecologic surgeon’s interest due 
to proposed favorable surgical ergonomics, greater preci-
sion in dissection, and easier suturing as well as knot tying. 
Robot-assisted laparoendoscopic single-site surgery appears 
to be encouraging for more suture-intensive surgeries like 
myomectomy as it offers potential in resolving the ergonomic 
challenges imposed by the restrictive range of motion and vision 
of conventional LESS.

Aim: The aim of this review is to appraise the available literature 
on robot-assisted laparoendoscopic single-site (RA-LESS) 
myomectomy and comment on the feasibility, reproducibility, 
learning curve as well as financial implications of this technique.

Results: The studied outcome measures of mean operative 
time, estimated blood loss, and number and type of myomas 
removed suggest that this is a feasible technique. It was found 
to be a safe procedure with no reported intraoperative compli-
cations or conversions and negligible postoperative complica-
tions. The data on financial implication are, however, limited.

Conclusion: Current initial data indicate that RA-LESS is a 
promising technique. It is a safe and reproducible procedure 
for performing myomectomy. However, more studies with larger 
cohorts and long-term follow-ups are needed to conclusively 
recommend this technique for a wider application.

Clinical significance: With increasing experience in minimal 
invasive techniques and availability of single-port da Vinci surgi-
cal system, more challenging surgeries like myomectomy can 
be safely performed to optimize clinical benefits to the patients.

Keywords: Myomectomy, Robotic, Single site.
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INTRODUCTION

Minimally invasive surgery for gynecological proce-
dures has gained worldwide acceptance. This specialty 
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is forever optimistically moving forward in hope of 
performing safe surgical procedures with cosmeti-
cally smaller and fewer scars to the patient, as well as 
improving peri/postoperative surgical outcomes. With 
the progression in the learning curve, surgeons are now 
inclined to perform more challenging procedures, such 
as myomectomy via the minimally invasive route.

Clinical advantages of conventional multiport lapa-
roscopic myomectomy over abdominal myomectomy in 
young women seeking fertility preservation are now well 
proven.1-3 Furthering the minimally invasive approach, 
laparoendoscopic single-site surgery (LESS) has been 
adopted by the surgeons due to better cosmetic accep-
tance by the patients.4,5 Additionally, the wider umbilical 
access associated with LESS provides for an alternative to 
electromechanical morcellator for contained mechanical 
tissue extraction. This feature becomes more relevant to 
gynecologic surgeons owing to the recently imposed ban 
by US Food and Drug Administration (FDA) on the use 
of electromechanical morcellators.6 However, the use of 
LESS for myomectomy has not gained wide popularity 
due to intensive reconstruction and suturing required 
as well as lack of proven robust surgical benefits when 
compared with conventional multiport myomectomy.7-9 
Other challenges posed by LESS like manipulation of 
three articulating instruments through one access port, 
lack of triangulation, instrument crowding or clashing, 
poor ergonomics, and a long learning curve make it a 
less favored choice for a demanding surgery, such as 
myomectomy.

The commercial availability of robotic da Vinci surgi-
cal system (Intuitive Surgical inc., Sunnyvale, California, 
USA) has attracted the gynecologic surgeon’s interest 
due to proposed favorable surgical ergonomics, greater 
precision in dissection, and easier suturing as well as 
knot tying. Robot-assisted laparoscopic myomectomy 
has shown similar surgical outcomes as conventional 
laparoscopy and has gained acceptance as a safe and 
reproducible operation.10-13 Robot-assisted laparoendo-
scopic single-site surgery appears to be encouraging for 
more suture intensive surgeries like myomectomy as it 
offers potential in resolving the ergonomic challenges 
imposed by the restrictive range of motion and vision 
of conventional LESS.14
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The aim of this review is to appraise the available 
literature on RA-LESS myomectomy and comment on the 
feasibility, reproducibility, and learning curve as well as 
financial implication of this technique.

MATERIALS AND METHODS

An electronic search was conducted using relevant key-
words and Mesh terms like single port, single incision, 
single site, laparoscopic myomectomy, robotic assisted. 
PubMed, Google Scholar, and Cochrane central register for 
controlled trials databases were searched to identify perti-
nent studies from 2010 to 2017. Studies where hybrid tech-
niques, that is, robotic assistance combined with any other 
technique like conventional single site/multiport, mini 
laparotomy were not included. As RA-LESS is a relatively 
newer technique, it was decided to include case studies, case 
series, retrospective as well as prospective cohort studies for 
analysis. Statistical Package for the Social Sciences software 
was used for statistical analysis where required.

RESULTS

Lewis et al15 were the first to publish their experience 
with robotic single-site myomectomy using the da Vinci 
Si Surgical System in four patients. This was followed by 
a step-by-step tutorial of their technique and results from 
their first series of 10 women.16 Consecutively, in 2017, two 
studies were published; one was a retrospective analy-
sis of 61 cases by Choi et al17 and another a prospective 
cohort of 21 patients by Gargiulo et al.18 Comparison of 
the outcomes is listed in Table 1.

Most of the patients in all the studies had a high 
body mass index (BMI). The mean size of the largest 
myoma that was enucleated was 6.73 ± 2.04 cm by Choi 
et al17 and 5.7 ± 1.9 by Gargiulo et al18 and the largest 
myoma stood at 12.8 cm in diameter. Maximum number 
of myomas removed from a single patient was 12. All 
types including intramural, submucosal (International 
Federation of Gynecology and Obstetrics 2), subserosal, 
broad ligament, and retroperitoneal as well as anterior, 

Table 1: Comparison of included studies

Study Lewis et al15 Gargiulo et al16 Choi et al17 Gargiulo et al18

Type Case series Surgical video tutorial Retrospective analysis Prospective cohort
Technique used da Vinci RA-LESS with 

semirigid instruments
da Vinci RA-LESS with 
semirigid instruments

da Vinci single site 
platform with specialized 
silicone port

da Vinci with standard 
rigid instruments in 
coaxial arrangement

Surgeon learning curve Surgeon with >8 years 
experience with da 
Vinci, and >1 year with 
RA-LESS

Not mentioned >200 cases of robotic 
surgery and certification 
program in robotic 
single-site surgery

Not mentioned

Number of patients 4 10 61 21
BMI in kg/m2 (mean ± SD, 
range)

30.75 (25–35) Not mentioned 22.29 ± 4.05 (17.63–38) 29.4 ± 4.7

Total operative time in min 
(mean ± SD, range)

Median 210 (202–254) Median 202 (141–254) 135.98 ± 59.62 (60–295) 154.2 ± 55.2

Blood loss in mL (mean ± 
SD, range)

Median 103 (75–300) Median 87.5 (10–300) 182.62 ± 153.02 
(10–600)

57.9 ± 53.7

Largest myoma size in cm 
(mean ± SD, range)

Not mentioned Median 6 (4–8) 6.73 ± 2.04 (3.0–12.8) 5.7 ± 1.9

Myoma weight in gm  
(mean ± SD, range)

106.4 (45.0–160.4) Median 70 (26–154) Not mentioned 81.6±51

Maximum number (range) 7 (2–7) 8 (1–8) 12 (1–12) 8 (1–8)
Skin incision length in cm 
(mean ± SD, range)

Not mentioned Not mentioned 2.70 ± 0.19 (2.4–3.10) Not mentioned

Intraoperative complication None None None None
Intraoperative conversion None None None None
Duration of hospitalization 
in days

<24 hour Not mentioned 4.21 ± 0.84 (3–6) 0.57 ± 0.87

Early/late postoperative 
complication

Temporary urinary 
retention—one

None None Small bowel 
obstruction—one

At 4 weeks—none Superficial cellulitis—one
Patient perception of 
cosmetic appearance

Satisfied Not mentioned Not mentioned Not mentioned

Financial implication Not mentioned Not mentioned Not mentioned Difference of $450 
between RA-LESS and 
its multiport counterpart

SD: Standard deviation
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posterior, and fundal location of myomas were ame-
nable to enucleation.15,17,18 The mean operative time in 
minutes as mentioned by Choi et al17 was 135.98 ± 59.62 
(60–295) and 154.2 ± 55.2 by Gargiulo et al.18 None of the 
studies reported excessive blood loss or requirement of 
intraoperative blood transfusion. There were no major 
intraoperative complications noticed in any of the series 
and none of the patients had to be converted to other 
techniques for completion of surgery.

Lewis et al15 and Choi et al16 mentioned the surgical 
experience of their operating surgeons. Surgeons had 
more than 8 years of experience of working with the da 
Vinci surgical system and performing more than 800 
robotic surgeries respectively. This suggests a long learn-
ing curve required to safely perform this challenging 
surgery. None of the studies performed a complete cost 
analysis of the procedure. Only one study18 compared 
the cost of robotic-assisted single-site surgery with con-
ventional single-site myomectomy and found an overall 
cost difference of $450 per surgery that accounted for the 
use of GelPOINT device for their technique.

DISCUSSION

Since its approval by the FDA in 2013 for hysterectomy 
and adnexal surgery, RA-LASS for the da Vinci Surgical 
System has been proved to be a safe surgery.19-21 Also, it 
can supposedly overcome some of the limitations like 
inferior ergonomics, limited maneuverability of instru-
ments, difficult intracorporeal suturing, and limited 
vision associated with conventional laparoscopic tech-
nique. This makes RA-LESS an attractive choice in the 
armamentarium of gynecologic surgeons for challenging 
surgeries like myomectomy.

It is notable that high BMI is usually considered a rela-
tive contraindication to LESS by some due to associated 
technical difficulty and higher complication and conver-
sion rates.22,23 This knowledge may inhibit a surgeon to 
offer this minimally invasive technique to obese patients 
thus, limiting their surgical benefits. However, all the 
studies noticeably had a patient population with a higher 
BMI. The median BMI reported by Lewis et al15 was 30.75 
kg/m2 with a range of 25 to 35 kg/m2, whereas Choi  
et al17 reported a mean BMI of 22.29 ± 4.05 kg/m2 with a 
range of 17.63 to 38 kg/m2. This suggests that RA-LESS 
is feasible and can be safely offered in women with 
higher BMI without apprehension of conversion. Also, 
the deep umbilicus in obese women also provides the 
benefit of cosmetically more acceptable surgical scar. The 
RA-LESS technique is usually associated with a larger 
incision when compared with the conventional multiport 
laparoscopic surgery. One of the studies reported the 
mean skin incision as 2.70 ± 0.19 (2.4–3.10) cm.17 With the  

controversy over the use of electromechanical morcellator 
and its recent ban by the US FDA, RA-LESS provides a 
unique opportunity to mechanically retrieve the myoma 
specimen using knife with the same incision, which, in 
turn, saves operative time. This seems to be a benefit 
over the robotic/laparoscopic multiport myomectomy 
where an additional minilaparotomy/or extension of the 
incision will be needed to extract the tissue if the use of 
electromechanical morcellator has to be avoided. All the 
studies15-18 in this review combined their technique of 
RA-LESS with contained endobag mechanical morcella-
tion for tissue retrieval suggesting that this technique can 
be easily adapted by gynecologic surgeons in the absence 
of availability of morcellators.

Surgical access to multiple myomas might be a point 
of concern while considering LESS owing to the technical 
challenges associated with conventional LESS technique. 
All the studies, however, suggested that myomas of all 
types including intramural, subserosal, and submucosal 
as well as all location anterior, posterior, fundal, broad 
ligament, and retroperitoneal are amenable to dissection. 
Choi et al17 compared total operation time and EBL accord-
ing to the type and size of myoma. The mean total opera-
tion time was 97.50 ± 2.12 minutes for intraligamentary 
myomas, 140.25 ± 64.97 minutes for intramural myomas, 
and 178.75 ± 52.66 minutes for mixed myomas and 
showed no statistical difference (p = 0.178). The mean EBL 
was 150.67 ± 152.20 mL for subserosal myomas, and 162.50 
± 94.65 mL for mixed myomas, and 195.25 ± 153.63 mL  
for intramural myomas with no statistical difference (p = 
0.755). Currently, there are no available studies comparing 
RA-LESS directly with conventional LESS to compare if 
RA-LESS offers any significant advantage in accessing 
a particular type or location of myoma. The number 
of myomas also did not seem to be a limiting factor in 
any of the studies. The maximum weight of the myoma 
removed was 160.4 g as reported by Lewis et al15 in their 
initial experience.

However, the present data are limited to comment 
on the exact indications or contraindications for this 
procedure, and patient selection criteria in terms of type, 
location, or size of myoma will evolve with the growing 
experience.

The operating time of LESS surgery is usually longer 
than that of the conventional multiport laparoscopic 
surgery.24 This is further increased in suture-intensive 
surgeries like myomectomy. This fact is reflected in the 
high operative times reported in all the studies. Choi  
et al17 reported a mean total operative time of 135.98 
± 59.62 minutes with the highest of 295 minutes, and  
Gargiulo et al18 reported a similar high mean total opera-
tive time of 154.2 ± 55.2 minutes. Choi et al17 divided their 
patients into three groups based on the largest myoma 
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diameter (< 6, 6–10, and >10 cm). The mean myoma diam-
eter was 4.99 ± 0.79 cm in the < 6 cm group, 7.33 ± 0.90 cm 
in the 6 to 10 cm group, and 11.66 ± 0.99 cm in the >10 cm 
group. There were no statistically significant differences 
across the three groups in total operation time. However, 
the expected blood loss was lowest in the <6 cm group 
(132.80 ± 122.32 mL) compared with the other two groups 
(210.97 ± 157.72 mL in the 6 to 10 cm group and 256.00 ± 
215.48 mL in the >10 cm group), representing a statisti-
cally significant trend (p = 0.078).

It is important to note that robotic myomectomy is 
a significantly lengthier procedure compared with con-
ventional laparoscopic myomectomy,13 but the robotic 
platform allows for a broader range of applications com-
pared with conventional laparoscopy for this indication. 
Also, the obese can realize the same clinical and quality 
benefits of minimally invasive surgery as the nonobese 
at the cost of additional operative time.

One of the aims of this study was to analyze the 
comprehensive cost of this procedure. However, none of 
the studies reported on the cost analysis. Only one study 
compared the robotic modality with its laparoscopic 
counterpart and found an associated higher cost with the 
robotic technique.18 This is an important area that needs 
to be further studied, especially, to understand if a wider 
application of this technique is economically feasible. 
Another limitation is that in all the studies, the surgeries 
were performed by highly experienced surgeons in the 
field of minimally invasive and robot-assisted surgery, 
and it is, therefore, unclear whether these techniques 
would translate to successful adoption by the larger 
surgical community.

CONCLUSION

Current initial data indicate that RA-LESS is a promis-
ing technique. It is a safe, feasible, and reproducible 
procedure for performing myomectomy. However, more 
studies with larger cohorts and long-term follow-ups are 
needed to conclusively recommend this technique for a 
wider application. Also, the exact indications for its use 
and patient selection criteria for optimum outcome still 
need to be determined.
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Efficiency of Laparoscopic Appendicectomy  
in Perforated Appendicitis
Md Sumon Rahman

ABSTRACT
Minimal access surgery is nowadays widely practiced in both 
diagnosis and management of various infective conditions of 
abdomen. Laparoscopic appendicectomy (LA) is a procedure of 
choice in acute or chronic appendicitis in any age group. Lapa-
roscopy is also recommended in appendicolithiasis, perforated 
appendicitis, and appendicular abscess with evidence of less 
morbidity and hospital stay in comparison to open approach.

Some studies reported formation of postoperative intra-
abdominal abscess (IAA) and challenged the laparoscopic 
management in perforated appendicitis. We searched through 
internet for relevant articles with the keywords like LA in acute 
appendicitis, burst appendix, appendicular abscess, intra-
abdominal abscess, perforated appendicitis, etc. Individual 
case report or case series lack in control group for comparison 
were excluded from our review.

