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Imagine a world where surgeons can perform surgery without leaving a scar.

GENERAL INTRODUCTION

The scope of surgery was quite limited for a long time. At best the surgeon treated diseases 
such as simple fractures, dislocations, abscesses, and occasionally amputations. Surgical 
procedures were usually performed for external difficulties that needed an ‘objective’ 
anatomic diagnosis only. Compared with these times many things changed, One of the 
important steps taken was the introduction of anaesthesia. Thanks to anaesthetics surgeons 
could focus on their efficacy instead of concerning about the speed with which the operation 
was completed. Due to analgesia the surgeons were able to perform pain free procedures. 
This marked a huge leap in the advances of surgical techniques. However without antiseptic 
and aseptic environments major surgical operations would still be more likely to end up 
with the death of the patient instead of actually healing them. The understanding of the 
human anatomy and methods for controlling haemorrhage were also significant landmarks 
in the sum of conditions essential for the operative treatment of surgical diseases. [1, 2]
Surgery developed from non-analgesia, aseptic procedures to highly advanced new surgical 
techniques where nowadays minimal invasive approaches are the predominant area of 
surgical technical evolution. 

A SHORT HISTORY OF LAPAROSCOPIC SURGERY

The word laparoscopy stems from the Ancient Greek words ‘lapara’ (λαπάρα) and ‘skopeo’ 
(σκοπέω). Lapara means ‘flank, side’; skopeo means ‘to see’. The first diagnostic laparoscopy 
was performed on the peritoneal cavity of a dog in 1901 in Germany using a cystoscope. 
Around the same time (1910) in Sweden a surgeon reported on laparoscopy on humans in 
the peritoneal, thoracic and pericardial cavities. [3]
At first the use of laparoscopy was limited for diagnostics only. Modifications of equipment, 
like the dual-trocar technique and the use of needle insertion to obtain a pneumoperitoneum, 
combined with the inventions of the Trendelenburg position in 1912 opened the door to 
operative laparoscopy. Gynaecologists performed the first therapeutic laparoscopic 
procedures in the 1930s. The procedures performed were tubal ligation, ovarian cystectomy, 
incision and drainage of tubo-ovarian abscesses. [3]
In 1952 one of the most critical advances in laparoscopy occurred, the invention of the 
Hopkins rods-lens system. With this system the optics improved immensely which gave 
confidence in performing more complicated laparoscopic surgery. [3] Combining the 
laparoscope with the video camera in the mid 1980’s expanded the potential of laparoscopy 
by freeing both of the surgeon’s hands to manipulate instruments. Assistants could 
simultaneously view the procedure and actively participate by helping the surgeon perform 
the operation. [2]
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The first laparoscopic appendectomy was performed in 1983 by a gynaecologist in training. 
The first laparoscopic cholecystectomy was performed in 1985. [1, 3]
The laparoscopic technique proved to be feasible and safe since the clinical introduction of 
laparoscopic appendectomy. The procedure has been accepted worldwide. [4] Laparoscopic 
cholecystectomies rapidly became the method of choice throughout the world. However 
the pioneers of laparoscopy received a lot of criticism back in the days. The vision of a few 
surgeons cleared the way for minimal invasive surgery, although back then the medical 
community did not accept their work from the beginning. [1]
Laparoscopic surgery revolutionized the standard of operative care for various operations. 
In the 1990s more complex laparoscopic procedures were performed, like fundoplication, 
adrenalectomy and benign colon surgery. After 2000, when long-term results of randomized 
trials on laparoscopic colon resections for cancer became available, laparoscopic techniques 
were more and more used in malignant treatment as well. [1, 5]
Nowadays laparoscopic surgery has been proved to be safe and an equivalent alternative 
to open surgery in the treatment of benign and malignant diseases. Laparoscopic surgery 
showed several advantages compared with open surgery such as: less postoperative blood 
loss, reduction in postoperative pain, faster postoperative recovery, shorter admissions to 
the hospital and better cosmetic results. Furthermore compared to open surgery, 
laparoscopic surgery demonstrated at least similar oncologic outcomes. [6] However 
improved outcome in short and long term for laparoscopic surgery is reported as well. [5]
The last decades laparoscopic surgery became more and more popular. Laparoscopic 
centres are established throughout the world and training curricula are designed. Operating 
rooms are designed to perform laparoscopic surgery and turned into endosuites. [1] 

SINGLE-PORT LAPAROSCOPY

Further elaborations of minimally invasive techniques have been developed to continue 
minimizing surgical trauma. The essence of minimizing surgical trauma is reducing surgical 
trauma leads to reduced postoperative pain, reduced complications and faster recovery. 
Faster recovery results in less postoperative costs for the hospital, the health insurance 
company and society as a whole. Accompanied by a better cosmetic result or even nearly 
invisible scar.
One of the results of these developments is single-port laparoscopy. The first single-port 
laparoscopic procedure was reported in 1992. Through a transumbilical incision an 
appendectomy was performed. Five years later the first single-incision cholecystectomy was 
performed. In 2008 the first reports of single-port colorectal resections were reported. 
Nowadays single-port laparoscopy (SPL) is used in not only in the treatment of benign 
diseases but in the treatment of malignant diseases as well. [6]
With single-port laparoscopy similar procedures can be performed as with conventional 
surgery or multiport laparoscopic surgical approaches. As the name already suggests the 
conventional or multiport laparoscopic technique uses multiple accesses to the  
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peritoneal cavity. In single-port laparoscopy one incision or access is made, usually 
transumbilically, which is a embryological natural opening. Through this single-incision a 
multi-access port is placed. The instruments used for the laparoscopic procedure are all 
introduced through this one port or trocar instead of multiple ports as used in the 
conventional technique. As in the conventional laparoscopic technique a pneumoperitoneum 
is used for visualization. 

Illustration of a single-port device, placed transumbillically to provide access into the abdominal cavity.
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THESIS OUTLINE

Although the first single-port laparoscopic appendectomy was already performed in 1992 
the use of the single-port technique was introduced more than a decade later in the 
Netherlands. Most of the studies described in this thesis are performed in the Jeroen Bosch 
Hospital, where the first single-port laparoscopic procedure was performed in 2010. This 
thesis focuses on the feasibility and safety of single-port laparoscopy in different therapeutic 
procedures. Also healthcare costs and combining new techniques are described.
Like all novel techniques, first procedures are the less complex procedures. A start was 
made with benign procedures as appendectomies and cholecystectomies. The first study 
presented in this thesis describes the first experiences of single-port appendectomies in 
children with acute appendicitis. The results of these 50 single-port appendectomies are 
described in Chapter II. In this chapter an answer is given to the question ‘is the single-port 
technique feasible and safe in children with acute appendicitis?’. In the following chapter, 
Chapter III, the results of 100 single-port laparoscopic cholecystectomies are described, 
compared with 100 conventional laparoscopic cholecystectomies matched by age. The 
question ‘is single-port laparoscopic cholecystectomy a feasible and safe technique?’ is answered 
and also the peri- and postoperative results were compared with the conventional technique. 
In Chapter IV the results of using a multiport access device, used in single-port laparoscopy, 
in the treatment of malignant (colo)rectal disease are shown. The described procedure is 
the abdominoperineal resection. Patients operated in this study were not operated using 
a single-incision, a second trocar was placed. The first 20 procedures are described and for 
optimizing the procedure in the pelvis the second trocar was placed suprapubically. The 
question to be answered in this chapter is ‘is the use of a single-port device feasible and safe 
in abdominoperioneal resections in colorectal cancer treatment?’.
When introducing a new technique the feasibility and safety are of great importance. But 
with the increasing healthcare costs it is also of importance to evaluate the cost effectiveness 
of new techniques. In Chapter V a cost analysis of single-port laparoscopic and conventional 
laparoscopic surgical treatment in colorectal malignant diseases is presented. The primary 
question to answer was ‘is single-port laparoscopic treatment in colorectal malignant disease 
more or less expensive compared with conventional laparoscopic treatment?’.
The single-port technique was not the only novel technique that was introduced the past 
decades. One of the other minimal invasive techniques is robotic assisted surgery, either a 
direct telemanipulator or through computer control. In Chapter VI the results of the use 
of robot assistance in single-port cholecystectomies are demonstrated. In this chapter the 
challenges, advantages and disadvantages of using the robot in single-port cholecystectomies 
are mentioned.
In general this thesis describes the first clinical experiences of the use of a multi-port device 
in order to perform single-port laparoscopic procedures. A first cost analysis is made and 
a first combination with another new technique is made. However there is still a lot that 
needs further research, possible new treatments or combinations of techniques still have 
to be explored. In Chapter VII this will be discussed and future perspectives are given. 
Finally, a summary of this thesis will be given in English and in Dutch in Chapter VIII and 
Chapter IX respectively.
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ABSTRACT

Background
The recent years the evolution in minimal invasive laparoscopic procedures led to new 
techniques, like single-port laparoscopy (SPL), resulting in nearly-scarless procedures.  
The purpose of this study is to evaluate the safety and feasibility of the single-port technique 
using a commercially available trocar in pediatric patients who underwent an appendectomy.

Methods
From July 2011 to March 2014 all patients undergoing SPL appendectomy under 18 years 
were included in this retrospective study. Per- and postoperative data were collected in a 
prospective database.

Results
A total of 50 children (mean age 12 years) diagnosed as acute appendicitis underwent SPL 
appendectomy. SPL appendectomy was feasible and safe in all cases, both in non-perforated 
and perforated appendicitis. In one procedure (2%) an extra trocar was placed. Seven 
patients (14%) were readmitted to the hospital after initial uncomplicated postoperative 
course. One patient (2%) needed reoperation due to a wound abscess. Three patients (6%) 
were readmitted due to intra-abdominal abscesses for which antibiotics were given.

Conclusion
SPL appendectomy is a safe and feasible procedure in children with acute appendicitis.
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INTRODUCTION

Laparoscopic surgery was introduced in 1985 to minimize surgical trauma and improve 
clinical outcomes. [1, 2] Laparoscopic surgery revolutionized the standard of operative care 
for various operations. [3-5] The first single-incision laparoscopic appendectomy was 
reported in 1992. [6] In 1999 a report describing 200 single umbilical incision laparoscopic-
assisted appendectomies in children was published. [7] These reports were more than a 
decade ago, however the use of single-port laparoscopy is still developing in the Netherlands. 
In the Jeroen Bosch Hospital the first SPL appendectomy in an adult was performed in 2010. 
In SPL surgery only one incision is made, usually through the umbilicus, frequently resulting 
in a non-visible scar.  This could be especially relevant for the pediatric population. In 
general, smaller and fewer incisions are associated with less postoperative pain and quicker 
recovery. [5, 8, 9]
Acute appendicitis is one of the most common surgical indications in children with an 
incidence of 70.000 cases each year in the United States. [10] In a growing number of centers, 
the treatment of choice is laparoscopic appendectomy or SPL appendectomy. [11-13] Lacher 
et al. [14] described SPL for treatment of appendicitis in 415 children using different 
techniques and different devices. They showed that SPL appendectomy can be performed 
in children safely and successfully. In 2009 Muensterer et al. [15] stated that SPL 
appendectomy is a good alternative to the conventional laparoscopic approach.
This study describes the feasibility and safety of SPL appendectomy by both the experienced 
laparoscopic surgeon and the resident in training. Patients operated in this study are all 
operated by the same technique, using a commercially available trocar, the TriPort+ 
(Olympus). 

MATERIALS AND METHODS

All pediatric patients (age under 18 years) whom underwent a SPL appendectomy at the 
Jeroen Bosch Medical Center between July 2011 and March 2014 were included. In the Jeroen 
Bosch Hospital different techniques are used to perform an appendectomy, the operating 
surgeon decides which procedure is performed (three port laparoscopic appendectomy, 
open appendectomy or single-port laparoscopic appendectomy). There are three surgeons 
who perform single-port procedures, including SPL appendectomies; therefore patients 
operated in this study are operated by one of these three surgeons or by a resident under 
supervision of one of these three surgeons.
All patients were admitted through the emergency ward. The diagnosis appendicitis was 
made based on physical examination, laboratory tests  and radiological imaging (ultrasound 
or computed tomography).  
The peroperative data consist of operating time, defined as time from first skin incision to 
completion of closure, placement of additional trocars, conversion to open appendectomy, 
peroperative complications and distinction between perforated and non-perforated 
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appendicitis. Peroperative complications included laceration of intra-abdominal organs and 
blood loss > 100 ml. Perforated appendicitis was defined as an appendix with a visible hole, 
fecalith in the abdomen or a purulent or gangrenous appendix. Postoperative data included: 
duration of stay in hospital, complications, re-operation, readmissions, long-term follow-up 
to assess the incidence of incisional hernias, small bowel obstruction and cosmetic outcome 
was acquired by outpatient clinic visits. Long-term follow up was performed by telephone 
interview with parents.
Mortality, admission to the intensive care unit, intra-abdominal abscess, requiring 
reoperation and incisional hernias were classified as major complications. Superficial wound 
infection, intra-abdominal abscess formation without the need for reoperation and 
intermittent bowel obstruction were classified as minor complications.

Surgical technique
The SPL appendectomy was performed by an experienced laparoscopic surgeon or by a 
surgical resident with direct supervision of an experienced laparoscopic surgeon. All 
procedures were performed under general anesthesia. Prophylactic antibiotics (Cefolizine 
and Metronidazol) were administered in weight-adjusted dosage before incision. Through 
a longitudinal transumbilical incision of 15 to 20 mm, the 4-access multiport was placed 
(Olympus TriPort+ trocar). A 12-mmHg pneumoperitoneum was created.
A single-port laparoscopic appendectomy is similar to a standard laparoscopic 
appendectomy. If necessary adhesiolysis, using the diathermic hook and scissors, was 
performed. After identification of the inflamed appendix, the mesoappendix was coagulated 
and cut. Two PDS 0 Endoloops (Ethicon Endo-Surgery, Cincinnati, USA) were used to ligate 
the base of the appendix after which the appendix is transected. The TriPort+ makes it 
possible to remove the appendix without the use of an endoscopic bag. When purulent 
peritonitis was seen, the peritoneum was flushed using warmed 0.9% saline solution. The 
fascia was closed by a running absorbable braided suture (Novosyn 0, B.Braun, Germany) 
and the skin intracutaneously using a monofilament absorbable thread (Monosyn 4-0, 
B.Braun, Germany).

Postoperative care
All patients received the standard postoperative care for laparoscopic surgery. In general 
patients with non-perforated appendicitis are discharged the day following surgery. Patients 
with a perforated appendicitis or purulent peritonitis were administered prolonged with 
intravenous antibiotics for 72 hours (Cefuroxime/Metronidazol). Enteral intake was 
stimulated as soon as possible after surgery. After discharge, an outpatient visit was planned 
within 2 to 3 weeks postoperatively. During this visit the patient was examined for signs of 
infection, appearance of the scar and presence of incisional herniation. After at least one 
month parents were contacted to evaluate for potential late complications including small 
bowel obstruction and herniation. All parents or patients were asked whether they were 
satisfied with the cosmetic result.
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Statistical analysis
All data were collected in a computed database and statistically analyzed using SPSS (IBM 
Corp. Released 2010. IBM SPSS Statistics for Windows, Version 19.0). For continuous variables 
with a normal distribution means (with standard deviation (SD)) were calculated. Medians 
(including range) were used when no normal distribution was found. For analyzing means 
between groups the independent t-test was used, for calculations between medians the 
Mann Whitney U test was used. Categorical (ordinal and nominal) variables were analyzed 
using the chi square test. P values were two tailed. Statistical significance was accepted for 
p values of < 0.05. 

RESULTS

Between July 2011 and March 2014 50 children underwent a SPL appendectomy and all 
patients were included in this study. The mean age was 12 years (SD ± 3.4). Twenty-eight 
boys (56%) and 22 girls (44%) were operated. Baseline characteristics are shown in Table 1. 
SPL appendectomy was feasible in all patients: in one of the procedures (2%) it was necessary 
to place an extra trocar to obtain adequate exposition of the appendix. None of the 
procedures were converted to the open technique. No complications occurred during 
surgery. Non-perforated appendicitis was diagnosed in 37 children (74%), perforated 
appendicitis in 11 patients (22%)and non-inflamed appendix in 2 patient (4%). The median 
operating time (skin-to-skin) was 28 minutes (range 12-68). Subgroups analysis showed a 
median operating time of 27 minutes (range 12-50) in non-perforated appendicitis and 37 
minutes (range 26-68) in perforated appendicitis (p<0.05). Thirty-three patients (66%) were 
operated by a surgeon, 17 (34%) patients were operated by a supervised resident. Median 
length of hospital stay (LOS) was 1 day (range 1-5 days).  In the non-perforated group median 
LOS was 1 day (range 1-5 days) for and 4 days (range 3-5 days) in the perforated group 
(p<0.05). For per- and postoperative data see Table 2.

Table 1. Baseline characteristics

N=50 Non perforated
(n=39; 78%)

Perforated
(n=11; 22%)

Mean age, in years 12 (SD ± 3.4) 12 (SD ± 3.0) 11 (SD ± 4.4)

Sex (female) 22 (44%) 19 (48.7%) 3 (27%)

Laboratory results

Mean leukocyte count

Median CRP (range)

15.9 (SD ± 5.9)
31 (3-307)

14.9 (SD ± 5.3)
21 (3-307)

19.3 (SD ± 6.9)
70 (20-215)

Imaging

Ultrasound received

Ultrasound positive

CT received (when     

ultrasound negative)

50 (100%)
44 (88%)
1 (2%)

39 (100%)
35 (90%)
1 (3%)

11 (100%)
9 (82%)
0
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Thirty-four percent of all procedures was performed by a resident under supervision of a 
surgeon. Median operating time in these 17 patients was 33 minutes (range 18-68 minutes) 
versus 27 minutes (range 12-50 minutes) for procedures performed by surgeons. No 
complications were seen in patients operated by residents.
Seven patients (14%) were readmitted to the hospital: three patients (6%) developed an 
intra-abdominal abscess and were treated with antibiotics; one patient (2%) developed a 
wound abscess which was explored under general anesthesia; one patient (2%) was 
readmitted because of nausea and gastric complaints, which were treated by dietary 
adjustments; two patients (4%) were readmitted because of abdominal pain in both cases 
no cause was found and complaints were self-limiting. From these the seven patient who 
were readmitted, only two patients were diagnosed with a perforated appendicitis.
No patients were admitted to the intensive care unit and no patients died during follow up. 
The median time between discharge after appendectomy and readmission was 5 days (range 
1-13 days). The median LOS of the readmission period was 3 days (range 1-12 days).
During follow up no incisional hernias were observed. Median follow up was 14 months 
(range 1-33). All parents were satisfied with the cosmetic outcome of the operation. In most 
cases, the scar became invisible several months after surgery.

