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INTRODUCTION 

The introduction of laparoscopic surgery into 

clinical practice approximately 25 years ago 

has dramatically changed the field of surgery. 

Laparoscopic surgery has often been consid-

ered as the third paradigm shift in surgery, 

following the introduction of aseptic tech-

niques and anaesthesia. Countless case stud-

ies, numerous randomised controlled trials 

and several meta-analyses have demonstrat-

ed the advantages of this technique. Patients 

undergoing laparoscopic surgery have less 

post-operative pain, less impairment of vital 

functions, a shorter hospital stay, earlier re-

sumption of oral intake and normal activities 

post-operatively, and a better cosmesis. 1, 2 

 

Despite the proven advantages of lap-

aroscopic surgery, the integration of this tech-

nique into daily clinical routine has been 
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ABSTRACT 

Introduction: The introduction of laparoscopic surgery into clinical practice has dramatically changed 

the field of surgery. Patients undergoing laparoscopic surgery have less post-operative pain, less im-

pairment of vital functions, a shorter hospital stay, earlier resumption of oral intake and normal activi-

ties and, a better cosmesis. The last two decades (1992-2011) have seen a tremendous advancement 

of laparoscopic surgery in Brunei Darussalam. Materials and Methods: This article reviews the cur-

rent position of laparoscopic techniques for the most frequently performed procedures in General Sur-

gery and reflects two decades of experience with laparoscopic surgery, in the diagnosis and treatment 

of abdominal conditions in Brunei Darussalam. Results: A total of 4,094 cases of laparoscopic proce-

dures have been performed during this period. The majority of our experience involves laparoscopic 

cholecystectomy, laparoscopic appendicectomy, laparoscopic colorectal resections, laparoscopic perfo-

rated peptic ulcer repair, laparoscopic adrenalectomy, laparoscopic splenectomy and more recently 

laparoscopic adjustable gastric banding. Conclusions: In Brunei Darussalam, we have accumulated 20 

years of clinical experience and scientific research with laparoscopic surgery. Given the high success 

rates achievable by our skilled surgeons, and the high levels of patient satisfaction, laparoscopic sur-

gery has become the patient’s procedure of choice. 
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initially sluggish as it is often considered 

‘difficult’ by the surgeon. It is a completely 

novel technique that must be learned by even 

the most experienced conventional surgeon. 

The optic field is different, the surgeon works 

indirectly and tactile sensations are greatly 

reduced. The operating field is displayed on a 

monitor, leading to changes in the axis be-

tween head, arm, eye and operating field. 

The surgeon must develop new strategies to 

compensate for the two-dimensionality and 

the resulting loss of depth perception. The 

instrumentation is also different; the long and 

rigid instruments requiring greater agility. 

Considering these difficulties, especially in 

mastering the ‘video-eye-hand’ coordination, 

1 it is not surprising that laparoscopic surgery 

has a substantial learning curve. It demands 

time, patience, mental strength and persis-

tence. Many have attempted this new tech-

nique but only a few have integrated it into 

their daily routine, with the exception of chol-

ecystectomy. Another concern is cost. Patient 

advantages are often offset by the high ex-

penditure for specialised equipment, longer 

operating times and use of more material, all 

of which increases cost. 

 

Despite  the  shortcomings mentioned  

above, the last decade has seen a tremen-

dous expansion of laparoscopic surgery in 

General Surgery, mainly due to the develop-

ment of new instruments and the refinement 

of established techniques. The benefits of lap– 

aroscopic surgery have also ensured that this 

technique is now the standard of care for 

many operative procedures across different 

surgical specialties. 

 

 In Brunei Darussalam, we started to 

embrace laparoscopic surgery in 1992. The 

surgeons in Raja Isteri Pengiran Anak Saleha 

(RIPAS) Hospital then, deserve credit for their  

foresight as they immediately recognised the 

benefits and potential of laparoscopic surgery, 

which was at the time considered a novel 

technique. They were also cautious and took a 

measured approach to the introduction of lap-

aroscopic surgery to Brunei Darussalam. The 

approach included initially attending laparo-

scopic surgery courses overseas, followed by 

live surgical sessions conducted in RIPAS Hos-

pital with the help of experienced laparoscopic 

surgeons from Singapore (Figure 1). Following 

the successful introduction of laparoscopic 

surgery in RIPAS Hospital, other hospitals in 

Brunei Darussalam began to adopt this tech-

nique. Suri Seri Begawan (SSB) Hospital 

Fig. 1: Live laparoscopic surgery session 

conducted in 1992 in RIPAS Hospital with 

the help of experienced laparoscopic sur-

geons from Singapore. 
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Laparoscopic Cholecystectomy (LC) 