This study reviewed the efficacy of LA in perforated 
appendicitis. Parameters we concentrated were on operation 
techniques related to operation time, conversion rate, surgical 
site infection, IAA formation, hospital stay, use of analgesics, 
and the cost.

Keywords: Burst appendix, Complicated appendicitis, Intra-
abdominal abscess, Laparoscopic appendicectomy, Perforated 
appendicitis.
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INTRODUCTION

Laparoscopic appendicectomy was first reported by 
Semm.1 Since then a lot of studies comparing LA vs open 
appendicectomy (OA) were performed.2,3 Minimal access 
technique has better visualization of the pathology and 
the surrounding anatomy with more accessibility in 
comparison to open surgery.

Some authors suggested that complicated appendicitis 
could be better managed with laparoscopy4,5 because 
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open approach needs larger incision, more tissue dissec-
tion, obscured surrounding anatomy, excessive traction 
by abdominal retractors, increased operation time, more 
surgical stress to the patients, and, moreover, higher sur-
gical site infection rate. But several studies also assessed 
the role of laparoscopy in complicated appendicitis, and 
the results are controversial.6-9

In a retrospective comparative study by Lin et al,10  
91 of 99 patients with perforated appendicitis were 
managed by LA with lower wound infection rate (15.2%) 
than OA (30.7%). Some study also reported the benefit of 
LA than OA in terms of hospital stay, antibiotic usage, 
wound infection, resuming enteral feeding, etc.,11-13 but 
some studies reported higher incidence of IAA with LA 
in complicated appendicitis,14-18 which makes the efficacy 
of LA in perforated appendicitis debatable.

MATERIALS AND METHODS

We performed extensive literature search through 
PubMed, Science Direct, Google Scholar, Wiley Online 
Library with the keywords: Laparoscopic appendicec-
tomy, perforated appendicitis, complicated appendicitis 
with no definite timeline. All the articles found were 
further screened and those articles including data 
representing the outcome of laparoscopic treatment of 
clinically and radiologically diagnosed complicated 
appendicitis were included in our review. Complicated 
appendicitis may define as clinical history suggestive of 
acute appendicitis in which perforation with or without 
IAA or generalized peritonitis.

Various parameters like operation time, rate of con-
version to open, hospital stay, usages of antibiotics and 
analgesics, superficial and deep surgical site infection, 
and the treatment cost were compared to evaluate the 
efficacy of laparoscopy in complicated appendicitis.

LITERATURE REVIEWS

According to the 2010 Society of American Gastroin-
testinal and Endoscopic Surgeons (SAGES) guideline, 
laparoscopy is preferred in the following cases:
•	 Perforated	appendicitis
•	 Appendicitis	in	elderly	and	obese	patients
•	 Women	 of	 childbearing	 age	 with	 presumed	 

appendicitis19
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Operative Steps and Procedure Analysis

Multiport technique is most commonly performed for 
appendicectomy. Single-port LA is a more less-invasive 
procedure. But conversion rate from single port to 
multiport was higher (25% need additional trocars) in 
complicated appendicitis.20 Although Muensterer et al20 
still considered single-port approach is applicable for 
children with complicated appendicitis, so far multiport 
technique is a more effective approach to deal with per-
forated appendicitis.

Safe and effective closure of appendiceal stump 
could play a vital role for the outcomes of perforated 
appendicitis management. Various methods including 
titanium endoclips, absorbable endoloops knot, nonme-
tallic hemlocks, or staplers have been used for securing 
appendiceal stumps during LA.21 A study by Beldi et al22  
reported that stapler usage is safer to overcome IAA for-
mation compared with endoloops. But endoloops are 6 to 
12 times cheaper than stapling devices and convenient to 
use by most of the surgeons. Sahm et al23 reported that 
there was no significant difference after using staplers 
or endoloops in perforated appendicitis for developing 
IAA (4.2 vs 3.5%, p = 0.870), but only a few cases required 
staplers. Operating surgeon is the best judge for choosing 
the stump ligation device.

Surgical toileting is one of the must do steps in the 
presence of generalized peritonitis either in open or 
laparoscopic approach. But the efficacy of lavage remains 
controversial. The peritoneal lavage is effective before 
wound closure to reduce wound contamination in perfo-
rated appendicitis or appendicular abscess,10 and it is also 
suggested by European guideline that through lavage 
(with 6–8 L normal saline) we can effectively lower the 
rate of IAA in perforated appendicitis.24 In contrast, the 
lavage itself might spread the infection. Whenever a study 
documents a higher IAA rate with peritoneal irrigation 
in perforated appendicitis,25 the role of lavage remains 
controversial. Abdominal drains are commonly used 
either in laparoscopy or open approach to evacuate the 
residual abdominal collection and prevent concurrent 
IAA in routine or emergency surgery.26 Sleem et al12 
documented that pelvic drain could not reduce the rate 
of IAA after LA or OA. Allemann et al27 reported overall 
less complication without drains vs with drain (7.7 vs 
18.5%, p = 0.01) with shorter hospital stay (4.2 vs 7.3 days, 
p = 0.0001). Pessaux et al28 documented higher infection 
rate related to abdominal drains after LA.

Conversion from LA to OA could negatively impact 
the outcome due to longer operation time, excess use of 
anesthetic agents, and overall more stress to the surgeon 
and patient. The conversion rates have been reported 
from LA to OA as 0 to 47%11,17 correlating with surgeon’s 

experience.6 In converted cases, the benefit of LA in 
complicated appendicitis would be underestimated.21 
Basically, conversion rate varies depending on the evalu-
ation of anatomy, condition of the pathology, and the 
surgical skills also.

Postoperative Complication Analysis

Infection

A lot of studies documented less wound infection in LA 
than OA, both in adults8,10-14,17,18 and children6 in com-
plicated appendicitis. Several studies documented the 
infection rate for LA as 0 to 15% and OA as 2 to 48%.21 
Practically, we used to retrieve the infected appendix 
with endobag to avoid port-site contamination. It has 
been suggested to handle the appendix during LA with 
an atraumatic grasper and every attempt to avoid the 
rupture of appendix.29 But the development of IAA for-
mation during postoperative period is not uncommon in 
perforated appendicitis because it would increase treat-
ment cost due to prolonged antibiotic usages, prolonged 
hospital stays, and may even require readmission. To 
overcome such complications, LA could play a big role 
compared with OA.13,30,31 Masoomi et al13 reported the 
reduced rate of IAA in LA vs OA (1.65 vs 3.57%, p < 0.01). 
But, some recent reports suggested the incidences of IAA 
were still significant in LA for perforated appendicitis.18,32

Postoperative Analgesia

Pain is a subjective issue. As the multiple small incisions 
are more immune than a single large incision, multiple 
small-port incisions could effectively lower the need for 
postoperative analgesics. Some studies also documented 
on adults that LA causes less pain in perforated appendi-
citis compared with OA.10,11,17 But the children may show 
no difference.33

Treatment Cost

After diagnosis and surgery, the treatment cost varies, 
especially due to postoperative complications, including 
infection, sepsis, intensive care support, prolonged anti-
biotics, analgesics, increased hospital stay, etc. Uncom-
plicated appendicitis managed by LA reported reduced 
hospital stay and treatment cost34 as well as in perforated 
appendicitis irrespective of patient’s age.11,17,35,36 From 
the nationwide inpatient sample data of 573,244 adults, 
Masoomi et al13 have concluded the length of hospital 
stay in LA vs OA (4.0 vs 6.0 days, p ≤ 0.01). Tiwari et al29 
also reported reduced medical cost in LA than OA. Treat-
ment cost largely varies from institutional practices by 
using disposable laparoscopic instruments, expensive 
electrosurgical devices and stapling devices, etc.
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Mortality and Morbidity

Acute appendicitis is the most commonly diagnosed 
cause of acute abdomen and managed surgically by LA 
around the world. But in case of complicated appendicitis, 
the outcome varies according to the presentation, age, and 
other associated comorbidities. Mortality and morbidity 
issue is a high concern in laparoscopic management of 
perforated appendicitis. It has been claimed by some 
authors that in-hospital mortality was significantly lower 
with LA compared with OA.13 Moreover, it is reported 
that overall complication rate was reduced by LA vs OA 
(17.43 vs 26.68%, p ≤ 0.0001).29 Other studies also docu-
mented consistently lower postoperative morbidities for 
perforated appendicitis with LA than OA (12.8–39.5% for 
LA and 26–37% for OA).6,10,17

Outcome in Elderly and Obese Patients

In elderly and obese patients, the presentation of appen-
dicitis is not commonly typical and becomes complicated 
easily due to diagnostic delay and other associated 
comorbidities. In the elderly, appendix might become 
gangrenous at the tip and perforated due to atherosclerotic 
changes in blood vessels and 50% higher perforation rate is 
also documented in geriatric than younger population.37,38 
Creation of pneumoperitoneum in elderly patients might 
be hazardous for cardiopulmonary activities proportion-
ately with the duration of operation time in perforated 
appendicitis. So many surgeons discourage laparoscopy 
in complicated appendicitis in elderly population. Though 
few studies reported better outcome in terms of shorter 
hospital stay and less infection with LA than OA with 
comparable operation time,8,33,39,40 the benefit of minimal 
access surgery in elderly patient needs more study.

There are some mechanical problems with laparoscopic 
approach in obese population that include difficult port 

position, excess IAA and extra-abdominal fat, ventilation 
problem with pneumoperitoneum, which contribute to 
higher perioperative complications. According to SAGES 
guideline, LA is safe and effective in obese patients (level II,  
grade II).19 Laparoscopy with longer trocars and instru-
ments has some additional advantages like better expo-
sure of anatomy, proper visualization, and lower wound 
complications.41 Varela et al42 documented less overall 
complications, less hospital stays, and comparable or even 
lower treatment cost with LA than OA in over 906 morbid 
obesity patients. Table 1 depicts the results of two different 
studies over obese patients with perforated appendicitis.43

DISCUSSION

Most of the studies have reported the positive outcomes 
of LA than OA in terms of shorter hospital stays, lower 
infection rate, lower IAA, and comparable treatment 
cost in perforated appendicitis (Table 2). Conversion rate 
and postoperative IAA remain two significant issues of 
debate for LA in perforated appendicitis management. 

Table 1: Population-based studies for obese patients with 
perforated appendicitis

Study Varela et al
42

Masoomi et al
13

Study period 2002–2007 2006–2008
Patient number LA: 238 LA: 6769

OA: 441 OA: 7110
Definition of obesity BMI ≥ 40 kg/m2 BMI ≥ 30 kg/m2

Length of hospital stay LA: 5 LA: 4.4
OA: 7a OA: 6.5

Mortality LA: 0% LA: 0%
OA: 0% OA: 0.50%a

Overall complication rate LA: 18% LA: 22.34%
OA: 27%a OA: 34.65%a

Mean cost, USD LA: 12300 LA: 36483
OA: 16600 OA: 43901a

ap < 0.01 vs perforated appendicitis (OA); BMI: Body mass index

Table 2: Summary of various study results

Study  Patient population Patient number LOS, days Wound infection IAA Treatment cost, USD

Tuggle et al18   Adult LA: 2060 LA: 3.97a LA: 2.56% LA: 6.74%
OA: 730 OA: 5.13 OA: 8.05% OA: 3.69%

Tiwari et al29   Adult LA: 5212 LA: 4.34a LA: 12125a

OA: 5323 OA: 7.31 OA: 17594
Masoomi et al13   Adult LA: 69810 LA: 4.0a LA: 0.58% LA: 1.65% LA: 32487a

OA: 68344 OA: 6.0 OA: 2.09% OA: 3.57% OA: 38503
Oyetunji et al45 <18 years LA: 21254 LA: 5.06a LA: 4.9% LA: 27951a

OA: 51533 OA: 5.60 OA: 3.8% OA: 24965
Jen et al46 <18 years LA: 9246 LA: 5.2a LA: 5.5%

OA: 21347 OA: 5.5 OA: 6.4%
Mohamed et al47   Adult LA: 42 LA: 5.3a LA: 8.3%

OA: 32 OA: 7.2 OA: 24.4%
Gerg et al4   All age group LA: 49 LA: 3.0a LA: 8.2% LA: 8.2%

OA: 61 OA: 6.0 OA: 24.6% OA: 22.9%
ap < 0.01 vs perforated appendicitis (OA) group, LOS: length of stay, LA: Laparoscopic appendicectomy, IAA: Intra-abdominal abscess
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Risk factors for IAA include improper appendiceal stump 
closure, inadequate peritoneal irrigation, and the use 
of abdominal drains could equally affect the LA and 
OA outcomes. Individual surgical skill and team effort 
could lower the conversion rate and duration of operation 
time as well. However, the delay for conversion might be 
associated with more complications and morbidities. Rec-
ommendation for routine use of peritoneal irrigation and 
abdominal drains in perforated appendicitis to reduce 
IAA is individualized. Laparoscopic appendicectomy 
might be effective for elderly and obese population. WSES 
2013 guideline also recommends laparoscopic manage-
ment in intraabdominal infections.44 As the endoscopic 
surgical performance and its outcome varies with the 
surgeon’s skill, team effort, and instrumental advance-
ment, it is not so easy to conclude the definitive role of LA 
in the management of perforated appendicitis.

CONCLUSION

In perforated appendicitis, laparoscopic approach carries 
definite advantages with less postoperative complications 
and better outcome. Especially in children and obese 
group, it is a more feasible and better alternative than 
open approach in complicated appendicitis.

REFERENCES

 1. Semm K. Endoscopic appendectomy. Endoscopy 1983 
Mar;15(2):59-64.

 2. Mutter D, Vix M, Bui A, Evrard S, Tassetti V, Breton J, Mar-
escaux J. Laparoscopy not recommended for routine appen-
dectomy in men: results of a prospective randomized study. 
Surgery 1996 Jul;120(1):71-74.

 3. Reiertsen O, Larsen S, Trondsen E, Edwin B, Faerden AE, 
Rosseland AR. Randomized controlled trial with sequential 
design of laparoscopic versus conventional appendectomy. 
Br J Surg 1997 Jun;84(6):842-847.

 4. Garg CP, Vaidya BB, Chengalath MM. Efficacy of laparoscopy 
in complicated appendicitis. Int J Surg 2009 Jun;7(3):250-252.

 5. Piskun G, Kozik D, Rajpal S, Shaftan G, Fogler R. Compari-
son of laparoscopic, open, and converted appendectomy for 
perforated appendicitis. Surg Endosc 2001 Jul;15(7):660-662.

 6. So JB, Chiong EC, Chiong E, Cheah WK, Lomanto D, Goh P, 
Kum CK. Laparoscopic appendectomy for perforated appen-
dicitis. World J Surg 2002 Dec;26(12):1485-1488.

 7. Senapathi PS, Bhattacharya D, Ammori BJ. Early laparoscopic 
appendectomy for appendicular mass. Surg Endosc 2002 
Dec;16(12):1783-1785.

 8. Guller U, Hervey S, Purves H, Muhlbaier LH, Peterson ED, 
Eubanks S, Pietrobon R. Laparoscopic versus open appendec-
tomy: outcomes comparison based on a large administrative 
database. Ann Surg 2004 Jan;239(1):43-52.

 9. Mancini GJ, Mancini ML, Nelson HS. Efficacy of laparoscopic 
appendectomy in appendicitis with peritonitis. Am Surg 2005 
Jan;71(1):1-5.

 10. Lin HF, Wu JM, Tseng LM, Chen KH, Huang SH, Lai IR. 
Laparoscopic versus open appendectomy for perforated 
appendicitis. J Gastrointest Surg 2006 Jun;10(6):906-910.

 11. Fukami Y, Hasegawa H, Sakamoto E, Komatsu S, Hiromatsu T.  
Value of laparoscopic appendectomy in perforated appendi-
citis. World J Surg 2007 Jan;31(1):93-97.