Table 2. per- and postoperative data

N=50 Non perforated
(n=39; 78%)

Perforated
(n=11; 22%)

Median operating time,
in minutes (range)

28 (12-68) 27 (12-50) 37 (26-68)

Median admission time,
in days (range)

1 (1-5) 1 (1-5) 4 (3-5)

Peroperative complications 0 0 0

Extra trocars placed 1 (2%) 1 (3%) 0

Conversions 0 0 0

Readmission 7 (14%) 5 (12.8%) 2 (18%)

Wound infection 2 (4%) 2 (5%) 0

Intra-abdominal abcess 3 (6%) 1 (3%) 2 (18%)

Readmission for 
observation delayed gastric 
emptying

1 (2%) 1 (3%) 0

Readmission for pain 2 (4%) 2 (5%) 0

Admission to ICU 0 0 0

Mortality 0 0 0

Hernia cicatricalis 0 0 0
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DISCUSSION

SPL appendectomy using TriPort+ (Olympus) is a feasible and safe technique in children 
with appendicitis. No surgical complications, conversions, or mortality was seen. Only in 
one procedure (2%) an extra trocar was placed. 
Fourteen percent of the patients were readmitted. A possible explanation for this high re-
admission rate could be due to the fact that all included patients were children. In a pediatric 
population, the surgeon might be extra cautious in the postoperative period and might tend 
to readmit these patients sooner. The fact that only four patients (8%) needed medical or 
surgical interventions might underline this. Wound infection after laparoscopic 
appendectomy is a well-described and common complication. The data presented is in line 
with wound infection rate of 2 to 10% in other studies on SPL appendectomies in both adults 
and pediatric population. [14, 16-19] After conventional laparoscopic appendectomy 
superficial wound infection and intra-abdominal abscesses might be less frequently seen, 
respectively 1.5% and 3.8%. [20] 
Several studies described duration of SPL appendectomy with or without comparison to 
conventional laparoscopy. [8, 11, 17, 21] Muensterer et al. [15] showed that SPL 
appendectomy is associated with shorter operating time compared to conventional 
laparoscopic appendectomy (37, respectively 44 minutes). It can be noted that in 
Muensterer’s SPL procedures, besides one trocar, multiple stab incisions through the fascia 
are made to introduce the instruments. The largest cohort on SPL appendectomies (using 
different techniques and trocars) showed similar operating times. [14] The results of this 
study present a median operating time of only 28 minutes for SPL appendectomies. 
Operations performed by residents in this study showed a comparable operating time to 
the procedures performed by surgeons. Complications were seen in an equal amount in 
both groups.In the search for the optimal technique for appendectomy, transumbilically 
laparoscopic-assisted appendectomy (TULAA), has been studied as an alternative. In this 
technique a transumbilical trocar is used for inserting a laparoscope and a laparoscopic 
instrument. After being cleared from adhesions, the appendix is grasped and pulled through 
the umbilical incision for an extracorporally appendectomy. This technique seems associated 
with a higher conversion rate (6.6%) than in SPL appendectomy. [22, 23] The need for 
extracorporeal ligation could be discussed in this era of excellent laparoscopic devices. 
Furthermore TULAA seems less suitable in obese or adult patients compared to totally 
laparoscopic procedures.
Incisional herniation is thought to be one of the potential disadvantages of SPL surgery as 
the incision is larger through the umbilicus compared to in the conventional laparoscopic 
appendectomy. [24] Our data does not support this belief, in our pediatric SPL appendectomy 
group: none of the 50 patients show an incisional hernia. 
Important limitations of this study are the small study population and the possibility of 
selection bias. Not all attending surgeons are experienced SPL surgeons and therefore only 
the children admitted to the hospital with appendicitis when one of the experienced 
surgeons was on duty were operated by the SPL procedure. 
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In conclusion, SPL appendectomy is a safe and feasible technique in children with acute 
appendicitis. The procedure is safe and feasible performed by experienced surgeons or 
performed by surgical residents under strict supervision of an experienced single-port 
laparoscopic surgeon. The commercially available TriPort+ trocar renders this technique 
easily adaptable for new users. SPL appendectomy could become the next step in minimizing 
surgical trauma and scar formation in the pediatric population.
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ABSTRACT

Aim
The aim of this study is to compare the safety of single-port laparoscopic cholecystectomies 
with standard four-port cholecystectomies.

Materials and Methods
Between January 2011 and December 2012 data were gathered from 100 consecutive 
patients who received a single-port cholecystectomy. Patient baseline characteristics of all 
100  single-port cholecystectomies were collected (body mass index, age, etc) in a database. 
This group was compared with 100 age-matched patients who underwent a conventional 
laparoscopic cholecystectomy during the same period. Retrospectively, per- and 
postoperative data were added. The two groups were compared to each other using 
independent	t-tests	and	χ2-tests,	p	values	below	0.05	were	considered	significantly	different.

Results
No differences were found between both groups regarding baseline characteristics. 
Operating time was significantly shorter in the total single-port group (42 versus 62 min, 
p<0.05); in procedures performed by surgeons the same trend was seen (45 versus 59 min, 
p<0.05). Peroperative complications between both groups were equal (3 in the single-port 
group versus 5 in the multiport group; p=0.42). Although not significant less postoperative 
complications were seen in the single-port group compared with the multiport group (3 
versus 9; p=0.07). No statistically significant differences were found between both groups 
regarding to length of hospital stay, readmissions and mortality. 

Conclusion
Single-port laparoscopic cholecystectomy has the potential to be a safe technique with a 
low complication rate, short in-hospital stay and comparable operating time. Single-port 
cholecystectomy provides the patient an almost non-visible scar while preserving optimal 
quality of surgery. Further prospective studies are needed to prove the safety of the single-
port technique.
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INTRODUCTION

Laparoscopic cholecystectomy is the standard operative procedure for patients with 
symptomatic cholelithiasis. [1] Introduced in 1985, laparoscopic cholecystectomy, has been 
an important development in general surgery. [2, 3] Its introduction resulted in surgical 
procedures with reduced blood loss, enhanced recovery and less major wound complications. 
Single incision laparoscopic surgery techniques were introduced in the 1990s. [4] When 
performing this particular type of laparoscopic surgery only one incision is made, usually 
through the umbilicus. In general, smaller and fewer incisions result in less pain, accelerate 
postoperative recovery and improve cosmetic result. [3, 5, 6] 
After its introduction, standard multiport laparoscopic cholecystectomies were for a long 
time heavily debated and frequently contradicted. Nowadays the single-port technique is 
in the same situation. Some studies report higher percentages of bile duct injuries, more 
blood loss and longer operating time when performing single-port cholecystectomy. [7,8] 
In contrast, although other studies suggest that single site laparoscopic surgery is a safe 
and adequate procedure, single site surgery for cholecystectomy for uncomplicated 
cholecystolithiasis is still subject of debate. [9-11]
In 2011 single-port laparoscopic (SPL) also known as laparo-endoscopic single site (LESS) 
surgery was introduced at the Jeroen Bosch Hospital, ‘s-Hertogenbosch, the Netherlands. 
Since its introduction over 100 patients received a laparoscopic cholecystectomy with only 
one umbilical incision. The aim of this study is to compare short as well as long term surgical 
outcome parameters, such as safety and patient-outcome, between SPL cholecystectomy 
and standard four-port laparoscopic cholecystectomy (SLC). 

MATERIALS AND METHODS

Patients
Between January 2011 and December 2012 all patients who underwent a single-port 
laparoscopic cholecystectomy (SPL) at the Jeroen Bosch Teaching Hospital (’s-Hertogenbosch, 
The Netherlands) were included. All patients operated upon the single-port technique were 
gathered in a prospective database in which relevant patient data and surgical outcome 
parameters were recorded. Also, all patients who received a standard  laparoscopic 
cholecystectomy (SLC)  in the same study period were identified retrospectively. After an 
introduction period (n=36) of the SPL technique, 100 consecutive patients who were 
operated upon the SPL technique, these 100 patients were matched by age with a group of 
100 patients who underwent a SLC in the same period. 
Preoperative data included: age, gender, body mass index (BMI), indication of surgery, 
previous abdominal surgery, comorbidity and American Society of Anesthesiologists (ASA) 
classification. Peroperative data included: operating time (defined as time from first skin 
incision to completion of closure), need for extra trocar, conversion to open cholecystectomy, 
first operator (surgeon or resident supervised by surgeon) and peroperative complications. 
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Peroperative bloodloss of more than 200ml was registered as a complication. Postoperative 
data included: duration of stay in hospital (including day of operation), complications (during 
hospitalisation), reoperation, readmission to the hospital (within 30 days after discharge) 
and mortality.
Above normal postoperative pain was defined as pain resulting in prolongation of hospital 
admission with at least one day, without finding a cause of pain.
Hernia cicatricalis was defined as complaints around the umbilical incision caused by 
herniation of the abdominal wall. Patients were routinely seen 2-6 weeks after surgery at 
the outpatient department and checked on complaints of the incision. All patients were 
checked in the medical files if they returned to the hospital with complaints of the umbilical 
incision.

Single-port laparoscopic cholecystectomy (SPL)
SPL cholecystectomy is performed under general anaesthesia. Patients are positioned in a 
supine position with both legs in holders. The surgeon is positioned between the legs of 
the patient (‘French’ position) and the first assistant is at the left side of the patient. Through 
an umbilical incision a 4-access multiport trocar (TriPort+, Olympus) is introduced. Patients 
are placed in an anti-Trendelenburg position and left lateral tilt. Additional support holders 
are placed preoperatively. The gallbladder is lifted cranially towards the liver using a straight 
laparoscopic clamp.  The procedure is the same as the multiport procedure. Before ligation 
of the cystic duct and artery a critical view of safety is achieved. Ligation is performed using 
a 5 mm clip applier. If no critical view of safety can be achieved an extra trocar will be placed 
or the procedure is converted to an open procedure. Conversion means that the single-port 
or standard procedure was converted to an open cholecystectomy. Total number of  
placement of extra trocar(s) was registered. 

Standard laparoscopic cholecystectomy (SLC)
The standard four-port technique is performed under general anaesthesia. Patients are 
positioned in a supine position. The surgeon and assistant are positioned at the left side of 
the patient. A 10mm trocar is placed periumbilically by open approach and three 5mm ports 
are placed in the upper right abdomen under laparoscopic vision. A critical view of safety 
is achieved before ligation of the cystic duct and artery. When it is not possible to achieve 
the critical view of safety, the procedure is converted to an open procedure. 

Statistical Analysis
Data was collected and statistically analyzed using SPSS (IBM Corp. Released 2010. IBM SPSS 
Statistics for Windows, Version 19.0. Armonk, NY: IBM Corp.).
Continuous variables (means) were analyzed using independent t-test. Categorical (ordinal 
and nominal) variables were analyzed using c2-test. P values were two tailed. Statistical 
significance was accepted for p values of < 0.05.
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RESULTS

In the period January 2011 - 31 December 2012, a total of 795 cholecystectomies were 
performed of whom 136 patients were treated with the SPL technique. In total 27 of the 
795 procedures were converted to an open procedure. All patients’ characteristics of the 
included 100 consecutive patients who underwent a SPL technique and who, matched by 
age, underwent a four-port technique are noted in table 1. A significant difference in mean 
BMI between both groups is observed (25.6 for the SPL group versus 28.9 for the SLC group; 
p<0.05). BMI ranged in the SPL group from 17 to 40 and in the SLC group from 19 to 46. 
In the SPL group three operations were performed by residents versus 29 in the SLC group. 
The operating time in the whole SPL group (n=100) was significant shorter compared with 
the total SLC group (n=100) (mean operating time was 46 versus 62 min, p<0.001). The  mean 
operating time together performed by surgeons was 51 min (SD 24; n=168) whereas the 
mean operating time for residents for both techniques was 69 min (SD 22; n=32). Operating 
times in procedures performed by surgeons were significantly shorter in the SPL group, i.e. 
mean operating time in SPL procedures performed by surgeons (n=97) was 45 min compared 
to a mean operating time of 59 min in the SLC group (n=71 p<0.05).

A significant correlation (r=0.22; p=0.002) between BMI and operating time was found using 
the Spearman’s rho test (n=200); subgroup analysis showed a significant correlation in the 
SPL group (r=0.21; p=0.037), but the SLC group did not show a significant correlation (r=0.03; 
p=0.787). This suggests more influence of BMI on operating times in SPL cholecystectomies. 
To exclude the effect of the learning curve in analysing the effect of BMI on the operating 

Table 1. patient characteristics

SPL SLC p value

Gender (% female) 80 75 0.397

Age (mean, SD) 45 (15) 46 (15) 0.787

BMI (median, range) 25 (17-40) 28 (19-46) <0.001a

ASA (%)
I +II
III

98
1

96
2

0.239

Indication  (%)

Symptomatic cholelithiasis

Cholecystitis

Biliairy pancreatitis

Galbladder polyp

Cyst galbladder

80
13
3
3
1

77
18
1
4
0

0.557

SPL = single-port laparoscopic cholecystectomy; SLC = standard laparoscopic cholecystectomy; BMI = body 
mass index; ASA = American Society of Anesthesiologists classification; a=statistical significant
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time, the procedures performed by surgeons were analysed as a subgroup. Regarding all 
procedures performed by surgeons a significant correlation was found (r=0.24; p=0.003; 
n=168). Subgroup analysis of procedures performed by surgeons show significant correlation 
between BMI and operating time in the SPL group (r=0.23; p=0.029; n=97) and no correlation 
in the SLC group (r=0.108; p=0.385; n=71). No correlation was seen between BMI and 
placement of extra trocars.
One conversion was observed in the SPL group because of an inadequate critical view of 
safety (versus zero in the SLC group, p=0.331). Additional ports were placed in seven patients 
(one extra trocar in six patients and two extra trocars in one patient) in the SPL group versus 
two patients in the SLC group (both one extra trocar, p=0.122). In this group (extra trocar; 
n=9) the median BMI was 28 (range 18-31) vs 26 (range 17-46) in patients (n=191) without 
the need of placing an extra trocar (p=0.862). Peroperative complications were seen in three 
patients in the SPL group (one peroperative bleeding, two pneumothoraces) versus five 
patients in the SLC group (all five had a peroperative bleeding; p=0.417). All peroperative 
characteristics are listed in table 2.

No patients were admitted to the intensive care and no mortality was seen. A slight 
difference in postoperative complications in favour of the SPL group in comparison with 
the SLC group was seen. Three patients of the SPL group suffered from postoperative 
complications versus nine in the SLC group (p=0.071). Postoperative complications are listed 
in table 3 (the two complications noted as ‘other’ are biliary colics and neurological 
dysfunction of one leg; the surgical complication was a superficial wound infection). No 
significant difference between both groups was found in length of stay in the hospital 
including the day of operation. Three patients of the SPL group were readmitted versus four 
patients in the SLC group (p=0.700). After a median follow up period of 4 weeks (range 1-91 
weeks) one patient was presented with a hernia cicatricalis in the SPL group versus three 
in the SLC group (p=0.312). For all postoperative data see table 4. 

Table 2. Operation characteristics

SPL SLC p value

Operating time in min (mean, SD) 46 (20) 62 (26) < 0.001b

Peroperative complications (%) 3 5 0.417

Conversions (%) 1 0 0.331

Adding extra ports (%) 7 2 0.122

SPL = single-port laparoscopic cholecystectomy; SLC = standard laparoscopic cholecystectomy; b=statistical significant
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DISCUSSION

Nowadays, multiport laparoscopic cholecystectomy is worldwide the standard operative 
procedure for symptomatic cholelithiasis and chronic cholecystitis. This study shows that 
the single-port procedure (SPL) could be a safe and feasible procedure, performed in a 
comparable or even shorter operating time. In this age matched control study a similar or 
even lower percentage of SPL-operated patients suffered from per- and/or postoperative 
complications compared with data found in literature. [12-15]
This study was not designed for or aimed to identify superiority for either one of the 
techniques. This study shows SPL to be non-inferior to SLC. 
In 92% of the patients a SPL cholecystectomy could be performed safely without placement 
of extra trocars or conversions, whereas only eight patients had a conversion (n=1) or 
additional port placed (n=7). It is noteworthy to mention that patients in the group who 
received an additional port still had fewer incisions compared with the multiport procedure.
Furthermore, no increase of biliary or other surgical complications in the single-port group 
compared with the multiport group was observed. In the beginning of the SPL 
cholecystectomies surgeons placed a transcutaneous suture for retraction of the gallbladder,  
causing  a pneumothorax in some patients. For this reason after around 45 procedures 
(including the first 36 procedures performed before this analysis) this suture was not used 
anymore. This could explain the two pneumothoraces seen in the SPL group.