The first reported laparoscopic removal of a 

gallbladder was in 1987 by Phillipe Mouret. 3 

Since then, rapid development and refinement 

of this technique has made LC the gold stand-

ard for the surgical treatment of gallstone dis-

ease. 4 Randomised controlled trials have 

shown significant  advantages of laparoscopy 

over the conventional open technique. It has 

been shown that patients undergoing LC have 

less pain, less restriction in pulmonary func-

tion, a shorter length of hospital stay, shorter 

time to return to work, fewer incisional herni-

as and higher quality of life. 5-7 Most im-

portantly, laparoscopic approach with small 

incisions makes this technique especially at-

tractive to patients. Laparoscopic surgery is 

ideal for cholecystectomy; the conventional 

approach requiring an inordinately large ac-

cess and resulting in greater intra-abdominal 

surgical trauma. In the laparoscopic approach, 

both the access and intra-abdominal surgical 

trauma are minimal. For the general surgeon, 

the unparalleled success of LC became the 

stimulus for expanding the role of laparoscop-

ic surgery. 

first laparoscopic surgery in 1997 and Jeru-

dong Park Medical Centre performed their 

first laparoscopic surgery in 2004 (Figure 2). 

 

The  last  two  decades (1992 – 2011)  

have seen a tremendous advancement of lap-

aroscopic surgery in Brunei Darussalam. A 

total of 4,094 cases of laparoscopic proce-

dures were performed during this period. The 

majority of our experience involves laparo-

scopic cholecystectomy, laparoscopic appen-

dicectomy, laparoscopic colorectal resections, 

laparoscopic perforated peptic ulcer repair, 

laparoscopic adrenalectomy, laparoscopic 

splenectomy and more recently laparoscopic 

adjustable gastric banding (Figure 3). 

 

This article reviews the current posi-

tion of laparoscopic techniques among the 

most frequently performed procedures in 

General Surgery and reflects on the two dec-

ades of experience with laparoscopic surgery, 

in the diagnosis and treatment of abdominal 

conditions in Brunei Darussalam. This article, 

however, does not include laparoscopic gy-

naecological procedures. 

Fig. 2: Total number of laparoscopic procedures performed in the three hospitals in Brunei Darussalam 

(1992 to 2011). RIPAS-Raja Isteri Pengiran Anak Saleha; SSB-Suri Seri Begawan; JPMC-Jerudong Park Medical Centre. 
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Our patient population included a total 

of 2,419 cases of LC performed over the last 

two decades. LC is the commonest laparo-

scopic procedure performed in Brunei Darus-

salam. Our technique and preliminary results 

of LC have been previously published. 8 Brief-

ly, LC is performed using the standard 4-port  

technique with an open Hasson trocar placed 

at the umbilicus. Pre-operative endoscopic 

retrograde cholangiopancreatography was em-

ployed selectively in the removal of suspected 

common bile duct stones by our gastroenter-

ologists colleagues. Analysis of our patients 

showed that our initial results were compara-

ble to published series, 9, 10 with a conversion 

rate to open surgery of 3.2%, morbidity rate 

of 4%, bile duct injury rate of 0.3% and a 

mortality rate of 0.3%. A major complication 

of LC is injury to the common bile duct. An 

earlier publication showed a distinctly higher 

percentage of this serious complication of lap-

aroscopic surgery (0.5%), 11 while a later 

study showed no difference in complication 

rate between laparoscopic and open cholecys-

tectomy (0.17%). 12 This was attributed to the 

increasing competence of surgeons by over- 

coming the learning curve for the laparoscopic 

procedure. 