 12. Sleem R, Fisher S, Gestring M, Cheng J, Sangosanya A, Stassen N,  
Bankey P. Perforated appendicitis: is early laparoscopic 
appendectomy appropriate? Surgery 2009 Oct;146(4):731-737; 
discussion 737-738.

 13. Masoomi H, Mills S, Dolich MO, Ketana N, Carmichael JC, 
Nguyen NT, Stamos MJ. Comparison of outcomes of laparo-
scopic versus open appendectomy in adults: data from the 
Nationwide Inpatient Sample (NIS), 2006-2008. J Gastrointest 
Surg 2011 Dec;15(12):2226-2231.

 14. Frazee RC, Bohannon WT. Laparoscopic appendectomy for 
complicated appendicitis. Arch Surg 1996 May;131(5):509-511

 15. Bonanni F, Reed J 3rd, Hartzell G, Trostle D, Boorse R, Gittle-
man M, Cole A. Laparoscopic versus conventional appendec-
tomy. J Am Coll Surg 1994 Sep;179(3):273-278.

 16. Krisher SL, Browne A, Dibbins A, Tkacz N, Curci M. Intraab-
dominal abscess after laparoscopic appendectomy for perfo-
rated appendicitis. Arch Surg 2001 Apr;136(4):438-441.

 17. Katsuno G, Nagakari K, Yoshikawa S, Sugiyama K, Fukunaga M.  
Laparoscopic appendectomy for complicated appendicitis: 
a comparison with open appendectomy. World J Surg 2009 
Feb;33(2):208-214.

 18. Tuggle KR, Ortega G, Bolorunduro OB, Oyetunji TA, Alexan-
der R, Turner PL, Chang DC, Cornwell EE 3rd, Fullum TM. 
Laparoscopic versus open appendectomy in complicated 
appendicitis: a review of the NSQIP database. J Surg Res 2010 
Oct;163(2):225-228.

 19. Korndorffer JR Jr, Fellinger E, Reed W. SAGES guideline for 
laparoscopic appendectomy. Surg Endosc 2010 Apr;24(4): 
757-761.

 20. Muensterer OJ, Puga Nougues C, Adibe OO, Amin SR, 
Georgeson KE, Harmon CM. Appendectomy using single-
incision pediatric endosurgery for acute and perforated 
appendicitis. Surg Endosc 2010 Dec;24(12):3201-3204.

 21. Markides G, Subar D, Riyad K. Laparoscopic versus open 
appendectomy in adults with complicated appendicitis: 
systematic review and meta-analysis. World J Surg 2010 
Sep;34(9):2026-2040.

 22. Beldi G, Vorburger SA, Bruegger LE, Kocher T, Inderbitzin D,  
Candinas D. Analysis of stapling versus endoloops in 
appendiceal stump closure. Br J Surg 2006 Nov;93(11): 
1390-1393.

 23. Sahm M, Kube R, Schmidt S, Ritter C, Pross M, Lippert H. 
Current analysis of endoloops in appendiceal stump closure. 
Surg Endosc 2011 Jan;25(1):124-129.

 24. Agresta F, Ansaloni L, Baiocchi GL, Bergamini C, Campanile FC,  
Carlucci M, Cocorullo G, Corradi A, Franzato B, Lupo M, 
et al. Laparoscopic approach to acute abdomen from the 
Consensus Development Conference of the Società Italiana 
di Chirurgia Endoscopica e nuove tecnologie (SICE), Asso-
ciazione Chirurghi Ospedalieri Italiani (ACOI), Società 
Italiana di Chirurgia (SIC), Società Italiana di Chirurgia 
d’Urgenza e del Trauma (SICUT), Società Italiana di 
Chirurgia nell’Ospedalità Privata (SICOP), and the European 
Association for Endoscopic Surgery (EAES). Surg Endosc 
2012 Aug;26(8):2134-2164.

 25. Moore CB, Smith RS, Herbertson R, Toevs C. Does use of 
intraoperative irrigation with open or laparoscopic appen-
dectomy reduce post-operative intra-abdominal abscess? Am 
Surg 2011 Jan;77(1):78-80.



Md Sumon Rahman

42

 26. Schein M. To drain or not to drain? The role of drainage in the 
contaminated and infected abdomen: an international and 
personal perspective. World J Surg 2008 Feb;32(2):312-321.

 27. Allemann P, Probst H, Demartines N, Schäfer M. Preven-
tion of infectious complications after laparoscopic appen-
dectomy for complicated acute appendicitis—the role of 
routine abdominal drainage. Langenbecks Arch Surg 2011 
Jan;396(1):63-68.

 28. Pessaux P, Msika S, Atalla D, Hay JM, Flamant Y; French 
Association for Surgical Research. Risk factors for postop-
erative infectious complications in noncolorectal abdominal 
surgery: a multivariate analysis based on a prospective mul-
ticenter study of 4718 patients. Arch Surg 2003 Mar;138(3): 
314-324.

 29. Tiwari MM, Reynoso JF, Tsang AW, Oleynikov D. Compari-
son of outcomes of laparoscopic and open appendectomy in 
management of uncomplicated and complicated appendicitis. 
Ann Surg 2011 Dec;254(6):927-932.

 30. Gupta R, Sample C, Bamehriz F, Birch DW. Infectious com-
plications following laparoscopic appendectomy. Can J Surg 
2006 Dec;49(6):397-400.

 31. Wang X, Zhang W, Yang X, Shao J, Zhou X, Yuan J. Complicated 
appendicitis in children: is laparoscopic appendectomy appro-
priate? A comparative study with the open appendectomy—
our experience. J Pediatr Surg 2009 Oct;44(10):1924-1927.

 32. Markar SR, Blackburn S, Cobb R, Karthikesalingam A, Evans J,  
Kinross J, Faiz O. Laparoscopic versus open appendectomy 
for complicated and uncomplicated appendicitis in children. 
J Gastrointest Surg 2012 Oct;16(10):1993-2004.

 33. Fraser JD, Aguayo P, Leys CM, Keckler SJ, Newland JG,  
Sharp SW, Murphy JP, Snyder CL, Sharp RJ, Andrews WS, 
et al. A complete course of intravenous antibiotics vs a com-
bination of intravenous and oral antibiotics for perforated 
appendicitis in children: a prospective, randomized trial.  
J Pediatr Surg 2010 Jun;45(6):1198-1202.

 34. Sauerland S, Lefering R, Neugebauer EA. Laparoscopic versus 
open surgery for suspected appendicitis. Cochrane Database 
Syst Rev 2004 Oct;4:CD001546.

 35. Yagmurlu A, Vernon A, Barnhart DC, Georgeson KE,  
Harmon CM. Laparoscopic appendectomy for perforated 
appendicitis: a comparison with open appendectomy. Surg 
Endosc 2006 Jul;20(7):1051-1054.

 36. Yeh CC, Wu SC, Liao CC, Su LT, Hsieh CH, Li TC. Laparo-
scopic appendectomy for acute appendicitis is more favorable 
for patients with comorbidities, the elderly, and those with 
complicated appendicitis: a nationwide population-based 
study. Surg Endosc 2011 Sep;25(9):2932-2942.

 37. Storm-Dickerson TL, Horattas MC. What have we learned 
over the past 20 years about appendicitis in the elderly? Am 
J Surg 2003 Mar;185(3):198-201.

 38. Masoomi H, Mills S, Dolich MO, Ketana N, Carmichael JC, 
Nguyen NT, Stamos MJ. Does laparoscopic appendectomy 
impart an advantage over open appendectomy in elderly 
patients? World J Surg 2012 Jul;36(7):1534-1539.

 39. Paranjape C, Dalia S, Pan J, Horattas M. Appendicitis in the 
elderly: a change in the laparoscopic era. Surg Endosc 2007 
May;21(5):777-781.

 40. Harrell AG, Lincourt AE, Novitsky YW, Rosen MJ, Kuwada 
TS, Kercher KW, Sing RF, Heniford BT. Advantages of 
laparoscopic appendectomy in the elderly. Am Surg 2006 
Jun;72(6):474-480.

 41. Enochsson L, Hellberg A, Rudberg C, Fenyo G, Gudbjartson T,  
Kullman E, Ringqvist I, Sorensen S, Wenner J. Laparoscopic 
vs open appendectomy in overweight patients. Surg Endosc 
2001 Apr;15(4):387-392.

 42. Varela JE, Hinojosa MW, Nguyen NT. Laparoscopy should be 
the approach of choice for acute appendicitis in the morbidly 
obese. Am J Surg 2008 Aug;196(2):218-222.

 43. Lin HF, Lai HS, Lai IR. Laparoscopic treatment of perfo-
rated appendicitis. World J Gastroenterol 2014 Oct;20(39): 
14338-14347.

 44. Sartelli M, Viale P, Catena F, Ansaloni L, Moore E, Malangoni M,  
Moore FA, Velmahos G, Coimbra R, Ivatury R, et al. 2013 
WSES guidelines for management of intra-abdominal infec-
tions. World J Emerg Surg 2013 Jan;8(1):3.

 45. Oyetunji TA, Nwomeh BC, Ong’uti SK, Gonzalez DO, Corn-
well EE 3rd, Fullum TM. Laparoscopic appendectomy in 
children with complicated appendicitis: ethnic disparity 
amid changing trend. J Surg Res 2011 Sep;170(1):e99-e103.

 46. Jen HC, Shew SB. Laparoscopic versus open appendectomy 
in children: outcomes comparison based on a statewide 
analysis. J Surg Res 2010 Jun;161(1):13-17.

 47. Mohamed AA, Mahran KM. Laparoscopic appendectomy in 
complicated appendicitis: is it safe? J Min Access Surg 2013 
Apr;9(2):55-58.



Md Sumon Rahman

38

Efficiency of Laparoscopic Appendicectomy  
in Perforated Appendicitis
Md Sumon Rahman

ABSTRACT
Minimal access surgery is nowadays widely practiced in both 
diagnosis and management of various infective conditions of 
abdomen. Laparoscopic appendicectomy (LA) is a procedure of 
choice in acute or chronic appendicitis in any age group. Lapa-
roscopy is also recommended in appendicolithiasis, perforated 
appendicitis, and appendicular abscess with evidence of less 
morbidity and hospital stay in comparison to open approach.

Some studies reported formation of postoperative intra-
abdominal abscess (IAA) and challenged the laparoscopic 
management in perforated appendicitis. We searched through 
internet for relevant articles with the keywords like LA in acute 
appendicitis, burst appendix, appendicular abscess, intra-
abdominal abscess, perforated appendicitis, etc. Individual 
case report or case series lack in control group for comparison 
were excluded from our review.

This study reviewed the efficacy of LA in perforated 
appendicitis. Parameters we concentrated were on operation 
techniques related to operation time, conversion rate, surgical 
site infection, IAA formation, hospital stay, use of analgesics, 
and the cost.

Keywords: Burst appendix, Complicated appendicitis, Intra-
abdominal abscess, Laparoscopic appendicectomy, Perforated 
appendicitis.
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INTRODUCTION

Laparoscopic appendicectomy was first reported by 
Semm.1 Since then a lot of studies comparing LA vs open 
appendicectomy (OA) were performed.2,3 Minimal access 
technique has better visualization of the pathology and 
the surrounding anatomy with more accessibility in 
comparison to open surgery.

Some authors suggested that complicated appendicitis 
could be better managed with laparoscopy4,5 because 
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open approach needs larger incision, more tissue dissec-
tion, obscured surrounding anatomy, excessive traction 
by abdominal retractors, increased operation time, more 
surgical stress to the patients, and, moreover, higher sur-
gical site infection rate. But several studies also assessed 
the role of laparoscopy in complicated appendicitis, and 
the results are controversial.6-9

In a retrospective comparative study by Lin et al,10  
91 of 99 patients with perforated appendicitis were 
managed by LA with lower wound infection rate (15.2%) 
than OA (30.7%). Some study also reported the benefit of 
LA than OA in terms of hospital stay, antibiotic usage, 
wound infection, resuming enteral feeding, etc.,11-13 but 
some studies reported higher incidence of IAA with LA 
in complicated appendicitis,14-18 which makes the efficacy 
of LA in perforated appendicitis debatable.

MATERIALS AND METHODS

We performed extensive literature search through 
PubMed, Science Direct, Google Scholar, Wiley Online 
Library with the keywords: Laparoscopic appendicec-
tomy, perforated appendicitis, complicated appendicitis 
with no definite timeline. All the articles found were 
further screened and those articles including data 
representing the outcome of laparoscopic treatment of 
clinically and radiologically diagnosed complicated 
appendicitis were included in our review. Complicated 
appendicitis may define as clinical history suggestive of 
acute appendicitis in which perforation with or without 
IAA or generalized peritonitis.

Various parameters like operation time, rate of con-
version to open, hospital stay, usages of antibiotics and 
analgesics, superficial and deep surgical site infection, 
and the treatment cost were compared to evaluate the 
efficacy of laparoscopy in complicated appendicitis.

LITERATURE REVIEWS

According to the 2010 Society of American Gastroin-
testinal and Endoscopic Surgeons (SAGES) guideline, 
laparoscopy is preferred in the following cases:
•	 Perforated	appendicitis
•	 Appendicitis	in	elderly	and	obese	patients
•	 Women	 of	 childbearing	 age	 with	 presumed	 

appendicitis19
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Operative Steps and Procedure Analysis

Multiport technique is most commonly performed for 
appendicectomy. Single-port LA is a more less-invasive 
procedure. But conversion rate from single port to 
multiport was higher (25% need additional trocars) in 
complicated appendicitis.20 Although Muensterer et al20 
still considered single-port approach is applicable for 
children with complicated appendicitis, so far multiport 
technique is a more effective approach to deal with per-
forated appendicitis.

Safe and effective closure of appendiceal stump 
could play a vital role for the outcomes of perforated 
appendicitis management. Various methods including 
titanium endoclips, absorbable endoloops knot, nonme-
tallic hemlocks, or staplers have been used for securing 
appendiceal stumps during LA.21 A study by Beldi et al22  
reported that stapler usage is safer to overcome IAA for-
mation compared with endoloops. But endoloops are 6 to 
12 times cheaper than stapling devices and convenient to 
use by most of the surgeons. Sahm et al23 reported that 
there was no significant difference after using staplers 
or endoloops in perforated appendicitis for developing 
IAA (4.2 vs 3.5%, p = 0.870), but only a few cases required 
staplers. Operating surgeon is the best judge for choosing 
the stump ligation device.

Surgical toileting is one of the must do steps in the 
presence of generalized peritonitis either in open or 
laparoscopic approach. But the efficacy of lavage remains 
controversial. The peritoneal lavage is effective before 
wound closure to reduce wound contamination in perfo-
rated appendicitis or appendicular abscess,10 and it is also 
suggested by European guideline that through lavage 
(with 6–8 L normal saline) we can effectively lower the 
rate of IAA in perforated appendicitis.24 In contrast, the 
lavage itself might spread the infection. Whenever a study 
documents a higher IAA rate with peritoneal irrigation 
in perforated appendicitis,25 the role of lavage remains 
controversial. Abdominal drains are commonly used 
either in laparoscopy or open approach to evacuate the 
residual abdominal collection and prevent concurrent 
IAA in routine or emergency surgery.26 Sleem et al12 
documented that pelvic drain could not reduce the rate 
of IAA after LA or OA. Allemann et al27 reported overall 
less complication without drains vs with drain (7.7 vs 
18.5%, p = 0.01) with shorter hospital stay (4.2 vs 7.3 days, 
p = 0.0001). Pessaux et al28 documented higher infection 
rate related to abdominal drains after LA.

Conversion from LA to OA could negatively impact 
the outcome due to longer operation time, excess use of 
anesthetic agents, and overall more stress to the surgeon 
and patient. The conversion rates have been reported 
from LA to OA as 0 to 47%11,17 correlating with surgeon’s 

experience.6 In converted cases, the benefit of LA in 
complicated appendicitis would be underestimated.21 
Basically, conversion rate varies depending on the evalu-
ation of anatomy, condition of the pathology, and the 
surgical skills also.

