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Introduction

Nowadays laparoscopic surgery is an accepted technique. Although it is possible to do 

many operative procedures by laparoscopy, most general surgeons only routinely perform 

laparoscopic cholecystectomies and appendectomies in this way. The majority of other 

operations are considered to be advanced, technically demanding procedures performed 

only by dedicated laparoscopic surgeons.

Surgical robotic systems were originally designed to perform conventional open surgery 

from a distance in places such as outer space, battlefields and desolated areas. Later on 

these systems were modified for endoscopic applications and to overcome the technical 

obstacles of advanced laparoscopic procedures. 

On comparison with other fields of surgery, vascular surgery does not seem to have 

been touched by the enthusiasm for laparoscopic applications. However, aortoiliac 

surgery in particular could benefit from a less invasive approach. Endoscopic surgery is 

acknowledged to offer the patient the benefits of reduced levels of pain, shorter hospital 

stay, earlier return to daily activities, and furthermore a lower propensity to develop 

incisional hernias (28% for aneurysm repair and 11% after occlusive disease1) as well 

as better cosmesis. Visionary pioneers started the development of endoscopic aortoiliac 

surgery in the early 1990s with experimental work on the approach to the aorta and the 

creation of a stable surgical field. In 1993, the first patient to undergo a laparoscopic-

assisted aortobifemoral bypass was described2. The first totally laparoscopic procedure 

was reported in 19953 and from 1998 onwards, total endoscopic aneurysm repair was 

performed4. Although the first reports showed that the technique was safe and feasible, 

laparoscopic surgery was not embraced. Even today only a few centers offer laparoscopy 

as an alternative surgical procedure in treating aortoiliac disease. Part of the reason 

for this low level of enthusiasm could be that many vascular surgeons are insufficiently 

trained in laparoscopic techniques thus raising the threshold for embarking on this type 

of surgery. On comparison with conventional surgery, laparoscopic surgery requires long 

operative and aortic clamping times and involves a long learning curve. Also, it must be 

remembered that endovascular techniques were introduced at about the same time and 

that these are more easily apprenticed.

The operative procedure can be divided into three parts all of which are essential for a 

trouble-free procedure and all of which have their own pitfalls and problems. The first 

is patient positioning. If the patient is positioned accurately, gravitational force helps to 

expose the surgical field. Extreme positioning is necessary (>70-80° right lateral decubitus 

or 30° Trendelenburg) and carefully placed padding and support is necessary to maintain 

this position during the long operative procedure. This can complicate the procedure by 

increasing the risk of complications such as pulmonary atelectasis, cardiac insufficiency or 
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cerebral edema and the lateral decubitus position can hamper femoral access. Secondly, 

exposure of the aortoiliac vessels and creation of a stable operative field can be difficult. 

Trans- or retroperitoneal approaches have been described, but both remain labor intensive 

and contribute to the long operative time. Suction in the event of bleeding can lead to 

collapse of the operative field and a protruding bowel can hamper the surgeon’s view. Several 

solutions have been suggested including mechanical abdominal retraction, the creation of an 

apron5 or the use of an artificial retractor (the Retis® ) developed by Professor Alimi.

The third part is the vascular anastomosis. Ideally an anastomosis should be created 

using a regular, accurate suture technique with adequate tension and reliable knots in 

the minimum of time. Sutures which are already knotted over pledgets can be used 

to reduce the need for intracorporal knot-tying. Laparoscopic vascular anastomotic 

techniques are characterized by a long learning curve and regular practice is necessary 

to maintain optimal performance. Stapled anastomotic techniques could facilitate this 

part of the operation. Vascular aortic staplers are under development and are reportedly 

ready to use in the clinical setting6. Furthermore, automated knot-tying devices are under 

development (Sudyn®). 

Endoscopic vascular surgery of the aortoiliac vessels is a technically challenging procedure 

and might benefit from facilitation by a surgical robotic system to enhance dexterity, 

accuracy and depth vision and facilitate performance of the vascular anastomoses. 

The first clinical robot-assisted procedures were performed in 1998 in the field of cardiac 

surgery7-9 and soon other clinical applications were found. In gynecology and urology, 

robotic systems were used for the fine and precise manipulations necessary for endoscopic 

tubal reconstruction and radical prostatectomies. In general surgery, the first robot-

assisted laparoscopic procedure was a cholecystectomy performed in 1998 by Himpens10. 

Other surgical procedures such as Nissen fundoplication, gastric banding, colectomies 

and inguinal hernia repair can be performed with the aid of a robotic system. In vascular 

surgery, experience with robotic surgery is limited and only a few patients have been 

operated on with the aid of a robotic system11-14. 

The current application of robotic systems is the facilitation of endoscopic maneuvers. 

However, other features of a robotic system might be useful. In 2001 Marescaux 

performed, a laparoscopic cholecystectomy on a patient in Strasbourg whilst seated at 

the console of a surgical robot in New York15. This first transatlantic procedure, known as 

the Lindbergh procedure, showed that telesurgery (telemanipulation or remote surgery) 

is feasible. The Lindbergh procedure was performed with dedicated ATM fibers resulting 

in a transatlantic time delay of only 155 msec. The latency factor (the time delay between 

the hand motion initiated by the surgeon, the remote robotic manipulator actually 

moving and the image displayed on the surgeons monitor) is supposed to be safe if < 

700 msec16. This requires high speed telecommunication lines. The necessity of a surgeon 
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being present at the operating table to introduce trocars and instruments or to convert 

in the event of a calamity, combined with the latency factor and financial costs, makes 

this feature of a robotic system more of a theoretical advantage than a promising clinical 

application. However, this option might enable a surgeon to be assisted or supervised 

by an expert surgeon in difficult or rare procedures, without moving either patient or 

surgeon from their own hospital. 

Integration of preoperative 3-D CT scan/ MRI with the robotic systems allows interesting 

options for preoperative planning and preparing of the surgical procedure. Using a 

virtual image of the patient, the operative procedure can be simulated and rehearsed 

to perfection. In the future, the digital data from such a perfect rehearsal could be 

transferred to a robotic system and automatically performed on the patient under the 

watchful eyes of a surgeon. 

There used to be two commercially available robotic systems. The Zeus-AESOP (Automated 

Endoscopic System for Optimal Positioning) Microsurgical System by Computer Motion 

and the da Vinci Surgical system by Intuitive Surgical. These two companies merged in 

2003 and only the da Vinci system which has been further developed, is now available.

A surgical robotic system consists of a master-slave unit. The surgeon (master) is seated 

at a console and his movements of the instrument handles are digitized by a computer 

and translated to the robotic (slave) arms, which are connected with the robotic surgical 

instruments at the operating table.

The computer is able to downscale the surgeon’s movements, reducing the actual movement 

of the surgeon several fold and transferring it to the robotic instruments. Furthermore the 

surgeon’s innate tremor is filtered out. Additional degrees of freedom of motion compared 

to conventional laparoscopy can be provided by articulating robotic instruments. All these 

features enhance accuracy in manipulation with surgical instruments.

Another advantage is the elimination of the fulcrum effect by the computer interface. In 

conventional laparoscopy, the instruments are inserted through fixed entry points causing 

the operator’s motions and the tips of the instruments to move in opposite directions. 

With a robotic system both the surgeon’s hands and the instruments move in the same 

direction, making the movements more “intuitive”. 

The endoscope allows for magnification and 3-D visualization of the operative field, 

which is displayed on the surgeon’s video monitor on the console, thereby restoring the 

eye-hand-target- axis. The seated position is also of ergonomic benefit to the laparoscopic 

surgeon, who frequently has to bend and twist their neck and back during conventional 

laparoscopic surgery. This means less postural fatigue and resulting disability.
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Figure 1. Zeus-AESOP robotic surgical system

The Zeus-AESOP system consists of two parts (Figure 1). The console, where the surgeon 

is seated and the three robotic arms, which are controlled by the computer in the console.  

Each robotic arm can be separately mounted on the operating table. One of the robotic 

arms is for the voice-controlled camera (originally with 2-dimensional visualization) and 

the other two are for the surgical instruments. The voice-controlled camera reacts to 

specified programmed simple commands such as “AESOP move up/down”, “AESOP move 

left/right” and “AESOP move in/out”. For voice recognition, the surgeon’s voice needs 

to be installed on the computer by a short voice identification program. This is stored 

on a unique card, which when put into the system enables the voice recognition of the 

operating surgeon. 

The surgeon sits comfortably on a chair in front of the console and sees the operative 

field displayed on the monitor and controls the robotic instruments by means of 

instrument handles. The original Zeus-AESOP version was provided with non-wristed 

surgical instruments with four degrees of freedom (dof) of motion (rotating, moving in 
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horizontal and vertical planes and the moving inwards and outwards of an instrument). 

The actual movements of the instrument handles are digitized and translated to motorized 

movements of the surgical instruments. Motion scaling up from a factor 2:1 to 1:10 is 

possible. Because the system actually consists of two separate parts, the controlling 

surgeon and robotic arms can be separated physically, making remote surgery possible 

via high speed telecommunication lines. The second and, most recent version is equipped 

with instruments with microwrists, providing additional degrees of freedom. The handles 

on the console were changed to improve the ergonomics and to give the idea of 

controlling the instrument with one’s own hands. Furthermore, an imaging system was 

provided with 3-D visualization. However, different visualization systems can be mounted 

on the camera arm and thus combined with the Zeus-AESOP system.

Figure 2. Da Vinci robotic surgical system   
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The da Vinci system consists of a mobile cart into which fixed robotic arms and a surgical 

console are integrated. 

One arm is for the camera, which is equipped with 3D vision. The various wristed 

surgical instruments can be placed on the other arms. The robotic movements are made 

mechanically by a complex system of cables and wires. The mobile cart is installed next 

to the operating table. 

The surgeon is seated in the console. The surgeon controls the instruments using two 

devices, called masters, which are held between thumb and forefinger, thereby creating 

the intuitive feeling that the instruments are the hands of the surgeon. The computer 

translates the movements of the masters to the robotic instruments. The robotic arms in 

combination with the articulating instruments allow six degrees of freedom of movement 

of the instrument tip.  Motion scaling up to a factor of 1:5 is possible. Foot switches are 

used to switch between camera and instrument control. The first da Vinci system was 

provided with three robotic arms, the later version had an additional robotic arm. The 

latest version (da Vinci S) is more compactly built and has a motorized cart. The robotic 

arms are adjusted for improved positioning around the operating table and instrument 

exchange is easier. A high-definition video monitor is added to the mobile cart for easier 

monitor viewing by the surgical team at the operating table.

The robotic arms are dependent on connecting cables from the console for their electrical 

power, thereby limiting the distance between console and the operative area by the length 

of the connecting cables. The da Vinci system is currently not suitable for telemanipulation 

such as the Lindbergh procedure. 

The main drawback of the robotic systems is their lack of haptic feedback. Although in 

normal endoscopy there is also no haptic feedback from the instrument tips, obstruction 

or tension on the instruments can be felt by the surgeon. However, when combined 

with visual feedback such as tissue stretching, most laparoscopic surgeons do not find 

this to be major problem. Nevertheless, in robotic systems movements are translated 

by a computer and no direct “feeling” is possible. The variations within movements like 

forceful or subtle grasping or pulling are completely dependent on visual feedback. 

Another issue is the prolonged operative time. Part of this time is probably due to the 

set-up time required by the robotic system, which will decrease as the operating team 

becomes more experienced. However, changing instruments and repositioning robotic 

arms is more time-consuming than in manual laparoscopy. Furthermore, because of the 

downscaling, robotic movements are slower than manual movements, although their 

actions are more precise. 
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Because of its size, the robotic system dominates the operating table. This can hamper 

the view or movements of the rest of the operating team, and makes assisting the 

surgeon difficult. Preoperative planning of trocar positioning is even more important than 

in conventional laparoscopy, because the robotic arms can obstruct each other if there is 

not enough space between them.

There is also a financial issue: the cost of acquiring a robotic surgical system. The da Vinci S 

costs € 1,490,000 which includes purchase of the full system plus a maintenance contract 

for a year (technical assistance and software updates). Furthermore, the maintenance 

contract costs € 140,000 a year. Instruments, which can be used up to 10 times, cost 

an average of € 2,000 each. This all contributes to extra expenses on comparison with 

conventional endoscopy.