 

 Acute cholecystitis still presents a par-

ticular challenge to LC. Success rates varying 

from 30% to 75% for different hospitals have 

been reported, depending on the surgeon’s 

experience. 13 Moreover, the conversion rate 

from laparoscopic to open surgery increases 

from 3.6% in uncomplicated gallbladder to 

19.5% in acute cholecystitis. 13 Acute chole-

cystitis was considered a relative contraindica-

tion and LC was only performed six weeks af-

ter the acute episode. With experience, LC is 

now performed for acutely inflamed gall-

bladder. However, it is recommended that 

surgery should be performed as early as pos-

sible following the onset of symptoms. The 

sooner the operation is performed, the lower 

the rates of conversion and morbidity. 14, 15 In 

addition, a significantly shorter hospital stay 

helps to lower health care costs.  

Fig. 3: Types of laparoscopic procedures performed in Brunei Darussalam from 1992 – 2011. 
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18.9%, Appendicectomy 

8.9%, Others 

59.0%, Cholecystectomy 

5.4%, Tenckoff catheter 

3.6%, Diagnostics 

2.2%, Colon resection 

0.9%, Perforated ulcers 

0.3%, Adrenalectomy 

0.2%, Inguinal hernia 

0.1%, Gastric banding 

Laparoscopic Appendicectomy (LA) 

LA was first described by Kurt Semm in 1981. 

16 Since then, there have been many reports, 



Laparoscopic Insertion of Tenchkoff 

Catheter 

Continuous   ambulatory   peritoneal   dialysis 

(CAPD) using a Tenchkoff catheter is a well– 

Laparoscopic Colorectal Resection 

(LCRR) 

Since the first report on the feasibility of LCRR 

was demonstrated in 1991, 32 the uptake of 

LCRR is increasing. Nevertheless, laparoscopic 

surgical techniques for the colon have not en-

joyed as rapid a rise in popularity as many 

other laparoscopic procedures have through-

out the 1990s. Several factors have account-

ed for this difference, including a steep learn-

ing curve for the surgeon, the need for lapa-

roscopic intra-abdominal vascular control, 

longer operative time, the need for larger inci-

sions to retrieve specimens, and concerns 

over the oncologic safety of the procedure in 

malignant disease. 33 
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including randomised controlled trials and 

meta-analyses comparing LA and open ap-

pendicectomy. 17-19  Laparoscopic approach 

has been shown to result in lower incidence of 

wound infection, shortened post-operative 

recovery time and better diagnostic accuracy; 

but, longer operating time and higher hospital 

costs. A recent analysis of 7,532 patient 

showed that LA was associated with lower 

infection rates, fewer complications, shorter 

hospital stays, and lower expenditures than 

open surgery. 20 

 

In the last two decades, we have per-

formed a total of 775 cases of LA. Our earlier 

analysis showed that LA was employed in only 

10.5% of patients with suspected acute ap-

pendicitis in RIPAS Hospital. 13 For those pa-

tients who underwent LA, there were equal 

numbers of males and females with a mean 

age of 30.3 years, the mean operating time 

was 62 minutes, the conversion rate to open 

appendicectomy was 3% (due to perforated 

appendicitis with abscess formation) and a 

morbidity of 2%. There was no wound infec-

tion and no mortality. 21 

 

Perforated appendicitis was initially 

considered a contraindication for LA. Howev-

er, several studies since, have shown that 

complicated appendicitis can also be treated 

successfully laparoscopically, 22-24 with an in-

crease in the conversion rate to 47%. Opera-

tive success in complicated appendicitis de-

pends on a diligent intra-abdominal lavage, 

placement of drain and safe removal of the 

appendix. 

established treatment for patients with end-

stage renal disease. In Brunei Darussalam, it 

has been shown that CAPD is a viable renal 

replacement therapy with comparable perito-

nitis rate, patient employment rate and pa-

tient survival rate, to other countries. 29 A 

major and frustrating complication of CAPD is 

mechanical outflow obstruction due to migra-

tion of the catheter tip followed by omental 

wrapping, which is reported to occur in up to 

60% of the patients undergoing the open 

technique. We have described a 2-port tech-

nique of laparoscopically placing the Tench-

koff catheter with a means to secure the 

catheter tip in the pelvic cavity. 30 

 

We have used this laparoscopic tech-

nique in placing Tenchkoff catheter in 216 

patients with end-stage renal failure. Our se-

ries showed that this laparoscopic technique 

can be performed safely with no mortality 

and low morbidity. 31 This technique increases 

catheter longevity by minimising catheter mi-

gration while providing all the advantages of 

laparoscopic surgery. 