Postoperative Complication Analysis

Infection

A lot of studies documented less wound infection in LA 
than OA, both in adults8,10-14,17,18 and children6 in com-
plicated appendicitis. Several studies documented the 
infection rate for LA as 0 to 15% and OA as 2 to 48%.21 
Practically, we used to retrieve the infected appendix 
with endobag to avoid port-site contamination. It has 
been suggested to handle the appendix during LA with 
an atraumatic grasper and every attempt to avoid the 
rupture of appendix.29 But the development of IAA for-
mation during postoperative period is not uncommon in 
perforated appendicitis because it would increase treat-
ment cost due to prolonged antibiotic usages, prolonged 
hospital stays, and may even require readmission. To 
overcome such complications, LA could play a big role 
compared with OA.13,30,31 Masoomi et al13 reported the 
reduced rate of IAA in LA vs OA (1.65 vs 3.57%, p < 0.01). 
But, some recent reports suggested the incidences of IAA 
were still significant in LA for perforated appendicitis.18,32

Postoperative Analgesia

Pain is a subjective issue. As the multiple small incisions 
are more immune than a single large incision, multiple 
small-port incisions could effectively lower the need for 
postoperative analgesics. Some studies also documented 
on adults that LA causes less pain in perforated appendi-
citis compared with OA.10,11,17 But the children may show 
no difference.33

Treatment Cost

After diagnosis and surgery, the treatment cost varies, 
especially due to postoperative complications, including 
infection, sepsis, intensive care support, prolonged anti-
biotics, analgesics, increased hospital stay, etc. Uncom-
plicated appendicitis managed by LA reported reduced 
hospital stay and treatment cost34 as well as in perforated 
appendicitis irrespective of patient’s age.11,17,35,36 From 
the nationwide inpatient sample data of 573,244 adults, 
Masoomi et al13 have concluded the length of hospital 
stay in LA vs OA (4.0 vs 6.0 days, p ≤ 0.01). Tiwari et al29 
also reported reduced medical cost in LA than OA. Treat-
ment cost largely varies from institutional practices by 
using disposable laparoscopic instruments, expensive 
electrosurgical devices and stapling devices, etc.
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Mortality and Morbidity

Acute appendicitis is the most commonly diagnosed 
cause of acute abdomen and managed surgically by LA 
around the world. But in case of complicated appendicitis, 
the outcome varies according to the presentation, age, and 
other associated comorbidities. Mortality and morbidity 
issue is a high concern in laparoscopic management of 
perforated appendicitis. It has been claimed by some 
authors that in-hospital mortality was significantly lower 
with LA compared with OA.13 Moreover, it is reported 
that overall complication rate was reduced by LA vs OA 
(17.43 vs 26.68%, p ≤ 0.0001).29 Other studies also docu-
mented consistently lower postoperative morbidities for 
perforated appendicitis with LA than OA (12.8–39.5% for 
LA and 26–37% for OA).6,10,17

Outcome in Elderly and Obese Patients

In elderly and obese patients, the presentation of appen-
dicitis is not commonly typical and becomes complicated 
easily due to diagnostic delay and other associated 
comorbidities. In the elderly, appendix might become 
gangrenous at the tip and perforated due to atherosclerotic 
changes in blood vessels and 50% higher perforation rate is 
also documented in geriatric than younger population.37,38 
Creation of pneumoperitoneum in elderly patients might 
be hazardous for cardiopulmonary activities proportion-
ately with the duration of operation time in perforated 
appendicitis. So many surgeons discourage laparoscopy 
in complicated appendicitis in elderly population. Though 
few studies reported better outcome in terms of shorter 
hospital stay and less infection with LA than OA with 
comparable operation time,8,33,39,40 the benefit of minimal 
access surgery in elderly patient needs more study.

There are some mechanical problems with laparoscopic 
approach in obese population that include difficult port 

position, excess IAA and extra-abdominal fat, ventilation 
problem with pneumoperitoneum, which contribute to 
higher perioperative complications. According to SAGES 
guideline, LA is safe and effective in obese patients (level II,  
grade II).19 Laparoscopy with longer trocars and instru-
ments has some additional advantages like better expo-
sure of anatomy, proper visualization, and lower wound 
complications.41 Varela et al42 documented less overall 
complications, less hospital stays, and comparable or even 
lower treatment cost with LA than OA in over 906 morbid 
obesity patients. Table 1 depicts the results of two different 
studies over obese patients with perforated appendicitis.43

DISCUSSION

Most of the studies have reported the positive outcomes 
of LA than OA in terms of shorter hospital stays, lower 
infection rate, lower IAA, and comparable treatment 
cost in perforated appendicitis (Table 2). Conversion rate 
and postoperative IAA remain two significant issues of 
debate for LA in perforated appendicitis management. 

Table 1: Population-based studies for obese patients with 
perforated appendicitis

Study Varela et al
42

Masoomi et al
13

Study period 2002–2007 2006–2008
Patient number LA: 238 LA: 6769

OA: 441 OA: 7110
Definition of obesity BMI ≥ 40 kg/m2 BMI ≥ 30 kg/m2

Length of hospital stay LA: 5 LA: 4.4
OA: 7a OA: 6.5

Mortality LA: 0% LA: 0%
OA: 0% OA: 0.50%a

Overall complication rate LA: 18% LA: 22.34%
OA: 27%a OA: 34.65%a

Mean cost, USD LA: 12300 LA: 36483
OA: 16600 OA: 43901a

ap < 0.01 vs perforated appendicitis (OA); BMI: Body mass index

Table 2: Summary of various study results

Study  Patient population Patient number LOS, days Wound infection IAA Treatment cost, USD

Tuggle et al18   Adult LA: 2060 LA: 3.97a LA: 2.56% LA: 6.74%
OA: 730 OA: 5.13 OA: 8.05% OA: 3.69%

Tiwari et al29   Adult LA: 5212 LA: 4.34a LA: 12125a

OA: 5323 OA: 7.31 OA: 17594
Masoomi et al13   Adult LA: 69810 LA: 4.0a LA: 0.58% LA: 1.65% LA: 32487a

OA: 68344 OA: 6.0 OA: 2.09% OA: 3.57% OA: 38503
Oyetunji et al45 <18 years LA: 21254 LA: 5.06a LA: 4.9% LA: 27951a

OA: 51533 OA: 5.60 OA: 3.8% OA: 24965
Jen et al46 <18 years LA: 9246 LA: 5.2a LA: 5.5%

OA: 21347 OA: 5.5 OA: 6.4%
Mohamed et al47   Adult LA: 42 LA: 5.3a LA: 8.3%

OA: 32 OA: 7.2 OA: 24.4%
Gerg et al4   All age group LA: 49 LA: 3.0a LA: 8.2% LA: 8.2%

OA: 61 OA: 6.0 OA: 24.6% OA: 22.9%
ap < 0.01 vs perforated appendicitis (OA) group, LOS: length of stay, LA: Laparoscopic appendicectomy, IAA: Intra-abdominal abscess
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Risk factors for IAA include improper appendiceal stump 
closure, inadequate peritoneal irrigation, and the use 
of abdominal drains could equally affect the LA and 
OA outcomes. Individual surgical skill and team effort 
could lower the conversion rate and duration of operation 
time as well. However, the delay for conversion might be 
associated with more complications and morbidities. Rec-
ommendation for routine use of peritoneal irrigation and 
abdominal drains in perforated appendicitis to reduce 
IAA is individualized. Laparoscopic appendicectomy 
might be effective for elderly and obese population. WSES 
2013 guideline also recommends laparoscopic manage-
ment in intraabdominal infections.44 As the endoscopic 
surgical performance and its outcome varies with the 
surgeon’s skill, team effort, and instrumental advance-
ment, it is not so easy to conclude the definitive role of LA 
in the management of perforated appendicitis.

CONCLUSION

In perforated appendicitis, laparoscopic approach carries 
definite advantages with less postoperative complications 
and better outcome. Especially in children and obese 
group, it is a more feasible and better alternative than 
open approach in complicated appendicitis.
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Laparoscopic vs Robotic Surgery in Colorectal Cases
Shalmali Alva

ABSTRACT
Minimally invasive techniques have become the new norm in 
the arena of colorectal cases with surgeons preferring lapa-
roscopic commonly and robotics occasionally and sometimes 
hand-assisted laparoscopic surgery to deal with a variety of 
conditions in the colorectal region. Minimally invasive tech-
niques have resulted in better and smaller postoperative scars, 
lesser postoperative pain, reduced hospital stay, and resultant 
faster return to daily activities and work. The aim of this review 
article is to compare the short-term outcomes of laparoscopic 
colorectal surgery and robotic colorectal surgery as also the 
cost vs overall benefit of both techniques. The studies have 
been taken from reputed institutes (both teaching and non-
teaching) from across the world and have been sourced from 
Medline, Cochrane Central, and PubMed which have compared 
laparoscopic vs robotic techniques in colorectal cases on 
various parameters.

The two methods have shown fairly comparable duration of 
hospital stay and postoperative recovery and places perform-
ing higher load of robotics are having cost benefit over open 
surgeries in colorectal cases owing to faster discharge from 
hospital comparable to laparoscopic approach. This promising 
factor will probably enable further widespread use of robotics 
in colorectal cases.

Keywords: Colorectal surgery, Cost vs benefit, Laparoscopic 
surgery, Learning curve, Robotic surgery.
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INTRODUCTION

The last two and half decades have seen a rapid and 
ever-growing presence of minimally invasive surgical 
techniques in every arena of surgery. When laparoscopy 
made its advent in the surgical world more than two and 
half decades ago, it met with lot of skepticism about intra-
operative complications, postoperative complications, 
reasons for conversion to open surgery, and prohibitive 
cost compared with open surgery. Now, we are in an era 
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where laparoscopy surgery is the new norm. Along with 
increasing number of surgeons able to handle a variety 
of cases in completely minimally invasive ways, the 
faster recovery and discharge from hospital set-up have 
dramatically brought down costs too.

Similar to the environment laparoscopy met with 
in the 1990s, robotics has also met with the contention 
being put forward about exorbitant costs and lack of 
adequate trained personnel. As robotics is not being 
practiced in every surgical center as of now and also 
not for every surgical procedure, the appreciation and 
uptake of robotics in surgery have been slower. It has 
also been noticed that robotics has already made a huge 
impact in urologic and pelvic surgery compared with 
certain other areas. Notably, in urologic and pelvic and 
rectal surgeries, robotics has been a boon, as these are 
areas with minimal room for surgical manipulation and 
with robotic arms, the surgeon has greatly increased 
degrees of freedom as well as tactile feedback for precise 
movements. The technological advantages of the robotic 
system are a three-dimensional surgical view using a 
stable camera platform, fine and free movements of 
the robotic arm in the surgical fields, tremor elimi-
nation, motion scaling, dexterity, and ambidextrous 
capabi lity.1-4 Despite tremendous advances in laparos-
copy, there are still persisting limitations. Of late, the 
emergence of robotic-assisted colectomy combines the 
advantages of laparoscopic colectomy with advantages 
of open approach including better body mechanics and 
better visualization.

Although robotic colorectal surgery has proven to be 
comparable to laparoscopic colorectal surgery in terms 
of postoperative hospital stay and recovery time, robotic 
surgery has been studied only on few large-scale studies 
yet to conclusively comment on various parameters.1,2,5-14 
Hence, the use of robotic colorectal surgery will require 
further evaluation and widespread use for deliberating 
on long-term outcomes. Hence, in this article, we will only 
study the short-term outcomes of laparoscopic vs robotic 
colorectal surgery (Table 1).

Aim

The aim of this study is to compare laparoscopic colorec-
tal procedures with robotic colorectal procedures, their 
intraoperative advantages, hospital stay, recovery time, 
and cost vs benefit analysis over a short-term course.
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MATERIALS AND METHODS

The 14 studies included in the review article include 
single-center and multicenter studies, randomized con-
trolled trials (RCTs), as well as retrospective studies and 
meta-analysis conducted in reputed institutes across the 
world published during the period from 2001 to 2017. The 
research material for the review article was sourced from 
Medline, PubMed, and Cochrane Central.

DISCUSSION

This review article deals with the comparison of laparo-
scopic surgery and robotic surgery in colorectal cases and 
has taken into account 14 articles which have a patient 
subset ranging from 2000 to 2017 included in retrospec-
tive studies, case–control studies, and meta-analysis.

The data from the various studies have shown that 
robotic colectomy can prove to be a safe and feasible 
approach comparable to laparoscopic colectomy. The 
short-term outcomes of robotic colectomy have indeed 
been favorable.6,7,15,16

Weber et al17 reported performing the first robotic 
colonic resection using the Da Vinci system in 2001.18 
Since then, studies have been done on robotic colectomies 
and also comparing laparoscopic and robotic colorectal 
surgeries. Previous studies have suggested an improved 
conversion rate using robotic-assisted laparoscopic 
resection over laparoscopic resection in rectal cancer 
resections.2,19-23 Recent meta-analyses have affirmed the 
statistically significant difference.12-14

It has been estimated that the learning curve is reached 
after approximately 20 cases for robotic colectomy even 
for surgeons who lack significant laparoscopic experi-
ence.24 Because the robot affords improved visualization 
and manipulation, facilitating precise dissection within 
confines of bony pelvis, the use of robot-assisted resec-
tion for patients with rectal cancer has been increasing. 
Many groups have described application of technology to 
benign conditions like complicated diverticulitis also.25

There are now several nonrandomized comparison 
trials reporting lower conversion rates in robotic than in 
laparoscopy surgery, even in patients with tumors less 
than 5 cm from the anal verge.23,26,27 This is likely due 
to the improved precision, retraction, and visualization 
afforded by the robotic arms. Most studies report no 
increase in complication rates including in anastomo-
sis leak.10,11,14,29,30 Most significantly, robotic colectomy 
is associated with lower risk of conversion to open 
surgery.10,11,27,29,30 The robotic vs laparoscopic resection for 
rectal cancer trial addresses this issue.4,31 Multiple meta-
analyses conclude that robotic surgery does not appear 
to be associated with significantly longer operative times 
than laparoscopy. A three-phase learning curve has been N
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reported: (1) acquisition of basic robotic skills, (2) increas-
ing competence and the addition of more complicated 
cases, and (3) achievement of robotic mastery, including 
the ability to tackle the most complicated cases.24,32

Robotic surgery, however, comes with higher costs 
than laparoscopic surgery or open surgery.26,33-37 Of 
course, theoretically, potential benefits, such as func-
tional and oncologic ones are better in robotic rectal 
surgery. But it may still not justify the higher costs at all 
centers. As with all new advances in surgery, as robotics 
in surgery become more commonplace, the costs also 
are bound to come down and make it more feasible to 
be readily applied for a variety of procedures. As the 
learning curve for robotic surgery is also shorter than 
laparoscopic surgery, a bright future awaits widespread 
robotics in surgery.