The costs and additional operative time of robot-assisted operations need to be balanced 

against the facilitation of fine and precise surgical manipulations and the learning curve 

of establishing these maneuvers endoscopically.

Although robotic systems are thought to enhance dexterity and accuracy and have 

been repeatedly described as a safe and feasible option, the clinical benefit of robotic-

assisted laparoscopy compared to manual laparoscopy is disputable. Clinical comparative 

studies are sparse.  No major advantage over conventional laparoscopy has been shown 

in cholecystectomies or Nissen fundoplication17,18,19,20,21. Several studies describing 

endoscopic prostatectomies have described shorter operative time and less blood loss 

than in manual endoscopy. However, most reports describe longer operative times and 

higher costs. In laparoscopic vascular surgery only two comparative in vivo series are 

described. Ruurda22 showed in a porcine model (n=6) that robot-assisted laparoscopic 

abdominal aorta replacement was faster, with less blood loss and fewer complications 

than conventional laparoscopy.  Kolvenbach12 reported in a clinical series (n=10) on 

laparoscopic aneurysm repair, that despite significantly shorter anastomosis time robot 

assistance did not reduce overall operative time. 

The aims of this thesis are twofold. To evaluate the potential advantages of a robotic 

surgical system in laparoscopic procedures by comparing it with manual laparoscopy, and 

to examine the potential of this type of system in laparoscopic vascular surgery.

Chapter 2 
To evaluate robot-assisted efficacy in basic endoscopic movements, a series of basic 

endoscopic tasks was performed both with and without a robotic system. In this chapter, 

surgical efficiency was objectively scored with a time-action analysis. To prevent an 

experience bias, laparoscopically naïve persons carried out the procedures. A Zeus-AESOP 

was the robotic system used. 
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Chapter 3
A Zeus-AESOP robotic system was used to assist in performing laparoscopic 

cholecystectomies. In this relatively easy and common operative procedure, the 

performances of the surgeon both with and without the robotic system were compared. 

Operative times were compared and surgical performance was evaluated by time-action 

analysis. To avoid experience bias, surgical trainees with limited laparoscopic experience 

instead of surgeons experienced in laparoscopic techniques performed the operations.

Chapter 4
As the major advantage of the robotic system is the facilitation of advanced laparoscopic 

tasks such as suturing and knot-tying, this could be expected to be of benefit in 

laparoscopic vascular surgery. This chapter describes an experimental study with vascular 

anastomoses. 

Prostheses of different sizes and different suture materials were used to create a 

vascular anastomosis in a laparoscopic training box. A non-laparoscopically-dedicated 

vascular surgeon and a dedicated laparoscopic-gastro-intestinal surgeon each performed 

anastomoses both with and without the Zeus-AESOP robotic system. Time action analysis 

was performed to objectify the results. 

Chapter 5
Advanced endoscopic movements such as suturing and knot-tying entail a learning curve. 

The learning curves of a vascular and a laparoscopic surgeon for laparoscopic vascular 

anastomoses were compared and evaluated. Since the use of a robotic system should 

enhance surgical performance, a shorter learning curve was expected for the robot-

assisted anastomoses than the manually performed anastomoses. Furthermore, the 

influence of laparoscopic experience was evaluated by comparing the learning curves 

of the surgeons. The Zeus-AESOP was the robotic system used; time action analysis was 

used as the surgical performance parameter.

Chapter 6
In Chapter 6 the first robotically-assisted surgical procedures for aortoiliac bifemoral 

bypasses are described. Operative times, results, the problems encountered as well as 

complications are discussed. The first five procedures were done with the Zeus-AESOP 

system, the others with the da Vinci robotic system.

Chapter 7
Although laparoscopy has been implemented in most abdominal surgical procedures, 

vascular surgery has been slower in accepting these techniques and therefore publications 

are limited. A systematic review was performed to evaluate the current status of 

laparoscopy and robotics in vascular surgery and its potential in relation to endovascular 

surgery is discussed. 
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Abstract

Background: The objective of this study was to compare the efficiency of manual and 

robotically assisted laparoscopic surgery. 

Methods: To evaluate the surgical efficiency in a set of basic endoscopic movements, 20 

medical students without any surgical experience were selected to perform at random a 

set of laparoscopic tasks either manually or robotic assisted (Zeus). This task consisted of 

dropping beads into receptacles, running a 25-cm rope, capping a hypodermic needle, 

suturing, and performing a laparoscopic cholecystectomy on a cadaver liver of a pig. 

A quantitative time-action analysis was performed to evaluate the efficacy and skill 

performance in terms of time and the number of actions.

Results: The dropping beads exercise and the laparoscopic cholecystectomy required more 

time when performed with robotic assistance, as compared with manual performance 

(respectively, median, 78.5 s; range, 63 - 122 s vs median, 144.5 s; range, 100 - 169 s; p 

<0.01 and median, 34.0 min; range 11-44 min vs median, 46.5 min; range, 21 - 79 min; 

p = 0.05). A tendency toward fewer total actions in all the robotically assisted exercises 

was observed. However, significance was shown only in the rope-passing task (median, 

71; range, 59 - 87 vs median, 62; range, 57-80; p = 0.05). Grasping the beads, the rope, 

and either the needle or the cap were tasks that required fewer actions to complete 

when performed with robotically assistance (respectively, median, 11; range, 10 - 14 vs 

median, 12.5; range, 11 - 15; p <0.01; median, 56; range, 55 - 60 vs median, 60.5; range, 

55 - 65; p = 0.03, and median, 6; range, 4 - 21 vs median, 10.5; range, 6 - 38; p = 0.02). 

As compared with the robotically assisted rope-passing exercise, more failures were made 

in the manually performed procedure (p = 0.03), mainly caused by unintentional dropping 

of the rope (p = 0.02). 

Conclusion: Robotically assisted laparoscopic surgery by participants without any surgical 

experience might require more time, but actions can be performed equally or more 

precisely as compared with manual laparoscopic surgery.
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Introduction

In recent years, voice- or pedal controlled robotic arms have been developed to handle 

the optics in laparoscopic surgery2. Without any fatigue the robotic arm enables precise 

and direct movement of the visual operating field as ordered by the surgeon. A stable 

and stationary operating field provided the basis for optimal precision and efficacy during 

the procedure1,7.  

Recently, robotic arms have been developed that manipulate the surgical instruments. 

The Computer Motion Zeus Surgical Robotic system (Computer Motion, Inc., Goleta, CA., 

USA) is designed to improve a surgeon’s ability to perform complex and precise surgical 

procedures. It is hoped that the device enables new minimally invasive microsurgical 

procedures that currently are impossible or very difficult to perform. The Zeus-AESOP 

combination is composed of three surgeon-controlled robotic arms: one to position the 

endoscope and two to manipulate surgical instruments. Laparoscopic surgery comprises 

many precise movements in a confined space. The surgeon often has to maintain his 

precision through an operation in an ergonomically unfavorable position hampered by 

tremor and fatigue. Robotically assisted laparoscopic surgery might therefore improve 

surgical performance.

The performance of surgeons in a set of manually and robotically assisted laparoscopic 

tasks is described earlier by Garcia-Ruiz6. Results showed that laparoscopic maneuvering 

and suturing was faster and just as precise when performed manually as when assisted 

robotically. The surgeons in that study had extensive laparoscopic experience, but no 

expertise with robotically assisted laparoscopic surgery. Therefore, in the current study, 

to avoid the bias from earlier laparoscopic experience, 20 medical students without any 

surgical experience were selected to perform, either manually or robotically assisted, a set 

of laparoscopic tasks to evaluate efficiency of manual versus robotically (Zeus) assisted 

laparoscopic surgery.

Materials and Methods

For this study, 20 medical students without any surgical experience were selected to 

perform, at random, a set of laparoscopic tasks (dropping beads in receptacles, running 

a 25-cm rope, capping a hypodermic needle, suturing and performing a laparoscopic 

cholecystectomy on a cadaver liver of a pig) either manually or assisted by the Computer 

Motion Zeus-AESOP Surgical Robotic system. The three robotic arms of the Zeus-AESOP 

Surgical Robotic system were placed in the laparoscopic training box. The two arms 

holding the surgical instruments were controlled by the participant, who was seated at a 

console in a chair with armrests. The two-dimensional endoscope (Karl Storz,Tübingen, 
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Germany) was positioned by the third arm, which was controlled in this study by an 

observer. 

Scales for translation of movements in linear direction and rotation were set 4:1 and 0.5:1 

respectively. These settings reduce movements in a linear direction fourfold, as compared 

with the actual movement made with the manipulators by the participant. Likewise, every 

rotational action was enlarged twofold, as compared with the actual movement. Both 

settings are adjusted to facilitate precise manipulation of the instruments.

Every participant was instructed about the main features of the tasks and taught how 

to operate either the robotic system or the laparoscopic instruments. Before each task, 

with exception of the laparoscopic cholecystectomy, the participants were allowed to 

perform the necessary skill twice to become familiar with the set-up of the exercise. 

Respectively 4mm and 5mm instruments (Karl Storz) were used for the robotically and 

manually performed laparoscopic exercises.  The manual instruments were very similar to 

the robotic instruments.

Exercises
Dropping	beads	
This task consisted of picking up 10 plastic beads from a starting position and transferring 

them crosswise and dropping them into a receptacle. Actions were defined as grasping, 

lifting, transferring and dropping the bead into the receptacle. Unintentional dropping 

and not correctly dropping of the bead into the receptacle were scored as failures. Time 

was recorded from grasping of the first bead to dropping of the 10th bead correctly into 

the receptacle.

Rope	passing
The purpose of this task was to run a 25 x 0.3-cm rope five times. The rope had to be 

grasped alternately with the left and right instruments at the indicated (colored) points. 

During this exercise the rope had to be kept above the floor of the training box. The rope, 

fastened at both ends had 11 predetermined, marked grasping points. Dropping of the 

rope, grasping outside the marked points or grasping without touching the rope were 

defined as failures. 

Needle	Capping
A disposable 20-gauge 1.5 hypodermic needle including a cap was used. Both cap and 

needle were grasped and lifted, after which the needle was capped above the floor 

of the training box. Grasping and capping were defined as actions. Any unsuccessful 

attempt to cap the needle was scored as a failure. 

Suturing
Two running sutures were made on a latex glove. The needle had to enter and exit 

the latex glove on two predetermined, marked parallel lines, which were separated at a 
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distance of 1 cm. A 4-0 Vicryl suture was used. Actions were defined as positioning the 

needle, entering the needle, positioning the needle to exit, exiting and pulling the needle 

through. Misplacement of the needle (i.e. missing the predetermined lines and dropping 

the needle) were scored as failures.

Laparoscopic	cholecystectomy
Using a retractor and scissors a gallbladder was dissected from a cadaver liver of a pig. 

Grasping and cutting were defined as actions, rupture of the gallbladder or lacerations of 

the liver were defined as failures.

Analysis
All the procedures were recorded on videotape (S-VHS) for later analysis by one 

independent observer. The efficiency of both techniques was related to the time and 

numbers of actions to complete the tasks. Failures were scored as a measure for efficacy. 

A quantitative time-action analysis was performed to evaluate the skill performance in 

Table 1. Definitions of standard actions

Action Definition

Grasping bead Grasp bead

Lifting bead Elevate bead out of receptacle 

Transferring bead Move bead above the floor of the training box toward receptacle

Dropping bead Drop bead into receptacle

False dropping of bead Unintentional dropping of bead during task, or dropping not into receptacle

Grasping rope Grasp rope

False grasping rope Grasping rope not at the indicated place, either with the intention to grasp at 
the indicated place, or to support the rope while passing

Dropping rope Rope falls on the floor of the training box

Grasping needle/cap Grasp and elevate needle/cap

Capping needle Put the needle into the cap

False capping Any move to put needle into cap without success

Positioning needle Move needle onto the marked entering line

Entering needle Put needle through the glove on the entering line

Positioning needle Move needle to the marked exiting line

Exiting Put needle through glove on the exiting line

Pulling through Pull needle and suture out through the glove

False suturing Enter/exit not on the marked lines

Dropping needle Unintentional drop of needle during task

Grasping gallbladder Grasp gallbladder after dropping or to improve view or dissection

Cutting gallbladder Cut in dissection plane

Failure gallbladder Rupture of or cutting into the gallbladder

Failure liver Rupture of or cutting into the liver
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In Table 3 median total numbers of actions and range to complete each task are shown. 