LCRR has been shown to be feasible 

and safe, provided the surgeon has appropri-

ate experience and the patients have been 

properly selected. 34-36 A meta-analysis of 12 

randomised controlled trials assessing the 

short-term outcome following LCRR confirmed 

the advantages of the laparoscopic technique 

for the patient. 37 These include less pain 

leading to earlier mobilisation, reduced im-

pairment of pulmonary function leading to 

lower rates of pneumonia and more rapid re-

covery of intestinal function leading to more 

rapid nutritional recovery. Additionally, the 

laparoscopic technique is associated with less 

surgical trauma, higher quality of life and few-

er wound complications. A recent analysis has 

shown that LCRR was associated with lower 

infection rates, fewer complications, shorter 

hospital stays and lower expenditures than 

open surgery. 20 

 

The role of laparoscopy in the man-

agement of benign colorectal diseases is more 

clearly defined and its benefits are clearly 

demonstrated. 38, 39 However, its application in 

malignant colorectal conditions has been con-

troversial. The most important question in 

LCRR concerns oncological radicality. Studies 

have shown that LCRR for malignancy was as 

good as or superior to open surgery in terms 

of length of specimen, safety margins and 

number of lymph nodes retrieved. 36, 40 A pub-

lished meta-analysis of 35 studies with more 

than 3,935 patients came to the same conclu-

sion that laparoscopy can ensure adequate 

oncological resection. 41 A Cochrane review of 

the short term outcomes among 3,526 pa-

tients from 25 randomised trials, showed that 

quality of life was improved in patients under-

going laparoscopic surgery and hospital stay 

was reduced by 1.4 days. 42 Another system-

atic review of long term outcomes has also 

shown equivalence between laparoscopic and 

open techniques and more importantly, no 

difference between tumour recurrence rates. 

43  

 

In the last two decades, a total of 88 

LCRRs were performed in Brunei Darussalam. 

Our own experience with LCRR 44 also showed 

a low morbidity and mortality coupled with a 

rapid return of gastrointestinal function and 

earlier discharge from hospital and better cos-

mesis. 

Laparoscopic Perforated Duodenal Ulcer 

(PDU) Repair 

Elective surgery for peptic ulcer disease has 

decreased significantly over the years due to 

the introduction of effective medical therapies 

(histamine type 2-receptor antagonists and 

proton pump inhibitors). However, the princi-

pal complications of perforation and haemor-

rhage remain indications for surgery. 45 

 

 Since the first description of laparo-

scopic repair of perforated peptic ulcer, 46 

many techniques have been recommended. 

Perforations can be repaired by intracorporeal 

suturing or using surgical stapling devices, 

covering the defect using an omental patch or 

closing it with a fibrin sealant or a gelatin plug 

product. 47, 48 Published reports have suggest-

ed that the laparoscopic approach may offer 

the advantages of reduced surgical wound 

and diminished post-operative pain, fewer 

post-operative complications, less intestinal 

manipulation with diminished post-operative 

ileus and reduced long-term risk of adhesive 

obstructive complications and an earlier re-

turn to daily activities. 49, 50  

 

 We have performed 38 cases of lapa– 
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Laparoscopic Inguinal Hernia (IH) Repair 

Laparoscopic IH repair was first reported in 

the early 1990’s. 53, 54 Currently, the two most 

commonly performed laparoscopic IH repairs 

are the transabdominal pre-peritoneal repair 

(TAPP) and the totally extra-peritoneal repair 

(TEP). The TAPP procedure approaches the 

groin area by first entering the peritoneal cav-

ity, whereas the TEP enters only the pre-

peritoneal plane. Both procedures allow good 

visualisation of the entire groin region and 

identification of direct, indirect or femoral her-

nia. As in open surgery, the aim of laparo-

scopic IH repair is reduction of the hernial sac 

and its contents followed by a tension free 

repair with a mesh. 

 

 The issues regarding laparoscopic IH 

repair were: Which is the better approach, 

TAPP or TEP? and hernia recurrence rate. A 

Cochrane collaboration meta-analysis pub-

lished in 2005 comparing TAPP and TEP repair 

reported no difference in recurrence rates, 

duration of operation, haematoma formation, 

length of hospital stay or time to return to 

work or activity. 55 The review also found that 

the TAPP approach was associated with higher 

rates of port-site hernias and visceral injuries 

though there was no difference in infection 

rates or vascular injury. In addition, there ap-

peared to be a higher rate of conversion to 

open surgery in attempted TEP repair. The 

authors concluded that with seemingly similar 

results and complications’ the choice between 

the two procedures should firmly be based on 

the surgeon’s experience and preference. 