CONCLUSION

Robotic and laparoscopic colectomy have comparable 
intraoperative efficacy, with lesser conversion to open 
surgery seen in robotic-assisted cases. The postopera-
tive morbidity, duration of hospital stay, and need for 
patient-controlled analgesia are comparable in most cases 
to laparoscopic surgery. In rectal cases, robotic surgery 
offers better operative expertise due to the presence 
of narrow bony pelvis limiting laparoscopic surgery. 
Robotic surgery has also proved effective in malignancy, 
as rates of positive circumferential margin are low and 
comparable to laparoscopic or open surgery. As the learn-
ing curve for robotic surgery is shorter than for laparo-
scopic surgery, and as the use of robotics becomes more 
widespread, the cost of robotic surgery will also likely 
be affordable by all.
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ABSTRACT
Minimally invasive techniques have become the new norm in 
the arena of colorectal cases with surgeons preferring lapa-
roscopic commonly and robotics occasionally and sometimes 
hand-assisted laparoscopic surgery to deal with a variety of 
conditions in the colorectal region. Minimally invasive tech-
niques have resulted in better and smaller postoperative scars, 
lesser postoperative pain, reduced hospital stay, and resultant 
faster return to daily activities and work. The aim of this review 
article is to compare the short-term outcomes of laparoscopic 
colorectal surgery and robotic colorectal surgery as also the 
cost vs overall benefit of both techniques. The studies have 
been taken from reputed institutes (both teaching and non-
teaching) from across the world and have been sourced from 
Medline, Cochrane Central, and PubMed which have compared 
laparoscopic vs robotic techniques in colorectal cases on 
various parameters.

The two methods have shown fairly comparable duration of 
hospital stay and postoperative recovery and places perform-
ing higher load of robotics are having cost benefit over open 
surgeries in colorectal cases owing to faster discharge from 
hospital comparable to laparoscopic approach. This promising 
factor will probably enable further widespread use of robotics 
in colorectal cases.

Keywords: Colorectal surgery, Cost vs benefit, Laparoscopic 
surgery, Learning curve, Robotic surgery.
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INTRODUCTION

The last two and half decades have seen a rapid and 
ever-growing presence of minimally invasive surgical 
techniques in every arena of surgery. When laparoscopy 
made its advent in the surgical world more than two and 
half decades ago, it met with lot of skepticism about intra-
operative complications, postoperative complications, 
reasons for conversion to open surgery, and prohibitive 
cost compared with open surgery. Now, we are in an era 
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where laparoscopy surgery is the new norm. Along with 
increasing number of surgeons able to handle a variety 
of cases in completely minimally invasive ways, the 
faster recovery and discharge from hospital set-up have 
dramatically brought down costs too.

Similar to the environment laparoscopy met with 
in the 1990s, robotics has also met with the contention 
being put forward about exorbitant costs and lack of 
adequate trained personnel. As robotics is not being 
practiced in every surgical center as of now and also 
not for every surgical procedure, the appreciation and 
uptake of robotics in surgery have been slower. It has 
also been noticed that robotics has already made a huge 
impact in urologic and pelvic surgery compared with 
certain other areas. Notably, in urologic and pelvic and 
rectal surgeries, robotics has been a boon, as these are 
areas with minimal room for surgical manipulation and 
with robotic arms, the surgeon has greatly increased 
degrees of freedom as well as tactile feedback for precise 
movements. The technological advantages of the robotic 
system are a three-dimensional surgical view using a 
stable camera platform, fine and free movements of 
the robotic arm in the surgical fields, tremor elimi-
nation, motion scaling, dexterity, and ambidextrous 
capabi lity.1-4 Despite tremendous advances in laparos-
copy, there are still persisting limitations. Of late, the 
emergence of robotic-assisted colectomy combines the 
advantages of laparoscopic colectomy with advantages 
of open approach including better body mechanics and 
better visualization.

Although robotic colorectal surgery has proven to be 
comparable to laparoscopic colorectal surgery in terms 
of postoperative hospital stay and recovery time, robotic 
surgery has been studied only on few large-scale studies 
yet to conclusively comment on various parameters.1,2,5-14 
Hence, the use of robotic colorectal surgery will require 
further evaluation and widespread use for deliberating 
on long-term outcomes. Hence, in this article, we will only 
study the short-term outcomes of laparoscopic vs robotic 
colorectal surgery (Table 1).

Aim

The aim of this study is to compare laparoscopic colorec-
tal procedures with robotic colorectal procedures, their 
intraoperative advantages, hospital stay, recovery time, 
and cost vs benefit analysis over a short-term course.



Shalmali Alva

44

T
a

b
le

 1
: D

at
a 

co
m

pa
ris

on
 b

et
w

ee
n 

ro
bo

tic
 a

nd
 la

pa
ro

sc
op

ic
  c

ol
or

ec
ta

l s
ur

ge
ry

N
am

e 
of

 a
ut

ho
r

D
at

e 
of

 
pu

bl
ic

at
io

n
Ty

pe
 o

f s
tu

dy
P

at
ie

nt
 s

ub
se

t
C

on
cl

us
io

n
A

nu
ra

dh
a 

B
ha

m
a 

et
 a

l,38
 

D
ep

t o
f S

ur
ge

ry
, S

t. 
Jo

se
ph

 
M

er
cy

 H
ea

lth
 C

en
te

r, 
A

nn
 

A
rb

or
, U

S
A

Ju
l 1

4,
 2

01
5

C
om

pa
ra

tiv
e 

st
ud

ie
s 

in
cl

ud
ed

 R
C

T 
an

d 
co

ho
rt 

st
ud

ie
s 

an
d 

pr
op

en
si

ty
 s

co
re

 
m

at
ch

in
g

A
C

S
N

S
Q

IP
 d

at
ab

as
e 

11
,4

77
 c

as
es

 ta
ke

n 
(y

ea
r 2

01
3)

H
os

pi
ta

l s
ta

y 
sh

or
te

r i
n 

ro
bo

tic
 c

ol
ec

to
m

y.
 C

on
ve

rs
io

n 
ra

te
s 

le
ss

er
 in

 ro
bo

tic
 c

ol
ec

to
m

y

Sc
ot

t C
 D

ol
ej

s 
et

 a
l,39

 D
ep

t o
f 

su
rg

er
y, 

In
di

an
a 

U
ni

ve
rs

ity
, 

Sc
ho

ol
 o

f M
ed

ic
in

e,
 U

SA

S
ep

 2
1,

 2
01

6
B

iv
ar

ia
te

 d
at

a 
an

al
ys

is
 a

nd
 lo

gi
st

ic
 

re
gr

es
si

on
 m

od
el

in
g

A
S

C
N

S
Q

IP
 ta

rg
et

ed
 c

ol
ec

to
m

y 
da

ta
ba

se
 

fro
m

 2
01

2 
to

 2
01

4;
 c

as
es

 n
um

be
rin

g 
25

,9
98

In
 ro

bo
tic

 c
ol

ec
to

m
y,

 p
os

to
pe

ra
tiv

e 
ho

sp
ita

l s
ta

y 
w

as
 

sh
or

te
r b

ut
 m

ea
n 

op
er

at
iv

e 
tim

e 
w

as
 lo

ng
er

 b
y 

40
 

m
in

ut
es

Bi
ng

ho
ng

 X
io

g 
et

 a
l,40

 D
ep

t 
of

 S
ur

ge
ry

, P
ek

in
g 

U
ni

ve
rs

ity
, 

Sh
ou

ga
ng

 H
os

pi
ta

l, 
Pe

op
le

s 
R

ep
ub

lic
 o

f C
hi

na

N
ov

 2
01

4
M

et
a-

an
al

ys
is

 o
f R

C
T 

an
d 

no
n-

R
C

T
S

ub
se

t o
f 1

,2
29

 p
at

ie
nt

s 
w

ho
 u

nd
er

w
en

t 
to

ta
l m

es
or

ec
ta

l e
xc

is
io

n
R

ob
ot

ic
-a

ss
is

te
d 

ca
se

s,
 lo

w
er

 c
on

ve
rs

io
n 

ra
te

 to
 

op
en

, a
nd

 le
ss

er
 in

ci
de

nc
e 

of
 p

os
iti

ve
 c

irc
um

fe
re

nt
ia

l 
m

ar
gi

n.
 O

pe
ra

tiv
e 

tim
e,

 re
co

ve
ry

 o
ut

co
m

es
, l

en
gt

h 
of

 
ho

sp
ita

l s
ta

y:
 th

er
e 

w
as

 n
o 

di
ffe

re
nc

e 
in

 ro
bo

tic
 a

nd
 

la
pa

ro
sc

op
ic

 c
as

es
B

ria
n 

E
ze

ki
an

 e
t a

l,41
 D

ep
t 

of
 S

ur
ge

ry
, D

uk
e 

U
ni

ve
rs

ity
, 

U
S

A

M
ar

 1
0,

 2
01

6
R

C
T

P
at

ie
nt

s 
w

ho
 u

nd
er

w
en

t c
ol

ec
to

m
y 

be
tw

ee
n 

20
12

 a
nd

 2
01

3:
 1

5,
97

6 
ca

se
s,

 o
f 

w
hi

ch
 o

nl
y 

49
8 

(3
%

) w
er

e 
ro

bo
tic

-a
ss

is
te

d

S
im

ila
r p

er
io

pe
ra

tiv
e 

ou
tc

om
e 

bu
t r

ob
ot

ic
 p

ro
ce

du
re

 
w

as
 a

ss
oc

ia
te

d 
w

ith
 lo

ng
er

 o
pe

ra
tiv

e 
tim

e 
th

an
 

la
pa

ro
sc

op
ic

 p
ro

ce
du

re
C

ha
ng

 W
 K

im
 e

t a
l,42

 D
ep

t 
of

 S
ur

ge
ry

, S
ev

er
an

ce
 

H
os

pi
ta

l, 
S

eo
ul

, K
or

ea

Fe
b 

5,
 2

01
4

R
ev

ie
w

 o
f o

ne
 R

C
T 

an
d 

39
 c

as
e 

se
rie

s 
an

d 
29

 c
om

pa
ra

tiv
e 

st
ud

ie
s

P
at

ie
nt

s 
in

cl
ud

ed
 fr

om
 J

an
ua

ry
 2

00
1 

to
 

Ja
nu

ar
y 

20
13

R
ob

ot
ic

 c
as

es
 h

ad
 c

om
pa

ra
bl

e 
sh

or
t-t

er
m

 o
ut

co
m

e 
to

 
la

pa
ro

sc
op

ic
 o

r o
pe

n 
su

rg
ic

al
 c

as
es

. C
os

t f
ac

to
r l

es
s 

ec
on

om
ic

al
 th

an
 la

pa
ro

sc
op

ic
 p

ro
ce

du
re

D
eb

or
ah

 S
 K

el
le

r e
t a

l,43
 

D
ep

t o
f S

ur
ge

ry
, C

as
e 

W
es

te
rn

 U
ni

ve
rs

ity
, 

C
le

ve
la

nd
, O

H
, U

S
A

A
ug

 3
1,

 2
01

3
M

ul
tiv

ar
ia

te
 a

na
ly

si
s 

fro
m

 P
P

D
 

R
ob

ot
ic

-a
ss

is
te

d 
la

pa
ro

sc
op

ic
 

re
se

ct
io

n 
to

 la
pa

ro
sc

op
ic

 re
se

ct
io

n

To
ta

l o
f 1

7,
26

5 
la

pa
ro

sc
op

ic
 c

as
es

 a
nd

 7
44

 
ro

bo
tic

 c
as

es
 o

ve
r a

 3
0-

m
on

th
 p

er
io

d
R

ob
ot

ic
 c

as
es

 h
ad

 h
ig

he
r c

os
t a

nd
 s

lig
ht

ly
 lo

ng
er

 
m

ea
n 

av
er

ag
e 

op
er

at
iv

e 
tim

e 
th

an
 la

pa
ro

sc
op

ic
 

ca
se

s

G
ar

y 
B

 D
eu

ts
ch

 e
t a

l,44
 

D
ep

t o
f S

ur
ge

ry
, S

t. 
Fr

an
ci

s 
H

os
pi

ta
l, 

R
os

el
yn

, N
Y,

 U
S

A

N
ov

 2
, 2

01
1

R
et

ro
sp

ec
tiv

e 
re

vi
ew

 b
et

w
ee

n 
N

ov
em

be
r 2

00
4 

an
d 

N
ov

em
be

r 2
00

9
17

1 
ca

se
s 

(r
ob

ot
ic

 7
9 

an
d 

la
pa

ro
sc

op
ic

 9
2)

N
o 

st
at

is
tic

al
 d

iff
er

en
ce

 in
 le

ng
th

 o
f h

os
pi

ta
l s

ta
y.

 
Ti

m
e 

to
 re

tu
rn

 o
f b

ow
el

 fu
nc

tio
n 

an
d 

ne
ed

 fo
r p

at
ie

nt
-

co
nt

ro
lle

d 
an

al
ge

si
a

H
ui

ro
ng

 X
u 

et
 a

l,45
 

S
ha

nd
on

g 
C

an
ce

r H
os

pi
ta

l, 
Ji

na
n,

 C
hi

na

A
ug

 1
6,

 2
01

4
M

et
a-

an
al

ys
is

 o
f 7

 s
tu

di
es

 o
f r

ob
ot

ic
 

an
d 

la
pa

ro
sc

op
ic

 ri
gh

t c
ol

ec
to

m
y 

(la
st

 
se

ar
ch

 N
ov

 2
01

3)

23
4 

ro
bo

tic
 c

as
es

 a
nd

 4
15

 la
pa

ro
sc

op
ic

 
ca

se
s

R
ob

ot
ic

 h
as

 lo
ng

er
 o

pe
ra

tiv
e 

tim
e 

bu
t s

ho
rte

r h
os

pi
ta

l 
st

ay
 a

nd
 lo

w
er

 e
st

im
at

ed
 b

lo
od

 lo
ss

 c
om

pa
re

d 
w

ith
 

la
pa

ro
sc

op
ic

. E
qu

iv
al

en
t c

lin
ic

al
 o

ut
co

m
e

Ju
n 

S
 P

ar
k 

et
 a

l,46
 D

ep
t 

of
 S

ur
ge

ry
, K

yu
ng

po
ok

, 
N

at
io

na
l U

ni
ve

rs
ity

 H
os

pi
ta

l, 
D

ae
gu

, K
or

ea

Ju
n 

30
, 2

01
0

C
on

se
cu

tiv
e 

ca
se

 s
er

ie
s 

(P
ro

sp
ec

tiv
e 

ca
se

 s
er

ie
s)

Fr
om

 D
ec

em
be

r 2
00

7 
to

 J
un

e 
20

09
; 4

1 
co

ns
ec

ut
iv

e 
pa

tie
nt

s
R

ob
ot

ic
 w

as
 s

af
e 

an
d 

ef
fe

ct
iv

e 
fo

r l
ow

 re
ct

al
 c

an
ce

r

K
at

el
in

 A
 M

irk
in

 e
t a

l,47
 

C
ol

le
ge

 o
f M

ed
ic

in
e,

 
Th

e 
P

en
ns

yl
va

ni
a 

S
ta

te
 

U
ni

ve
rs

ity
, P

A
, U

S
A

D
ec

 2
01

7
M

ul
tiv

ar
ia

te
 a

na
ly

si
s 

an
d 

pr
op

en
si

ty
 

sc
or

e 
m

at
ch

in
g

O
f 1

5,
11

2 
pa

tie
nt

s,
 5

.1
%

 u
nd

er
w

en
t r

ob
ot

ic
 

an
d 

94
.9

%
 u

nd
er

w
en

t l
ap

ar
os

co
pi

c 
su

rg
er

y 
(U

S
 N

at
io

na
l c

an
ce

r d
at

ab
as

e 
fro

m
 2

01
0 

to
 2

01
2)

 re
vi

ew
ed

 fo
r s

ta
ge

 o
ne

 to
 th

re
e 

ad
en

oc
ar

ci
no

m
a 

co
lo

n

R
ob

ot
ic

 o
ffe

rs
 c

om
pa

ra
bl

e 
on

co
lo

gi
c 

ou
tc

om
e 

to
 

la
pa

ro
sc

op
ic

 a
pp

ro
ac

h.
 R

ob
ot

ic
 a

pp
ea

rs
 to

 o
ffe

r 
be

tte
r l

on
g-

te
rm

 s
ur

vi
va

l

Le
on

ar
do

 S
ol

ai
ni

 e
t a

l,48
 

M
or

ga
gn

i P
ie

ra
nt

on
i 

H
os

pi
ta

l, 
Ita

ly

D
ec

 7
, 2

01
7

M
et

a-
an

al
ys

is
B

et
w

ee
n 

Ja
nu

ar
y 

1,
 2

00
0 

an
d 

M
ay

 1
1,

 
20

17
. 8

,2
57

 p
at

ie
nt

s 
w

er
e 

in
cl

ud
ed

 fr
om

 1
1 

ar
tic

le
s

O
pe

ra
tiv

e 
tim

e 
sh

or
te

r f
or

 la
pa

ro
sc

op
ic

 c
as

es
. 