Table 3. Number of postoperative complications

SPL SLC

Bile leakage 1 1

Surgical 0 1

Cardial 0 0

Pulmonairy 2 2

Urogenital 0 0

Pain 0 3

Other 0 2

SPL = single-port laparoscopic cholecystectomy; SLC = standard laparoscopic cholecystectomy

Table 4. Postoperative characteristics

SPL SLC p value

Complications (%) 3 9 0.071

IC admission (%) 0 0

Length of stay (in days, mean) 1 2 0.239

Readmission (%) 3 4 0.700

Mortality (%) 0 0

SPL = single-port laparoscopic cholecystectomy; SLC = standard laparoscopic cholecystectomy
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In a meta-analysis published by Trastulli et al [7] a significant higher procedural failure was 
found for the SPL technique compared with the SLC technique, ranging from 0 to 67 per 
cent. It was also mentioned that the SPL technique led to a significantly higher volume of 
blood loss. This was possibly due to loss of triangulation that makes the use of instruments 
for suction and diathermy difficult, resulting in less accurate haemostasis. A possible 
explanation for the findings of Trastulli et al could be the fact that in the included studies 
the SPL procedures were performed during the surgeon’s learning curve.
In contrast to the conclusion of the study of Ma et al [16] this study shows a shorter operating 
time in the SPL group and comparable complication rates. Culp et al [17] performed a 
retrospective study and found slightly longer operating times in the SPL group but also a 
shorter length of stay in the SPL group with comparable complication rates. We did not find 
a significant shorter length of stay, but we did see shorter operating times in the SPL group. 
The learning curve could be an explanation of the longer operating times seen in the study 
of Culp et al.
No differences were found in postoperative pain, but no validated tests were taken to score 
postoperative pain. Single-port laparoscopy is developed to minimize surgical trauma and 
thereby reduce postoperative pain. Our results suggest less postoperative pain in the SPL 
group. A study performed by Justo-Janeiro et al [18] showed no advantages in postoperative 
pain for SPL cholecystectomies, however they conclude that more clinical trials are needed. 
Another study shows better postoperative pain scores for a technique comparable to single-
port laparoscopy. [19] A study of Sodergren et al [20] showed better postoperative pain 
results and better body image and cosmetic results in SPL cholecystectomies.
Despite the fact that the single-port laparoscopic procedure is more challenging to learn 
for surgeons, no difference in perioperative complications were found compared with the 
multi-port procedure. In literature a learning curve of around 10-15 patients is described 
for single site laparoscopic cholecystectomy for surgeons with laparoscopic skills. Operating 
time for SPL procedures became comparable to the SLC operating time when a surgeon 
performed 10-15 procedures. [11] Another study mentioned a learning curve of 25 patients 
for surgeons proficient with SLC. [21] In this study the first 36 patients who received a SPL 
cholecystectomy were excluded, preventing effects of the learning curve.
Last year a Cochrane review concerning fewer than four ports cholecystectomies was 
published. [22] This review concluded a lack evidence of the benefits of fewer than four 
ports cholecystectomies. Last years several studies are published regarding the benefits of 
single-port surgery, to prove its safety and usefulness. One of the benefits of SPL 
cholecystectomies is better body image. [20, 23] As shown by Fransen et al [24] the public 
opinion is in favour for single-port laparoscopy, i.e. when complications risks remain similar,  
80% of patients prefers SPL to SLC. Another benefit of the SPL technique is the possible 
decrease in postoperative pain, however no large clinical trials have proved this advantage 
yet. [20] Liang et al [25] showed some advantages of single-port appendectomies compared 
to standard laparoscopic appendectomies, like less postoperative complications and 
returning sooner to oral feeding. 
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Unfortunately, a limitation of this study is the fact that there is selection bias (higher mean 
BMI in the SLC group) and bias-by-surgeon. Experienced laparoscopic surgeons performed 
the majority of the SPL cholecystectomies. Supervised residents performed only three 
procedures, whereas residents performed 29 SLC procedures. Both sources of bias probably 
influenced the study outcomes, however the study was designed to investigate safety and 
feasibility. This reality-based study showed no increase of perioperative complications as 
result of single-port laparoscopic surgery. 
Prolonged operating time is most frequently mentioned as a disadvantage of performing 
the single-port technique. [16, 17, 26, 27] A significant shorter operating time was seen in 
the total SPL group in this study, operating times are is most likely influenced by the 
experience of the surgeon and possibly the BMI of the patient. Residents performed only 
three SPL procedures. SLC procedures performed by surgeons showed longer operating 
times (median operating time for surgeons in the SPL group was 40 min, in the SLC group 
51 min). Longer operating times seen in the SLC group could be explained by the higher 
BMI seen in this group. When analysing all 200 patients included a significant correlation 
between BMI and operating time is seen (higher BMI results in longer operating time). The 
same effect is seen in subgroup analysis for the SPL group, however no significant correlation 
is seen between BMI and operating time in de SLC group. A possible explanation could be 
that the experience of the surgeon has more influence on the operating time than BMI. 
More SLC procedures were performed by residents, this could be the cause of no correlation 
seen between BMI and operating time in the SLC group. However the analysis of procedures 
performed by surgeons show a correlation between operating times and BMI for SPL 
procedures and not for SLC procedures. This suggests longer operating times in patients 
with a higher BMI in SPL procedures. Baseline characteristics were significantly different 
with regard to the BMI of the patients comparing the two groups; no conclusions should be 
made based on this study regarding the effect of BMI on operating times. Nevertheless, in 
our clinic no limitations regarding BMI are of issue for single-port laparoscopic procedures.
Median follow-up for all patients was four weeks. After cholecystectomy patients routinely 
are seen only once. Patients suffering from complication or due to other reasons (i.e. 
malignant disease or trauma) were followed for a longer period. This short follow-up period 
of four weeks could influence the amount of hernias measured. 
Nowadays the single-port technique is not only used for cholecystectomies or other 
procedures in benign diseases but in malignant resections as well. [28-30] In our hospital 
more and more procedures are performed using the single-port technique over the last 
years, for example hemicolectomies, sigmoidresections and abdominoperineal resections. 
In procedures in which the patient will receive a stoma, the single-port device can be placed 
at the location of the stoma for the best cosmetic result. Surgeons and patients are satisfied 
with the results of single-port laparoscopic procedures. In future these results will be 
analysed as well.
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CONCLUSION

Single-port laparoscopic cholecystectomy has the potential to be a safe technique with a 
low complication rate, short hospital stay and comparable operating time to multiport 
laparoscopic cholecystectomies. A major advance of SPL cholecystectomy in contrast with 
other techniques is that it can provide the patient a non-visible scar with preserving optimal 
quality of surgery. Randomized controlled trials are needed to confirm these advantages 
of SPL cholecystectomies.
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ABSTRACT

Background
Laparoscopic colorectal surgery results in less postoperative pain, faster recovery, shorter 
length of stay, and reduced morbidity compared to open procedures. Less or minimally 
invasive techniques have been developed to further minimize surgical trauma and to 
decrease the size and number of incisions. This study describes the safety and feasibility of 
using an umbilical single-port device with placement of one 12-mm suprapubic trocar in 
laparoscopic abdominoperineal resections (APRs) in rectal cancer patients.

Methods
The study included 20 patients undergoing double-port APRs for rectal cancer between June 
2011 and August 2013. Preoperative data were gathered in a prospective database, 
postoperative data were collected retrospectively.

Results
The 20 patients (30% female) had a median age of 67 years (range, 46-80 years),  their 
median body mass index was 26 kg/m2 (range, 20-31 kg/m2). An additional third trocar was 
placed in two patients. No laparoscopic procedures were converted to an open procedure. 
Median operating time was 195 minutes (range, 115-306 minutes). A radical resection was 
achieved in all patients, with a median of 14 lymph nodes harvested. Median length of stay 
was 8 days (range, 5-43 days). 

Conclusion
Laparoscopic APR using a single-port device is feasible and can be performed safely in the 
treatment of rectal cancer.
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INTRODUCTION

Colorectal cancer is one of the leading causes of cancer-related deaths in the world, 
showing an increase in incidence due to the increase of the world population and its aging 
[1, 2]. The only curative treatment for rectal cancer is a curative resection of the segment 
bearing the malignant tumor and its mesorectum. In most institutions, neoadjuvant 
radiotherapy has become the standard protocol in most patients with rectal cancer [3, 4]. 
The outcomes for oncologic resection margins, number of lymph nodes harvested, and 
the long-term outcomes are similar for laparoscopic and conventional oncologic resection 
of colorectal cancer [5-8].
Laparoscopic resections of colorectal cancer have several benefits compared with 
conventional open surgical treatment, including less postoperative pain, faster recovery, 
shorter hospital stay, and reduced morbidity [7, 9-13]. Further elaborations of this 
minimally invasive technique have been developed to further minimize surgical trauma. 
Less surgical trauma results in less postoperative pain, faster recovery, and a better 
cosmetic result. 
Single-port laparoscopy (SPL), or laparoendoscopic single-site, is one of these minimally 
invasive techniques. Nowadays, the single-port technique is used not only in benign disease 
but also in malignant resections [14]. In this study we describe the results of the first 20 
patients who underwent an abdominoperineal resection (APR) in which a single-port device 
was used.

PATIENTS AND METHODS

Patient Selection
SPL was introduced in 2010 in the Jeroen Bosch Hospital. The study included patients with 
a pathologist-confirmed malignant tumor undergoing an APR procedure using a single-port 
device between June 2011 and August 2013. Patient characteristics were gathered in a 
database, surgical outcome and postoperative results were collected retrospectively from 
medical files. 

Patient Workup
After a diagnosed rectal malignancy, all patients were discussed by a multidisciplinary team 
that included surgeons, oncologists, gastrointestinal specialists, radiologists, radiotherapists, 
and pathologists. All patients were treated according the Dutch evidence-based guidelines 
for colorectal cancer treatment. This guideline prescribes the routine preoperative 
application of radiotherapy (RT) for all stages except cT1 N0, regardless of the distance 
between the tumor and the anal verge. Short-course radiotherapy (SCRT) of 5 sessions at 
5 Gy with a short interval to surgery is the standard preoperative treatment. In case of cT4 
tumors, an expected positive circumferential resection margin or cN2 tumor, long-course 
chemoradiotherapy (CRT) is preferred [4]. After consultation, the patient and the attending 
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surgeon together choose for the use of the single-port device in the APR procedure. Patients 
gave a verbal informed consent, knowing the risks of the procedure and the use of this new 
technique. Informed consent was noted in the medical report.

Surgical Technique
All patients received a fluid diet the day before surgery and were administered three doses 
of 15 mL of Prunacolon (Takeda Nederland bv, the Netherlands). Two experienced 
laparoscopic surgeons (at least 50 laparoscopic APR procedures and more than 30 benign 
SPL procedures) and a dedicated operating team performed surgery on all patients. Patients 
received an epidural catheter for analgesia before entering the operating theater. 
Prophylactic intravenous antibiotics, consisting of cefuroxime (Zinacef, GlaxoSmithKline, 
the Netherlands;  1500 mg) and metronidazole (Flagyl, Baxter, the Netherlands; 500 mg), 
were administered. Patients were placed under general anesthesia for the operation. 
Patients were positioned on their back for the abdominal phase of the operation and were 
turned on to the abdomen for the perineal phase (Miles position). 
The Triport+ (Olympus) was introduced transumbilically, and a 14 mm Hg pneumoperitoneum 
was created. After inspection of the abdomen, a second 12-mm trocar was placed 
suprapubically to optimize the procedure in the pelvis. This second trocar was routinely 
placed in all APR procedures during the introduction of this minimally invasive technique.
The surgical procedure is otherwise identical to the standard laparoscopic APR performed 
with multiple incisions. Briefly, the lateral fold of the descending colon is pushed downward 
and the splenic flexure is only mobilized on indication. The complete total mesorectal 
excision is performed with sharp dissection by diathermia starting posteriorly and dissecting 
ventrally of the rectum until, ideally, the sphincter complex is reached. The lateral folds of 
the rectum are taken down using sealing devices. In contrast to the placing of the trocars, 
the perineal phase does not differ between the double-port and conventional laparoscopic 
procedures. The specimen is removed through the perineum after a stapling device is used 
to transect the rectosigmoid.
A colostoma is placed in the lower left quadrant, unless this is technically not possible. The 
transumbilical and suprapubic incisions are closed with resorbable sutures. 

Postoperative Care and Follow-up
Patients were treated according to an enhanced recovery after surgery protocol 
postoperatively [15-17]. All patients received standardized analgesics by  an epidural catheter 
with bupivacaine, with or without sufentanil, and received paracetamol (1000 mg, 4 times 
daily) and opiates, if necessary. Patients received antiemetics (metoclopramide) and laxatives 
(lactulose or Movicolon). Patients were motivated to eat and drink and mobilize as soon as 
possible. 
Patients were discharged according the enhanced recovery after surgery protocol [17]. All 
patients were seen in the outpatient clinic two weeks after discharge by the first attending 
surgeon. After this postoperative visit, patients were routinely seen as specified by the Dutch 
guidelines for rectal cancer.
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Outcome Measures
Preoperative data included age, sex, body mass index (BMI), comorbidity, American Society 
of Anesthesiologists (ASA) Physical Status Classification, TNM stadium, and distance to the 
anal verge. Perioperative data included operating time (defined as time from first skin 
incision to completion of closure), need for extra ports, conversion to an open procedure, 
and perioperative complications. Postoperative data included hospital length of stay, 
including the day before the surgery and the day of surgery, complications (during 
hospitalization), reoperation, admission to the intensive care unit (ICU), readministration to 
the hospital (within 30 days after discharge), and mortality rate. 

Statistical Analysis
All data were collected in a computerized database and statistically analyzed using SPSS 
19.0 software (IBM Corp, Armonk, NY). Means, medians, and percentages were calculated 
using frequencies calculations.

RESULTS

Patient Characteristics
Between June 2011 and August 2013, 20 patients with a malignant tumor in the rectum 
underwent an APR using a single-port device in the Jeroen Bosch Medical Center. In 17 
patients, a carcinoma was histologically proven preoperatively. In 3 patients, no carcinoma 
was found in the biopsy specimens, but dysplasia was seen and a malignant tumor was highly 
suspected. Patients had a median age of 67 years (range, 46-80 years), 6 patients (30%) were 
women, and the median BMI was 26 kg/m2 (range, 20-31 kg/m2). Six patients (30%) were 
classified as ASA 1 and 14 (70%) as ASA 2. All patients underwent neoadjuvant radiotherapy, 
comprising SCRT in 9 patients or CRT in 11 patients. Two patients were preoperatively 
diagnosed with liver metastases and were planned for metastasectomy after recovery from 
the APR procedure. The median distance of the tumor to the anal verge was 4 cm (range, 
1-10 cm). Baseline characteristics are reported in Table 1, including preoperative TNM stadia.

Perioperative results
The median operating time was 195 minutes (range, 115-306). One (5%) perioperative 
surgical complication occurred, involving an injury to the urethra caused by adhesions 
between the tumor and the prostate. An urologist repaired the injury during the same 
session through the perineal incision, and the patient was treated with a catheter for 3 
weeks postoperatively. 
The Triport was placed transumbilically in all patients except in one patient, being planned 
for a low anterior resection, in whom the the Triport was placed at the site of the stoma. In 
this patient, however, the tumor was peroperative found too distal and an APR was 
performed. An extra (third) trocar was placed in 2 patients (10%). No APRs were converted 
to an open procedure (Table 2).
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Postoperative Results
Three patients (15.8%) experienced a postoperative complication (Clavien-Dindo grade 1-2: 
n = 2; Clavien-Dindo grade 3: n = 1). One patient (5.3%) developed a perineal wound infection 
and a severe pneumonia with respiratory insufficiency leading to admission to the ICU for 
19 days. The patient was intubated and treated with antibiotics; a tracheostomy tube was 
placed after a while because of a bilateral paralysis of the vocal cords and periods of apnea. 
The patient was discharged from the hospital 43 days postoperatively. An ileus in a second 
patient was treated conservatively with Lactulose, Colex Klysma (Tramedico bv, the 
Netherlands), and total parenteral nutrition. A third patient developed a genitourinary tract 

Table 1. Patient characteristics

Variables No. (%) or median (range) (N=20)

Sex

Male 14 (70)

Female 6 (30)

Age (year) 67 (46-80)

BMI (kg/m2) 26 (20-31)

ASA Physical Status Classification

1 6 (30)

2 14 (70)

Histologically proven carcinoma preoperatively 17 (85)

T-stadium preoperatively

T0 0

T1 0

T2 4

T3 13

T4 3

N stadium

cN0 7

cN1 5

cN2 7

cNx 1

M stadium

cM0 17

cM1 2

Distance of anal verge to tumor (cm) 4 (1-10)

Preoperative treatment 20 (100)

Short radiotherapy 9 (45)

Long chemoradiotherapy 11 (55)
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infection and pneumonia, which was treated with intravenous antibiotics and resolved 
quickly. Median hospital length of stay was 8 days (range, 5-43 days). Two patients (10%) 
were readmitted to the hospital 16 and 24 days after discharge; one because of a perineal 
wound infection and the other patient due to an ileus. The first patient was discharged 9 
days after readmission. The second patient underwent a reoperation 25 days after his initial 
surgery because of an obstructive ileus. An adhesiolysis was performed, and 15 cm of the 
ileum was resected, an anastomosis was made. No 30-day mortality was seen. During a 
median follow-up of 14 months (range, 2-33 months), no incisional hernias were seen; 
however, 2 parastomal hernias were reported (Table 3). 

Oncologic Outcomes
A radical resection was achieved in all patients. In 3 patients (15%) with a pathologist-
confirmed malignant tumor preoperatively, no residual malignant cells were found by 
pathology (complete response). In 12 patients, a circumferential resection margin of more 
than 10 mm was seen. All other resection margins were between 2 and 7 mm. No irradical 
resections were observed. The median number of harvested lymph nodes was 14 (range, 
3-22). Pathologic outcomes are presented in Table 4. 