Tables 4 and 5 show the median number of actions and range for each separate task. 

Less time was needed to complete the dropping beads task manually (median 78.5 s, range 

63 – 122 s vs 144.5 s, range 100 - 169 s; p<0.01). No significant time differences between 

the two techniques were found in the needle-capping, the rope passing, and suturing tasks 

or performance of the laparoscopic cholecystectomy. Although a time difference seemed 

to favor of the manual dissection of the gallbladder, this was only of borderline significance 

(median 34.0 min; range 11 – 44 min vs 46.5 min; range 21 – 79 min, p=0.05). 

terms of time and number of actions3,4. The definition of the standard actions is described 

in Table 1.

The Mann-Whitney U test was used to compare the differences between the two techniques. 

Data are presented in median numbers of actions and time. Significance was defined as a p 

value less than 0.05. Statistical analysis is performed using SPSS 9.0 for Windows.

Results

All the participants succeeded in performing all five tasks. The results of time-action 

analysis are shown in Tables 2 to 5. In Table 2 median time and range to complete each 

task are shown.

Table 2. Median time per task needed to complete the defined tasks

Manual (n=10) Zeus (n=10) p-value

Time Range Time Range

Beads (s) 78.5  63 - 122 144.5 100 – 169 <0.01

Rope (min) 10.5  7 - 16 10.5     7 – 12 NS

Needle (s) 179.5 89 - 995 214.5  88 – 407 NS

Suture (s) 138.5 85 - 346 131.5  27 – 294 NS

Lap Chol (min) 34.0  11 - 44 46.5 21 – 79 0.05

NS, not significant; Lap Chol, laparoscopic cholecystectomy

Table 3. Total number (median) of actions per task needed to complete the defined tasks 

Manual (n=10) Zeus (n=10) p-value

Total actions(n) Range Total actions(n) Range

Beads 43.5   41 - 51 41.5 40 – 52 NS

Rope 71.0   59 - 87 62.0 57 – 80 0.05

Needle 19.5   9-73 11.5 7 – 46 NS

Suture 15.0   11-23 15.0 11 – 23 NS

Lap Chol 495.5 228 - 998 401.5 224 – 872 NS

NS, not significant; Lap Chol, laparoscopic cholecystectomy
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Table 4. Median number of actions needed to complete the defined tasks

Manual Zeus p-value

Actions(n) Range Actions(n) Range

Dropping beads

Grasping 12.5 11-15 11.0 10 – 14 <0.01

Lifting 10.0 10-12 10.0 10 – 12 NS

Transferring 10.0 10-12 10.0 10 – 12 NS

Dropping 10.0 10-10 10.0 10 – 10 NS

Failure 0.0 0 - 2 0.0 0 – 2 NS

Rope passing

Grasping 60.5 55 - 65 56.0 55 – 60 0.03

Failure 13.0 3-31 6.0 1 – 24 0.03

Needle capping

Grasping 10.5 6-38 6.0 4 –21 0.02

Capping 2 2-2 2 2 – 2 NS

Failure 7.5 0 - 33 3.0 0 – 23 NS

Running Suture

Positioning 3.5 2-8 3.0 2 – 9 NS

Entering 3.0 2-5 2.0 2 – 4 NS

Positioning 3.5 2-9 4.0 2 – 9 NS

Exiting 2.0 2-3 2.0 2 – 3 NS

Pulling through 2.0 2-3 2.0 2 – 6 NS

Failure 1.0 0 - 4 0.5 0 – 5 NS

NS, not significant

A tendency toward fewer total actions for the robotically assisted performed exercises 

was observed. However, significance was shown only in the rope-passing task (median 

71;range 59 – 87 vs 62; range 57 – 80; p=0.05). 

Subanalysis of the various exercises showed that significant more grasping actions were 

needed in the dropping beads task when this task was performed manually than when 

it was performed robotically.  Also, significant more grasping actions were necessary to 

finish the rope-passing task manually (median 60.5; range 55 – 65 vs 56; range 55 – 60; 

p=0.03), and to complete the needle-capping task manually (median 10.5; range 6 – 38 

vs 6; range 4 – 21, p=0.02). Significantly more failures were observed in the manually 

Table 5. Laparoscopic Cholecystectomy: median number of actions needed to complete  task

Manual Zeus p-value

Actions(n) Range Actions(n) Range

Grasping 4.5 2 – 30 6.0 3 – 11 NS

Cutting 490.0 225 - 993 397.5 219 – 865 NS

Failure 1.0 0 - 4 0.5 0 – 2 NS

NS, not significant
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performed rope task (median 13.0; range 3 – 31 vs 6; range 1 - 24, p=0.03). Unintentional 

dropping caused the main difference (manual performance: 2; range 0 – 9 vs median 0; 

range 0 - 3, p=0.02). More failures were recorded in the manually performed needle 

capping and laparoscopic cholecystectomy, although this was not significant. 

Discussion

In this study, the efficiency of robotically assisted laparoscopic surgery versus manual 

laparoscopy was evaluated. Primary efficacy parameters were total time and total number 

of actions needed to complete the tasks. Only in one of the five tasks (the dropping beads 

exercise), was a significant benefit in time observed for manually performed tasks, as 

compared to robotically assisted. A tendency toward a similar advantage in time for the 

manually performed laparoscopic cholecystectomy exercise was found, probably because 

of the limited numbers. The other tasks could be completed faster when robotically 

assisted, although this was not significant.

The total number of actions per task showed no significance in any exercise. However, 

in all but one task (the running-suture skill), the assistance of the robot resulted in fewer 

actions necessary to complete the task. Even a borderline significance in favor of the 

robotically assisted performance was noted in the rope-passing task.

When separate actions are considered, there appears to be a significant advantage in 

movements toward a small object, such as grasping beads, rope, needle or cap. This 

suggests that laparoscopic actions can be better coordinated, when assisted by a robotic 

system. This can be explained in part by the fact that robotically assisted laparoscopic 

maneuvering seems slower than conventional manual control. This is shown in the 

dropping beads skill, in which more time was needed to perform a grasping action when 

it was robotically assisted. More time to perform a movement enables more efficient 

correction and coordination of a movement. Furthermore, the video analysis demonstrated 

smoother and straighter movements of the robotically controlled instruments as compared 

with the actions of the manually controlled instruments that are less securely directed. 

Unfortunately, it was not possible to evaluate the line of movements objectively in this 

study. Wavering movements not only are less precise, but especially in a confined operating 

field, they also are more likely to lacerate adjacent tissue. With robotic assistance, even 

very minute movements can be performed without any tremor. 

A difference in number of failures was apparent in favor of the robotically assisted 

performance in four of the five exercises, whereas in one exercise an equal number of 

failures was noted. These results suggest that instrument control appears to be better 

with the robotic system, which could enhance safety and efficacy in laparoscopic surgery.  

Only one prior study compared manually and robotically assisted laparoscopic surgery, 

concluding that manually performed tasks were as accurate but faster than robotically 
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assisted tasks6. These results probably were biased because all participants had prior 

laparoscopic experience, but no experience with robotically assisted surgery. In the current 

study, none of the participants had any experience with neither laparoscopy nor the 

robotically assisted surgery, permitting the potential benefit of one of both techniques to 

be evaluated more objectively.

Time differences could not be reproduced in the current study for all the tasks. In suturing 

with smaller size sutures Garcia-Ruiz et al6 also found no time difference. Most likely, 

robotically assisted surgery is more beneficial in subtle movements. This benefit can 

become more apparent when more precise surgery is performed because of appropriate 

magnification and setting of the scales for the translation of the range of movements, 

which is not possible in conventional laparoscopic surgery.

Robotically assisted surgery is characterized by lack of tactile feeling. Grasping actions are 

demonstrated to be more efficient in the robotically assisted task than in the manually 

performed tasks, indicating that the necessary feedback for grasping and holding an 

object was not a problem in robotic assisted maneuvers. Likewise there were no 

more lacerations of the gallbladder and liver during the dissection of the laparoscopic 

cholecystectomy. Visual feedback probably gives sufficient information to perform these 

basic skills. This could be different for more advanced skills.

All participants performed all tasks in the same order. When total time and total actions 

per task were regarded as a method for assessing the efforts to complete a task, there 

was not an explicit tendency toward either technique, suggesting that robotically 

controlled laparoscopic surgery is as easy to perform as conventional laparoscopic 

surgery. This finding was supported by Sung et al.9, who reported a short learning curve 

for performance of robotically assisted pyeloplasty in swine kidneys. No significant time 

difference for the total procedure or the anastomosis was reported.

Robotically assisted endoscopic surgery also has been evaluated for cardiac and 

gynecological experimental and clinical surgical procedures5,8. It was found to be safe 

and feasible. Although more time is required for robotically assisted surgery, it remains 

within an acceptable range8. 

Only a limited number of robotic endoscopic instruments are available, which are not 

suited for every surgical procedure. Improvement of these instruments with regard to 

size, purpose and provision of a better tactile feedback and development of a method to 

achieve more depth perception (three-dimensional vision) will facilitate robotically assisted 

endoscopic surgery. 

In conclusion, in performing basic laparoscopic tasks robotically assisted laparoscopic 

surgery results in equal performance in terms of precision and efficiency as compared to 

manually controlled laparoscopic surgery, without much additional operating time.

27Efficiency of robotic basic skills

proefschrif Nio.indb   27 29-8-2007   11:45:30



References

 1. Baca I. Roboterarm in der laparoscopischen Chirurgie. Chirurg 1997;68: 837-839.

 2. Buess GF, Schurr MO, Fischer SC. Robotics and allied technologies in endoscopic surgery. Arch Surg 
2000;135:229-235

 3. Den Boer KT, de Wit LTh, Gouma DJ, Dankelman J. Peroperative time-motion analysis of diagnostic 
laparoscopy with laparoscopic ultrasonography. Br J Surg 1999;86: 951-955. 

 4. Den Boer KT, Straatsburg IH, Schellinger AV, de Wit LTh, Dankelman J, Gouma DJ.  Quantitative analy-
sis of the functionality and efficiency of three surgical dissection techniques: a time-motion analysis. J 
Lap Endosc & Adv Surg Tech 1999;9: 389-395.

 5. Falcone T., Goldberg J.M., Margossian H., Stevens L. Robotic-assisted laparoscopic microsurgical tubal 
anastomosis: a human pilot study. Fertil Ster 2000;73:1040-1042

 6. Garcia-Ruiz A, Gagner M, Miller JH, Steiner ChP, Hahn J. Manual vs robotically assisted laparoscopic 
surgery in the performance of basic manipulation and suturing tasks. Arch Surg 1998;133:957-961.

 7. Jacobs LK, Shayani V, Sackier JM. Determination of the learning curve of the AESOP robot. Surg 
Endosc 1997;11: 54-5.

 8. Reichenspurner H, Damiano RJ, Mack M, Boehm DH, Gulbins H, Detter C, Meiser B, Ellgass 
R, Reichart B. Use of the voice-controlled and computer-assisted surgical system zeus for endoscopic 
coronary artery bypass grafting. J Thorac Cardiovasc Surg 1999;118: 11-16

 9. Sung G.T., Gill I.S., Hsu T.H.S. Robotic assisted laparoscopic pyeloplasty: a pilot study. Urology 
1999;53:1099-1103

28 Chapter 2

proefschrif Nio.indb   28 29-8-2007   11:45:30



Chapter

3
Robot-assisted Laparoscopic Cholecystectomy versus Conventional 

Laparoscopic Cholecystectomy: a Comparative Study

Nio D, Bemelman WA, Busch ORC, Vrouenraets BC and 
Gouma DJ 

Surg Endosc 2004;18:379-82  

proefschrif Nio.indb   29 29-8-2007   11:45:30



Abstract

Background: The efficacy of conventional laparoscopic cholecystectomy (CLC) was 

compared with robot-assisted laparoscopic cholecystectomy (RLC). Surgical trainees 

performed the LC to avoid the surgeon’s experience bias. 