C
on

ve
rs

io
n 

to
 o

pe
n 

su
rg

er
y 

is
 le

ss
er

 in
 ro

bo
tic

 
ca

se
s.

 N
o 

di
ffe

re
nc

e 
in

 m
or

ta
lit

y 
or

 p
os

to
pe

ra
tiv

e 
co

m
pl

ic
at

io
ns

(C
on

t’d
…

)



Laparoscopic vs Robotic Surgery in Colorectal Cases

World Journal of Laparoscopic Surgery, January-April 2018;11(1):43-47 45

WJOLS

MATERIALS AND METHODS

The 14 studies included in the review article include 
single-center and multicenter studies, randomized con-
trolled trials (RCTs), as well as retrospective studies and 
meta-analysis conducted in reputed institutes across the 
world published during the period from 2001 to 2017. The 
research material for the review article was sourced from 
Medline, PubMed, and Cochrane Central.

DISCUSSION

This review article deals with the comparison of laparo-
scopic surgery and robotic surgery in colorectal cases and 
has taken into account 14 articles which have a patient 
subset ranging from 2000 to 2017 included in retrospec-
tive studies, case–control studies, and meta-analysis.

The data from the various studies have shown that 
robotic colectomy can prove to be a safe and feasible 
approach comparable to laparoscopic colectomy. The 
short-term outcomes of robotic colectomy have indeed 
been favorable.6,7,15,16

Weber et al17 reported performing the first robotic 
colonic resection using the Da Vinci system in 2001.18 
Since then, studies have been done on robotic colectomies 
and also comparing laparoscopic and robotic colorectal 
surgeries. Previous studies have suggested an improved 
conversion rate using robotic-assisted laparoscopic 
resection over laparoscopic resection in rectal cancer 
resections.2,19-23 Recent meta-analyses have affirmed the 
statistically significant difference.12-14

It has been estimated that the learning curve is reached 
after approximately 20 cases for robotic colectomy even 
for surgeons who lack significant laparoscopic experi-
ence.24 Because the robot affords improved visualization 
and manipulation, facilitating precise dissection within 
confines of bony pelvis, the use of robot-assisted resec-
tion for patients with rectal cancer has been increasing. 
Many groups have described application of technology to 
benign conditions like complicated diverticulitis also.25

There are now several nonrandomized comparison 
trials reporting lower conversion rates in robotic than in 
laparoscopy surgery, even in patients with tumors less 
than 5 cm from the anal verge.23,26,27 This is likely due 
to the improved precision, retraction, and visualization 
afforded by the robotic arms. Most studies report no 
increase in complication rates including in anastomo-
sis leak.10,11,14,29,30 Most significantly, robotic colectomy 
is associated with lower risk of conversion to open 
surgery.10,11,27,29,30 The robotic vs laparoscopic resection for 
rectal cancer trial addresses this issue.4,31 Multiple meta-
analyses conclude that robotic surgery does not appear 
to be associated with significantly longer operative times 
than laparoscopy. A three-phase learning curve has been N
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reported: (1) acquisition of basic robotic skills, (2) increas-
ing competence and the addition of more complicated 
cases, and (3) achievement of robotic mastery, including 
the ability to tackle the most complicated cases.24,32

Robotic surgery, however, comes with higher costs 
than laparoscopic surgery or open surgery.26,33-37 Of 
course, theoretically, potential benefits, such as func-
tional and oncologic ones are better in robotic rectal 
surgery. But it may still not justify the higher costs at all 
centers. As with all new advances in surgery, as robotics 
in surgery become more commonplace, the costs also 
are bound to come down and make it more feasible to 
be readily applied for a variety of procedures. As the 
learning curve for robotic surgery is also shorter than 
laparoscopic surgery, a bright future awaits widespread 
robotics in surgery.

CONCLUSION

Robotic and laparoscopic colectomy have comparable 
intraoperative efficacy, with lesser conversion to open 
surgery seen in robotic-assisted cases. The postopera-
tive morbidity, duration of hospital stay, and need for 
patient-controlled analgesia are comparable in most cases 
to laparoscopic surgery. In rectal cases, robotic surgery 
offers better operative expertise due to the presence 
of narrow bony pelvis limiting laparoscopic surgery. 
Robotic surgery has also proved effective in malignancy, 
as rates of positive circumferential margin are low and 
comparable to laparoscopic or open surgery. As the learn-
ing curve for robotic surgery is shorter than for laparo-
scopic surgery, and as the use of robotics becomes more 
widespread, the cost of robotic surgery will also likely 
be affordable by all.

REFERENCES

 1. D’Annibale A, Morpurgo E, Fiscon V, Trevisan P, Sovernigo G,  
Orsini C, Guidolin D. Robotic and laparoscopic surgery for 
treatment of colorectal diseases. Dis Colon Rectum 2004 
Dec;47(12):2162-2168.

 2. Baik SH, Kwon HY, Kim JS, Hur H, Sohn SK, Cho CH, Kim H. 
Robotic versus laparoscopic low anterior resection of rectal 
cancer: short-term outcome of a prospective comparative 
study. Ann Surg Oncol 2009 Jun;16(6):1480-1487.

 3. Maeso S, Reza M, Mayol JA, Blasco JA, Guerra M, Andradas E, 
Plana MN. Efficacy of the Da Vinci surgical system in abdomi-
nal surgery compared with that of laparoscopy: a systematic 
review and meta-analysis. Ann Surg 2010 Aug;252(2):254-262.

 4. Pigazzi A, Garcia-Aguilar J. Robotic colorectal surgery: for 
whom and for what? Dis Colon Rectum 2010 Jul;53(7):969-970.

 5. Rawlings AL, Woodland JH, Crawford DL. Telerobotic 
surgery for right and sigmoid colectomies: 30 consecutive 
cases. Surg Endosc 2006 Nov;20(11):1713-1718.

 6. de Souza SL, Prasad LM, Park JJ, Marecik SJ, Blumetti J, 
Abcarian H. Robotic assistance in right hemicolectomy: is 
there a role? Dis colon rectum 2010 Jul;53(7):1000-1006.

 7. Huettner F, Pacheco PE, Doubet JL, Ryan MJ, Dynda DI, 
Crawford DL. One hundred and two consecutive robotic 
assisted minimally invasive colectomies-an outcome and 
technical update. J Gastrointest Surg 2011 Jul;15(7):1195-1204.

 8. Cadeddu JA, Stoianovici D, Kavoussi LR. Robotics in urologic 
surgery. Urology 1997 Apr;49(4):501-507.

 9. Ficarra V, Cavalleri S, Novara G, Aragona M, Artibani W. 
Evidence from robot-assisted laparoscopic radical prosta-
tectomy: a systematic review. Eur Urol 2007 Jan;51(1):45-55, 
discussion 56.

 10. Lin S, Jiang HG, Chen ZH, Zhou SY, Liu XS, Yu JR.  
Meta-analysis of robotic and laparoscopic surgery for treat-
ment of rectal cancer. World J Gastroenterol 2011 Dec;17(47): 
5214-5220.

 11. Memon S, Heriot AG, Murphy DG, Bressel M, Lynch AC. 
Robotic versus laparoscopic proctectomy for rectal cancer: a 
meta-analysis. Ann Surg Oncol 2012 Jul;19(7):2095-2101.

 12. Ortiz-Oshiro E, Sanchez-Egido I, Moreno-Sierra J, Perez CF,  
Diaz JS, Fernandez-Represa JA. Robotic assistance may 
reduce conversion to open in rectal carcinoma laparoscopic 
surgery: systematic review and meta-analysis. Int J Med 
Robot 2012 Sep;8(3):360-370.

 13. Park JS, Choi GS, Park SY, Kim HJ, Ryuk JP. Randomized 
clinical trial of robot-assisted versus standard laparoscopic 
right colectomy. Br J Surg 2012 Sep;99(9):1219-1226.

 14. Trastulli S, Farinella E, Cirocchi R, Cavaliere D, Avenia N, 
Sciannameo F, Gulla N, Noya G, Boselli C. Robotic resec-
tion compared with laparoscopic rectal resection for cancer: 
systematic review and meta-analysis of short-term outcome. 
Colorectal Dis 2012 Apr;14(4):e134-e156.

 15. Choi GS, Park IJ, Kang BM, Lim KH, Jun SH. A novel approach 
of robotic-assisted anterior resection with transanal or trans-
vaginal retrieval of the specimen for colorectal cancer. Surg 
Endosc 2009 Dec;23(12):2831-2835.

 16. Antoniou SA, Antoniou GA, Koch OO, Pointner R, Grand-
erath FA. Robotic-assisted laparoscopic surgery of the colon 
and rectum. Surg Endosc 2012 Jan;26(1):1-11.

 17. Weber PA, Merola S, Wasielewski A, Ballantyne GH. Telero-
botic-assisted laparoscopic right and sigmoid colectomies for 
benign disease. Dis Colon Rectum 2002 Dec;45(12):1689-94; 
discussion 1695-1696.

 18. Rawlings AL, Woodland JH, Vegunta RK, Crawford DL. 
Robotic versus laparoscopic colectomy. Surg Endosc 2007 
Oct;21(10):1701-1708.

 19. Park JS, Choi GS, Lim KH, Jang YS, Jun SH. S052: a compari-
son of robot-assisted, laparoscopic, and open surgery in the 
treatment of rectal cancer. Surg Endosc 2011 Jan;25(1):240-248.

 20. Kim NK, Kang J. Optimal total mesorectal excision for rectal 
cancer: the role of robotic surgery from an expert’s view.  
J Korean Soc Coloproctol 2010 Dec;26(6):377-382.

 21. Baek JH, Pastor C, Pigazzi A. Robotic and laparoscopic total 
mesorectal excision for rectal cancer: a case-matched study. 
Surg Endosc 2011 Feb;25(2):521-525.

 22. Bianchi PP, Ceriani C, Locatelli A, Spinoglio G, Zampino MG,  
Sonzogni A, Crosta C, Andreoni B. Robotic versus laparo-
scopic total mesorectal excision for rectal cancer: a compara-
tive analysis of oncological safety and short-term outcomes. 
Surg Endosc 2010 Nov;24(11):2888-2894.

 23. Patriti A, Ceccarelli G, Bartoli A, Spaziani A, Biancafarina A,  
Casciola L. Short- and medium-term outcome of robotassisted 
and traditional laparoscopic rectal resection. JSLS 2009 Apr-
Jun;13(2):176-183.



Laparoscopic vs Robotic Surgery in Colorectal Cases

World Journal of Laparoscopic Surgery, January-April 2018;11(1):43-47 47

WJOLS

 24. Jimenez-Rodriguez RM, Díaz-Pavón JM, de la Portilla de Juan F,  
Prendes-Sillero E, Dussort HC, Padillo J. Learning curve 
for robotic-assisted laparoscopic rectal cancer surgery. Int  
J Colorectal Dis 2012 Jun;28(6):815-821.

 25. Ragupathi M, Ramos-Valadez DI, Patel CB, Haas EM. Robotic-
assisted laparoscopic surgery for recurrent diverticulitis: 
experience in consecutive cases and a review of the literature. 
Surg Endosc 2011 Jan;25(1):199-206.

 26. de Souza AL, Prasad LM, Marecik SJ, Blumetti J, Park JJ, 
Zimmern A, Abcarian H. Total mesorectal excision for rectal 
cancer: the potential advantage of robotic assistance. Dis 
Colon Rectum 2010 Dec;53(12):1611-1617.

 27. D’Annibale A, Pernazza G, Monsellato I, Pende V, Lucandri G, 
Mazzocchi P, Alfano G. Total mesorectal excision: a compari-
son of oncological and functional outcomes between robotic 
and laparoscopic surgery for rectal cancer. Surg Endosc 2013 
Jun;27(6):1887-1895.

 28. Yang Y, Wang F, Zhang P, Shi C, Zou Y, Qin H, Ma Y. Robot-
assisted versus conventional laparoscopic surgery for colorec-
tal disease, focusing on rectal cancer: a meta analysis. Ann 
Surg Oncol 2012 Nov;19(12):3727-3736.

 29. Tyler JA, Fox JP, Desai MM, Perry WB, Glasgow SC. Outcomes 
and costs associated with robotic colectomy in the minimally 
invasive era. Dis Colon Rectum 2013 Apr;56(4):458-466.

 30. Scarpinata R, Aly EH. Does robotic rectal cancer surgery offer 
improved early postoperative outcomes? Dis Colon Rectum 
2013 Feb;56(2):253-262.

 31. Collinson FJ, Jayne DG, Pigazzi A, Tsang C, Barrie JM,  
Edlin R, Garbett C, Guillou P, Holloway I, Howard H, et al. 
An international, multicentre, prospective, randomised, 
controlled, unblinded, parallel-group trial of roboticassisted 
versus standard laparoscopic surgery for the curative treat-
ment of rectal cancer. Int J Colorectal Dis 2012 Feb;27(2):233-241.

 32. Sng KK, Hara M, Shin JW, Yoo BE, Yang KS, Kim SH. The 
multiphasic learning curve for robot-assisted rectal surgery. 
Surg Endosc 2013 Sep;27(9):3297-3307.

 33. Sauer R, Becker H, Hohenberger W, Rödel C, Wittekind C, 
Fietkau R, Martus P, Tschmelitsch J, Hager E, Hess CF, et al. 
Preoperative versus postoperative chemoradiotherapy for 
rectal cancer. N Engl J Med 2004 Oct;351(17):1731-1740.

 34. Miller AT, Berian JR, Rubin M, Hurst RD, Fichera A,  
Umanskiy K. Robotic-assisted proctectomy for inflammatory 
bowel disease: a case-matched comparison of laparoscopic and 
robotic technique. J Gastrointest Surg 2012 Mar;16(3):587-594.

 35. Kang J, Yoon KJ, Min BS, Hur H, Baik SH, Kim NK, Lee KY. 
The impact of robotic surgery for mid and low rectal cancer: 
a case-matched analysis of a 3-arm comparison—open, 
laparoscopic and robotic surgery. Ann Surg 2013 Jan;257(1): 
95-101.

 36. Kim JC, Yang SS, Jang TY, Kwak JY, Yun MJ, Lim SB. Open 
versus robot-assisted sphincter-saving operations in rectal 
cancer patients: techniques and comparison of outcomes 
between groups of 100 matched patients. Int J Med Robot 
2012 Dec;8(4):468-475.

 37. Bertani E, Chiappa A, Biffi R, Bianchi PP, Radice D, Branchi V,  
Cenderelli E, Vetrano I, Cenciarelli S, Andreoni B. Assess-
ing appropriateness for elective colorectal cancer surgery: 
clinical, oncological, and quality of life short term outcomes 
employing different treatment approaches. Int J Colorectal 
Dis 2011 Oct;26(10):1317-1327.

 38. Bhama AR, Obias V, Welch KB, Vandewarker JF, Cleary RK. 
A comparison of laparoscopic and robotic colorectal surgery 
outcomes using the American College of Surgeons National 
Surgical Quality Improvement Program (ACSNSQIP) data-
base. Surg Endosc 2016 Apr;30(4):1576-1584.

 39. Dolejs SC, Waters JA, Ceppa EP, Zarzaur BL. Laparoscopic 
versus robotic colectomy: A national surgical quality 
improvement project analysis. Surg Endosc 2017 Jun;31(6): 
2387-2396.