Table 2. Perioperative data

Variable No. (%) or median (range) (N=20)

Operating time (min) 195 (115-306)

Perioperative complication 1 (5)

Extra trocar 2 (10)

Conversion 0

Table 3. Postoperative data

Variable No. (%) or median (range) (N=20)

Hospital stay (days) 8 (5-43)

Postoperative or in-hospital complication 5 (25)

Admission to ICU 1 (5)

Readmission 2 (10)

Mortality 0 (0)

Incisional hernia 0

Parastomal hernia 2 (10)

Postoperative chemotherapy 1 (5)

Follow-up (months) 14 (2-33)
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DISCUSSION

This study demonstrates that SPL APR with routine placement of a second trocar (double 
port) can be a safe and feasible procedure. No procedures were converted, and a radical 
resection was achieved in all patients. 
Available literature emphasizes more on postoperative complications after laparoscopic 
APR and less on intraoperative complications. The data in this study correlate with reported 
data regarding laparoscopic APR procedures. Intraoperative complications and conversions 
were described in, respectively, 5.4% and 3.7% in 520 patients, of which 190 were treated 
by a laparoscopic APR [18]. Operating times varied between 202 and 290 minutes for 
conventional laparoscopic APR [18-20]. The reported complication rates for major 
complications (including reoperation) are 0% to 6.3% and approximately 30% for minor 
complications [18, 19]. Very few studies have been performed on single-port or double-port 
APR. Operating times between 139 and 318 minutes are reported [14, 21, 22]. The authors 
of a retrospective analysis of 257 patients stated that single-port surgery is a safe procedure 
in colorectal cancer patients, although it has to be mentioned that only 4 of these 257 

Table 4. Pathologic outcome

Variable No. (%) or median (range) (N=20)

Differentiation grade  

  Well/moderate 13 (65)

  Moderate 1 (5)

  Poor 1 (5)

  Poor/undifferentiated 2 (10)

  No malignant cells found 3 (15)

Radical resection 20 (100)

Harvested lymph nodes (No.) 14 (3-22)

T stadium

 T0 3 (15)

 T1 2 (10)

 T2 4 (20)

 T3
 T4

11 (55)
0 (0)

N stadium

 N0 15 (75)

 N1
 N2

5 (25)
0 (0)

M stadium

 M0 18 (90)

 M1 2 (10)
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procedures were an APR procedure [14].
APR could be a procedure of choice to use the single-port technique. During an APR 
procedure, the specimen can be removed from the pelvis through the perineal incision, 
whereas other colorectal procedures need an additional incision through the abdominal 
wall for specimen removal. Therefore, APR could be performed scar-free in the future if the 
single-port device is placed in the left lower quadrant, at the place of the stoma, and no 
additional trocar is needed. In this study group, only in 1 patient was the single-port placed 
at the site of the stoma; in all other patients the port was placed transumbilically. This 
median position is more simple compared with the left flank position, and laparoscopic 
surgeons are used to this position. Furthermore, the median position gives better exposure 
of the arteria mesenterica inferior. Placing the port at the site of the colostoma is possible 
but a different patient and assistant position is needed, i.e. more right lateral tilt and left 
position of the assistant towards the patient.
Although single-port or double-port surgery might have cosmetic and functional benefits, 
the principals of surgical oncology —radical resection (R0)— should remain the leading goal. 
Radical resection was achieved in all patients, and the median number of harvested lymph 
nodes was 14, comparable to traditional laparoscopic and open APR results [13]. 
In the literature, SPL is associated with higher hernia rates, possibly due to the larger incision 
through the umbilicus compared to conventional laparoscopic techniques [23, 24]. After a 
follow-up of median 14 months, no trocar hernias were observed in this study. Agaba et al 
published a retrospective study of 211 patients whom underwent a single-port procedure, 
they describe an incidence of 2.9% for port-site hernias [23]. A systematic review described 
an overall incidence of port-site hernias of 1.7% after conventional laparoscopic 
cholecystectomies [25]. 
Limitations of this descriptive case series include, at first,  the small study population. 
Secondly, the choice of whether to perform a double-port APR was made by the attending 
surgeon and the patient; therefore, selection bias could be an issue. Finally, the learning 
curve was not accounted for in this study. In general, a learning curve of 10 to 36 procedures 
is common for experienced laparoscopic surgeons to master the SPL techniques [26-30]. 
As mentioned earlier, little is known concerning single-port or double-port APR. No studies 
reported to date mention the learning curve for a minimally invasive APR procedure. 
Surgeons performing the APR procedures in this study were experienced laparoscopic 
surgeons with single-port experience in several other surgical procedures such as 
cholecystectomies and colonic resections.
In conclusion, the use of a single-port device is a safe and feasible new option in APR. 
Although SPL access seems to be a practical new tool in the laparoscopic surgeon’s toolbox, 
future research should compare conventional laparoscopy and single-port or double-port 
laparoscopy, not only comparing perioperative and postoperative surgical data, such as 
operating time, complications, and length of stay, but also postoperative pain, cosmetic 
result, herniation rates, costs, and quality of life.



CHAPTER IV

52    

REFERENCES
1. Gatta G, Mallone S, van der Zwan JM, Trama A, Siesling S, Capocaccia R: Cancer prevalence estimates in 

Europe at the beginning of 2000. Ann Oncol 2013, 24(6):1660-1666.
2. Center MM, Jemal A, Smith RA, Ward E: Worldwide variations in colorectal cancer. CA Cancer J Clin 2009, 

59(6):366-378.
3. Wong RK, Tandan V, De Silva S, Figueredo A: Pre-operative radiotherapy and curative surgery for the 

management of localized rectal carcinoma. Cochrane Database Syst Rev 2007(2):CD002102.
4. van Leersum NJ, Snijders HS, Wouters MW, Henneman D, Marijnen CA, Rutten HR, Tollenaar RA, Tanis PJ: 

Evaluating national practice of preoperative radiotherapy for rectal cancer based on clinical auditing. Eur 
J Surg Oncol 2013, 39(9):1000-1006.

5. Baker RP, White EE, Titu L, Duthie GS, Lee PW, Monson JR: Does laparoscopic abdominoperineal resection 
of	the	rectum	compromise	long-term	survival?	Dis	Colon	Rectum	2002,	45(11):1481-1485.

6.	 Breukink	SO,	Pierie	JP,	Grond	AJ,	Hoff	C,	Wiggers	T,	Meijerink	WJ:	Laparoscopic	versus	open	total	mesorectal	
excision: a case-control study. Int J Colorectal Dis 2005, 20(5):428-433.

7. Breukink S, Pierie J, Wiggers T: Laparoscopic versus open total mesorectal excision for rectal cancer. 
Cochrane Database Syst Rev 2006(4):CD005200.

8. Stewart DB, Hollenbeak C, Boltz M: Laparoscopic and open abdominoperineal resection for cancer: how 
patient	selection	and	complications	differ	by	approach.	J	Gastrointest	Surg	2011,	15(11):1928-1938.

9. Feliciotti F, Guerrieri M, Paganini AM, De Sanctis A, Campagnacci R, Perretta S, D’Ambrosio G, Lezoche E: 
Long-term results of laparoscopic versus open resections for rectal cancer for 124 unselected patients. 
Surg Endosc 2003, 17(10):1530-1535.

10. Lacy AM, Garcia-Valdecasas JC, Delgado S, Castells A, Taura P, Pique JM, Visa J: Laparoscopy-assisted 
colectomy versus open colectomy for treatment of non-metastatic colon cancer: a randomised trial. 
Lancet 2002, 359(9325):2224-2229.

11. Hotta T, Yamaue H: Laparoscopic surgery for rectal cancer: review of published literature 2000-2009. Surg 
Today 2011, 41(12):1583-1591.

12. Simorov A, Reynoso JF, Dolghi O, Thompson JS, Oleynikov D: Comparison of perioperative outcomes in 
patients undergoing laparoscopic versus open abdominoperineal resection. Am J Surg 2011, 202(6):666-
670; discussion 670-662.

13.	 Jefferies	 MT,	 Evans	 MD,	 Hilton	 J,	 Chandrasekaran	 TV,	 Beynon	 J,	 Khot	 U:	 Oncological	 outcome	 after	
laparoscopic abdominoperineal excision of the rectum. Colorectal Dis 2012, 14(8):967-971.

14. Hamabe A, Takemasa I, Uemura M, Nishimura J, Mizushima T, Ikeda M, Yamamoto H, Sekimoto M, 
Doki Y, Mori M: Feasibility of single-port laparoscopic surgery for sigmoid colon and rectal cancers and 
preoperative	assessment	of	operative	difficulty.	Journal	of	gastrointestinal	surgery	:	official	journal	of	the	
Society for Surgery of the Alimentary Tract 2014, 18(5):977-985.

15. Fierens J, Wolthuis AM, Penninckx F, D’Hoore A: Enhanced recovery after surgery (ERAS) protocol: 
prospective study of outcome in colorectal surgery. Acta Chir Belg 2012, 112(5):355-358.

16. Spanjersberg WR, Reurings J, Keus F, van Laarhoven CJ: Fast track surgery versus conventional recovery 
strategies for colorectal surgery. Cochrane Database Syst Rev 2011(2):CD007635.

17. Teeuwen PH, Bleichrodt RP, Strik C, Groenewoud JJ, Brinkert W, van Laarhoven CJ, van Goor H, Bremers 
AJ: Enhanced recovery after surgery (ERAS) versus conventional postoperative care in colorectal surgery. J 
Gastrointest Surg 2010, 14(1):88-95.

18. Scheidbach H, Rose J, Huegel O, Yildirim C, Kockerling F: Results of laparoscopic treatment of rectal cancer: 
analysis of 520 patients. Tech Coloproctol 2004, 8 Suppl 1:s22-24.

19. Gezen C, Altuntas YE, Kement M, Okkabaz N, Bilici A, Vural S, Gumus M, Oncel M: Laparoscopic 
abdominoperineal resections for mid or low rectal adenocarcinomas: a retrospective, comparative study. 
Surg Laparosc Endosc Percutan Tech 2011, 21(6):396-402.

20. Inada R, Yamamoto S, Oshiro T, Takawa M, Fujita S, Akasu T: A case-matched comparison of the short-
term outcomes between laparoscopic and open abdominoperineal resection for rectal cancer. Surg 
Today 2013.

21. Bulut O, Nielsen CB, Jespersen N: Single-port access laparoscopic surgery for rectal cancer: initial 
experience with 10 cases. Dis Colon Rectum 2011, 54(7):803-809.

22. Hua-Feng P, Zhi-Wei J, Gang W, Xin-Xin L, Feng-Tao L: A novel approach for the resection of low rectal 
cancer. Surg Laparosc Endosc Percutan Tech 2012, 22(6):537-541.

23. Agaba EA, Rainville H, Ikedilo O, Vemulapali P: Incidence of port-site incisional hernia after single-
incision laparoscopic surgery. JSLS : Journal of the Society of Laparoendoscopic Surgeons / Society of 
Laparoendoscopic Surgeons 2014, 18(2):204-210.

24. Marks JM, Phillips MS, Tacchino R, Roberts K, Onders R, DeNoto G, Gecelter G, Rubach E, Rivas H, Islam 



53

SINGLE-PORT DEVICE IN ABDOMINOPERINEAL RESECTIONS

IV

A et al: Single-incision laparoscopic cholecystectomy is associated with improved cosmesis scoring at 
the	 cost	 of	 significantly	 higher	 hernia	 rates:	 1-year	 results	 of	 a	 prospective	 randomized,	multicenter,	
single-blinded trial of traditional multiport laparoscopic cholecystectomy vs single-incision laparoscopic 
cholecystectomy. J Am Coll Surg 2013, 216(6):1037-1047; discussion 1047-1038.

25. Bunting DM: Port-site hernia following laparoscopic cholecystectomy. JSLS : Journal of the Society of 
Laparoendoscopic Surgeons / Society of Laparoendoscopic Surgeons 2010, 14(4):490-497.

26. Hopping JR, Bardakcioglu O: Single-port laparoscopic right hemicolectomy: the learning curve. JSLS 
: Journal of the Society of Laparoendoscopic Surgeons / Society of Laparoendoscopic Surgeons 2013, 
17(2):194-197.

27. Haas EM, Nieto J, Ragupathi M, Aminian A, Patel CB: Critical appraisal of learning curve for single incision 
laparoscopic right colectomy. Surg Endosc 2013.

28. Pan MX, Liang ZW, Cheng Y, Jiang ZS, Xu XP, Wang KH, Liu HY, Gao Y: Learning curve of transumbilical 
suture-suspension single-incision laparoscopic cholecystectomy. World J Gastroenterol 2013, 19(29):4786-
4790.

29. Tay CW, Shen L, Hartman M, Iyer SG, Madhavan K, Chang SK: SILC for SILC: Single Institution Learning 
Curve for Single-Incision Laparoscopic Cholecystectomy. Minim Invasive Surg 2013, 2013:381628.

30. Liao YT, Lin TH, Lee PC, Chou TH, Liang JT, Lin MT: Learning curve of single-port laparoscopic appendectomy 
for noncomplicated acute appendicitis: a preliminary analysis compared with conventional laparoscopic 
appendectomy. J Laparoendosc Adv Surg Tech A 2013, 23(5):441-446.





Yoen T.K. van der Linden*  |  Johannes A. Govaert*  |  Marta Fiocco  |  Wouter A. van Dijk 
Daniel J. Lips  |  Hubert A. Prins

*Authors contributed equally to this work

International Journal of Colorectal Disease, 2017 Feb; 32(2):233-239 

SINGLE CENTER COST ANALYSIS OF SINGLE-PORT 
AND CONVENTIONAL LAPAROSCOPIC SURGICAL 

TREATMENT IN COLORECTAL MALIGNANT DISEASES
COSTS OF SINGLE-PORT COLORECTAL SURGERY

CHAPTER V



CHAPTER V

56    

ABSTRACT

Background and purpose
Single-port laparoscopy (SPL) is a relatively new technique, used in various procedures. 
There is limited knowledge about the cost effectiveness and about the learning curve of this 
technique. The primary aim of this study was to compare hospital costs between SPL and 
conventional laparoscopic resections (CLR) for colorectal cancer; the secondary aim was to 
identify a learning curve of SPL.

Methods
All elective colorectal cancer SPL and CLR performed in a major teaching hospital between 
2011 and 2012 that were registered in the Dutch Surgical Colorectal Audit were included 
(n=267). The economic evaluation was conducted from a hospital perspective and costs 
were calculated using Time-Driven Activity-Based Costing methodology up to 90 days after 
discharge. When looking at SPL only, the introduction year (2011) was compared to the next 
year (2012).

Results
SPL (n=78) was associated with lower mortality, lower reintervention rates and more 
complications as compared to CLR (n=189), however none of these differences was statistical 
significant. A significant shorter operating time was seen in the SPL. Total costs were higher 
for SPL group as compared to CLR, however this differences was not statistical significant. 
For the SPL group, most clinical outcomes improved between 2011 and 2012; moreover, 
total hospital costs for SPL in 2012 became comparable to CLR

Conclusion
No significant differences in financial outcomes between SPL and CLR were identified. After 
the introduction period, SPL showed similar results as compared to CLR. Conclusions are 
based on a small single-port group and the conclusions of this manuscript should be an 
impetus for further research.



57

COST ANALYSIS OF LAPAROSCOPIC COLORECTAL SURGERY

V

INTRODUCTION

Laparoscopic surgery for colorectal cancer results in faster recovery, reduced morbidity, 
shorter length of hospital stay and less postoperative pain, with similar oncological and 
long-term outcomes compared with open surgery. [1-6] There are several studies analyzing 
costs between open and laparoscopic colorectal surgery, however no consensus is reached 
about this topic; some studies show cost neutrality, while others favor open or laparoscopic 
surgery. [7-10]. Advanced minimal invasive techniques like single-port laparoscopy (SPL), 
are developed in order to reduce surgical trauma and/or to provide better cosmetic results 
and is used in both benign diseases and malignant diseases. [11-13] In literature there are 
many studies addressing safety and feasibility of SPL compared to conventional laparoscopic 
resection (CLR) for colorectal cancer. However, studies on cost-effectiveness of SPL are 
scarce. [14] 
In 2010 the gastrointestinal surgeons of the Jeroen Bosch Hospital started with the 
introduction of the single-port technique for less-complex abdominal procedures. [15, 16] 
This resulted in the first single-port laparoscopic colorectal resection for cancer in 2011. 
Nowadays SPL is becoming standard of care for multiple procedures in our institution.
The objective of this study was to compare the hospital costs of SPL with CLR for elective 
colorectal cancer procedures. Secondary aim was to analyze a possible learning curve in 
SPL technique by analyzing operating times, complication rates and hospital costs between 
the first (2011) and the second (2012) year.

MATERIALS AND METHODS

Clinical data
The clinical data set was retrieved from the Dutch Surgical Colorectal Audit (DSCA), a 
population-based database in which detailed patient, tumor, diagnostic, procedural and 
outcome data are registered of all patients undergoing a resection of a primary colorectal 
carcinoma in the Netherlands. Patients undergoing an elective laparoscopic resection in 
the studied hospital were selected if the operation was performed between January 1st, 
2011 and December 31st, 2012 and registered in the DSCA before December 1st 2013. A 
detailed description of the DSCA has been published recently. [17, 18]
Minimal data requirements to consider a patient eligible for matching with the financial 
dataset was information on tumor location, date of surgery and mortality status. 

Financial data
The economic evaluation was conducted from a hospital perspective. As such only ‘in-
hospital’ costs were considered. Costs were taken into account from the day of initial surgery 
till discharge (=primary admission) and first 90 days after discharge (=Q1). Resource 
utilization at patient level was extracted from the Hospital Information System. Translation 
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of patient level resource utilization into costs was provided by Performation (Bilthoven, The 
Netherlands), a healthcare consultancy firm providing patient level costing and benchmarking 
products for more than 100 hospitals across Europe. [19, 20] Costs were calculated using 
Time-Driven Activity-Based Costing (TD-ABC) methodology [21] which is an advanced method 
for understanding hospitals costs. [22] Cost price calculations are standardized by 
Performation and therefore uniformity in methodology exists over the years. Most recent 
cost price model (2012) was used for both years (2011 and 2012) to avoid differences due 
to inflation or due to the different models themselves. Different activities are grouped into 
eight categories as shown in supplemental Table 1. All activities consisted of direct costs 
(e.g. personnel. material and equipment) and indirect costs. For example, direct costs for 
an inpatient day (category ‘ward’) consisted of (a) personnel as salary of ward nurses and 
administrative personnel, (b) material costs as bed linen and bandages and (c) depreciation 
of equipment such as beds and ward inventory. Examples of indirect costs are costs related 
to information technology, building depreciation, cleaning, catering, etc. Specialists’ fees, 
medication costs and costs for dialyses were excluded since registration of these parameters 
was not uniform in both years making equal comparison impossible. 

Match
Unique Patient Identification Number was used to match patients registered in the DSCA 
to the financial database (279 patients). Laparoscopic resections in an urgent setting (n=12) 
were excluded, resulting in 267 eligible patients for analysis.

Definitions
Conventional laparoscopic resection (CLR) was defined as any procedure started with the 
intention to resect the tumor using conventional laparoscopic techniques. Single-port 
laparoscopy (SPL) was defined as any procedure started with the intention to resect the tumor 
laparoscopic using a single port. The choice between the two different techniques (CLR or 
SPL) was made by the preference of the surgeon and patient. In the studied hospital there 
were two trained single-port laparoscopic surgeons; all SPL procedures were performed by 
at least one of these two surgeons. Laparoscopic trained surgeons, a total of four including 
in some cases the two trained SPL surgeons, performed the CLR procedures. In both groups 
residents participated. However, the first surgeon was always a trained surgeon.
Primary outcome measures for quality of healthcare were 1) postoperative mortality, defined 
as in-hospital or 30-day mortality and 2) major morbidity, defined as an in-hospital or 30-day 
adverse outcome with serious consequences leading to mortality, a reintervention 
(percutaneous or operative), or a postoperative hospital stay of at least 14 days. Secondary 
outcome measures occurring in-hospital or within 30 days after resection were: 3) any 
complication, 4) prolonged length of stay, defined as a primary admission stay of more than 
14 days, 5) reintervention (percutaneous or operative), 6) anastomotic leakage, 7) R1/R2 
resection, 8) resections in whom less than 10 lymph nodes (conform Dutch guidelines)/ 12 
lymph nodes (conform international TNM guidelines) were retrieved, and 9) conversion to 
open surgery.
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Primary financial measure was 10) total costs per patient (=primary admission up to 90 days 
after discharge). Secondary financial outcomes were 11) duration of primary operation, 12) 
costs of primary operation, 13) total costs by category (=primary admission up to 90 days 
after discharge by category as mentioned in supplemental Table 1).