Methods: Two surgical trainees performed 10 CLCs and 10 RLCs at random with a Zeus-

AESOP Surgical Robotic System. The primary efficacy parameters were the total time 

and the number of actions involved in the procedure. The secondary parameters were 

set-up and dissection times, and the number of grasping and dissection actions. Surgical 

complications were evaluated.

Results: For CLC and RLC, respectively, the total times were 95.4 ± 28 min and 123.5 ± 

33.3 min and the total actions were 420 ± 176.3 and 363.5 ± 158.2. For CLC, the times 

required for set-up (21 ± 10.4 min) and dissection (50.2 ± 17.7 min) were less than for RLC 

(33.8 ± 11.3 min and 72 ± 24.3 min, respectively). The numbers of grasping and dissection 

actions were not significantly different: 41.4 ± 26.5 and 378 ± 173.7, respectively, for CLC 

versus 48.9 ± 27 and 314.6 ± 141.9, respectively, for RLC. 

Conclusion: Although feasible, RLC requires significantly more time than CLC because of 

slower performed actions.
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Introduction

Developments in surgical robotics have resulted into two commercially available robotic 

systems: Zeus-AESOP Surgical Robotic System(Computer Motion, Galeta, CA, USA) and 

the da Vinci (Intuitive Surgical, Mountain View, CA, USA). Introduced first for cardiac 

surgery4,11, the early experience and promising results led to a search for further use in 

other surgical specialties. Already, a variety of surgical procedures have been performed 

with the assistance of a robotic system2,6,8. Most studies are case reports and small series 

showing the safety and feasibility of a robotic system applied in laparoscopic surgery, 

although operating times are prolonged. Robotic systems are thought to enhance 

laparoscopic movements, making them more precise and easier to perform. The robotic 

instruments have additional degrees of movement and provide scale adjustment, all 

resulting in an improved surgical performance.

Only a few studies have compared robotic with conventional laparoscopic surgical 

performance1,3,7,10. This study aimed to compare the efficacy of robot-assisted 

cholecystectomy (RLC) with conventional laparoscopic cholecystectomy (CLC). To 

overcome the experience bias (more experience with conventional [manual] laparoscopic 

surgery than with robot-assisted surgery), surgical residents with average laparoscopic 

expertise performed all the operations.

Methods

In this study, 20 consecutive elective patients underwent laparoscopic cholecystectomy 

for symptomatic cholelithiasis: 10 with the use of a robotic system (Zeus) and 10 by 

conventional surgery. The limited availability of the robotic system and its shared use with 

the cardiovascular department made it impossible to randomize patients. Over a period 

of 4 weeks, the robotic system was used when available, and during the same period, all 

the conventional laparoscopic cholecystectomies also were performed. Informed consent 

was obtained for the robot-assisted procedures.

All the procedures were performed in day care surgery. Patient characteristics are 

shown in Table 1. Previous abdominal surgery in the CLC group consisted an abdominal 

hysterectomy and appendectomy for one patient and laparoscopic sterilization and open 

appendectomy for the other two patients. In the RLC group previous abdominal surgery 

included a cesarean section.

The Zeus-AESOP Surgical Robotic System (Figure 1) was used with 6 degrees of available 

movement for the instruments (dissection clamps and two different types of graspers), 

three-dimensional vision, and a voice-controlled camera (Karl Storz, Tübingen, Germany). 

Three-dimensional (3D) vision was established with an optical shutter screen and 
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3D glasses. Movement scales were set for 3:1 translation and for 0.5:1 rotation. This 

modulation resulted in a reduction of the straight movements made by the robotic arms, 

as compared with the actual movements made by the surgeon, and an augmentation 

of the rotational movements. For the conventional procedures, standard laparoscopic 

equipment with a 2D camera (Karl Storz, Tübingen, Germany) was used.

All the surgical procedures were performed by two surgical training residents with limited 

laparoscopic experience (20 laparoscopic cholecystectomies each) and supervised by a 

laparoscopic surgeon. Each resident performed five conventional and five robot-assisted 

laparoscopic cholecystectomies. To become familiar with the robotic system, both trainees 

followed a course of robotic training with basic exercises such as grasping small objects, 

running a rope hand-over-hand, and performing 10 rows of running sutures before 

starting the robotic procedures. Details of the exercises have been described previously10. 

An experienced nurse trained in robotics was present during all robotic procedures to 

assist with draping, presenting of instruments and positioning of the robotic arms.

All the CLC procedures were performed according to the critical view of safety as described 

by Strasberg et al.13, with the surgeon at the left side and an assistant at the right side 

of the patient using a 4-trocar approach. For the RLC dissection of the gallbladder, the 

Figure 1. Surgeon behind console (left). Robotic arms situated on the operating table (right).

Table 1. Patient characteristics 

Conventional LC Robot-assisted LC p-value

Male:female 1:9 4:6

Age (median years) 44 43 NS

BMI (median kg/m2) 25 28 NS

Time of complaints (median months) 10 6 NS

Cholecystitis (n) 0 0 NS

ERCP (n) 2 0 NS

Previous abdominal surgery (n) 3 1 NS

NS, not significant; BMI, body mass index; ERCP, endoscopic retrograde cholangiopancreatography
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operation on the cystic duct and artery was performed with robotic instruments, whereas 

the cystic duct and artery were ligated manually with clips.

All the procedures were recorded on videotape for later time-action analysis5. The 

primary efficacy parameters were total time and total number of actions. The secondary 

parameters were set-up and dissection times and the number of grasping and dissection 

actions. The set-up time was defined as the time from desinfection of the operative field 

until the start of the dissection. The dissection time was defined as the time from the 

start of dissection (grasping of the fundus and/or Hartmann’s pouch of the gallbladder) 

until the moment the gallbladder was completely freed from the liver. The total operating 

time was defined as the time from desinfection to skin closure. The grasping actions 

were defined as every grasping action with any instrument, and the dissection actions 

were defined as every movement used to dissect such as tearing, coagulation, cutting, 

spreading, and the like.

Robot-assisted LC has been shown previously to be safe and feasible2, 8, 12. A difference in 

patient outcome with regard to hospital stay and surgical complications was not expected. 

However, hospital stay, surgical complications (biliary injury), and adverse events such as 

hepatic lacerations or gallbladder perforations also were noted. Statistical analysis was 

performed using SPSS 10.0 for Windows. The independent sample t-test was used to 

compare the differences. A p-value less than 0.05 was considered significant. Data are 

presented as mean ± standard deviation.

Results

All 20 cholecystectomies were performed without conversion to open cholecystectomy. 

There were no technical problems with the robotic system. Trocar port placements were 

altered (more separated) after the first robot-assisted procedures (Figure 2) and differed 

from that for the conventional procedures, because of interference of the robotic arms.

The single results per patient are shown in Figure 3. 

Tables 2, 3, and 4 compare efficacy parameters and patient outcome results between 

CLC and RLC. As shown in Table 2, significantly less time, for both set-up and dissection, 

was needed for the conventional procedures. The details of set-up time show that draping 

of the robotic arms is not responsible for additional time required for RLC (9.2 ± 4.5 min 

for CLC vs 11 ± 3.6 min for RLC). The additional time originates with the time needed 

from the first incision to introduction and positioning of the robotic arms and instruments 

(17.8 ± 17.1 min for CLC vs 22.8 ± 9 min for RLC).

Fewer actions were needed for RLC, although this difference was not significant (Table 3). 

All the patients were discharged the same day, and all had an uneventful postoperative 

course. None were readmitted for complications. Two gallbladder perforations were noted 

in the CLC group attributable to dissection in the wrong tissue planes. Four gallbladder 
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Figure 3. Efficacy parameters per patient. Each single patient is represented by a marker on the 
horizontal axis, the results for time (figure 2a and 2b) and number of actions (figure 2c and 2d) on 
the vertical axis.

Figure 2. Altered positioning of trocars in robot-assisted laparoscopic cholecystectomy
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perforations occurred in the RLC group, three attributable to the grasper, with which it 

was difficult to grasp and hold, and which had to be replaced on the gallbladder more 

often than in the CLC group. Two liver lacerations, both in the CLC group, caused by an 

uncontrolled movement of the diathermy hook during dissection of the gallbladder from 

the liver.

Discussion

Initial reports concerning robot-assisted surgery have shown it to be feasible and safe, 

although all robotic procedures tend to last longer than conventional laparoscopic 

procedures1,3,9. However, in the cited studies the procedures were performed by 

experienced laparoscopic surgeons, which can result in a technical bias because robotic 

experience cannot be equivalent to the laparoscopic experience of surgeons. To overcome 

this bias and reduce this possible advantage of conventional laparoscopic procedures, 

surgical trainees with limited laparoscopic experience and standard robotic training 

Table 4. Patient outcome (total numbers) 

Conventional LC Robot-assisted LC p-value

Hospital stay (days) 0 0 NS

Complications (n) 0 0 NS

Gallbladder perforations (n) 2 4 NS

Hepatic lacerations (n) 2 0 NS

NS, not significant

Table 2. Time in minutes (mean ± standard deviations) 

Conventional LC Robot-assisted LC p-value

Set-up time 21.0 ± 10.4 33.8 ± 11.3 0.016

Dissection time 50.2 ± 17.7 71.0 ± 24.3 0.042

Total time 95.4 ± 28.0 123.5 ± 33.3 0.056

NS, not significant

Table 3. Number of actions (mean ± standard deviations) 

Conventional LC Robot-assisted LC p-value

Grasping 41.4 ± 26.5 48.9 ± 27.0 NS

Dissection 378.7 ± 173.7 314.6 ± 141.9 NS

Total number of actions 420.1 ± 176.3 363.5 ± 158.2 NS

NS, not significant
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performed the operations. The results of this study are consistent with previous results 

showing that operating time is longer for robot-assisted procedures. As compared with 

other studies, the robot-assisted operating time in the current study was longer. Cadière 

et al.2 performed an RLC in a median operating time of 70 min (range, 25–120 min) 

and Marescaux et al.8 in 108 min. However, because their operating times were not 

specified, these results are not comparable. In both studies the robotic surgeons were 

more experienced (in robotic and presumably also conventional laparoscopic procedures), 

so it seems that with increased experience, the necessary operating time for robotic 

procedures improves. The robotic arms of the Zeus can be placed on the side rails of the 

operating table from movable trolleys so this will not result in additional necessary set-up 

time. Draping of the system (the robotic arms) did not contribute to the required extra 

time. In robotic surgery, extra time was needed to set-up and position the robotic arms 

and instruments before the actual dissection started. Ruurda et al.12 reported a decrease 

in set-up time with increasing experience. Although a different robotic system was used 

in our study, a similar effect was to be expected. Port positioning was different and more 

patient dependent because of interference of the robotic arms with each other. This also 

has been described by other authors2,8. Most reports describe the additional required 

time for robot-assisted procedures, but do not specify the possible cause. Time-action 

analysis in the current study showed that during surgery, robotic movements are slower 

because fewer actions are needed for RLC, resulting in 1.5 times more operating time. 

This can be explained by several factors. Although it is claimed that robotic systems are 

easy to use, a longer learning curve may be necessary than originally thought.

Handling of the robotic arms, particularly for the additional degrees of freedom, was 

not very effective. In the next generation of the robotic model, this problem has already 

been addressed. Furthermore, robotic movements are made more cautiously, probably 

because of the scale adjustment, which makes finer and more controlled movements 

possible. This fine-tuning probably has no advantage in a laparoscopic cholecystectomy, 

and results only in more operating time. However, optimal scale adjustment, adapted 

to the need of the surgeon and the surgical procedure, probably will benefit surgical 

performance.

Likewise, the surgical instruments need to be modified to the specific surgical procedures. 

In the current study, the graspers and dissection clamps used were originally developed 

for cardiac microsurgery. These instruments are too delicate for grasping the gallbladder 

safely. The graspers were not able to hold the gallbladder firmly, hampering adequate 

tissue retraction and resulting in suboptimal exposure and dissection possibilities. The 

dissection clamps were not equipped with diathermy, which is routinely applied in 

laparoscopic cholecystectomy for dissection. Others have mentioned the lack of tactile 

feedback previously4,6.