 40. Xiong B, Ma L, Huang W, Zhao Q, Cheng Y, Liu J. Robotic 
versus laparoscopic total mesorectal excision for rectal 
cancer: A meta analysis of eight studies. J Gastrointest Surg 
2015 Mar;19(3):516-526.

 41. Ezekian B, Sun Z, Adam MA, Kim J, Turner MC, Gilmore BF,  
Ong CT, Mantyh CR, Migaly J. Robotic-assisted versus laparo-
scopic colectomy results in increased operative time without 
improved  perioperative outcomes. J Gastrointest Surg 2016 
Aug;20(8):1503-1510.

 42. Kim CW, Kim CH, Baik SH. Outcomes of robotic-assisted 
colorectal surgery compared  with laparoscopic  and 
open surgery: A systemic review. J Gastrointest Surg 2014 
Apr;18(4):816-830.

 43. Keller DS, Senagore AJ, Lawrence JK, Champagne BJ,  
Delaney CP. Comparative effectiveness of laparoscopic 
versus robot-assisted  colorectal resection. Surg Endosc 2014 
Jan;28(1):212-221.

 44. Deutsch GB, Sathyanarayana SA, Gunabushanam V,  
Mishra N, Rubach E, Zemon H, Klein JD, Denoto G III.  
Robotic vs. laparoscopic colorectal surgery: An institutional 
experience. Surg Endosc 2012 Apr;26(4):956-963.

 45. Xu H, Li J, Sun Y1, Li Z, Zhen Y, Wang B, Xu Z. Robotic versus 
laparoscopic right colectomy: a meta  analysis. World J Surg 
Oncol. 2014 Aug;12:274.

 46. Park JS, Choi GS, Lim KH, Jang YS, Jun SH. Robotic-assisted 
versus laparoscopic surgery for low rectal cancer: Case 
matched  analysis of short term outcomes. Ann Surg Oncol 
2010 Dec;17(12):3195-3202.

 47. Mirkin KA, Kulaylat AS, Hollenbeak CS, Messaris E. Robotic 
versus laparoscopic colectomy for stage I–III colon cancer: 
Oncologic and long term survival outcomes. Surg Endosc 
2018 Jun;32(6):2894-2901.

 48. Solaini L, Bazzocchi F, Cavaliere D, Avanzolini A, Cucchetti A,  
Ercolani G. Robotic versus laparoscopic right colectomy: An 
updated systematic review and meta analysis. Surg Endosc 
2018 Mar;32(3):1104-1110.

 49. Helvind NM, Eriksen JR, Mogensen A, Tas B, Olsen J, 
Bundgaard M, Jakobsen HL, Gögenür I. No differences in 
short-term morbidity and mortality after  robot assisted 
laparoscopic versus laparoscopic resection  for colonic cancer: 
A case—control study of 263 patients. Surg Endosc 2013 
Jul;27(7):2575-2580.

 50. de’Angelis N, Alghamdi S, Renda A, Azoulay D, Brunetti F. 
Initial experience of robotic versus  laparoscopic  colectomy 
for transverse colon cancer: A matched case control study. 
World J Surg Oncol 2015 Oct;13:295.

 51. Vasudevan V, Reusche R, Wallace H, Kaza S. Clinical 
outcomes and cost–benefit analysis comparing  laparo-
scopic and robotic colorectal surgeries. Surg Endosc 2016 
Dec;30(12):5490-5493.



Shyam Sundar et al

48

Meandering Pancreatic Duct as a Cause of Idiopathic 

Recurrent Pancreatitis
1
Shyam Sundar, 

2
Balaji Purushotham, 

3
Rajkumar Rathinasamy, 

4
Prabu Kathiresan

ABSTRACT
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INTRODUCTION

Acute pancreatitis is serious illness with fatal outcomes. 
Some common causes include alcohol consumption, gall 
stones, autoimmunity, trauma, and several anatomical 
anomalies,1 such as anomalous pancreatic biliary junc-
tion2 and pancreatic divisum.3 Idiopathic pancreatitis 
includes 20% of cause of pancreatitis and 30% incidence 
of recurrent pancreatitis. Recurrent pancreatitis is usually 
associated with pancreatic ductal dilatation. 

The main pancreatic duct normally has obtuse angle 
curve from tail and body of pancreas to major ampulla. 
Occasionally, the ventral duct in the head of the pancreas 
has abnormal curvature with localized spiral or hairpin 
curve. This anomaly is known as meandering pancreatic 
duct. This type of anomaly can cause ductal hypertension 
and may be the reason for onset of idiopathic recurrent 
pancreatitis.

CASE REPORT

A 13-year-old female presented with abdominal pain 
radiating to the back for 3 days. The pain was acute,  
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continuous, and not associated with food intake. Patient 
had similar episode 5 years before where she was diag-
nosed with spontaneous biliary peritonitis and lapa-
rostomy was performed. Since then she has recurrent 
episodes of pancreatitis for which she had recurrent 
hospitalization and managed conservatively.

On admission, her serum amylase and serum lipase 
levels were normal. Aspartate transaminase, alanine 
transaminase, gamma-glutamyl transferase, total bili-
rubin, and serum calcium levels were normal. Serum 
triglycerides and parathormone levels were normal.

Ultrasound of abdomen showed dilated main pan-
creatic duct. There was no evidence of gallstones or 
sludge. The 320-slice computed tomography of abdomen 
revealed a slip of pancreatic tissue anterior to the head 
measuring 3 × 1.7 × 1.2 cm representing the ventral pan-
creas. Its duct measuring 3 mm in diameter is seen to 
open into distal common bile duct. There is reduction in 
parenchyma with dilatation of the main pancreatic duct 
which measures 6.5 mm. Replaced right hepatic artery 
passes along the posterior surface of head of pancreas. 
Common bile duct and cystic duct shows mild fusi-
form dilatation. Upper gastrointestinal endoscopy was 
performed, which showed no abnormality. Magnetic 
resonance cholangiopancreaticogram (MRCP) showed 
meandering pancreatic duct of loop variety with dilata-
tion of main pancreatic duct (Figs 1 to 3). Patient was 
put on nil per oral, O2 support, and nasogastric tube 
was inserted. Parenteral fluids were given and managed 

Fig. 1: Loop variant of main pancreatic duct
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conservatively. Patient symptoms improved clinically 
and was discharged. Patient is in regular follow-up every  
2 months and is symptom-free.

DISCUSSION

Meandering main pancreatic duct (MMPD) is defined 
as an abnormal curvature of the main pancreatic duct 
without an abnormal pancreaticobiliary junction. It 
comprises two anatomical variants: (1) loop type and 
(2) reverse Z-type.

Figure 4 shows schematic images of MMPD. The 
thick line indicates the common bile duct, and the thin 
line indicates the main pancreatic duct. Based on its 
morphology, MMPD was classified into subtypes in the 
head of pancreas on MRCP: Normal type (A), examples 
of loop type (B1-2), and examples of reversed Z-type 

(C1-3). Assuming the body-axis as x-axis and horizontal 
direction as y-axis, MMPD curves in loop and reversed 
Z-types have two extreme in horizontal direction respec-
tively, while normal type has none. Dorsal pancreatic duct 
could be observed or not.

Review of the literature shows only one study done 
in Tokyo University showing the incidence and relevance 
of MMPD as a cause of recurrent idiopathic pancreatitis 
against those with similar abnormalities with no symp-
toms. In India, this is the second case reported, with other 
one being a reversed Z-type.

According to the Tokyo University study,4 the results 
of univariate analysis revealed a significant positive asso-
ciation of MMPD to the onset of pancreatitis [p = 0.0002;  
odds ratio (OR): 4.01; 95% confidence interval (CI): 1.92–
6.11] and recurrent acute pancreatitis (RAP) [p < 0.0001; 

Fig. 2: AR1 loop in MRCP Fig. 3: AR1 loop variant in MMPD

Fig. 4: Types of MMPD



Shyam Sundar et al

50

OR: 26.2 (95% CI: 22.2–30.2)]. Positive association of loop/
reversed Z-type to the onset of RAP was detected as 
well [p = 0.0006/0.0009; OR: 21.6/18.5 (95% CI: 15.9–27.3/ 
12.9–24.0)].

The etiology of meandering pancreatic duct abnor-
mality has not yet been established. A single case of 
reverse Z loop reported by Wirsingocele5 revealed the 
mechanical obstruction theory.6 In our patient too, we had 
gross dilatation of main pancreatic duct with pancreatic 
parenchymal atrophy. But in the study established by 
Gonio et al,7 neither dilatation of main pancreatic duct 
nor pancreatic parenchymal atrophy was associated with 
MMPD pancreatitis.

For MMPD, MRCP8 is the investigation of choice. 
Heavily T2-weighted images are useful in picking up 
the anomaly. It is established that cannulating the main 
pancreatic duct is difficult owing to the curvature and 
bends of the duct. Thus, the role of MRCP in the manage-
ment of MMPD is not well established.9

In the Tokyo study, it was found that pancreatitis 
occurring due to MMPD is less severe compared with 
those due to other causes and ductal anomaly. But no 
proper evidence could be established due to the rarity 
of the anomaly.

Currently, there are no set protocols made for manage-
ment of pancreatitis due to MMPD and treatment follows 
as indicated for other causes of pancreatitis as the patho-
physiology of the disease process is not well established.

CONCLUSION

Meandering main pancreatic duct is a very rare anomaly 
and an important cause for recurrent pancreatitis and 
requires a very high degree of suspicion for diagnosis 
of the same. It mainly presents in two of its subtypes: 
(1) Loop variant and (2) reverse Z variant. Owing to the 

rarity of the anomaly, proper management protocols 
had not been set in the literature. Proper management 
protocols can be made on further reporting in future.
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Some common causes include alcohol consumption, gall 
stones, autoimmunity, trauma, and several anatomical 
anomalies,1 such as anomalous pancreatic biliary junc-
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continuous, and not associated with food intake. Patient 
had similar episode 5 years before where she was diag-
nosed with spontaneous biliary peritonitis and lapa-
rostomy was performed. Since then she has recurrent 
episodes of pancreatitis for which she had recurrent 
hospitalization and managed conservatively.

On admission, her serum amylase and serum lipase 
levels were normal. Aspartate transaminase, alanine 
transaminase, gamma-glutamyl transferase, total bili-
rubin, and serum calcium levels were normal. Serum 
triglycerides and parathormone levels were normal.

Ultrasound of abdomen showed dilated main pan-
creatic duct. There was no evidence of gallstones or 
sludge. The 320-slice computed tomography of abdomen 
revealed a slip of pancreatic tissue anterior to the head 
measuring 3 × 1.7 × 1.2 cm representing the ventral pan-
creas. Its duct measuring 3 mm in diameter is seen to 
open into distal common bile duct. There is reduction in 
parenchyma with dilatation of the main pancreatic duct 
which measures 6.5 mm. Replaced right hepatic artery 
passes along the posterior surface of head of pancreas. 
Common bile duct and cystic duct shows mild fusi-
form dilatation. Upper gastrointestinal endoscopy was 
performed, which showed no abnormality. Magnetic 
resonance cholangiopancreaticogram (MRCP) showed 
meandering pancreatic duct of loop variety with dilata-
tion of main pancreatic duct (Figs 1 to 3). Patient was 
put on nil per oral, O2 support, and nasogastric tube 
was inserted. Parenteral fluids were given and managed 

Fig. 1: Loop variant of main pancreatic duct
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conservatively. Patient symptoms improved clinically 
and was discharged. Patient is in regular follow-up every  
2 months and is symptom-free.

DISCUSSION

Meandering main pancreatic duct (MMPD) is defined 
as an abnormal curvature of the main pancreatic duct 
without an abnormal pancreaticobiliary junction. It 
comprises two anatomical variants: (1) loop type and 
(2) reverse Z-type.

Figure 4 shows schematic images of MMPD. The 
thick line indicates the common bile duct, and the thin 
line indicates the main pancreatic duct. Based on its 
morphology, MMPD was classified into subtypes in the 
head of pancreas on MRCP: Normal type (A), examples 
of loop type (B1-2), and examples of reversed Z-type 

(C1-3). Assuming the body-axis as x-axis and horizontal 
direction as y-axis, MMPD curves in loop and reversed 
Z-types have two extreme in horizontal direction respec-
tively, while normal type has none. Dorsal pancreatic duct 
could be observed or not.

Review of the literature shows only one study done 
in Tokyo University showing the incidence and relevance 
of MMPD as a cause of recurrent idiopathic pancreatitis 
against those with similar abnormalities with no symp-
toms. In India, this is the second case reported, with other 
one being a reversed Z-type.

According to the Tokyo University study,4 the results 
of univariate analysis revealed a significant positive asso-
ciation of MMPD to the onset of pancreatitis [p = 0.0002;  
odds ratio (OR): 4.01; 95% confidence interval (CI): 1.92–
6.11] and recurrent acute pancreatitis (RAP) [p < 0.0001; 

Fig. 2: AR1 loop in MRCP Fig. 3: AR1 loop variant in MMPD
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reversed Z-type to the onset of RAP was detected as 
well [p = 0.0006/0.0009; OR: 21.6/18.5 (95% CI: 15.9–27.3/ 
12.9–24.0)].

The etiology of meandering pancreatic duct abnor-
mality has not yet been established. A single case of 
reverse Z loop reported by Wirsingocele5 revealed the 
mechanical obstruction theory.6 In our patient too, we had 
gross dilatation of main pancreatic duct with pancreatic 
parenchymal atrophy. But in the study established by 
Gonio et al,7 neither dilatation of main pancreatic duct 
nor pancreatic parenchymal atrophy was associated with 
MMPD pancreatitis.

For MMPD, MRCP8 is the investigation of choice. 
Heavily T2-weighted images are useful in picking up 
the anomaly. It is established that cannulating the main 
pancreatic duct is difficult owing to the curvature and 
bends of the duct. Thus, the role of MRCP in the manage-
ment of MMPD is not well established.9

In the Tokyo study, it was found that pancreatitis 
occurring due to MMPD is less severe compared with 
those due to other causes and ductal anomaly. But no 
proper evidence could be established due to the rarity 
of the anomaly.

Currently, there are no set protocols made for manage-
ment of pancreatitis due to MMPD and treatment follows 
as indicated for other causes of pancreatitis as the patho-
physiology of the disease process is not well established.

CONCLUSION

Meandering main pancreatic duct is a very rare anomaly 
and an important cause for recurrent pancreatitis and 
requires a very high degree of suspicion for diagnosis 
of the same. It mainly presents in two of its subtypes: 
(1) Loop variant and (2) reverse Z variant. Owing to the 

rarity of the anomaly, proper management protocols 
had not been set in the literature. Proper management 
protocols can be made on further reporting in future.
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INTRODUCTION

Inguinal hernia surgery is performed in children quite 
frequently. The classical and well-established approach 
is open herniotomy, necessitating a groin incision and 
separating the sac from cord structures and ligating 
it at the internal ring. However, newer minimal inva-
sive techniques have evolved with time. Laparoscopic 
repair of inguinal hernia in children was reported by 
El-Gohary.1 Laparoscopic approach uses three ports 
usually, but some experienced surgeons prefer two-port 
approach, which requires intracorporeal ligation of the 
internal ring.
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Patkowski et al2 from Poland introduced a simple 
and easy method of suturing the internal ring percutane-
ously with a needle under vision with a single umbilical 
port, naming it PIRS. Various techniques with an aim of 
obliterating the internal ring in a minimal invasive way 
have been introduced from time to time like subcutane-
ous endoscopically assisted ligation (SEAL), modified 
SEAL, laparoscopically assisted simple suture oblitera-
tion (LASSO), laparoscopic percutaneous extraperitoneal 
closure (LPEC), and transumbilical endoscopic surgery.