Analysis
Chi-square test was used to investigate differences between patients’ characteristics in the 
two groups under study (Table 1). Absolute clinical and financial outcomes were presented 
unadjusted. To investigate the effect of CLR and SPL on the outcome of interest, multivariate 
logistic and linear regression were performed. [23, 24] To investigate the effect of year of 
surgery for SPL group multivariate logistic and linear regression models were employed. 
For multivariate logistic regression models an interaction term between year and type of 
surgery were fitted.  Since this is a single center study, we could not use extended risk-
adjustment for all clinical outcomes due to the small number of events for some outcomes. 
For those outcomes (mortality, reintervention, anastomotic leakage, R1/R2 resection and 
conversion to open surgery) odds ratios without risk-adjustment were computed.
Patient	characteristics	used	for	the	regression	models	were	sex,	Body	Mass	Index	(BMI	≥30),	
age	(≥70	years),	comorbidity	(Charlson-score	≥2)	[25],	American	Society	of	Anaesthesiologists	
classification	(ASA	≥3),	location	of	tumor	(colon	or	rectum),	stage	of	tumor	(TNM	stage	≥3)	
and preoperative radiotherapy (Table 1). 
Statistical analyses were performed using SPSS (version 20; IBM) and R (version 18). 
Confidence intervals (CI) were stated at 95%.

Table 1. Patient, tumor and treatment characteristic for conventional laparoscopic resection (CLR) and single-
port laparoscopy (SPL).
    CLR   SPL p-value
    n % n %
Total   189 - 78 -  
Sex Male 108 57% 43 55% 0.763
BMI ≥30 33 18% 10 13% 0.363
Age ≥70 96 51% 41 53% 0.792
Charlson score Charlson ≥2 33 18% 12 15% 0.680
ASA score ASA ≥III 23 12% 7 9% 0.452
Tumor location Colon 139 74% 52 67% 0.257
  Rectum 50 27% 26 33%
Tumor stage (TNM) Stadium ≥III 113 65% 43 61% 0.567
Double tumor Yes 2 2.6% 5 2.6% 0.970
Preoperative radiotherapy Yes 45 24% 26 33% 0.109

Abbreviations: BMI, Body Mass Index; ASA, American Society of Anaesthesiologists risk score; TNM, Classification 
of Malignant Tumours; Statistical analyses performed using Chi-square test.
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RESULTS

No significant differences in patient characteristics were identified between the CLR group 
(n=189) and SPL group (n=78), see Table 1 for patients characteristics. 

Clinical outcomes
Percentage of patients in whom less than 12 lymph nodes were retrieved was significant 
lower for SPL. Moreover, SPL was associated with lower mortality rate, lower reintervention 
rate, lower anastomotic leakage rate, lower R1/R2 resection rate, lower percentage of 
patients in whom less than 10 lymph nodes were retrieved and lower conversion rate, 
although these differences did not reach statistical significance. SPL was associated with 
higher major morbidity, complications and prolonged length of stay (no significant 
differences) (Table 2).

Financial outcomes
SPL was associated with significant shorter operation time. Costs of primary operation were 
higher as compared to CLR (no significant differences) (Table 3). In all categories, costs of 
SPL patients were higher as compared to CLR resulting in significant higher total costs for 
SPL (Table 4). 

Time trends
Patient characteristics for SPL surgery were not significant different between 2011 and 2012 
(data not shown). Between 2011 and 2012 the percentage of SPL for colorectal cancer 
increased from 23.7% to 31.1%. Simultaneously, almost all clinical outcomes improved 
between 2011 and 2012 (except for mortality and R1/R2 resection). Since the events in this 
subgroup of SPL surgery are low, differences in clinical outcomes did not reach statistical 

Table 2. Clinical outcomes after conventional laparoscopic resection (CLR) and and single-port laparoscopy 
(SPL).

CLR SPL Odds ratio (95% CI) p-value
No. patients 189 78
Mortality 4.2% 1.3% 0.294 (0.036: 2.390) 0.25
Major morbidity 24.3% 25.6% 0.924 (0.454: 1.879) 0.83
Complication 40.7% 44.9% 1.171 (0.643: 2.132) 0.61
Prolonged length of stay 16.4% 25.6% 1.688 (0.791: 3.602) 0.17
Reintervention 16.4% 10.3% 0.582 (0.255: 1.331) 0.20
Anastomotic leakage 7.9% 6.4% 0.795 (0.278: 2.267) 0.67
R1/R2 resection 7.9% 3.8% 0.464 (0.130: 1.650) 0.24
<10 lymph nodes 28.2% 21.8% 0.469 (0.213: 1.033) 0.06
<12 lymph nodes 48.9% 39.7% 0.477 (0.245: 0.926) 0.03
Conversion to open 8.4% 5.1% 1.702 (0.546: 5.305) 0.36

Odds ratios and p-values were adjusted for differences in patient characteristics (listed in Table 1) in a logistic 
regression model. Odds ratios and p-values written in Italic were not adjusted for patient characteristics due 
to the small number of events for those outcomes. 
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significance (except for percentage of patients in whom less than 10 and/or 12 lymph nodes 
were retrieved, Table 5).  Total costs (of primary admission up to 90 days after discharge) 
and length of hospital stay declined between 2011 and 2012. Moreover, primary operation 
time for SPL improved significant (Table 5).

Table 3.  Primary operation and length of hospital stay after conventional laparoscopic resection (CLR) and 
single-port laparoscopy (SPL).
  CLR SPL Delta (95% CI) p-value
Primary operation costs  € 1.663  € 1.781 €-100 (-254: 42) 0.18
Primary operation time 3,48 3,17 0.327 (0.094: 0.544) 0.007
Length of hospital stay 12,06 13,86 -1.48 (-3.73: 0.44) 0.14

Deltas and p-values were adjusted for differences in patient characteristics (listed in Table 1) in a general linear 
mixed model. 

Table 4. Financial outcomes after conventional laparoscopic resection (CLR) and single-port laparoscopy (SPL).
  CLR SPL
Operation  € 1.881  € 2.063 
Ward  € 6.692  € 7.818 
ICU  € 1.823  € 2.480 
Laboratory  € 664  € 758 
Materials  € 349  € 712 
Radiology  € 343  € 368 
Consulting  € 334  € 352 
Other  € 653  € 703 
Total costs*  € 12.740  € 15.253 

Costs for each category were calculated from primary admission up to 90 days after discharge. *Delta for total 
costs was adjusted for differences in patient characteristics (listed in Table 1) in a general linear mixed model: 
Delta €-2125, 95% CI -€4973: €266, p= 0.086.
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DISCUSSION

This is the first European study describing costs of SPL surgery for colorectal cancer. Our 
study showed no significant differences between clinical and financial outcomes for SPL 
procedures when compared to conventional laparoscopic procedures. Results of SPL in the 
second year (2012) improved as compared to the introduction year (2011).
SPL techniques in our institution were first introduced in the more simple, benign procedures, 
like cholecystectomies and appendectomies as shown in an earlier (feasibility) study of our 
group. [15, 16] After one year SPL surgeons translated this technique to more difficult 
procedures, like colorectal (cancer) surgery. So far, only two randomized clinical trials (RCTs) 
compared single-port laparoscopic surgery with standard laparoscopy.
Poon et al. described less postoperative pain after SPL colectomy where Huscher et al. 
showed no differences in major morbidity and mortality. [26, 27] Existing literature 
describes longer operating times, more per-operative complications and a technically 
more challenging procedure when SPL is applied. [11, 12] Although over the last years 
SPL is (internationally) becoming more popular for colorectal procedures, literature about 
costs of SPL remains scarce. [14] 
In this study a significant shorter operating time for the SPL procedures is seen when 
compared to the conventional procedures. This might be because of a bias since the SPL 
procedures were not randomised, however baseline characteristics between the groups 
were similar (Table 1). Shorter operating time could result in lower operating costs (personnel, 
etc), however in this study we see slightly higher operating costs for SPL procedures compared 

Table 5.	Clinical	and	financial	outcomes	after	SPL	between	2011	and	2012:	a	learning	curve?
  2011 2012 Odds ratio (95% CI) p-value 2011 

vs. 
2012

No. Patients (% of yearly total) 28 (23.7%) 50 (31.1%)     +31%
Mortality 0% 2.0% n/a n/a
Major morbidity 35.7% 20.0% 0.935 (0.252: 3.471) 0.83 -44%
Complication 57.1% 38.0% 0.629 (0.201: 1.971) 0.43 -33%
Prolonged length of stay 35.7% 20.0% 0.938 (0.243: 3.624) 0.93 -44%
Reintervention 10.7% 10.0% 0.921 (0.204: 4.202) 0.92 -7%
Anastomotic leakage 7.1% 6.0% 0.843 (0.130: 5.289) 0.84 -15%
R1/R2 resection 0% 6.0% n/a n/a
<10 lymph nodes 35.7% 14.0% 0.110 (0.025: 0.481) 0.003 -61%
<12 lymph nodes 53.6% 32.0% 0.281 (0.080: 0,984) 0.047 -40%
Conversion to open 10.7% 2.0% 0.170 (0.017: 1.720) 0.13 -81%
Total costs  € 19.585  € 12.827  -803	(-14326:	7327) 0.87 -35%
Primary operation time  3.39  3.05 0.66 (0.06: 1.15) 0.034 -10%
Length of hospital stay 16.35 12.46 0.63	(-8.22:	6.29)  0.86 -24%
Odds ratios and p-values were adjusted for differences in patient characteristics (listed in Table 1) in a logistic 
regression model. Odds ratios and p-values written in Italic were not adjusted for patient characteristics due 
to the small number of events for those outcomes.
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to conventional laparoscopic procedures. This is mainly because of higher costs of the port 
used in SPL procedures since the rest of the equipment did not differ. 
During the introduction period of the SPL technique (2011), operation time for colorectal 
cancer resections was longer, hospital stay was prolonged and complication rate was 
higher as compared to the second year (2012). This resulted in overall higher hospital 
costs for SPL procedures looking at two-year averages as compared to CLR procedures 
(Table 4), although this difference was not significant different.  A reduction in complication 
rate after colorectal cancer resections might result in a decrease in health care costs as 
seen in the literature. [28] The complication rate in the SPL group decreased in 2012 as 
compared to the introduction year, and therefore total hospital costs became almost 
similar as CLR (Table 5). If the reduction in complication after SPL procedures would further 
decrease, SPL might become even less expensive in the future as compared to CLR. 
In the first year (2011) a very low number of harvested lymph nodes was seen in the SPL 
group (in 35.7% of the cases < 10 lymph nodes were harvested). In the following year (2012) 
a significant improvement was seen in lymph node harvesting (in 14.0% of the cases < 10 
lymph nodes were harvested) resulting in lower rates as compared to the CLR group. 
Together with a shorter operation time and lower post-operative complication rate in the 
second SPL year, the improvement in number of harvested lymph nodes supports the idea 
of a learning curve for SPL surgery.
Single port techniques were introduced to minimize surgical trauma and thereby enhance 
the postoperative recovery period. However, one of the concerns might be an increased rate 
of port side hernias following single port access. [29] In 2014 Milas et al. published a 
systematic review of single-port laparoscopic cholecystectomies versus multiport 
cholecystectomies. Overall incidence of trocar site herniation was low, but slightly higher in 
the SPL group. They concluded SPL to be an acceptable alternative for multiport laparoscopy 
with modest cosmetic benefit. [30] Since primary outcome in this study was hospitals costs 
up to 90 days after discharge, we did not specific analyze for (long term) trocar hernia site 
hernias. Furthermore, the port side in SPL is frequently being used as extraction side of the 
specimen. In these cases the cutaneous and fascial incisions were enlarged, thereby 
increasing the risk for local incisional hernias. How the findings of Milas et al. translate to 
colorectal cancer procedures should therefore be an impetus for further studies.

Limitations
First of all, costs of specialists’ fees were not uniform registered between 2011 and 2012 
and therefore excluded in the analyses. If these costs could be incorporated in our 
analyses, the difference in operations costs between SPL and conventional laparoscopic 
surgery might become smaller due to the shorter operation time for SPL resections. 
Shorter operating times results in less salary paid per procedure. A second limitation of 
this study was the selection bias, due to the retrospective character of the study, as 
patients were not randomized between the two study groups. Although no significant 
differences in patient characteristics between the two groups were seen, the extensive 
database of the DSCA cannot rule out any additional factors not listed in the DSCA, which 
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influenced choice of procedure and therefore introducing selection bias. Finally, 
conclusions of superiority and inferiority between the two investigated years cannot be 
made based on this small SPL study group. 

Future perspectives
Outcome registries (like the DSCA) combined with financial data might serve as an ideal 
framework to address effectiveness of healthcare. Combining clinical and financial outcomes, 
as seen in this study, with Patient Reported Outcome Measures should provide even better 
insights. Items as quality of life; post-operative pain or cosmetic results should therefore 
be addressed in future (prospective) studies.  

CONCLUSION

In conclusion, this two-year retrospective study showed no significant differences in financial 
outcomes between conventional and single-port laparoscopic colorectal procedures. 
Hospital costs of SPL decreased after the introduction year (2011) as compared to the second 
year (2012). Our conclusions are based on a small SPL group and therefore further research 
is needed to validate our results.
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Supplemental table 1. Different categories of resources extracted from the Hospital Information System

Category Examples within category

Operation Surgery time, operation room session 

Ward Inpatient ward days

Intensive care Intensive Care Unit days, Medium Care Unit days, Cardiac Care Unit days

Radiology Ultra sound, X-ray, CT scan, MRI scan

Laboratory Activities related to pathology, hematology, clinical chemistry, microbiology

Consulting Consults other medical specialist, outpatient department visits

Materials Blood products, prostheses and implants

Other Electrocardiography, spirometry, physiotherapy, medical rehabilitation
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ABSTRACT

Background
For cholecystectomy, multiport laparoscopy is the recommended surgical approach. Single-
port laparoscopy (SPL) was introduced to reduce postoperative pain, provide better cosmetic 
results, but has technical disadvantages. Robotic SPL (RSPL) was developed to overcome 
these disadvantages. In this prospective study we aim to describe intraoperative results 
and postoperative outcomes of RSPL cholecystectomies and evaluate technical aspects of 
the technique.

Methods
A prospective database of all patients who underwent a RSPL cholecystectomy between 
January 2012 and December 2014 was analysed. Intraoperative results and postoperative 
complications were evaluated.

Results
A total of 27 patients underwent RSPL cholecystectomy. Median age was 59 (20-78) years 
and median BMI was 25 (19-35) kg/m2. The majority of patients had ASA II classification 
(67%) and 89% underwent surgery for cholecystolithiasis or cholecystitis. The median 
operating time was 81 (41-115) minutes. Conversion to a multiport procedure occurred in 
two; one due to insufficient length of the robotic instruments. In the second and a third 
patient conversion to an open procedure was necessary due to inadequate exposure caused 
by liver cirrhosis and purulent ascites respectively. In 7 procedures spill occurred due to 
rupture of the gallbladder. Postoperative complications occurred in 4 patients, including 1 
bleeding (no re-intervention), 1 peritonitis and 2 wound infections. After a median follow-up 
of 33 (10-44) months, 5 (19%) trocar-site hernias were seen.

Conclusion
RSPL cholecystectomy is feasible, however encountered by technical challenges due to 
inadequate length of the non-wristed robotic instruments. A high incidence of gallbladder 
rupture and  trocar-site hernias may limit its application.  
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INTRODUCTION

For cholecystectomy, conventional laparoscopy is the recommended surgical approach.[1] 
Single-port laparoscopy (SPL) was introduced to reduce postoperative pain and to provide 
better cosmetic results.[2] Accompanied by these possible advantages, longer operating 
times are reported.[2, 3] Furthermore, some authors state that SPL cholecystectomy is 
technically more challenging due to limited space for manoeuvring instruments and the 
surgeons’ ergonomics are worse compared to conventional laparoscopy.[4-6] To overcome 
these limitations of SPL cholecystectomy, robotic SPL (RSPL) was introduced.[7] Possible 
advantages of robotic single-port laparoscopic cholecystectomy are the three-dimensional 
view, enhanced manipulation of instruments and improved ergonomics for the surgeon. 
Disadvantages of RSPL are higher costs [8], the lack of tactile and force feedback, longer 
operating times and higher incidence of trocar-site herniation.[9] It remains unclear whether 
the possible advantages outweigh the higher costs and other disadvantages of RSPL 
cholecystectomies. In this study, RSPL cholecystectomy was investigated by means of a 
prospective study.

MATERIALS AND METHODS

Patients 
A prospective database of 27 patients who underwent a RSPL cholecystectomy between 
January 2012 and December 2014 was analysed. The study was performed in a tertiary 
referral center predominantly performing cholecystectomies in patients with multiple 
comorbidities. Patients with an age >18 years, ASA classification <4 and undergoing elective 
surgery were selected to undergo RSPL cholecystectomy. The procedures were performed 
once a month by an experienced robotic laparoscopic surgeon, who had received a special 
training for single-port robotic surgery. Patients’ baseline characteristics included age, sex, 
body mass index (BMI), comorbidity and American Society of Anaesthesiologists (ASA) 
Classification. Institutional Review Board approval was obtained and informed consent was 
obtained from patients included in this study.

Surgical procedure
All procedures were performed with the da Vinci™ Surgical System (Intuitive Surgical, 
Sunnyvale, CA, U.S.A.) as described previously, without the use of intraoperative 
cholangiograms.[10] For the procedure, a periumbilical incision of about 2.5 cm was made. 
A single-port device with 4 access points was installed and an 8.5-mm straight port for a 
camera, 2-curved 5-mm cannullae and a 5-mm straight laparoscopic trocar were introduced 
through this port. Robotic single-port cholecystectomy was performed using the flexible 
robotic instruments under laparoscopic retraction.[11] The fascia was closed with PDS 1 
interrupted sutures.
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Perioperative results
Intraoperative outcomes included operating time (defined as time from first skin incision 
to completion of closure), robot docking time, console time, placement of extra trocars (<3), 
conversion to multiport procedure (defined as placement of 3 extra trocars) or open 
procedure, and intraoperative complications. The following intraoperative experiences and 
findings were documented: adequate length of the instruments, clashing of instruments 
and the visible feedback on the screen of the scope (non-intuitive direction). Gallbladder 
ruptures were documented since we hypothesize gallbladder ruptures to be a good indicator 
of (lack of) tactile feedback, lack of endowrist and lack of adapting the length of the 
instruments. 
Directly after surgery a normal diet was started and patients could be discharged from the 
hospital after mobilization and adequate pain control. Postoperative outcomes were scored 
with de Clavien-Dindo classification and included morbidity, reoperation or reintervention, 
intensive care unit (ICU) admissions, length of hospital stay, hospital readmissions and 30-
day mortality.[12]

Follow-up
All patients were seen 6 weeks after hospital discharge at the outpatient clinic department 
and were discharged from regular follow-up if symptoms were absent. All symptomatic 
patients underwent radiological imaging in case of persisting symptoms. Patients were 
contacted by telephone > 6 months after surgery to score the presence of trocar-site 
herniation. Patients were contacted twice; if patients could not be reached by telephone 
the general practitioner was contacted to evaluate complaints of the incision site. 