The missing information concerning the amount of tension or traction also was noted 

as a disadvantage of the robotic system in the current study. Although visual feedback 

can compensate partially, this can be expected to cause more difficulties during more 
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complicated actions such as laparoscopic suturing and knot tying. Another problem was 

the quality of the 3D vision system, which did not provide much depth vision and had a 

low resolution. This can be resolved easily because another 3D videoscope or system can 

be mounted on the Zeus.

Despite all these (technical/starting) problems, fewer actions were necessary for RLC. It can 

be expected that with adjusted robotic instruments and a better visualization system the 

performance of the robotic system will improve.

In conclusion, laparoscopic cholecystectomy currently does not benefit from robotic 

assistance. With the performance of more and more complex operations by laparoscopy, 

improved robotic systems, and growing experience with robotic surgery, it is likely that 

robotic systems will support and enhance laparoscopic surgical performance in the future.
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Abstract

Background: Robot-assisted surgery is thought to facilitate complex laparoscopic 

movements, enhancing advanced laparoscopic procedures. 

Objective: To evaluate the benefit of robotic assistance for laparoscopic vascular 

surgery. 

Design: Experimental study using prosthetic conduits in a laparoscopic training box. 

Methods: Two surgeons each performed 40 laparoscopic vascular anastomoses 

alternating with and without robotic assistance. A Zeus-AESOP surgical robotic system 

with 3-D visualisation was used. Each surgeon made 40 anastomoses in total, using 

different prostheses (5 mm PTFE and 16 mm Dacron) and suture material (Prolene and 

PTFE). A time-action analysis was performed to evaluate surgical performance. Primary 

efficacy parameters were quality and leakage of the anastomosis, total time and total 

number of actions. 

Results: Equal quality scores and anastomotic leakage were achieved with both techniques. 

Robotic assistance resulted in significant longer suture and knot-tying time and significant 

more actions were needed compared to the manual laparoscopic procedures. Significant 

more failures occurred during the robot-assisted procedures. 

Conclusion: In this study, robotic (Zeus-AESOP) assistance did not improve the 

laparoscopic performance of the surgeon whilst making vascular anastomoses.
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Introduction 

Robot-assisted surgery (also known as surgical telemanipulation or computer-assisted 

surgery) was first introduced in cardiac surgery1. After initially successful reports, 

implementation of robotic systems in various other surgical procedures has been evaluated. 

Most studies show feasibility at the cost of additional operating time2–4. 

Robot-assisted surgery is thought to result in a better surgical performance, since finer 

and more controlled movements can be made by adjustment of motion scales. Likewise, 

movements can be performed without tremor. Surgical performance is further enhanced 

by an extra degree-of-freedom in movement provided by the robotic instruments, which 

have an additional articulating joint at the tip. Most benefit is to be expected in procedures 

with small movements in a confined space such as vascular anastomoses5.

The aim of this study was to compare manual laparoscopic vascular anastomoses with 

robot-assisted vascular anastomoses in an experimental setting.

Methods 

Two surgeons, an experienced laparoscopic surgeon and an experienced vascular 

surgeon, performed laparoscopic vascular anastomoses with prosthetic graft material in a 

laparoscopic training box, alternately with and without robotic assistance. Both surgeons 

did not have any experience with robot-assisted surgery, although before the start of 

the experiment they were trained on the robotic system. Basic exercises (grasping and 

dropping beads in cylinders, rope passing and needle capping) as described previously8, 

were repeated five times and 10 rows of running sutures were made. 

A Zeus-AESOP surgical robotic system (Computer Motion, Santa Barbara, California, USA) 

with 4 degrees of freedom (DOF) movement instruments and 3-D visualization (Karl Storz, 

Tübingen, Germany) was used. Although six DOF instruments were available, the needle 

drivers appeared to be too large to hold the small needles and thus we choose to work 

with more appropriate sized four DOF instruments. 3-D vision was established with an 

optical shutter screen and 3-D glasses. Rotation and motion translation scales were both 

set at medium conversion. 

For manual laparoscopic procedures standard laparoscopic instruments and a 2-D camera 

(Karl Storz, Tübingen, Germany) were used. The prostheses were fixed on the floor of a 

laparoscopic training box and each surgeon made 40 end-to-end anastomoses with two 

different sized protheses: 5 mm polytetra-fluoroethylene (PTFE) (WL Gore and Associates, 

Flagstaff, Arizona, USA) and 16 mm Dacron (Vascutek Ltd, Inchinnan, Scotland). Two 

different suture materials were used: Prolene 6.0/c-1needle (Ethicon, Norderstedt, 

Germany) and cv5 PTFE/TT-13 needle (WL Gore and Associates, Flagstaff, Arizona, USA) 

in the PTFE prostheses and Prolene 3.0/JMH-1 needle (Ethicon, Norderstedt, Germany) 
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and cv3 PTFE/TT-17needle (WL Gore and Associates, Flagstaff, Arizona, USA) in the 

Dacron prostheses. 

Each surgeon made 20 anastomoses with the PTFE conduits, the first 10 with Prolene, and 

the second 10 with PTFE suture material. Then, 20 anastomoses with Dacron prostheses 

were made, the first 10 with Prolene, followed by 10 with PTFE sutures. The required 

number of sutures was left at the discretion of the surgeon and a total of five throws was 

set as a standard for knot tying. 

Time-action analysis was used to evaluate surgical performance6. Primary efficacy 

parameters were quality and leakage of the anastomosis and total time and number of 

actions. Secondary parameters were suture time, number of stitches, suture actions and- 

failures, knot tying time, number of knots, knot-tying actions and -failures, suture breaks 

per anastomosis and number of actions per minute. 

The visual aspect was defined as quality of the vascular anastomoses. On a three point 

scale (1: poor, 2: moderate, 3: good) five items: horizontal and vertical regularity of 

stitches, patency, in/eversion and dehiscence of the anastomosis were scored by two 

blinded independent observers. The mean score of the observers was noted as quality 

score. Leakage was tested using a 100 mmHg saline pressure system and total leakage in 

milligram of lost saline in 10 s was noted. 

All procedures were video-taped and scored by an independent observer. 

The Mann–Whitney U-test with a Bonferroni correction for multiple testing was used to 

compare the differences between the two techniques and a univariate analysis was used 

to evaluate the independent factors that influenced total suture- and knot-tying time 

and actions per anastomosis. Data are presented as median and range. Significance was 

defined by p<0.05. Statistical analysis was performed using SPSS 10.1 for Windows. 

Table 1. Action definitions

Suturing

Grasping needle Grasp the needle

Grasping suture Grasp the suture

Grasping prosthesis Grasp the prosthesis

Sticking needle (attempt to) Perforate the needle through the prosthesis

Dropping Unintentional drop of either needle or suture

Breaking suture Breaking of the suture

Knot tying

Grasping Grasp the needle/suture

Making loop Make a loop to tie a knot

Dropping Unintentional drop of either needle or suture

Breaking suture Breaking of the suture
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Results 

All anastomoses were completed but in three cases the surgeon did not succeed in making 

at least one knot. This happened twice in the robot-assisted laparoscopic performed 

anastomosis (RLA) and once in the manual laparoscopic performed anastomosis (MLA), 

all with the use of Prolene 6.0 suture material and 5 mm PTFE prostheses. This was 

probably caused by multiple breaks of the suture, which resulted in short, damaged 

suture ends, hampering knot-tying and the surgeon ended the procedure after repetitive 

attempts. Since all failures happened at the start of the series, this can be attributed to 

lack of experience of the surgeon.

Efficacy of MLA compared with RLA 
Primary	efficacy	parameters	
Quality scores 13.5 (10.5–14.5) vs. 13.0 (7.5–14.5) and leakage of the anastomoses 18.5 

(4–41) vs. 22.5 (3– 45) mg/10 s were not significantly different for MLA compared to RLA. 

Significantly, more time and actions were required during RLA 34 (20–61) min and 238.5 

(153–136) actions compared to MLA 20.0 (12–41) min and 200 (124–280) actions. 

Secondary	efficacy	parameters	
The number of stitches, knots, knot-tying failures and total suture breaks was not 

significantly different for both techniques. Both suturing and knot-tying in RLA resulted in 

Table 2. Efficacy parameters of manual laparoscopic (MLA) compared with robot-assisted 
laparoscopic vascular (RLA) anastomoses 

MLA (n=40) RLA (n=40) Significance

Primary parameters

Quality score (0-15) 13.5 (10.5-14.5) 13.0 (7.5-14.5) NS

Leakage (mg/10s) 18.5 (4-41) 22.5 (3-45) NS

Total time (min) 20.0 (12-41) 34 (20-61) P<0.01

Total actions 200 (124-280) 238.5 (153-136) P<0.01

Secondary parameters

Suture time (min) 17 (11-38) 30 (17-54) P<0.01

Number of stitches 17.5 (12-29) 17 (10-34) NS

Suture actions 182 (110-244) 218.5 (137-297) P<0.01

Suture failures 3 (0-20) 5 (1-18) P<0.01

Knot-tying time (min) 2 (1-12) 4 (0-10) P<0.01

Number of knots 5 (0-8) 5 (0-9) NS

Knot tying actions 14.0 (9-59) 19.0 (10-95) p=0.03

Knot-ting failures 0 (0-2) 0 (0-2) NS

Total suture breaks 0 (0-2) 0 (0-3) NS

Actions/minute 9.4 (6.2-13.7) 6.9 (4.4-10.6) P<0.01
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more required time and more actions compared to MLA. More failures were made when 

suturing RLA compared to MLA. A lower rate of actions per minute was achieved during 

RLA compared to the MLA (Table 2). 

Univariate analysis revealed that technique (manual laparoscopic vs. robot-assisted 

laparoscopic) and suture material (Prolene vs. PTFE) were independent factors influencing 

suture and knot-tying time, total actions and failures. 

Discussion 

The feasibility of robotic systems has been shown in many surgical procedures4. 

However, only a few objective studies have compared robotic with manual laparoscopic 

procedures3,5,7–9. Most studies of robot-assisted operations report feasibility at the 

expense of longer operating time. The additional value of a robotic system for laparoscopic 

performance in general surgery has yet to be defined. At present, the clinical outcome and 

results of robot-assisted laparoscopic surgery are no better than conventional or manual 

laparoscopic surgery7,12. Most benefit seems to arise in microsurgery and manipulations in 

a small space3,4,13. Laparoscopic vascular surgery for aortoiliac disease potentially benefits 

from a robotic system by improving and facilitating laparoscopic suturing and knot tying, 

as reported for microvascular anastomoses in cardiac surgery1–3,13. Feasibility and safety 

has been shown in a case-report10.

Our results show that MLA and RLA are equal in quality, but the latter requires more 

operating time. Time-action analysis showed that more actions were needed in RLA. 

The additional time required needed for the robotic procedures might be explained by 

several factors. Significantly, more actions to complete a stitch or knot were necessary 

during RLA compared to MLA, which probably accounts for the majority of the additional 

time. Scale settings for movement-translation to the robotic arms enhance and facilitate 

surgical precision. However, this can be time consuming, if the surgeon has to make 

more movements to accomplish this accuracy. This is supported by the finding that RLA 

was associated with a lower number of actions per minute compared to MLA. Ideal 

scale settings will probably vary for different surgical procedures and surgeons. A study 

comparing the number of movements made by the surgeon and the robotic arms could 

perhaps clarify this issue. 3-D visualization used in this study, enabled depth perception, 

but the concurrent loss of resolution resulted in loss of vision, which hampered the robotic 

procedures at the expense of extra time. This problem will be solved with the use of a 

better visualization system in future. 

Compared to open surgery tactile feedback in laparoscopic surgery is reduced but still 

present. With robotic instruments there is a total lack of tactile feedback. Though visual 

feedback seems to be able to compensate in simple grasp and hold movements8,11 it 

is imperative to assess suture tension to prevent breaks. This lack of tactile feedback 
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probably caused more and slower movements, as well as more suture breakages. Haptic 

feedback may solve this problem in the future. 

In conclusion, this study shows that vascular anastomoses can be made robot-assisted 

(Zeus-AESOP) or manual laparoscopically with equal quality. 

However, the robot-assisted (Zeus-AESOP) technique requires more time and actions. 