Randomised trials comparing open and lapa-

roscopic IH repair showed no difference in the 

recurrence rate between the two procedures. 

56, 57 

 

In the last two decades, we have only 

performed 24 laparoscopic IH repairs using 

the TAPP technique. Our series is too small to 

make any meaningful deductions. The reason 

for the slow pick-up rate of laparoscopic IH 

repair in Brunei Darussalam is the steep 

learning for laparoscopic technique (reported 

to be between 60-100 cases) and the excel-

lent result with open mesh repair. The open 

mesh repair is easier to learn and readily 

adopted by trainee surgeons. Currently lapa-

roscopic IH surgery requires a general anaes-

thetic while many open hernias can be per-

formed under local anaesthetic. 
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roscopic PDU repair in the last two decades. 

Our series comparing laparoscopic and open 

PDU repair showed that patients with laparo-

scopic repair required less post-operative an-

algesia; however, there was no significant 

difference between the resumption of normal 

diet, hospital stay, morbidity or mortality be-

tween the two groups. 51 

  

A meta-analysis of three randomised 

trials comprising of 315 patients showed that 

although there was a tendency to a decrease 

in septic intra-abdominal complications, surgi-

cal site infection, post-operative ileus, pulmo-

nary complications and mortality with laparo-

scopic repair as compared to open surgery, 

none of these were statistically significant. An 

increased tendency in the number of intra-

abdominal abscesses and re-operations was 

observed; but, without statistical significance. 

52 

Laparoscopic Adrenalectomy 

Since its first report in 1992, 58 laparoscopic 

adrenalectomy has been shown to be safe and 

effective in the treatment of functioning and 



non-functioning adrenal lesions. 59 Traditional 

open surgery involves large incisional access 

to the adrenal glands via the anterior or flank 

transperitoneal, posterior or flank retroperito-

neal or thoracoabdominal approaches. There 

is no doubt that adrenal lesions offer the ideal 

indication for laparoscopic surgery, provided 

that a certain tumour size is not exceeded. In 

a review analysing 50 studies on laparoscopic 

adrenalectomy and 48 studies on open adren-

alectomy, it was concluded that laparoscopic 

adrenalectomy resulted in fewer wound and 

pulmonary complications, less post-operative 

pain, faster post-operative recovery and a 

shorter length of hospital stay than open 

adrenalectomy. 60 Both the transperitoneal 

and retroperitoneal laparoscopic approaches 

have advantages over the open method. One 

randomized controlled trial found no differ-

ence between these two laparoscopic ap-

proaches in terms of operating time, analge-

sic consumption, complications and length of 

hospital stay. 61 

 

We have performed 13 laparoscopic 

adrenal-sparing or partial adrenalectomy sur-

gery for primary hyperaldosteronism due to 

adosterone-producing adenoma, in the last 

two decades. One of our cases involved lapa-

roscopic bilateral partial adrenalectomies. Our 

results showed minimal post-operative pain, 

early post-operative ambulation and shorter 

hospital stay with no morbidity or mortality. 

62 

Laparoscopic Splenectomy 

The  first  cases  of  laparoscopic splenectomy 

were on patients with Hodgkin’s disease, re– 

ported in 1992 63 and on patients with throm-

bocytopenic purpura, reported in 1993. 64 

Since then, many published articles have re-

ported the efficacy of laparoscopic splenecto-

Laparoscopic Adjustable Gastric Banding 

(AGB) 

Surgery for morbid obesity (or bariatric sur-

gery) has a long history and is medically indi-

cated for morbidly obese patients who fail to 

respond to dietary, behavioral, nutritional and 

medical therapies. Bariatric surgery is the 

most effective treatment for severe obesity, 

producing durable weight loss, improvement 

of comorbid conditions and prolonging life. 