CASE REPORT

A 9-year-old female child presented to our surgery outpa-
tient department with complaints of painless swelling in 
the right lower abdomen which appeared on coughing or 
while playing. On examination, a small reducible swelling 
was noticed in the right groin. She was diagnosed with 
right-sided uncomplicated inguinal hernia and planned 
for single-port laparoscopic surgery and PIRS under vision.

Patient was given general anesthesia with endo-
tracheal tube intubation and pneumoperitoneum was 
created with the help of Veress needle maintaining a pres-
sure of 8 to 10 mm Hg. Trocar was introduced through 
lower aspect of the umbilicus for camera and abdomen 
inspected from inside. A defect of approximately 2 cm 
was found on the right side lateral to the inferior epigas-
tric artery and left internal ring was obliterated. Percu-
taneous purse string suturing of the right internal ring 
was done under vision extraperitoneally with the help 
of needle and a nonabsorbable 2/0 suture (Figs 1 to 3). 

Fig. 1: Right inguinal hernia defect
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The pneumoperitoneum was reduced and the umbilical 
incision closed and patient was extubated.

The patient recovered well, oral intake was started 
the same day, and she was discharged next day after 
uneventful postoperative stay.

DISCUSSION

Open herniotomy is the gold standard and the most 
commonly performed surgery for hernia in children, 
and minimal invasive procedures are gaining interest.3 
The inception of the idea of closure of internal ring for 
inguinal hernia started way back in 1982, when Ger4 closed 
the internal ring with Michel clip for hernia in an adult 
patient. Holcomb5 introduced the concept of diagnostic 
laparoscopy for the evaluation of contralateral inguinal 
region. Laparoscopic surgery for pediatric inguinal hernia 
commenced in late 1990s, which included three ports for 
intracorporeal ligation of the internal ring, but some sur-
geons refined this and preferred the two-port approach.1,2

Further advancement in minimal invasive surgery 
shifted the focus from intracorporeal suturing, which 
was considered to be a difficult task, to extraperitoneal 
suturing of the indirect ring,1 leading to development of 
various techniques with an identical goal of obliterating 
the internal ring in a minimal invasive way, namely PIRS, 
SEAL, modified SEAL, LASSO, single-incision pediatric 
endosurgery, extracorporeal with Reverdin needle, and 
LPEC.1-3,6 All these techniques use a single umbilical port 
for camera and different methods of percutaneous closure 
of internal ring under vision. The PIRS, the most popular 
among these, uses an 18G needle, LASSO uses epidural 
needle, and SEAL is accomplished with a curved needle 
and a needle holder, whereas modified SEAL includes 
hydrodissection.1,6,7

Laparoscopic surgery for hernia when compared with 
the traditional open herniotomy has an equal recurrence 
rate of less than 4% with an edge over herniotomy by 

having less chance of injury to cord structures, early 
recovery, assessment of contralateral hernia and its 
repair, and less postoperative pain.8 The advantage of 
percutaneous repair for inguinal hernia when compared 
with laparoscopic repair seems to be simple, quicker to 
perform, economical, easy to learn, and cosmetically 
better with equal postoperative time and complication 
rates.9 The recurrence rate in extraperitoneal repair is 
also less with some studies quoting it to be less than 1%.10

Looking at the various complications reported with 
the procedure was injury to iliac vessels which was 
controlled with pressure after deflating the abdomen. 
Hydrocele was seen in few patients, but resolved and did 
not require surgical management.7 The results of elec-
tromyelography for the assessment of ilioinguinal nerve 
entrapment were taken in 35 patients preoperatively and 
postoperatively which were found to be normal.10

CONCLUSION

This procedure was performed for the first time in our sec-
ondary care set-up with gratifying results for the patient, 
parents, and the operating team. Percutaneous internal 
ring suturing under vision is a minimal invasive technique 
which is simple, effective, remarkably cosmetic, economi-
cal, easy to learn and reproduce with short operative time, 
and helpful in identifying occult contralateral hernia. The 
complication and recurrence rates are quite low, making it 
a promising procedure of choice for congenital hernia and 
communicating hydrocele in the near future.
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Patkowski et al2 from Poland introduced a simple 
and easy method of suturing the internal ring percutane-
ously with a needle under vision with a single umbilical 
port, naming it PIRS. Various techniques with an aim of 
obliterating the internal ring in a minimal invasive way 
have been introduced from time to time like subcutane-
ous endoscopically assisted ligation (SEAL), modified 
SEAL, laparoscopically assisted simple suture oblitera-
tion (LASSO), laparoscopic percutaneous extraperitoneal 
closure (LPEC), and transumbilical endoscopic surgery.

CASE REPORT

A 9-year-old female child presented to our surgery outpa-
tient department with complaints of painless swelling in 
the right lower abdomen which appeared on coughing or 
while playing. On examination, a small reducible swelling 
was noticed in the right groin. She was diagnosed with 
right-sided uncomplicated inguinal hernia and planned 
for single-port laparoscopic surgery and PIRS under vision.

Patient was given general anesthesia with endo-
tracheal tube intubation and pneumoperitoneum was 
created with the help of Veress needle maintaining a pres-
sure of 8 to 10 mm Hg. Trocar was introduced through 
lower aspect of the umbilicus for camera and abdomen 
inspected from inside. A defect of approximately 2 cm 
was found on the right side lateral to the inferior epigas-
tric artery and left internal ring was obliterated. Percu-
taneous purse string suturing of the right internal ring 
was done under vision extraperitoneally with the help 
of needle and a nonabsorbable 2/0 suture (Figs 1 to 3). 

Fig. 1: Right inguinal hernia defect
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The pneumoperitoneum was reduced and the umbilical 
incision closed and patient was extubated.

The patient recovered well, oral intake was started 
the same day, and she was discharged next day after 
uneventful postoperative stay.

DISCUSSION

Open herniotomy is the gold standard and the most 
commonly performed surgery for hernia in children, 
and minimal invasive procedures are gaining interest.3 
The inception of the idea of closure of internal ring for 
inguinal hernia started way back in 1982, when Ger4 closed 
the internal ring with Michel clip for hernia in an adult 
patient. Holcomb5 introduced the concept of diagnostic 
laparoscopy for the evaluation of contralateral inguinal 
region. Laparoscopic surgery for pediatric inguinal hernia 
commenced in late 1990s, which included three ports for 
intracorporeal ligation of the internal ring, but some sur-
geons refined this and preferred the two-port approach.1,2

Further advancement in minimal invasive surgery 
shifted the focus from intracorporeal suturing, which 
was considered to be a difficult task, to extraperitoneal 
suturing of the indirect ring,1 leading to development of 
various techniques with an identical goal of obliterating 
the internal ring in a minimal invasive way, namely PIRS, 
SEAL, modified SEAL, LASSO, single-incision pediatric 
endosurgery, extracorporeal with Reverdin needle, and 
LPEC.1-3,6 All these techniques use a single umbilical port 
for camera and different methods of percutaneous closure 
of internal ring under vision. The PIRS, the most popular 
among these, uses an 18G needle, LASSO uses epidural 
needle, and SEAL is accomplished with a curved needle 
and a needle holder, whereas modified SEAL includes 
hydrodissection.1,6,7

Laparoscopic surgery for hernia when compared with 
the traditional open herniotomy has an equal recurrence 
rate of less than 4% with an edge over herniotomy by 

having less chance of injury to cord structures, early 
recovery, assessment of contralateral hernia and its 
repair, and less postoperative pain.8 The advantage of 
percutaneous repair for inguinal hernia when compared 
with laparoscopic repair seems to be simple, quicker to 
perform, economical, easy to learn, and cosmetically 
better with equal postoperative time and complication 
rates.9 The recurrence rate in extraperitoneal repair is 
also less with some studies quoting it to be less than 1%.10

Looking at the various complications reported with 
the procedure was injury to iliac vessels which was 
controlled with pressure after deflating the abdomen. 
Hydrocele was seen in few patients, but resolved and did 
not require surgical management.7 The results of elec-
tromyelography for the assessment of ilioinguinal nerve 
entrapment were taken in 35 patients preoperatively and 
postoperatively which were found to be normal.10

CONCLUSION

This procedure was performed for the first time in our sec-
ondary care set-up with gratifying results for the patient, 
parents, and the operating team. Percutaneous internal 
ring suturing under vision is a minimal invasive technique 
which is simple, effective, remarkably cosmetic, economi-
cal, easy to learn and reproduce with short operative time, 
and helpful in identifying occult contralateral hernia. The 
complication and recurrence rates are quite low, making it 
a promising procedure of choice for congenital hernia and 
communicating hydrocele in the near future.
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Laparoscopy in Developing Countries: A Resident-friendly 
Endo-Lap New Training Device
Patrick O Igwe

ABSTRACT
Introduction: Surgery via minimal access is the beauty of a surgi-
cal procedure. With minimal access, besides less pain and early 
return to activity for the patient, the surgeon also feels fulfilled. 
Minimal access surgery is currently gaining ground in developing 
countries. Training devices to achieve this especially for residents 
are not only scarce but expensive also in developing economies.

Aim: The aim of this study is to present a new resident-friendly 
training device for laparoscopy with the hope of improving 
residents’ training in developing countries.

Materials and methods: A normal television monitor, camera, 
and bucket with cover is used to design an Endo-Lap trainer. 
Sigmoidoscopy and colonoscopy conduits are also incorpo-
rated in this device.

Conclusion: Surgery using minimal access technique can 
be aided with a training device made locally to achieve cost-
effective and wider training benefits.

Keywords: Developing country, Endoscopy, Laparoscopy, 
Training device.
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INTRODUCTION

Laparoscopic training is becoming part of surgical train-
ing in developing economies. It provides a safe means 
of acquiring fundamental skills. Laparoscopic trainers 
are useful aids in developing skills, such as hand–eye 
coordination, triangulation, depth–eye perception, and 
good ergonomics. Commercial laparoscopic trainers are 
expensive. Most trainees may not be able to afford them. 
Easy-made laparoscopic trainers have previously been 
described,1-3 but these require the purchase of a webcam 
and the use of cables, and some iPhones are expensive. 
Hence, a very distinctive, laparoscopic trainer that can be 
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constructed using items readily available to the average 
surgical trainee at minimal cost is proposed.

MATERIALS AND METHODS

A normal television monitor, camera, cables and bucket 
with cover, ordinary electrical bulb, foot pedal pump 
for insufflation are used to design an Endo-Lap trainer. 
Sigmoidoscopy and colonoscopy conduits are also incor-
porated in this device using plumbing conduit.
Step 1: Make multiple openings on bucket cover (Figs 1 
and 2). Cut a hole for the camera holder and cable to pass 
from inside out of the bucket.
Step 2: Construct a cover to snug fit a camera (Sony was 
used in this design), connect the cable with AV output 
of monitor to Sony camera (Figs 3 to 8).
Step 3: Construct a light source with bulb (in this case 
energy bulb was used).

Fig. 1: Bucket with holes superior surface

Fig. 2: Bucket side view
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Fig. 3: Camera holder uncoupled Fig. 4: Camera holder coupled

Fig. 5: Camera fitted in holder Fig. 6: Camera on while fitted in holder

Fig. 7: Monitor front Fig. 8: Monitor back showing AV connection cable

Fig. 9: Bucket with cables (camera and light source) and 
camera control lever

Step 4: Simulate organs in the body (in this case, balloon, 
catheter, water conduit pipes were used). Connect conduit 
for endoscopy simulations.
Step 5: Obtain laparoscopic tools as usual for practice and 
the trainer is ready once connected (Figs 9 to 15). Foot 
pump is connected for insufflation (Fig. 12).

The interior part is shown, likewise the practice 
session views (Figs 16 to 18).

Many variations of the above can be constructed 
depending on the type of camera. Some have used smart-
phones, tablet computer, and software.3 Additionally, a 
conventional laptop or desktop can be used in place of 
monitor. This design is unique.
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Fig. 10: Set-up Fig. 11: Conduit connected

Fig. 12: Foot pump Fig. 13: Setup interior view

Fig. 14: Setup interior view with camera Fig. 15: Setup interior view showing simulated organs

Fig. 16: View during practice about to knot Fig. 17: View during practice knotting in progress
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Fig. 18: View during practice with surgeon in action

Its distinct features are
•	 A	good/high-definition	camera
•		 Recorder	component	of	camera
•	 Durable
•	 Cheap	and	easy	to	design

•	 Closed	system	for	real-time	simulation
•	 Organ	simulations
•	 Endoscopy	component.

CONCLUSION

Surgery using minimal access technique can be aided 
with a training device made locally to achieve cost-
effective and wider training benefits.
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coordination, triangulation, depth–eye perception, and 
good ergonomics. Commercial laparoscopic trainers are 
expensive. Most trainees may not be able to afford them. 
Easy-made laparoscopic trainers have previously been 
described,1-3 but these require the purchase of a webcam 
and the use of cables, and some iPhones are expensive. 
Hence, a very distinctive, laparoscopic trainer that can be 

WJOLS

InnOvatIOn ReSeaRch

Senior Registrar

Department of Surgery, University of Port Harcourt Teaching 
Hospital, Port Harcourt, Rivers State, Nigeria

Corresponding Author: Patrick O Igwe, Senior Registrar 
Department of Surgery University of Port Harcourt Teaching 
Hospital, Port Harcourt, Rivers State, Nigeria, Phone: 
+2348035510045, e-mail: igwe_patrick@yahoo.com

10.5005/jp-journals-10033-1335

constructed using items readily available to the average 
surgical trainee at minimal cost is proposed.

MATERIALS AND METHODS

A normal television monitor, camera, cables and bucket 
with cover, ordinary electrical bulb, foot pedal pump 
for insufflation are used to design an Endo-Lap trainer. 
Sigmoidoscopy and colonoscopy conduits are also incor-
porated in this device using plumbing conduit.
Step 1: Make multiple openings on bucket cover (Figs 1 
and 2). Cut a hole for the camera holder and cable to pass 
from inside out of the bucket.
Step 2: Construct a cover to snug fit a camera (Sony was 
used in this design), connect the cable with AV output 
of monitor to Sony camera (Figs 3 to 8).
Step 3: Construct a light source with bulb (in this case 
energy bulb was used).

Fig. 1: Bucket with holes superior surface

Fig. 2: Bucket side view
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Fig. 3: Camera holder uncoupled Fig. 4: Camera holder coupled

Fig. 5: Camera fitted in holder Fig. 6: Camera on while fitted in holder

Fig. 7: Monitor front Fig. 8: Monitor back showing AV connection cable

Fig. 9: Bucket with cables (camera and light source) and 
camera control lever

Step 4: Simulate organs in the body (in this case, balloon, 
catheter, water conduit pipes were used). Connect conduit 
for endoscopy simulations.
Step 5: Obtain laparoscopic tools as usual for practice and 
the trainer is ready once connected (Figs 9 to 15). Foot 
pump is connected for insufflation (Fig. 12).

The interior part is shown, likewise the practice 
session views (Figs 16 to 18).

Many variations of the above can be constructed 
depending on the type of camera. Some have used smart-
phones, tablet computer, and software.3 Additionally, a 
conventional laptop or desktop can be used in place of 
monitor. This design is unique.
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Fig. 10: Set-up Fig. 11: Conduit connected

Fig. 12: Foot pump Fig. 13: Setup interior view

Fig. 14: Setup interior view with camera Fig. 15: Setup interior view showing simulated organs

Fig. 16: View during practice about to knot Fig. 17: View during practice knotting in progress
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Fig. 18: View during practice with surgeon in action

Its distinct features are
•	 A	good/high-definition	camera
•		 Recorder	component	of	camera
•	 Durable
•	 Cheap	and	easy	to	design

•	 Closed	system	for	real-time	simulation
•	 Organ	simulations
•	 Endoscopy	component.

CONCLUSION

Surgery using minimal access technique can be aided 
with a training device made locally to achieve cost-
effective and wider training benefits.
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