Robot-assisted surgery is still developing and with more experience and adjusted 

equipment robotic performance is likely to improve. 
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Abstract 

Background:	 Considerable training is necessary to master laparoscopic suturing and 

knot-tying. Robotic systems are assumed to facilitate these skills and shorten the learning 

curve. The effect of laparoscopic experience and robotic assistance on the learning curve 

of vascular anastomoses was studied. 

Methods:	A laparoscopically experienced surgeon and a laparoscopically inexperienced 

surgeon made alternating laparoscopic vascular anastomoses and robot-assisted 

laparoscopic vascular anastomoses using a Zeus–AESOP surgical robotic system with 

various prosthetic conduits and suture materials in a laparoscopic training box. 

Results:	Neither laparoscopic method influenced the quality score or leakage rate, but 

with laparoscopic experience, significantly fewer failures were made. Suturing and knot-

tying were faster with laparoscopic experience both with and without the robotic system, 

and fewer stitch actions and knot actions were performed. The learning curves of both 

surgeons were not improved by the robotic system.

Conclusion:	Experience is the most important factor in the performance of laparoscopic 

vascular anastomoses. The robotic system was not helpful in shortening the learning 

curve. 
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Introduction

The definitive role for laparoscopic surgery in treating aortoiliac disease is not yet defined, 

but experience with laparoscopic vascular surgery is growing. Initially, only dissection was 

performed endoscopically, but complete laparoscopic vascular procedures for abdominal 

aneurysm repair and occlusive disease have been reported1,3,5,8,10,11. Although the 

safety and feasibility of these procedures have been demonstrated, all authors stress the 

importance of training and experience to reduce operating time and complications1,3,5,8. 

The achievement of new skills coincides with a learning curve. Only after a certain 

number of repetitions, during which surgical performance shows great variation, is 

a consistent and higher level of performance obtained. The effect of learning curves 

on surgical performance (reduction of operating time and complications) has been 

identified for advanced laparoscopic procedures such as colorectal surgery and Nissen 

fundoplications12,20.

Presumably, considerable training also precedes the ultimate skill for performing a 

vascular anastomosis safely and swiftly. To facilitate endoscopic surgery, surgical robotic 

systems have been introduced, and a variety of robot-assisted procedures, including 

vascular anastomoses, have been described2,4,7,11,13,21. Because tremor is filtered out, 

hand–eye axis is restored, and motion translation can be adjusted, robot-assisted surgery 

potentially enables the surgeon to make precise and fine movements easier than with 

conventional endoscopic surgery. In the performance of basic laparoscopic skills, robotic 

assistance increases speed and consistency, as compared with standard laparoscopic 

training16,22. However, this could not be substantiated for advanced laparoscopic skills 

using the Zeus–AESOP surgical robotic system. Vascular anastomoses were made more 

efficiently laparoscopically than with robot assistance14. Robotic assistance might shorten 

the learning curve, particularly for the laparoscopically inexperienced surgeon. 

In this study the effect of laparoscopic experience and robotic assistance on the learning 

curve of vascular anastomoses was studied. A time-action analysis was used to assess the 

performance of a laparoscopically experienced surgeon and a laparoscopic inexperienced 

surgeon6. Both were novices with robotic systems. 

Methods

In an experimental setting, a laparoscopic surgeon (LS) and a vascular surgeon (VS) 

without experience in laparoscopic surgery performed laparoscopic vascular anastomoses 

using prosthetic conduits with and without robotic assistance. 
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Study design
A Zeus–AESOP surgical robotic system (Computer Motion, Santa Barbara, CA, USA) 

with three-dimensional (3D) visualization and movement instruments with 4 degrees of 

freedom (DOF) (Karl Storz, Tübingen, Germany) was used. With an optical shutter screen 

and 3D glasses, 3D vision was established. For the manual laparoscopic procedures, 

standard laparoscopic instruments and a 2D camera (Karl Storz) were used. Rotation and 

motion translation scales were set on medium conversion, as advised by the Computer 

Motion staff. 

To become familiar with the robotic system, both surgeons performed basic laparoscopic 

exercises with the robotic system: picking up and dropping beads in cylinders, rope 

passing, needle capping, and running sutures, as described previously, before the start of 

the study15. All exercises were performed five times. 

The prostheses were fixed at the floor of a laparoscopic training box. Two different 

sizes of prostheses were used: 5-mm polytetrafluoroethylene (PTFE) (W.L. Gore and 

Associates, Flagstaff, AZ, USA) and 16-mm Dacron (Vascutek, Inchinnan, Scotland). Four 

different sutures were used: Prolene 6.0/c-1 needle, Prolene 3.0/JMH-1 needle (Ethicon, 

Norderstedt, Germany), cv5 PTFE/TT-13 needle, and cv3 PTFE/TT-17 needle (W.L. Gore 

and Associates). 

Each surgeon performed 20 laparoscopic and 20 robot-assisted end-to-end anastomoses, 

alternatively with and without the robotic system. This minimized the influence of 

experience with either technique. First, the 5-mm PTFE conduit with Prolene 6.0 suture 

was used, followed by the 5-mm PTFE conduit with cv5 PTFE suture. Subsequently, the 

16-mm Dacron conduit with cv3 PTFE suture was used, followed by the 16-mm Dacron 

conduit with Prolene 3.0 suture. Each anastomosis was performed five times. The required 

number of sutures was left at the discretion of the surgeon, and a total of five knots was 

set as a standard for knot-tying. 

Efficacy parameters
Anastomoses were scored on quality and leakage, as described previously14. A time-action 

analysis was used to evaluate surgical performance. Movements were defined by separate 

actions, with a lower number of actions implying better efficiency and performance6. 

Action definitions are described in Table 1.

For suturing, four separate actions were defined. A minimum of five actions is necessary 

to perform one stitch: grasping the needle, perforating one prosthesis, grasping the other 

prosthesis, perforating this prosthesis, and grasping either the needle or suture to pull 

through. Frequently, either one of the conduits was grasped additionally for stabilization, 

or the needle was grasped and repositioned to perforate the second prosthesis. For knot-

tying, two separate actions were defined: grasping the needle/suture and making a loop 

with the suture. At least three actions are required to tie a knot: grasping the needle or 

suture, making a loop, and grasping the other suture end or needle. Suture breaks and 
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unintentional dropping of the suture or needle were defined as failures. All procedures 

were recorded on videotape and scored by an independent observer. 

The primary efficacy parameters were quality and leakage of the vascular anastomoses and 

the number of actions per stitch and knot. The secondary parameters were the number of 

stitches per minute, the number of knots per minute, and the number of failures. 

The learning curve was defined by the progress in efficacy and visualized in graphics. As 

the efficacy parameter, the number of actions per stitch (suturing) or actions per knot 

(knot-tying) was used. Suturing and knot-tying were separately evaluated. The influence 

of a robotic system was evaluated by comparing the learning curves of the laparoscopic 

vascular anastomoses (LVA) and the robot-assisted vascular anastomoses (RVA) of both 

surgeons. Learning curves were constructed by comparing progress between each set of 

five sequential anastomoses. Linear trend lines were drawn between minimum, median, 

and maximum necessary numbers of action of each set of anastomoses. 

Statistical analysis was performed using the Mann–Whitney U test with a Bonferroni 

correction, using SPSS 11.0 for Windows. Data are presented as median and range. 

Significance is defined by a p-value less than 0.05. 

Results

The suturing of all anastomoses was completed. Three anastomoses were not tied 

because the VS failed to make even one knot. Because of repetitive suture breaks, suture 

ends were very short, and despite multiple attempts, knot-tying was not completed. This 

happened once in the laparoscopic procedure and twice in the robot-assisted procedures, 

all in the first series of five anastomoses. 

Table 1.  Action definitions of suturing and knot-tying 

Suturing 

Grasping needle Grasp the needle

Grasping suture Grasp the suture

Grasping prosthesis Grasp the prosthesis

Sticking needle (Attempt to) perforate the needle through the prosthesis

Dropping Unintentionally drop either needle or suture

Breaking suture Breaking the suture

Knot-tying 

Grasping Grasp the needle/suture

Making loop Make a loop to tie a knot

Dropping Unintentionally drop either needle or suture

Breaking suture Break the suture
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Influence of laparoscopic experience
The results of the LS and VS for laparoscopic and robot-assisted procedures are shown 

in Table 2. Laparoscopic experience did not enhance the quality or leakage rate of 

the anastomoses for either the laparoscopic and robot-assisted procedures. However, 

laparoscopic experience enhanced surgical performance and efficacy, because more 

stitches and knots per minute were made, and a lower number of actions per stitch 

and knot were required, although not all significantly. The laparoscopic surgeon had 

significantly fewer failures. 

Influence of robotic assistance
Even after the series of vascular anastomoses, suturing and knot-tying were more 

efficiently performed laparoscopically by both surgeons than with the robot-assisted 

technique (Table 2), as described earlier14. 

Table 2. Efficacy of laparoscopic and robot-assisted vascular anastomoses made by a laparoscopic 
and a vascular surgeon. Effects of laparoscopic experiencea 

Efficacy parameters LS (n = 20)
n (range) 

VS (n = 20)
n (range) 

Significance 
p-value 

Quality score (3–15)

LVA 13.5 (11.5–14.5) 13.0 (10.5–14.5) NS

RVA 13.0 (10–14.5) 13.0 (7.5–14.5) NS

Leakage (mg/10 s)

LVA 17.0 (4.0–36.0) 18.5 (7.0–41.0) NS

RVA 19.5 (4.0–40.0) 24.0 (3.0–45.0) NS

No. of actions per stitch

LVA 8.0 (6.8–12.3) 10.0 (8.4–16.7) <0.01

RVA 11.0 (8.7–16.3) 13.0 (5.2–26.4) 0.01

No. of actions per knot 

LVA 3.0 (2.2–8.3) 3.5 (2.4–9.8)b NS

RVA 4.5 (2.4–9.0) 4.0 (2.6–14.0)c NS

Stitches per min

LVA 1.0 (0.5–2.0) 1.0 (0.4–1.5) NS

RVA 0.5 (0.3–1.0) 0.5 (0.2–1.5) NS

Knots per min

LVA 2.5 (0.6–5.0) 1.5 (0.5–5.0)b <0.01

RVA 1.5 (0.5–5.0) 1.0 (0–2.0)c NS

No. of failures

LVA 2.0 (0–5.0) 5.0 (0–21.0) <0.01

RVA 4.0 (1.0–10.0) 6.0 (3.0–19.0) <0.01

LS, laparoscopic surgeon; VS, vascular surgeon; LVA, laparoscopic vascular anastomoses; RVA, 
robot-assisted vascular anastomoses; NS, not significant. aNumbers are in median and range;. 
b n = 19; c n = 18
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Learning curves
Suturing
Figure 1 shows the learning curves for suturing. For the LS, efficacy improved gradually 

(with laparoscopy slightly faster than with robot-assistance), and the slope of the learning 

curves were nearly similar for robot-assisted and laparoscopic suturing. An improvement 

in consistency, as shown by conversion of the trend lines, was seen for the robot-assisted 

procedure.

The VS had an obvious learning curve with laparoscopic and robot-assisted suturing. A 

steeper learning curve was seen for robot-assisted suturing than for laparoscopic suturing. 

However, this could be attributed to the higher number of action/stitches with the use of 

the robot in the first series. Laparoscopic suturing was characterized by less variation in 

the number of actions required to complete a stitch. 

Figure 1. Learning curve. Efficacy of suturing and numbers of actions per stitch. Linear trend lines 
are drawn between the minimum, median, and maximum numbers of actions per stitch for each 
series.

Knot-tying
Figure 2 shows the learning curve for knot-tying. Over time, the efficacy and consistency 

for robot-assisted knot-tying of the LS improved. The efficacy of laparoscopic knot-tying 

did not improve after multiple repetitions. 

For the VS, median numbers and trend lines are based on the three robot-assisted and 

four laparoscopically performed anastomoses in the first series of five anastomoses, 

because not all the knots were completed. 

When the learning curves of both surgeons were compared, the VS had a steeper 

learning curve than the LS, but failed to achieve equal efficacy in the end. The steepness 

of the learning curve was determined mainly by the higher number of actions required 
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to complete the first five anastomoses. This was even more pronounced for the robot-

assisted than for the laparoscopic anastomoses. 