Statistical Analysis
All data were collected in a computerized database and statistically analysed using IBM SPSS 
Statistics Version 21.0 software (IBM Corp). Median values and range were calculated for 
continuous variables with an abnormal distribution. Percentages were calculated for 
categorical variables. The Mann-Whitney U test was used for non-parametric data. Data 
were considered significant if p<0.05.

RESULTS

Patients 
Between January 2012 and December 2014 a total of 27 patients underwent a robotic single-
port laparoscopic cholecystectomy during the study period. The median age was 59 (range 
20-78) years and median BMI was 25 (range 19-35) kg/m2.  The majority of patients had ASA 
2 classification (66,7%) and only 4 (14,8%) patients had no significant comorbidities (ASA 1 
classification). Most of the patients were operated for cholecystolithiasis (48%) or cholecystitis 
(41%). Patients baseline characteristics are presented in table 1. 
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Intraoperative results
The intraoperative results are presented in table 2. In all procedures the critical view of 
safety [13] was obtained. The median operating time was 81 (41-115) minutes including a 
docking time of 10 (4-22) minutes. Two RSPL procedures were converted to a conventional 
laparoscopic procedure; the first procedure was converted because the robotic instruments 
were too short to reach the target organ (BMI 27 kg/m2) and the second procedure because 
of insufficient exposure due to liver cirrhosis. The second converted procedure was 
eventually converted to an open procedure because conventional laparoscopy still not 
resulted in sufficient exposure. Another procedure was directly converted to an open 
procedure because purulent ascites was found intra-operatively. 
Operative experiences and findings documented by the performing surgeon included the 
following: a) in 7 procedures the gallbladder ruptured and spill occurred, in 1 of these 
procedures an extra trocar was placed for suction and irrigation; b) in 2 procedures the 
instruments were too long, but the surgeon managed to complete the procedure safely by 
retracting the port further outside the patients fascia; c)  1 procedure was converted to a 
multiport procedure because the instruments were too short.

Postoperative results
The postoperative results are presented in table 3. The median length of hospital stay was 
1 day (range 1-10 days). Five patients were admitted to the hospital for more than 3 days. 
The reason for these prolonged admission was in 2 cases postoperative pain, for 2 patients 
correction of pre-existing bleeding disorders and 1 because of pre-existing liver cirrhosis. 
In 4 patients a postoperative complication occurred leading to 3 readmissions. One patient 

Table 1. Patient characteristics

Variables No. (%) or median (range) (N=27)

Sex

 Male 

 Female 

13

14

Age (year) 59 (20-78)

BMI (kg/m2) 25 (19-35)

ASA Physical Status Classification

 1 

 2 

 3

4 (14,8)

18 (66,7)

5 (18,5)

Operation indication

 Cholecystitis

 Cholecystolithiasis

 Biliairy	pancreatitis

 Galbladder	polyp

11 (40,7)

13 (48,2)

2 (7,4)

1 (3,7)
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developed a postoperative bleeding on the third postoperative day due to an overshooting 
International Normalized Ratio (INR) value of 6 after restart of anticoagulant medication, 
this patient was readmitted for observation and conservative treatment (Clavien-Dindo 
grade II). One patient with liver cirrhosis developed a bacterial peritonitis on postoperative 
day 8 and was treated with antibiotics (Clavien-Dindo grade II) and 2 patients developed a 
superficial wound infection for which the wound was opened (Clavien-Dindo grade I). There 
was no 30-day mortality. After a median follow-up of 33 (10-44) months, 5 (18.5%) patients 
presented with a trocar-site hernia at 6, 7, 10, 26 and 28 months after surgery. Three patients 
underwent a surgical correction of the herniation. 

Table 2. Intraoperative results

Variables No. (%) or median (range) (N = 27)

Operating time in minutes 81 (41-115)

Docking time in minutes 10 (4-22)

Intraoperative complication 0

Spill 7 (25,9)

Extra trocars placed 1 (3,7)

Converted to mulitport procedure 1 (3,7)

Converted to open procedure 2 (7,4)

Table 3. Postoperative results

Variables No. (%) or median (range) (N = 27)

Length of stay in days 1 (1-10)

Postoperative complication 4 (14,8)

   Postoperative bleeding

   Peritonitis

1 (3,7)

1 (3,7)

   Wound infection 2 (7,4)

Readmission 3 (11,1)

Trocar-site hernia 5 (18,5)
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DISCUSSION

This study demonstrated that robotic single-port laparoscopic cholecystectomies is feasible. 
The procedure can be technically challenging due to inadequate length of the instruments 
and the lack of tactile, endowirst and/or force feedback. Furthermore, a high trocar-site 
herniation rate was seen postoperatively.
Comparing RSPL to SPL or conventional laparoscopic cholecystectomies, it is hard to find 
evidence for a true benefit of this new technique over the other two. First of all, considering 
ergonomics: improved three dimensional optics, increased dexterity and improved camera 
stability are considered as advantages of RSPL. [5] Compared to SPL, in which instruments 
work in a parallel position restricting the ability to manoeuvre, RSPL allows the surgeons 
instruments to cross, resulting in a greater range of motion. The crossing instruments are 
hard to manipulate in conventional surgery since left is right and vice versa. In this series, 
surgeons experienced the manipulation of the instruments as feasible, but struggled with 
inadequate length of the instruments. The instruments were either too long or too short 
when an umbilical entry-point was chosen. The crossing point limits the flexibility in distance 
to the target organ, see figure 1 for an illustration. This even resulted in two conversions 
and also to manipulation of the robotic port to a position in which forces on the incision 
might be higher than acceptable.
Also, a high amount of gallbladder ruptures occurred. To our opinion, the lack of force 
feedback might be a cause for this. With conventional laparoscopy and single-port 
laparoscopic cholecystectomy, the surgeon feels the amount of tractive power he uses on 
the gallbladder. During robotic surgery, the lack of force feedback limits the surgeon in 
reducing tractive power when needed. Also, flexible instruments without endowrist and 
without the possibility of adjusting the length adequately might result in higher force needed 
to retract organs.
Operating times in RSPL seem to be relatively longer compared to other techniques.[2]  
In our study group, comparable operating times to literature on RSPL are seen.[7, 10, 14, 
15] The relatively long operating time for RSPL could be explained by the time that is needed 
for the docking process of the robot, which takes about 10 minutes. An explanation for the 
long operating times in this particular study group could be due to selection bias, since this 
series consists of patients with a lot of comorbidities and previous abdominal surgery  
(table 1). We hypothesize that shorter operating times will be seen in less complex patients. 
The considerable amount of conversions in this study group could also be explained by the 
same patient selection. Conversions were seen in 3 (11,1%) patients, compared to 0% in 
literature on RSPL, [15] 0% after SPL and 1% after conventional laparoscopic cholecystectomy.
[16] One of these conversions was caused by inadequate length of the instruments; both 
other conversions were not caused by the robotic technique or instruments, but were due 
the comorbidity of these patients (liver cirrhosis and purulent ascites). Also, a relatively high 
number of complications occurred postoperatively. Two of these most probably had no 
relation to the technique used (bleeding INR 6 and bacterial peritonitis). However, the two 
wound infections might be related to the use of a robotic single-port. The rather large RSPL 
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port requires a larger incision than a conventional laparoscopic cholecystectomy and might 
therefore be prone to wound infections. Also, larger forces might be applied on this incision 
compared to conventional laparoscopy. Finally, a learning curve could be of influence on 
operation time, conversions and complications. Although experienced robotic and 
laparoscopic surgeons performed all the procedures, the presented cases are the first 27 
RSPL cholecystectomies performed in our clinic. 

Figure 1. Robotic single-port laparoscopic cholecystectomy setup. Due to a fixed crossing point (X), the 
distances A–C correlate. The distance to the organs (A) has an effect on the outswing of the tip of the 
instruments (C) with every movement of the extracorporeal side of the instruments (B).
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In this study the postoperative trocar-site herniation rate was 18.5%. In literature trocar-site 
herniation rates of 2-5% are mentioned for SPL cholecystectomies [6, 17, 18]; herniation 
rates of 2-4% are mentioned for conventional laparoscopic cholecystectomies.[18, 19] An 
explanation for the high trocar herniation rate after RSPL could be the high forces applied 
on the abdominal wall by the robotic system. During surgery the single site port might 
provide more traction and therefore damage the tissue surrounding the port. On the other 
hand, the high trocar-site herniation rate could also be related to a learning curve.
For general surgery, several studies describe higher costs for robot-assisted laparoscopy 
compared to conventional laparoscopy. [8, 10, 20] In our center, the instruments and 
disposables for a robotic single-port cholecystectomy cost an additional 1100 euro compared 
to conventional laparoscopy (da Vinci® Si™ Single-Site™ Products, Europe Price List). 
Together with the purchase costs (196.350 euro per year) and the maintenance costs 
(163.351 euro per year), RSPL cholecystectomies are substantially more expensive than 
conventional laparoscopic cholecystectomies.
There are some limitations to this study. The first limitation of this study is the small study 
size. Secondly, postoperative pain and cosmetic results were not administrated in this 
study, which are named as possible benefits of the RSPL technique. [2] Another limitation 
is the absence of a control group, which makes it hard to compare the results of this study 
to other cholecystectomy procedures. Lastly, because routine follow-up was only at 6 
weeks postoperatively and patients were discharged if symptoms were absent, we could 
have missed trocar-site herniations. The trocar-site herniation rate could be even higher 
in that case.
The results from this study and existing literature have identified no convincing benefits of 
robotic assistance in cholecystectomies yet.[21] Therefore the standard use of robotics in 
cholecystectomies	cannot	be	justified	regarding	the	higher	costs. The	coming	period	new	
surgical robots such as the ALF-X® (TransEnterix, Inc., Morrisville, NC, USA) and the SPORT™ 
(Titan Medical Inc., Toronto, Ontario, Canada) will be introduced aiming at single site surgery. 
With these robots better ergonomics are expected and limitations of current RSPL could be 
overcome. Lower costs are also expected due to competition and marked forces. Thus, RSPL 
cholecystectomy might lead to better results and could be cost-effective in the future.

CONCLUSION

In conclusion RSPL cholecystectomy can be performed safely, but is encountered by a high 
chance of developing a trocar-site herniation. 
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GENERAL DISCUSSION

This thesis focuses on various aspects of single-port laparoscopy. The feasibility, safety and 
costs are discussed. The combination of single-port laparoscopy with robotic surgery with 
regard to safety and feasibility is reviewed as well. In Chapter II and III the feasibility and 
safety of single-port laparoscopy is described in less complex benign procedures, in 
appendectomies and cholecystectomies. 
After getting more experienced with the single-port technique, the surgeons also used the 
technique in more complex procedures. In Chapter IV the first experiences are presented 
of the use of a multi-access device, used in a high complex single-port laparoscopy procedure 
for the treatment of rectal cancer.
Nowadays not only the safety and feasibility of new techniques are important to investigate, 
but the costs should be evaluated as well. In Chapter V we make a cost analysis of single-
port laparoscopic surgery in colorectal treatments. In Chapter VI the results of the use of 
robotic surgery in single-port laparoscopic cholecystectomies in a tertiary referral center 
are demonstrated.
All studies presented in this thesis are single-center studies. The studies presented in 
Chapter II, III, IV and V were performed in the Jeroen Bosch Hospital, (‘s-Hertogenbosch, the 
Netherlands); the study described in Chapter VI was conducted in the University Medical 
Center Utrecht (Utrecht, the Netherlands).
In this discussion chapter the previous chapters are discussed and possible future 
perspectives are given on single-port laparoscopy. In the last chapters of this thesis an 
English and Dutch summary are presented.

SINGLE-PORT LAPAROSCOPY IN BENIGN LESS COMPLEX PROCEDURES

The single-port technique was introduced in the Jeroen Bosch Hospital in 2010. Two surgeons 
adopted this new technique and performed the first single-port laparoscopic surgeries in 
2010. As these surgeons started with less complex procedures in the treatment of benign 
diseases, this thesis starts with the results of these kinds of procedures. In Chapter II we 
start describing the results of single-port laparoscopic appendectomies in children. Besides 
the single-port technique there are two other remarkable features of this study. First, the 
procedures are performed in children and second, the appendectomies were performed 
in an acute setting in treating appendicitis. Nevertheless an appendectomy is a frequently 
performed low complex procedure, especially in children. The first laparoscopic and the 
first single-port laparoscopic procedure described were both appendectomies. After 
appendectomies, singe-port cholecystectomies followed. [1-3] The results of single-port 
cholecystectomies are presented in Chapter III.
In Chapter II the results of 50 single-port laparoscopic appendectomies performed in 
children between July 2011 and March 2014 in the Jeroen Bosch Hospital are presented. We 
state that single-port laparoscopic appendectomies are feasible and safe, because no 
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surgical complications were seen, none of the procedures was converted to an open 
procedure and only in one procedure an extra trocar was placed to obtain adequate 
exposition. However, the study has some important limitations. First, the lack of an control 
group, to compare the results of single-port laparoscopic appendectomies with a similar 
group of patients treated with conventional laparoscopic appendectomy. The fact that our 
study is not a randomized clinical trial is another limitations, selection bias is possible. Also 
the small study population is one of the limitations. In literature randomized trials are 
published, which describe the results of single-port appendectomies compared with 
conventional laparoscopic appendectomies. Their conclusion is that single-port laparoscopic 
appendectomies are feasible and safe. Most articles state having similar or longer operating 
times in the single-port group and longer operating times are seen in perforated or 
complicated appendicitis. [4] Operating times in children with perforated appendicitis were 
longer, the operating times are comparable to the times presented in the randomized trials. 
However our study presents a very small group of children with perforated appendicitis, 
therefore no conclusion should be based on these results. An explanation for the shorter 
operating times seen in our study could be the fact that we used devices and instruments 
specially equipped for single-port laparoscopy and all procedures were performed or 
supervised by experienced laparoscopic surgeons trained in single-port laparoscopy. Some 
authors state that single-port laparoscopic appendectomies are more expensive due to 
more expensive equipment and longer operating times. [4] However, it is possible when 
single-port laparoscopy becomes the standard operating technique, more single-port 
equipment is manufactured and becomes less expensive. Therewithal, with increasing 
experience operating time will decrease, especially after a learning curve. 
One of the goals in minimizing surgical trauma is reducing postoperative pain and enhance 
postoperative recovery, combined with better cosmetic results. In the study presented in 
Chapter II pain observations were not registered and patients were only seen 2-3 weeks 
postoperatively, therefore we cannot draw conclusions about the effect of single-port 
laparoscopy on postoperative pain and the long-term results. Parents of patients were 
contacted by telephone to evaluate the procedure and ask their opinion about the cosmetic 
result.
More research is necessary, not only randomized clinical trials focusing on the operative 
results of single-port laparoscopic appendectomies compared with at least the conventional 
technique, but also on postoperative pain and recovery, cosmetic results and long-term 
results as hernia cicatricalis.
Chapter III describes the results of 100 single-port laparoscopic cholecystectomies compared 
with 100 conventional or four-port laparoscopic cholecystectomies. In this study all 
laparoscopic cholecystectomies between January 2011 and December 2012 were identified 
(n=795). In total 136 patients were operated by the single-port technique. To minimize the 
influence of a learning curve the first 36 single-port procedures were excluded. The 
remaining 100 patients were matched by age to 100 patients who underwent a conventional 
laparoscopic cholecystectomy in the same period. The only significant difference seen 
between both groups was a higher median BMI of 28 in the conventional group compared 
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to a median BMI of 25 in the single-port group. This could be explained by selection bias. 
The study presented was not a randomized trial. The same surgeons as mentioned in the 
previous Chapter operated patients treated with the single-port technique. The consulted 
surgeon at the outpatient department made the decision for the technique of choice. In the 
future randomization based on patient characteristics would be desirable. 
We conclude that single-port laparoscopic cholecystectomies are feasible and safe, as only 
one procedure was converted to an open procedure and additional ports were placed in 
seven procedures; comparable to the conventional method. Patients who received additional 
ports still had fewer incisions compared with the conventional laparoscopy. Postoperative 
complications were similar to four-port cholecystectomies.
A remarkable result of this study is the significant shorter operating time seen in the single-
port group. In literature longer operating times are mentioned as a disadvantage for single-
port surgery. [5, 6] There are several explanations for the shorter operating time found in 
our study. One explanation could be the experience of the surgeons; from the 100 single-
port cholecystectomies only three were performed by residents under supervision of one 
of the experienced surgeons; in the conventional group 29 procedures were performed by 
residents under supervision. However, after comparing only the procedures performed by 
surgeons, the mean operating time of the single-port cholecystectomies is still significantly 
shorter. Another explanation for the differences in operating times are the differences in 
the study populations. More complicated, or expected to be more complicated, procedures 
could have been not selected for the single-port technique. The higher BMI seen in the 
conventional group could be a result of this selection. 
As mentioned before, single-port laparoscopy was introduced to minimize surgical trauma, 
resulting in less postoperative pain, faster recovery and better cosmetic results. Unfortunately 
no adequate data were available in our study group to compare postoperative pain. Patients 
were routinely seen shortly after discharge (2-6 weeks), no standard scale was used to 
investigate the cosmetic outcome. No representable results upon long-term outcomes like 
hernia cicatricalis were available. In literature no evidence was found regarding less 
postoperative pain when operated upon the single-port method. [6] Patients usually are 
discharged the day after surgery or even the same day, this makes it harder to investigate 
faster recovery, although it should be possible when using adequate questionnaires. In the 
future it could be possible to calculate total (healthcare) costs, including returning to work. 
The cosmetic results of single-port laparoscopic cholecystectomies are mentioned to be 
better compared with conventional laparoscopic cholecystectomies. [5, 6] However it is 
unclear how to measure the cosmetic satisfaction.
In our study we compared the single-port technique to the conventional method. Recent 
years many minimally invasive techniques are introduced. One of these techniques is the 
miniport laparoscopy. This technique is a multiport technique, using small instruments and 
small incisions. Some studies state miniport laparoscopic and single-port laparoscopic 
cholecystectomies to be preferable above the standard multiport technique. [5] 
In the future it would be desirable to investigate the different kinds of minimally invasive 
techniques, used in cholecystectomies. Comparing the single-port technique to the miniport 
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technique and the conventional technique. Using big sample sized controlled trials, where 
international standards for pain and recovery are used and a validate scale for cosmetic 
result and satisfactory are used. Comparing the results of these techniques and making a 
cost analysis will provide an answer to the question which kind of technique should be the 
golden standard.