Roux-en-Y gastric bypass, adjustable gastric 

banding (AGB), biliopancreatic diversion with 

duodenal switch and sleeve gastrectomy are 

validated surgical procedures that may be 

performed laparoscopically. 68 

 

Inspired by the open gastric banding 

procedures, laparoscopic AGB was first de-

scribed in 1993. 69 It involves the placement 

of a restrictive inflatable balloon device 

around the gastric cardia approximately 1cm 

below the gastro-oesophageal junction. This 

balloon is connected by tubing to a subcuta-

neous port, which is attached below the skin 

of the abdominal wall. Saline injected into the 

port will cause balloon inflation, which results 

in narrowing of the stomach at the level of the 

balloon. The laparoscopic AGB is placed via 

the pars flaccida approach, through a ret-

rogastric tunnel between the pars flaccida me-

dially and the angle of His laterally. Applica-

tion of the commercially available adjustable 

gastric band at this level creates a 15-25ml 

gastric pouch. 69 The first balloon adjustment 
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my for haematologic diseases 65 and have 

concluded that laparoscopic splenectomy was 

the procedure of choice for most haematologic 

disorders. 66 We had reported our technique 

and have since then performed 8 cases of lap-

aroscopic splenectomy for haematological 

conditions. 67 



usually occurs 6 weeks after band placement. 

Fluid is added if weight loss falls below expec-

tations or if meal volumes increase with loss 

of satiety. Adjustment is not needed if there 

is adequate weight loss, satiety and toler-

ance. Fluid should be removed if there is 

vomiting, coughing, choking or significant 

solid food intolerance. 

 

In the last two years, we have started 

performing laparoscopic AGB in RIPAS Hospi-

tal. Although our numbers are currently 

small, we have found that laparoscopic AGB 

surgery is a safe and effective procedure that 

enables major and durable weight loss in as-

sociation with improvement or resolution of a 

broad range of serious health problems, com-

parable to published reports. 70, 71 

The Current Status of Laparoscopic  

Surgery 

To reduce intra-operative and post-operative 

morbidity, and improve post-operative cos-

mesis, research has focused on further mini-

mising the invasiveness of laparoscopic pro-

cedures. The single-incision laparoscopic sur-

gery (SILS) uses the same anterior ab-

dominal wall access as laparoscopic surgery, 

but only requires one small 2cm incision, 

placed in the umbilicus, which offers good 

cosmesis as the scar is hidden within the um-

bilical folds. 72 Since its description in 1992, 73 

there has recently been an increase in the 

popularity of SILS, due to a shift away from 

the traditional concept of laparoscopic surg-

ery and the availability of specialised instru–

mentation. 74-76 The currently cited benefits 

SILS include the potential for reduced cost 

and improved patient satisfaction. 77 

 

 Laparoscopic surgery with a com-

pletely scarless approach can be achieved 

with natural orifice transluminal endoscopic 

surgery (NOTES). NOTES procedure allows 

access to the peritoneal cavity through the 

natural orifices (oral, rectal, vaginal or vesical 

routes), thereby avoiding the need for ab-

dominal wall incisions. 78 However, the pro-

gress of NOTES has been slow due to a num-

ber of drawbacks e.g. increased operative 

time as compared to conventional laparo-

scopic surgery, the need for specialised 

equipment (which requires additional train-

ing) and a steep learning curve for the sur-

geon due to the new instrumentation and op-

erative approach. Of major concern are the 

potential complications arising from the inten-

tional breaching of the orifice wall during ac-

cess to the peritoneal cavity. 79 To date, both 

SILS and NOTES have not been introduced to 

Brunei Darussalam. 

CONCLUSIONS 

In Brunei Darussalam, we have accumulated 

20 years of clinical experience and scientific 

research with laparoscopic surgery. Given the 

high success rates achieved by our skilled 

surgeons, and the high levels of patient satis-

faction, laparoscopic surgery has become the 

patient’s procedure of choice. The advantages 

of laparoscopic over conventional surgery are 

primarily, pain reduction, shorter length of 

hospital stay and faster resumption of usual 

activities. In addition, it also has lower mor-

bidity rates and less impairment of the im-

mune system. Furthermore, it has no disad-

vantages in terms of oncological radicality 

when applied to colorectal cancer excision. 

 

 However, one must realize that lapa-

roscopic surgery only represents a different 

technique that offers an alternative to open 

surgery. The indications for surgery are simi-
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lar for both laparoscopic and open surgery. 

Hence, the same preoperative criteria must 

be followed rigorously. 
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