Discussion

Robot-assisted surgery is assumed to ease advanced laparoscopic surgery and is expected 

to shorten the learning curve. This concept is particularly attractive for the laparoscopically 

inexperienced surgeon who wants to avoid a long learning period to obtain advanced 

Figure 2. Learning curve. Efficacy of knot-tying and numbers of actions per knot. Linear trend lines 
are drawn between the minimum, median, and maximum numbers of actions per knot for each 
series. For the VS, maximum trend lines could not be reproduced, because knot-tying succeeded 
only 3 and 4 times, respectively.
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laparoscopic skills. The current study was performed to evaluate the idea that robotic 

assistance shortens the learning curve required to master advanced laparoscopic surgery. 

Using the Zeus–AESOP system, we have not been able to show that robotic assistance 

shortens the learning curve for performing vascular anastomoses. However, laparoscopic 

experience did enhance efficient surgical performance, not only in manual but also in 

robot-assisted laparoscopic suturing and knot-tying. 

Laparoscopic experience resulted in higher surgical efficacy in performing both robot-assisted 

and laparoscopic anastomoses at the start of the study. After performing 20 anastomoses, 

the efficacy of both the LS and the VS was nearly equal for the laparoscopic anastomoses, 

whereas the LS still performed the robot-assisted anastomoses better than the VS. This 

suggests that although laparoscopic suturing and knot-tying is difficult at the beginning, 

technical skill can be acquired quickly and improves with exercise. Robotic assistance did 

not seem to improve the efficacy of the laparoscopically inexperienced surgeon, nor did it 

shorten his learning curve, as compared with laparoscopic performance. 

The efficacy of the robot-assisted procedures was lower overall, and most difference 

was seen at the beginning, suggesting that an additional “robotic” skill is necessary for 

working with this robotic system. This may be different with another robotic system, 

because Ruurda et al.17 described equal performance of surgeons with either limited or 

extensive robotic experience using the da Vinci system (Intuitive Surgical, Sunny Vale, 

CA, USA). It is expected that an articulating instrument will improve efficacy. Obtaining 

a wider range of motion requires less precision in the positioning of instruments and can 

enhance efficacy. Although robotic instruments with 6 DOF also were available for the 

Zeus–AESOP system, the needleholders were too large to hold the small sized needles 

steadily, so instruments with 4 DOF were used in this experiment. 

In contrast to our results, Prasad et al.16 described shorter learning curves and better 

consistency with robot-assisted than with manual laparoscopic exercises using the Zeus–

AESOP surgical robotic system. This can be explained by the simplicity of the tasks (bead 

transfer and rope passing) for which a shorter learning curve might be expected. Another 

study with the da Vinci system also showed a shorter learning curve for use of the 

robot by novice participants to do simple tasks, as compared with manual laparoscopic 

procedures22. However, no difference in learning curves for laparoscopically, experienced 

participants between robotic and manual endoscopic suturing was found. 

In the current study, surgical performance was assessed using time and number of actions 

required to perform an operative procedure. As a result, learning curves are shown as an 

improvement in action per time. Motion translation and scale reduction of robotic systems 

make manipulating easier and more precise, but also slower. As a consequence, robotic 

procedures can be quicker only if fewer actions are required. Besides efficacy (number of 

actions per movement), economy of motion, accuracy, and number of errors are important 

aspects of learning curves. Other means for evaluating surgical accuracy objectively have 

been described. Motion tracking of instrument tips or upper limbs of the surgeon probably 

are good alternatives for evaluating efficacy and learning curves9,18,19. 
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It can be questioned whether the end of the learning curve was reached after 20 

repetitions. Considering the trend lines, the LS progression did stabilize both with and 

without the robot. For the VS, a continuing improvement of efficacy in laparoscopic 

suturing could be expected. 

Ideally, more participants were recruited to participate in this study to exclude a bias 

caused by the skill of the surgeon. However, the limited availability of the Zeus–AESOP 

system and personnel forced us to use only two surgeons. 

In conclusion, laparoscopic and robot-assisted vascular anastomoses are feasible. Although 

advanced skills are required, exercise is associated with a quick progression of efficacy. 

Laparoscopic experience is of help and shortens the learning curve. In this study, the 

theoretical advantage of an accelerated learning curve attributable to robotic assistance 

could not be substantiated. Extensive practice remains the key to surgical efficacy. 
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Abstract

Background: Robotic technology may facilitate laparoscopic aortic reconstruction. We 

present our early clinical experience with laparoscopic aortobifemoral bypass, aided by 

two different robotic surgical systems.

Methods: Between February 2002 and April 2004, we performed eight robot-assisted 

laparoscopic aorto-bifemoral bypasses for aortoiliac occlusive disease. All patients were 

male; median age was 55 years (range: 36–64). Dissection was performed laparoscopically 

and the robotic system was used to construct the aortic anastomosis.

Results: A robot-assisted anastomosis was successfully performed in seven patients. 

Median operative time was 405 min (range: 260–589), with a median clamp-time 

of 111 min (range: 85–205). Median blood loss was 900 ml (range: 200–5800).

Median anastomosis time was 74 min (range 40–110). In two patients conversion was 

necessary, one due to bleeding of an earlier clipped lumbar artery after completion of 

the anastomosis, the other because of difficulties with the laparoscopic exposure of the 

aorta. On post-operative day 3 one patient died unexpectedly as a result of a massive 

myocardial infarction. Median hospital stay was 7.5 days (range: 3–57).

Conclusion: Our initial experience with robotic assisted laparoscopic surgery (RALS) shows 

it is a feasible technique for aortoiliac bypass surgery. However, laparoscopic aortoiliac 

surgery demands considerable experience and operative times need to be reduced before 

this technique can be widely implemented.
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Introduction

Laparoscopic vascular surgery for aortoiliac disease has evolved from hand-assisted 

laparoscopic to total laparoscopic procedures1–8. Although impressive series of totally 

laparoscopic procedures have been reported, it is still not widely accepted and considered 

a demanding procedure6–8. Laparoscopic dissection and exposure of the aorta can be 

complicated by loss of visualization due to leakage of carbon dioxide or the intrusion 

of bowel into the operative field. In addition, making a totally laparoscopic vascular 

anastomosis requires experience and technical skill. Robotic systems have been shown to 

facilitate advanced laparoscopic techniques, such as suturing, knot-tying and performance 

of vascular anastomosis9. We report our early experience with two different robotic 

systems for totally laparoscopic aortobifemoral bypass.

Methods

In a period of 26 months (between February 2002 and April 2004) eight patients 

underwent robot-assisted aortobifemoral bypasses after informed consent. The number of 

patients is low due to the limited availability of the robotic systems and reducing indication 

for this procedure. In the reported study period, a robotic system was not available for 

several months. The first (Zeus-AESOP) system was on a limited loan and only recently 

our hospital acquired a da Vinci system. During the whole period we performed 18 

procedures for occlusive aortoiliac disease: eight robot-assisted aortobifemoral bypasses, 

two conventional open aortobifemoral bypasses (severe ischemic rest pain, could not be 

postponed), two endarteriectomies (limited disease), four revascularization procedures 

for aortoiliac and renal or visceral occlusive disease, one acute type B dissection with 

mesenteric, renal and lower extremity ischemia and one aortobifemoral bypass as 

replacement of an infected prosthesis. All patients were conventionally operated on via 

a transperitoneal route. Because our experience with manually laparoscopic vascular 

anastomoses was insufficient, the infrarenal aortobifemoral bypasses in patients with 

severe ischemic rest pain were conventionally operated in the period of absence of a 

robotic system. Suprarenal, mesenteric revascularization and redo surgery were not 

deemed suitable for laparoscopic surgery with our current experience. The first five 

patients were operated with a Zeus-AESOP surgical robotic system (Computer Motion, 

California, USA) and the latter three patients were operated with a da Vinci surgical 

system (Intuitive Surgical Inc, California, USA). 

Surgical Technique
All operations were performed by the same surgical team (vascular surgeon (WW) and 

laparoscopic surgeon (MAC)), whereas the first two procedures were accompanied by a 
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vascular surgeon with extensive robotic experience (CG)10. A system engineer was present 

to assist all procedures. 

Median age was 55 years (range 36–64). Operative indications were intermittent 

claudication (n=7) or ischemic rest pain (n=1). Mean ankle-arm index (AAI) was 0.51 ± 0.20 

in rest; 0.30 ± 0.15 following exercise. Pre-operative work-up consisted of an arteriogram 

(n=7) or MRA (n=1). Five patients had unilateral occlusion of the common iliac artery (CIA) 

in combination with occlusion of the external iliac artery (EIA) with contralateral stenosis 

in the iliac arteries. Two patients had occlusion of the CIA with extensive stenotic lesions 

in the ipsilateral EIA and stenotic lesions in the distal aorta and contralateral iliac arteries. 

One patient had a distal aortic occlusion in combination with occlusion of the iliac arteries 

on both sides. Because of the length and severity of the occlusive and stenotic lesions 

surgical treatment was preferred to endovascular revascularization.

All operations were performed under general anesthesia and dissection of the aorta was 

performed laparoscopically, subsequently the robotic system was introduced and the aortic 

anastomosis was performed. Patient positioning varied with robotic system. The robotic 

arms of the Zeus are connected to the operating table rails and the patients were placed 

in a supine position with the left flank slightly tilted as described earlier10. The arms of the 

da Vinci are mounted on a mobile surgical cart, which is positioned next to the operating 

table. Patients were placed in a right lateral decubitus position with rotation of the pelvis 

for access to the femoral arteries. The da Vinci unit was placed at the right (ventral) side of 

the patient, with the robotic arms positioned over the patient (Figure 1). 

In the first two patients conventional laparoscopic dissection of the aorta was performed 

using the apron technique with suspension of the apron to the anterior abdominal wall as 

described by Dion et al11. These patients have been described in a case report earlier10. 

In the remaining six patients retroperitoneal dissection was performed with a dissection 

balloon (Origin Medsystems Inc., Menlo Park, California, USA) under intraperitoneal 

laparoscopic visual control to establish the creation of a pneumoretroperitoneum12. 

Femoral arteries were dissected manually by standard groin incisions. 

All patients were given systemic heparin before clamping of the aorta. A polytetrafluorore-

thylene (PTFE) (WL Gore and Associates, Flagstaff, Arizona, USA) prosthesis was stained 

orange with rifampicine to prevent light reflections. A PTFE graft was used because of 

the relative stiffness of this material. This enabled us to bend the edges of the prosthesis 

to facilitate eversion of the anastomosis. CV-4 PTFE (WL Gore and Associates, Flagstaff, 

Arizona, USA) sutures were used. Extra-corporally two sutures were cut to the appropriate 

length and tied, thereby creating a custom made double-armored suture. A U-stitch was 

placed in the heel of the prosthesis, where after the prosthesis with sutures in place was 

introduced through one of the trocars and an end-to-side anastomosis was made with a 

running suture technique. A zero degree endoscope was used for the dissection and a 

30-degree endoscope for the vascular anastomosis. Six 10 mm trocars were introduced in 

the right hemi-abdomen to allow dissection and provide visibility of the aorta (Figure 1). 
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Results 

In all patients, the aortobifemoral bypass was successfully implanted; however, additional 

abdominal incisions were necessary in two patients. In one case (#6), after making 

the robot-assisted aortic anastomosis, bleeding from an earlier clipped lumbar artery 

resulted in a loss of visibility that coincided with severe declamping hypotension. An 

acute conversion was made by means of a 15 cm flank incision to control the bleeding. 

The robotic vascular anastomosis showed no leakage. The patient, however, required 

Figure 1. Set-up of da Vinci with trocar positioning. Operating room set-up. RC, robotic cart; C, 
surgeon control console; S, Surgeon; AS, assistant surgeon; SN, scrub nurse.
Inset: R, right robotic arm; L, left robotic arm; A, surgical endoscope positioner. Trocar positions in 
abdominal wall: C, Aortic clamp; F, fan retractor
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prolonged post-operative respiratory support and developed transient renal failure and 

severe critical illness polyneuropathy. At follow-up after 6 months he had made a near 

complete recovery. 