SINGLE-PORT LAPAROSCOPY IN MALIGNANT, COMPLEX PROCEDURES

About a year after the introduction of the single-port technique in the Jeroen Bosch Hospital 
the first single-port laparoscopic procedure was performed in the treatment of malignant 
colorectal disease. 
Laparoscopic surgery for colorectal cancer results in less postoperative pain, faster recovery 
and shorter length of stay in the hospital compared with open surgery. The oncological 
outcomes of laparoscopic surgery compared to open surgery are similar. [7, 8] 
In literature no consensus has been reached about the role of single-port laparoscopy in 
the treatment of colorectal diseases. The technique seems to be feasible and safe, but 
the advantages of the single-port technique compared to the conventional technique are 
not yet been proven in big sample-sized randomized trials. A few studies describe 
advantages in favor of the single-port technique, like less postoperative pain and shorter 
length of stay in the hospital. However the majority does not prove these advantages. 
[9-11] 
In Chapter IV the experiences of the first 20 abdominoperineal resections (APR) in which a 
single-port device was used are described. In these 20 procedures a second trocar was 
placed to optimize the procedure in the pelvis. Literature on the use of the single-port 
technique in the treatment of distal colorectal cancer is scarce. As mentioned in Chapter IV 
APR could be a procedure of preference to use the single-port technique when experienced 
surgeons place the single-port device on the stoma site. This will leave the patient with no 
scar. However placing the single-port device on the stoma site will bring some challenges. 
Great experience of the surgeon is required. In our case series we placed even an extra 
trocar to ease to procedure. With the placement of this extra trocar the amount of incisions 
of the single-port laparoscopic procedure are still less incisions compared with the multiport 
technique.

The main objective of Chapter V is the cost analysis of single-port and conventional 
laparoscopic surgical treatment in colorectal malignant disease. Some clinical outcomes are 
presented in this chapter as well. No significant differences in conversions, complications, 
length of stay and morbidity were seen between the two groups. Despite the expected 
influence of the learning curve shorter operating times were seen in the single-port group 
of our study. Selection bias could be an explanation, or the fact that an experienced surgeon 
always performed the single-port procedures, the conventional procedures were also 
performed by residents under supervision. 
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The use of the single-port technique seems to be feasible and safe in more complex 
procedures and in the treatment of malignant diseases, based on literature and the results 
shown in Chapter IV and V. Future studies should focus their research on which patients 
should or should not be selected for single-port surgery. Selection bias is a limitation of the 
studies presented in Chapter IV and V. Randomized trials are needed to investigate patient 
selection for single-port procedures. In literature higher BMI is suggested as a limitation for 
single-port laparoscopy [6], with longer instruments single-port surgery should be possible 
when conventional laparoscopy is feasible. Another possible limitation for single-port 
surgery could be previous abdominal surgery, however in the Jeroen Bosch Hospital 
successful reinterventions are performed using the single-port technique. The simple size 
of our studies is another limitation, large sample sized randomized trials are recommended.

HEALTHCARE COSTS

In the current era of limited financial possibilities and budget restraints cost-effectiveness 
analyses become more and more important. The cost-effectiveness of current and new 
techniques should be evaluated. Not only direct medical costs should be considered when 
performing a cost-effectiveness analysis, but also indirect costs and benefits such as 
reintegration into the working process, rehabilitation programs, cosmetic results and quality 
of life.
Single-port laparoscopy is argued to be more expensive compared with the conventional 
laparoscopic technique. [12] Chapter V shows the results of a cost analysis of the treatment 
of colorectal malignant diseases using the single-port or the conventional technique. The 
patients included in this study were operated in 2011 and 2012. In 2011 the single-port 
technique was performed for the first time in the treatment of colorectal malignant disease 
in the Jeroen Bosch Hospital. The first single-port procedures performed in colorectal 
malignant diseases were included in this study, therefore the results of the cost analysis 
are likely to be influenced by the learning curve. Usually with the introduction of a new 
technique longer operating times and higher complication rates are seen. Longer operating 
times result in higher costs due to longer use of the operating room and deployment of 
staff. Complications lead to longer stay in the hospital and possible reinterventions or 
admission to the intensive care unit, leading to higher costs. It can be expected to see higher 
costs during a learning curve. 
In the study presented in Chapter V higher costs are seen in the single-port group. However 
comparing the first or introduction year to the second year a large decrease in costs is seen. 
This could be explained by the learning curve. The costs seen in the second year are 
comparable with the conventional technique. We expect single-port laparoscopy to be 
equally expensive to conventional laparoscopy. Further research in large groups is needed, 
including analysis of indirect (medical) costs and excluding effects of a learning curves.
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ROBOTIC SINGLE-PORT LAPAROSCOPY

Another new technique of the last decade is robotic surgery. Robotic surgery can be 
combined with single-port laparoscopy. Advantages of the use of robotic surgery in single-
port laparoscopy are the three-dimensional view, enhanced manipulation and improved 
ergonomics. Higher costs is one of the disadvantages of the use of robotics. Also the lack 
of tactile feedback and higher incidence of incisional herniation are mentioned as 
disadvantages. [13, 14]
In Chapter VI the results of 27 robotic single-port laparoscopic cholecystectomies are 
presented. The study was performed in a tertiary referral center. 
The technique is feasible, however technically challenging. Relatively long operating times 
are seen and a high incidence of incisional herniation was seen. No convincing benefits of 
the use of robotics in single-port laparoscopic cholecystectomies are seen in the study 
presented in Chapter VI and in literature. [15] Based on current evidence the standard use 
of robotics in single-port laparoscopic cholecystectomies cannot be justified because of the 
higher costs.
Robotic assistance could be justified in more complex procedures in the abdomen, research 
on feasibility and safety should be performed, as well as cost-effectiveness analyses of the 
use of robotics in these more complex procedures.

FUTURE PERSPECTIVES

Based on everything mentioned it can be concluded that single-port laparoscopy is a feasible 
and safe technique. Further research is needed using big simple sized controlled trials to 
strengthening these claims. In these trials data should be adequately reported prospectively 
using international standards. Not only short-term results should be investigated, but long-
term results such as oncological outcomes and incisional herniation should also be 
investigated. Another important outcome to incorporate in these future studies is cosmetic 
satisfaction. Including which validated scale should be used for measuring cosmetic 
satisfaction. 
Moreover cost-effectiveness analyses should be performed including indirect costs from 
an societal perspective and quality of life.
These trials should not only be performed in single-port laparoscopy but also for other 
(promising) minimal invasive techniques.
Patient selection could be optimized with the results of these future trials. For example in 
which procedure the use of robotics is justified regarding the costs and in which procedure 
it is not. And remaining questions like: ‘Are there limitations of single-port surgery regarding 
BMI	or	previous	abdominal	surgery?	Is	single-port	surgery	safe	and	cost-effective	in	the	
elder	patient?’	could	be	answered.
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Nowadays laparoscopic surgery is the standard procedure for many abdominal diseases. 
Compared with open surgery, laparoscopic surgery offers several advantages, such as 
reduction of postoperative pain, faster postoperative recovery and shorter admission times 
to the hospital. The continuous drive to further improve the surgical technique resulted in 
the development of new less invasive techniques like single-port laparoscopy. Single-port 
laparoscopic procedures are laparoscopic procedures using only one incision, which is 
usually transumbilical. At the site of this single incision a multiport device is placed, instead 
of multiple incisions with multiple ports through which the surgical instruments can be 
introduced. All instruments can be introduced in the abdomen through this multiport device. 
By using only one incision surgical trauma is further minimized and thereby further reducing 
postoperative pain and fasten postoperative recovery which is accompanied by a better 
cosmetic result.

The first single-port laparoscopic procedure, an appendectomy, was performed in 1992. 
Five years later the first single-port laparoscopic cholecystectomy was performed. After 
several years the technique was introduced in the Netherlands. In 2010 the first single-port 
laparoscopic procedure was performed in the Jeroen Bosch Hospital. 

In the first three studies (Chapter II, III and IV) of this thesis the results of single-port 
laparoscopic procedures during the first years of its use in the Jeroen Bosch Hospital are 
described. The single-port technique was primarily introduced in less complex procedures. 
In Chapter II the results of the first 50 single-port laparoscopic appendectomies in children 
are presented. Single-port laparoscopic appendectomy is a feasible and safe procedure in 
children with acute appendicitis, in both non-perforated and perforated appendicitis. No 
conversions were seen and only in one procedure an extra trocar was placed. Patients were 
admitted to the hospital for 1 day (range 1-5 days). Seven patients were readmitted to the 
hospital, four of these patients needed medical or surgical intervention. All parents were 
satisfied with the cosmetic result. In the next chapter, Chapter III, the results of 100 single-
port laparoscopic cholecystectomies compared with 100 conventional laparoscopic 
cholecystectomies are described. Patients were matched by age to make the two groups 
more or less comparable. Based on this study it can be concluded that the use of the single-
port technique for cholecystectomies is feasible and safe. The operating times seen in the 
single-port group were even shorter compared with the conventional group, possibly 
because less single-port procedures were performed by residents and because differences 
between the two groups (selection bias). One single-port procedure was converted to an 
open procedure and in seven procedures an extra trocar was placed. Postoperative 
complications and length of stay in the hospital were equal comparing both groups. 
In the first two studies (Chapter II and III) less complex procedures in the treatment of benign 
diseases were described. Single-port laparoscopy can also be used in more complex 
procedures in the treatment of malignant diseases. In Chapter IV the experiences of the 
use of a single-port device in abdominoperineal resections are described. In these 
procedures the surgeons placed a second trocar to ease the procedure in the pelvis. The 
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amount of incisions of using a single-port device and a second trocar are still less incisions 
compared with the conventional laparoscopic technique. In two of the 20 procedures 
described, a third trocar was placed. One peroperative complication was seen, an injury to 
the urethra, and was solved during the operation. No procedures were converted to an 
open procedure. In all procedures a radical resections was achieved. Five postoperative 
complications were seen and one patient was admitted to the intensive care unit. Using a 
single-port device with the placement of an extra trocar is feasible and safe in 
abdominoperineal resections. Further research is needed and the possibilities of using only 
the single-port device is needed. 

The fourth study presented in this thesis (Chapter V) describes the results of a cost-analysis 
of single-port laparoscopic procedures in the treatment of malignant colorectal diseases. 
In total 78 single-port procedures and 189 conventional laparoscopic procedures were 
analysed. Total costs of the single-port procedures were found to be more expensive. 
Nevertheless in the analysis the very first single-port procedures in this particular hospital 
were included. The influence of a learning curve is expected. Also the singe-port instruments 
are more expensive. The costs of the patients operated with the single-port technique in 
the second year of this study are comparable with the result of the conventional technique. 
A large decrease in costs is seen comparing the first and the second year of the single-port 
group. When the single-port technique is adopted in the treatment of several procedures 
the instruments are likely to become less expensive. Single-port laparoscopy is expected to 
be equally expensive as conventional laparoscopy after the learning curve.

Not only the single-port technique has been introduced to minimize surgical trauma, also 
robotics have been introduced. In the last study (Chapter VI) the results of the use of robotics 
in single-port laparoscopic cholecystectomies are presented. The use of robotics is feasible, 
but is encountered by technical challenges. Also high rates of incisional herniation were 
seen. The use of robotics is quite expensive. With the lack of convincing benefits and the 
high costs, the use of robotics cannot be justified for single-port laparoscopic 
cholecystectomies. Further research is needed for the use of robotics in more complex 
procedures.

Single-port laparoscopy is becoming more accepted in the treatment of various diseases. 
The influence of single-port laparoscopy on cosmetic outcome and quality of life should be 
investigated as well as the cost effectiveness technique. In our strive to minimize surgical 
trauma single-port laparoscopy is a promising technique.
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Een laparoscopische benadering is op dit moment de standaard behandeling voor 
verschillende intra-abdominale aandoeningen die een chirurgische behandeling behoeven. 
In vergelijking met open chirurgie heeft laparoscopische chirurgie verschillende voordelen 
zoals vermindering van postoperatieve pijn, een sneller postoperatief herstel en een kortere 
opnameduur in het ziekenhuis. De voortdurende wens om chirurgische technieken verder 
te verbeteren heeft gezorgd voor de ontwikkeling van nieuwe, nog minder invasieve 
technieken zoals single-port laparoscopie. Single-port laparoscopische procedures zijn 
laparoscopische procedures uitgevoerd via slechts één incisie, meestal gemaakt door de 
navel. Op de locatie van deze incisie wordt een multipoort device geplaatst. Via een 
multipoort kunnen door de diverse openingen de camera en ander instrumentarium, 
noodzakelijk voor het uitvoeren van de ingreep, de buikholte worden ingebracht. Single-port 
laparoscopische chirurgie onderscheidt zich ten opzichte van standaard laparoscopisch 
uitgevoerde ingrepen door het feit dat er slechts één incisie versus drie, vier of soms wel 
vijf incisies, voor het plaatsen van meerdere poorten, wordt gemaakt. Het verminderen van 
het aantal incisies leidt tot het minimaliseren van het chirurgisch trauma. Daarmee kan de 
postoperatieve pijn verder verminderd worden en versnelt het postoperatieve herstel. Een 
extra voordeel is een verbeterd cosmetisch resultaat.

De eerste single-port laparoscopische procedure, een appendectomie, werd uitgevoerd in 
1992. Vijf jaar later werd de eerste single-port laparoscopische cholecystectomie uitgevoerd. 
Na een aantal jaar werd de techniek in Nederland geïntroduceerd. In 2010 werd de eerste 
single-port laparoscopische ingreep, een cholecystectomie, in het Jeroen Bosch Ziekenhuis 
te ‘s-Hertogenbosch uitgevoerd.

In de eerste drie studies (Hoofdstuk II, III en IV), beschreven in dit proefschrift, worden de 
resultaten gepresenteerd van de single-port laparoscopische procedures gedurende de 
eerste jaren na introductie in het Jeroen Bosch Ziekenhuis. De single-port techniek werd 
eerst toegepast bij minder complexe behandelingen. De resultaten van de eerste 50 single-
port laparoscopische appendectomieën bij kinderen worden gepresenteerd in Hoofdstuk 
II. De studie laat zien dat single-port laparoscopische appendectomieën praktisch mogelijk 
en veilig uitvoerbaar lijken te zijn in de behandeling van kinderen met acute appendicitis. 
Zowel in niet-geperforeerde als in geperforeerde appendicitis acuta. Er werden geen 
conversies gezien en alleen in één procedure werd één extra trocar geplaatst. Patiënten 
werden gemiddeld 1 dag opgenomen in het ziekenhuis met een spreiding van 1 tot 5 dagen. 
Zeven patiënten werden heropgenomen in het ziekenhuis, vier van deze patiënten hadden 
een medische of chirurgische interventie nodig. Alle ouders waren tevreden met het 
cosmetisch resultaat. 
In het volgende hoofdstuk, Hoofdstuk III, worden de resultaten van een vergelijking tussen 
100 single-port laparoscopische cholecystectomieën met 100 conventionele laparoscopische 
cholecystectomieën beschreven. Patiënten werden gematched op basis van leeftijd om tot 
twee redelijk vergelijkbare groepen te komen. Op basis van de resultaten van deze studie 
lijkt het gebruik van de single-port techniek voor cholecystectomieën praktisch haalbaar en 
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veilig uitvoerbaar. De gemiddelde operatieduur van de single-port groep was zelfs korter 
vergeleken met de conventionele groep, mogelijk omdat minder single-port procedures 
werden uitgevoerd door assistenten en vanwege selectie bias. Één single-port procedure 
werd geconverteerd naar een open procedure en in zeven procedures werd een extra trocar 
geplaatst, niet significant verschillend met de conventionele groep. Het aantal postoperatieve 
complicaties en de opnameduur in het ziekenhuis waren tussen beide groepen vergelijkbaar.
In de eerste twee studies, Hoofdstuk II en III, worden minder gecompliceerde procedures 
in de behandeling van benigne aandoeningen beschreven. Single-port chirurgie kan ook 
worden toegepast in meer complexe procedures, bijvoorbeeld in de behandeling van 
maligne aandoeningen. In hoofdstuk IV worden de ervaringen van het gebruik van een 
single-port device in abdominoperineale resecties beschreven, in deze procedures werd 
een tweede trocar geplaatst om de procedure in het pelvis te vergemakkelijken. Zelfs bij 
het plaatsen van een tweede trocar blijft het totaal aantal incisies lager dan bij conventionele 
laparoscopische abdominoperineale resecties. In twee van de twintig procedures werd een 
derde trocar geplaatst. Eenmaal trad er een peroperatieve complicatie op, de urethra werd 
beschadigd. Het letsel aan de urethra werd tijdens dezelfde operatie gecorrigeerd. Er werden 
geen conversies naar open procedures gezien. Alle procedures leidden tot een radicale 
resectie van de tumor. Vijf postoperatieve complicaties werden gezien en één patiënt werd 
opgenomen op de intensive care unit. Het gebruik van een single-port device met het 
plaatsen van een tweede trocar is praktisch haalbaar en veilig uit te voeren in 
abdominoperineale resecties. Verder onderzoek is nodig en de mogelijkheden van het 
gebruik van alleen de single-port zonder tweede trocar dient te worden onderzocht.

in de vierde studie in dit proefschrift (Hoofdstuk V) worden de resultaten van een 
kostenanalyse van single-port laparoscopische procedures in de behandeling van maligne 
colorectale aandoeningen getoond. In totaal zijn de gegevens van 78 single-port procedures 
en 189 conventionele laparoscopische procedures geanalyseerd. De gemiddelde kosten 
van de single-port procedure bleken hoger te zijn. Echter betreft het de eerste reeks single-
port procedures na de introductie van deze nieuwe techniek die zijn geïncludeerd in deze 
studie. Het is te verwachten dat de leercurve van de chirurgen de resultaten zal hebben 
beïnvloed. Er werd een duidelijke daling van de kosten gezien wanneer de gegevens uit het 
eerste jaar waarin de single-port techniek werd toegepast wordt vergeleken met het tweede 
jaar van gebruik. In het tweede jaar van het onderzoek zien we vergeleken met de 
conventionele techniek vergelijkbare kosten van de single-port techniek. De kosten van 
single-port chirurgie worden naar verwachting vergelijkbaar met die van conventionele 
laparoscopie na het doorlopen van de leercurve. Wanneer de single-port techniek in meer 
procedures gebruikt zal gaan worden, zullen ook de kosten van instrumentarium dalen. Na 
de leercurve zijn operatietijden en postoperatieve complicaties vergelijkbaar met de 
conventionele laparoscopische behandeling en zullen de kosten van de twee technieken 
vergelijkbaar zijn. 
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Niet alleen de single-port techniek is een nieuwe ontwikkeling op het gebied van minimaal 
invasieve chirurgie, ook robot geassisteerde laparoscopische chirurgie werd geïntroduceerd 
in het arsenaal van chirurgische technieken. In de laatste studie van dit proefschrift 
(Hoofdstuk VI) worden de resultaten van het gebruik van de robot in single-port 
laparoscopische cholecystectomieën gepresenteerd. Het gebruik van de robot is mogelijk, 
maar kent technische uitdagingen, zoals inadequate lengte van het instrumentarium. Ook 
is het gebruik van de robot duur en wordt er postoperatief een hoge incidentie van hernia 
cicatricalis gezien. Op dit moment is er is geen rechtvaardiging voor het gebruik van de 
robot in single-port laparoscopische cholecystectomieën. De toegevoegde waarde van de 
robot in meer complexe procedures is in dit proefschrift niet onderzocht. 

Single-port laparoscopie is steeds meer geaccepteerd in de behandeling van verschillende 
aandoeningen. De invloed van single-port chirurgie op cosmetisch resultaat en de kwaliteit 
van leven moet nog verder worden onderzocht evenals de kosteneffectiviteit van de 
techniek. Single-port laparoscopie is een veelbelovende techniek in ons streven naar zo 
minimaal invasief mogelijk opereren.
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In een keer is het dan echt zover, mijn promotieboekje is klaar. Ik heb het echt gedaan! “It 
always seems impossible until its done”. Zonder de hulp en steun van velen was het mij nooit 
gelukt om dit voor elkaar te krijgen. Ik wil iedereen dan ook ontzettend bedanken voor zijn 
of haar steun. Een aantal mensen wil ik graag in het bijzonder bedanken: 

Geachte prof. dr. M.R. Vriens, beste Menno, the happy surgeon, hartelijk dank dat jij mijn 
promotor wilt zijn! Komt deze eigenwijze jongedame zomaar je kamer op lopen met de 
vraag of jij haar promotor wilt zijn. Gelukkig reageerde je precies zoals je bent, enthousiast 
en zonder enige twijfel. Het onderwerp was er, de inhoud ook al voor een groot gedeelte 
en mij ging het natuurlijk niet snel genoeg. Jouw vertrouwen in mij maakte dat ik doorzette. 
Het meest dankbaar ben ik je voor de ruimte die jij mij hebt gegeven op het moment dat 
deze zelfde jongedame je kamer op kwam lopen met de mededeling dat ze verder wilde 
gaan kijken, buiten de kliniek. Het vertrouwen dat jij samen met een groot aantal collega’s 
aan mij schonk, maakte de beslissing voor mij om de kliniek te verlaten extra moeilijk. 
Dankjewel!

Geachte dr. D.J. Lips, beste Daan, nog geen twee minuten was ik op het kenniscentrum op 
B2 in het Jeroen Bosch Ziekenhuis of er stak een kop met rood haar ergens om de hoek en 
de eerste afspraak om over de wetenschap te gaan praten was gemaakt. Waarvan ik dacht 
dat het misschien om één artikeltje zou gaan, blijkt het nu een heus boekwerk te zijn 
geworden, zie hier het resultaat. Dankjewel dat je ondanks de omschakeling naar staflid en 
gezinsuitbreiding uiteindelijk toch altijd in de gelegenheid was om mijn stukken van tips en 
op- en aanmerkingen te voorzien.

Geachte dr. H.A. Prins, beste Hubert, waar je compagnon nog wel eens de rem erop kon 
gooien was voor jou nooit iets te gek. Het kon altijd meer en het was altijd goed. Ik kan mij 
niet heugen dat er uit jouw mond ooit iets negatiefs is gekomen ten aanzien van het 
onderzoek. De maatschap chirurgie is niet hetzelfde zonder jouw aanwezigheid, dat is zeker. 
Ik wens je het allerbeste!

Geachte manuscriptcommissie, prof. dr. I.H.M. Borel Rinkes, prof. dr. R. van Hillegersberg, 
prof. dr. L.P.H. Leenen, prof. dr. M.A. Cuesta en prof. dr. R.L.A.W. Bleys, hartelijk dank voor 
het beoordelen van mijn proefschrift.

Geachte prof. dr. M.A. Cuesta, beste Miguel, dankjewel voor al je adviezen door de jaren 
heen. Ik ken weinig mensen die met zoveel passie over zijn of haar vak kunnen vertellen als 
jij. Patiënt en collega mogen blij zijn dat jij nog lang niet van plan bent het mes definitief 
neer te leggen.

Allerbeste paranimfen, lieve Jelle en Rutger, ik ben blij dat jullie aan mijn zijde willen staan 
deze dag, een garantie voor een leuke dag waarbij veel gelachen gaat worden. 
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Jelle, fijne man, zonder jou was ik niet de persoon geweest die ik nu ben. Alleen al jouw 
overtuiging om mij deel uit te laten maken van het mooiste bestuur dat de MFVN ooit heeft 
gekend maakt dat ik je altijd dankbaar blijf. Ik hoop dat wij samen nog vele mooie momenten 
gaan meemaken! Met bovenaan de lijst waar ik kei hard van ga mee genieten: het ouderschap 
voor jou en Joyce.

Rutger a.k.a. Dinges, mede dankzij jou voelde ik me binnen no time thuis bij SeederDeBoer, 
voor mijn gevoel was onze vriendschap binnen een paar minuten gesloten. Dankjewel dat 
je me in korte tijd veel geleerd hebt over de andere gezichten van de zorg. Ik mis je op 
kantoor, maar gelukkig bestaat er een fantastische uitvinding: de telefoon. Regel jij de 
volgende	Nijmegen	borrel?

Geachte dr. W.J.A. Brokelman, beste Walter, Brokelbaas! Dankjewel dat jij mij destijds hebt 
aangenomen als ANIOS chirurgie. Het was altijd heerlijk om op maandagochtend weer aan 
de slag te mogen gaan en verwelkomd te worden door jouw bulderlach op de achtergrond. 
Ik heb ontzettend veel geleerd in het JBZ en dat heb ik grotendeels aan jou te danken. Binnen 
no time had jij mij verantwoordelijk gemaakt voor de roosters, was ik aanspreekpunt voor 
de afdeling en werd mijn bemoeienis bij allerlei projectjes gevraagd. Achteraf gezien heeft 
dat zeker bijgedragen aan het maken van mijn uiteindelijke keuze. Blijf altijd zo oprecht, 
eerlijk en open als je bent, de steun en toeverlaat voor elke assistent! Ik ben er trots op dat 
jij hebt willen plaats nemen in de oppositie tijdens mijn verdediging.

Geachte dr. K. Bosscha, beste Koop, dankjewel voor jouw kritische blik op mijn stukken en 
je hulp bij mijn onderzoek. Wanneer het duwtje in de rug van mijn co-promoteren van jou 
kwam, was dit altijd efficiënt.

Lieve Doeke, zonder jouw hulp was dit boekje nooit afgekomen. Sinds de start van mijn 
onderzoek kon ik je altijd om hulp en advies vragen. Daarnaast ook nog eens een zeer fijne 
collega. Helaas samen in een maatschap gaat niet gebeuren, maar er zijn nog genoeg andere 
manieren om samen te werken.

Alle chirurgen uit het Jeroen Bosch Ziekenhuis: ik heb het ontzettend naar mijn zin gehad 
bij jullie. Veel geleerd en veel gelachen. Ik ben jullie allemaal ontzettend dankbaar. De 
chirurgie blijft toch echt een beetje mijn thuis en dat komt zeker door jullie. Dr. J.G. Olsman, 
dankjewel voor je altijd uitgesproken vertrouwen in mij. Drs. F.T.T. Liem, ik heb genoten 
van de verhalen uit de oude doos en de onzin van de kennis van het kalium in de rattenstaart. 
Ik hoop nog voor jouw laatste dag in het JBZ een dagje in de kliniek mee te pikken. Dr. O.H.J. 
Koning, bedankt voor de support door middel van de droptoffees. Dr. B.J.M Thomeer, 
BastiFantasti, dank voor de leuke samenwerking en jouw altijd stimulerende houding naar 
iedereen om meer te leren en verder te denken. 
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Beste Dianne, als elke afdeling een unitmanager zoals jij zou hebben, wat zou de zorg dan 
een stuk beter geregeld zijn en een stuk vooruitstrevender zijn. Dankjewel dat jij mij altijd 
uit de assistentenkamer wist te plukken als er weer een projectje liep en je me altijd hebt 
laten meedenken. Ik hoop nog vaak met je te mogen sparren en samenwerken.

Alle oud-assistenten uit het Jeroen Bosch Ziekenhuis, wat heb ik mede dankzij jullie een 
fantastische tijd gehad! Djurre, Nillis, Niek, Piet, Emilie, Raoul, Janneke, Tim, Karin, Jeroen, 
Sabine, Edgar, Marie-Janne, Emma, Frouke, Annika, Julia, Arné, Christian, Rosalyn, Paul, Olaf, 
Anneriet, Doeke, Annique, Jan, Roy, Roeland, Rianne L, Dorien, Marjolein en de rest die ik 
vergeet. Dat we om deze mijlpaal te vieren weer eens een goed excuus hebben om het glas 
te heffen.
Deze fantastische tijd was niet mogelijk geweest zonder een ontzettende leuke club 
verpleegkundigen op A7 en op de SEH en natuurlijk collega’s van andere specialismen. In 
het bijzonder dank aan Thomas, Vera, Rianne vM, Jasper, Maudy en Marc.

Geachte drs. M.B. de Jong, beste Mirjam, naar huis gaan terwijl jij geen trauma staat op te 
vangen of te opereren is een uitdaging. Altijd in voor een praatje, weten wat er speelt en 
praten over mijn twijfels. De traumakamer mis ik zeker en onze gesprekken ook, gelukkig 
weet ik je kamer nog steeds te vinden.

Geachte prof. dr. R. van Hillegersberg en dr. J.P. Ruurda, dank voor de mooie toevoeging 
aan mijn boekje, zonder jullie was in dit boekje geen woord gesproken over de robot.

Geachte prof. dr. L.P.H. Leenen, maar weinig doktoren kennen en kunnen wat u weet en 
kan. Ik heb grote bewondering voor u. In het begin spannend of ‘de snor’ je spaart als je 
begint met werken in het UMCU, maar al snel zeer gewaardeerd. Ik hoop dat er nog velen 
van u mogen leren.

Alle chirurgen uit het UMC Utrecht: dank voor de leerzame periode en de gezelligheid. Ik 
hoop jullie allemaal nog eens tegen te komen. Dr. C.C. van der Pol, beste Carmen, altijd 
opkomen voor de patiënt en altijd bereid om ongeacht het tijdstip mee te kijken of te 
opereren. Out of the box denken, heerlijk. Ik hoop snel weer eens over ideeën met je te 
praten. Dr. F. Hietbrink, je gemopper was voor mij regelmatig vermaak. Het vullen van de 
trofeeënkast was de meest hilarisch (dankbare) patiënt. Dr. R.K.J. Simmermacher, het 
duurt even voordat ik het doorhad, maar als iemand belt en zijn naam niet zegt ben jij het. 
Meestal met de mededeling weer ontslagen te zijn. Nog steeds ben ik benieuwd naar mijn 
bijnaam. Dr. J.M.R. Meijer, altijd gezellig en prettig om met je te werken. Dr. I.Q. Molenaar, 
‘ik vind dat jij chirurg moet worden’, dank voor het compliment. Dr. B.L. Reichman, je dikke 
kont en je humor worden gemist in het Utrechtse. Dr. C.E.V.B. Hazenberg, mannen en 
vrouwen kunnen wél goede vrienden zijn. Dr. S.E.C. de Jong, altijd gezellige diensten en 
leuke verhalen.
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Alle assistenten uit het UMC Utrecht, er werd en er wordt echt veel te weinig geborreld! 
Dankjulliewel voor de leuke tijd en het wegwijs maken in de jungle: Lutske, Martin, Djurre, 
Janine, Sieske, Frank, Frederik, Maarten, Doeke, Marijn, Annique, Vanessa, Quirine, Roeland, 
Jan, Benjamin, Klaas, Usama, Anne dH, Anne H, Jacqueline, Marieke, Tim, Pieter, Mark vB, 
Mark vH, Erik, Ernst, Joep, Robbert, Roos, Roy, Bryan, Anouk en Meriam. Ook bedankt voor 
jullie steun en het opvangen van taken tijdens mijn gesprekken en sollicitaties elders. Ook 
dank aan alle onderzoekers in het UMCU, in het bijzonder dank aan Hylke voor zijn hulp.

Collega’s van SeederDeBoer, dankjulliewel voor jullie ontzettend warme welkom. Ik heb 
de afgelopen maanden veel van jullie geleerd en ga nog veel meer van jullie leren. Ontzettend 
dankbaar ben ik dat SeederDeBoer het heeft aangedurfd mij een contract aan te bieden, 
daarvoor wil ik in het bijzonder René, Jurgen, Albert, Paul en Guido bedanken. Een mooi 
bedrijf met stuk voor stuk mooie mensen, een fijn nieuw thuis!

De Lambertsen, Bart, Gemma, Freek, Bram & Maud: dank dat ik intussen al heel wat jaren 
deel mag uitmaken van jullie fantastische gezin. Nooit saai en altijd beweging in de tent. 
Een familie naar mijn hart: een grote liefde voor (veel) eten, lekkere biertjes en gezelligheid. 
Op nog vele mooie jaren!

Er zijn zo ontzettend veel vrienden en vriendinnen die ik wil bedanken, echter ben ik bang 
dat het dankwoord dan wel een significant deel van mijn proefschrift gaat uitmaken. Daarom 
ga ik er slechts enkelen hier noemen. De rest dank ik persoonlijk door middel van het 
aanbieden van een biertje op het feest! 
Anouk en Anne-Marijn, niet vaak samen, maar als we samen zijn is het altijd vertrouwd: 
lafjoeee! De Tsjikkes: alles is beter met een tompouce. Helma, steun en toeverlaat in leuke 
maar ook zeker in verdrietige tijden. Ireen, je bent dan wel niet mijn biologische zusje, maar 
je komt toch wel dicht in de buurt als oudere zus. Lot, de meest positieve persoon die ik 
ken, blijf dat vooral en alles komt goed. Dieke, powervrouw, respect hoe jij altijd alles voor 
elkaar krijgt, ik ga mijn best doen je op te zoeken in Zimbabwe. 
Lotte, samen genieten van eten en acties van anderen: ‘unstoppables’ voor het leven. Marly, 
thanks dat je bent wie je bent chick. Anouk, collega consultant, ben benieuwd wat de 
toekomst gaat brengen. 
Mirte,	lieve	Mufty,	we	did	it!	Wat	wordt	onze	volgende	mijlpaal?

Lieve pap en mam, mijn pluizige hippie ouders die toch ook soms best normaal zijn. 
Dankjulliewel dat jullie er altijd, maar dan ook echt altijd voor mij zijn, ik zou niet weten wat 
ik zonder jullie zou moeten. Ik zeg het niet vaak genoeg, maar ik houd van jullie. En pap, ik 
ben zo ontzettend trots op je! Trots op dat jullie mijn (pluizige hippie) ouders zijn.

Als laatste, het beste paard van stal: allerliefste Toon, my prince charming en regelmatig 
mijn betere helft, al heb ik altijd gelijk. Ik ben je zo ontzettend dankbaar dat je het al zolang 
met mij weet vol te houden. En ik hoop dat je dat blijft volhouden. Dankjewel dat je me altijd 
gesteund hebt bij mijn keuzes. Gaan we nu mijn promotie achter de rug is echt alleen maar 
leuke	dingen	doen	samen?	Ik	houd	duizend	van	je!	Kus
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in Zuidhorn, in the Northern part of the Netherlands. She was 
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‘beneden de rivieren’, of the Netherlands. After graduating 
from Gymnasium Beekvliet in Sint-Michielsgestel in 2005, 
Yoen started to study Medicine at the Radboud University 
Nijmegen, the Netherlands. From 2007 to 2008 Yoen was a 
board member of the Medical Faculty Association and 
member of the board of the Aesculaaf, the faculty pub.
During her internships Yoen developed her interest in surgery. 
During her senior internship Yoen worked at the Surgical 
Oncology Department at the Radboud University Medical 
Center (supervisor: dr. A.J.A. Bremers). The topic of her 
scientific research in her senior year was diagnostic prognosis of pancreatic cancer 
(supervisor: prof. dr. H. van Goor).
After finishing her internships (August 2012) Yoen started working (November 2012) at the 
Department of Surgery at the Jeroen Bosch Hospital as a surgical resident not in training 
(supervisor: dr. W.J.A. Brokelman). From the beginning of her clinical practice she started 
to perform research under supervision of dr. D.J. Lips and dr. H.A. Prins. The topic of the 
research was assessing the safety and feasibility of single-port laparoscopic procedures. In 
February 2015 Yoen had the opportunity to continue her surgical residency (not in training)  
at the Department of Surgery at the University Medical Center Utrecht (supervisor: prof. dr. 
M.R. Vriens). She continued her research at the Jeroen Bosch Hospital and performed a 
clinical evaluation of robot-assisted single-port laparoscopy at the University Medical Center 
Utrecht under supervision of prof. dr. R. van Hillegersberg and dr. J.P Ruurda. The results 
of her research at the Jeroen Bosch Hospital and at the University Medical Center Utrecht 
are presented in this manuscript under supervision of prof. dr. M.R. Vriens and under co-
supervision of dr. D.J. Lips and dr. H.A. Prins.
In 2016 (January) Yoen decided to develop other skills besides clinical practice, in May 2016 
she started working as a consultant at SeederDeBoer (supervisors: J. Schut, A. Visscher, R. 
Seeder). She is focussing on transformations and change management in health care. Her 
ultimate goal is to improve health care, by using techniques and technology to support 
health care professionals to perform their jobs. The right support will make it possible for 
the health care professional to take care and take time to treat their patients.
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