The second conversion (case #8) was caused by tearing of the peritoneum, which resulted 

in continuous CO2 leakage and bowel migrating into the retroperitoneal space, thereby 

obstructing the operative field and vision. A 15 cm flank incision was made for retraction 

and performance of a hand sewn end-to-side anastomosis. 

On the 3rd post-operative day one patient died unexpectedly due to a massive myocardial 

infarction. At autopsy, pin-point stenoses of the left anterior descending coronary artery 

was found, that unfortunately had been missed during the pre-operative cardiac work-up. 

All aortic anastomoses were dry and patent following removal of the aortic clamps. 

Some technical problems with the robotic system (Zeus) were encountered. Several times 

the instruments malfunctioned and once the voice-controlled AESOP camera system did 

not respond, resulting in significant operative delay. A suture break occurred once (case 

#7), during performance of the robotic anastomosis, requiring the use of an additional 

suture. 

Median operative time was 405 min (range: 260–589), with a median clamp-time of 111 

min (range: 85–205). Median anastomosis time was 74 min (range: 40–110). Median 

blood loss was 900 ml (range: 200–5800). Median hospital stay was 7.5 days (range: 

3–57). (Table 1). Median follow-up was 12 months (range: 3–30). Five patients remained 

free of intermittent claudication, one had a pain free walking distance of 300 m due to 

pre-existent infrainguinal occlusive disease, and one patient had a limited walking distance 

due to dyspnoea of cardiac origin. AAI’s were normal (>1.0) in all but one patient (0.7). 

Duplex examination at 6 months intervals revealed all anastomosis to be patent without 

stenoses or false aneurysms. 

Table 1. Operative results per patient.

Operating
 time (min)

Anastomosis 
time (min)

Clamp-time
(min)

Blood loss
(ml)

ICU stay
(days)

Hospital 
stay (days)

Conversion Follow-up
(months)

1 290 74 104 200 1 4 No 30

2 260 60 90 200 1 6 No 30

3 380 65 125 700 1 8 No 16

4 420 85 175 1000 1 4 No 12

5 455 110 205 800 3 3 No -

6 589 40 105 5800 16 57 Yes 6

7 390 60 117 1650 1 6 No 3

8 495 - 85 3000 1 10 Yes 3
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Discussion 

Laparoscopic surgery has developed rapidly since its introduction. Even though operative 

times are longer the benefit of laparoscopic surgery (less pain and post-operative 

complications, reduced hospital stay, earlier return to work and better cosmetic 

appearance) are well recognized and laparoscopic surgery has become the standard 

for several procedures13.The enthusiasm for laparoscopic aortoiliac surgery is, however, 

low. Despite early positive reports it has not been widely embraced5,6,7,8,14 . Two major 

problems are encountered: the maintenance of a stable operative field with clear vision 

and the performance of the vascular anastomosis. 

For the laparoscopic dissection of the aorta three different techniques are used: a 

transperitoneal route, a retroperitoneal route and an apron technique11,14,15. With 

the transperitoneal approach, intrusion of bowel in the operative field is prevented by 

(extreme) patient positioning, in the latter two approaches, the peritoneum is used 

towards this goal. The first patients were operated on with the use of an apron peritoneal 

layer, which provided a stable operative field. However, it also proved to be a tedious and 

time consuming technique. The retroperitoneal approach with a dissection balloon can 

be performed quickly, but results in a relatively small retroperitoneal space which easily 

collapses with suction or CO2 leakage. The retroperitoneal flap is thin and even a small 

hole in this layer results in CO2 leakage or intrusion of bowel, with collapse of the working 

space or loss of visibility. For the transperitoneal route15 the patient has to be extremely 

rotated, which interferes with the positioning of the da Vinci robotic arms. 

Vascular anastomoses can be performed totally laparoscopically, which requires advanced 

laparoscopic skill and regular practice to maintain these skills. Robotic surgery facilitates 

laparoscopic suturing and knot-tying by robotic instruments with additional degrees 

of freedom and 3D-vision, bypassing intensive practice. An additional advantage of a 

robotic system is the minimal dissection of the aorta and iliac vessels required. Robotic 

systems were used for the vascular anastomosis only. Both robotic systems have distinct 

advantages. The table mounted arms of the Zeus are not obstructive and leave many 

options for patient positioning. The da Vinci system on the other hand, is bulky and 

dominates the surgical field. Concerning technical performance of the robotic instruments, 

the da Vinci offers more degrees of freedom and manipulation of its instruments is more 

intuitive. 

When compared to total laparoscopic procedures5,6,7 reported operating times are 

longer (375, 227 and 290 vs. 405 min) especially considering the fact that in the series 

reported by Kolvenbach6 and Coggia7 two laparoscopic aortic anastomoses were made. 

However, both authors have a great amount of clinical experience with laparoscopic 

(assisted) vascular surgery and are supposed to have passed their learning curve. When 

compared to the earliest totally laparoscopic series for aortobifemoral bypasses by Dion5 

clamping time and anastomosis time are similar (121 and 66 min vs. 111 and 74 min). 

In the reported robot-assisted cases by Kolvenbach,6 operating time and aortic cross 
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clamping time were longer, but robot-assisted aortic anastomosis time was significantly 

shorter (52.7 vs. 40.8 min). The set-up time and mechanical problems with their robotic 

system was associated with longer operating time despite shorter anastomosis time. An 

improved robotic system might also shorten operating times. Difficulty performing aortic 

dissection is the main factor prolonging the operative time for this procedure. Another 

report by Desgranges16 describing robot-assisted procedures also reports prolonged 

dissection time. Operating time was short (188 min) but in 3/5 patients a minilaparotomy 

was performed for exposure of the aorta. Aortic anastomotic time was not reported, 

but mean cross clamping time was 75 min. The robotic instruments have more degrees 

of freedom of movement and facilitate actions that cannot be made by conventional 

instruments and improve efficacy by reduction of actions to make endoscopic stitches 

and knots, however, at present the anastomotic time is prolonged9 .

A robotic system is an expensive laparoscopic adjunctive instrument. Although, a cost 

analysis was not performed in our study, but robotic-assisted surgery can be assumed 

to be more expensive than open and conventional laparoscopic surgery. This should be 

taken in consideration before starting RALS. Robotic systems are still developing and 

improving. Technical improvements will reduce the complexity of robotic systems and 

probably shorten the learning curve for the vascular surgeon. 

In conclusion, RALS for aortoiliac surgery can be of additional value in overcoming the 

long learning curve in laparoscopic suturing of vascular anastomoses. However, in this 

study the laparoscopic exposure of the infrarenal aorta was time consuming and not 

always predictable. Therefore, this procedure requires continued research before wide 

implementation can be expected. 
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Abstract

Objective: The objective of this systematic review is to evaluate the results of clinical 

studies on laparoscopic surgery for aorto-iliac disease. 

Methods: A systematic review of the literature from 1966 to September 2006 on 

laparoscopic and robotic vascular surgery was performed. Only patient series containing 

more than 5 cases were included. Operative, clamping and anastomosis times, conversion, 

mortality and morbidity and hospital stay were evaluated. 

Results: Thirty studies were identified. These were all descriptive and included 9 

comparative studies. Operative times varied widely, the shortest being for hand-assisted 

procedures (2.5–4 hours) and the longest for totally laparoscopic procedures (4–6.5 

hours). Clamping times were all < 1 hour in hand-assisted procedures while in other 

techniques clamping times from 1–2.5 hours were seen. The conversion rate varied from 

<5% up to 16% in smaller series. The mortality rate was approximately 5% and frequently 

caused by cardiac ischemia. A variety of problems ranging from minor local wound 

problems to cardiopulmonary- and renal insufficiency, bleeding, ureter lesions and graft 

thrombosis were described. Mean hospital stay for nearly all procedures was <1 week. 

Conclusion: Experience of laparoscopic surgery for aorto-iliac disease is still limited. 

Most study results are biased by patient selection. Only a few surgeons have mastered 

the required surgical technique and more data are needed to asses the clinical potential 

of this type of surgery, in comparison with the endovascular alternative. For wider 

implementation simplification of the surgical procedure seems necessary. 
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Introduction 

In 1993 Dion1 took the first step towards laparoscopic vascular surgery by performing a 

laparoscopic assisted aortobifemoral bypass. Since then various endoscopic techniques 

and approaches have been developed to make laparoscopic treatment of occlusive and 

aneurysmal disease of the aorto-iliac vessels possible. At the same time, the number of 

endovascular options for treatment of aorto-iliac disease is still growing and the role 

of laparoscopic vascular surgery should be considered against the background of these 

ongoing developments. 

Laparoscopic techniques include totally laparoscopic (both dissection and anastomosis 

carried out laparoscopically) as well as laparoscopic-assisted techniques involving 

hand-assisted laparoscopy (hand-assisted to facilitate the total procedure) and 

laparoscopic-assisted (laparoscopic dissection combined with a mini-laparotomy to 

perform a conventional vascular anastomosis). Recently, endoscopic surgery has seen 

the introduction of surgical robotic systems. In laparoscopic vascular procedures, these 

systems are mostly used to facilitate laparoscopic suturing of the anastomosis, and 

sometimes they are applied to the dissection of the aorta.2- 6 

The objective of this systematic review is to evaluate the results of clinical studies on 

laparoscopic and robotic surgery for aorto-iliac disease. 

Methods 

Literature search 
A computer-assisted search was performed in the medical databases Medline (from 

January 1966 to September 2006), Embase (from January 1988 to September 2006) and 

the Cochrane Database of Systematic Reviews, using the keywords “laparoscopy AND 

vascular surgery”. With the assistance of a clinical librarian an additional extensive search 

was performed using a combination of the following Medical Subject Heading (MeSH) 

terms: Surgery, Laparoscopy, Endoscopy, Vascular Surgical Procedures, Aorta, Abdominal, 

Renal Artery, Iliac Artery, Gastroepiploic Artery, Epigastric Arteries, Aortic Aneurysm, 

Abdominal, Iliac Aneurysm, Abdomen, Arteries, Aneurysm, Aortic Diseases, Arterial 

Occlusive Diseases. After identifying relevant titles, the abstracts of these studies were 

read to decide if the study was suitable. A manual search of reference lists of studies thus 

obtained was conducted for any relevant articles not found in the computerized search. 

Criteria for inclusion 
Clinical studies eligible for inclusion were those which described laparoscopic surgery 

performed for aorto-iliac disease. Case reports and small series <5 patients were excluded. 

Articles in languages other than English and German were excluded. 
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To be eligible articles had to describe original patient series. Studies containing duplicate 

material were excluded and the larger of the studies, containing the best documented 

data was included for analysis. Studies describing or evaluating the laparoscopic operative 

techniques without operative data were excluded. Data on operative, clamping and 

anastomosis times, hospital stay, mortality, complications and conversion were retrieved. 

Exclusion criteria were evaluated to identify which patient population would be suitable 

for laparoscopic surgery. 

Study quality 
Each article included was appraised by two reviewers using the critical review checklist of 

the Dutch Cochrane Centre7 (Table 1). This list evaluates the quality of the study by using 

the following key statements which in the form of questions can be answered with yes 

(+), no (-) and uncertain (?). 

1.  For a clear definition of study population the aneurysm size and TASC (TransAtlantic 

Inter-society Consensus) classification or equivalent description for both aneurysm 

repair and occlusive disease must be plainly stated.

2.  Selection bias could only be sufficiently excluded if information on the complete 

cohort under treatment was stated.

3.  A clear description of method of intervention was defined as one that stated numbers 

and types of operative procedure (e.g. bifurcation or tube grafts, uni- or bilateral 

bypasses).

4.  A clear definition of outcomes and outcome assessment was defined as one that 

stated operative and hospital data numerically.

5.  Independent assessment of data was acceptable only if independent or blinded 

observers had performed data collection and evaluation.

6.  Duration of follow-up was considered to be adequate only if follow-up during the 

entire hospital stay up to discharge was complete.

7.  Selective loss to follow-up was suspected if excluded or converted patients were not 

accounted for in the study.

8.  Important confounders and prognostic factors excluding the issues addressed in 

statements 1 and 2 were, for instance, change of exclusion criteria resulting from 

increasing experience and the learning curve.

Furthermore, each study was evaluated using a list of detailed study characteristics as 

proposed by the Meta-Analysis of Observational Studies in Epidemiology (Moose) group.8 

Studies were scored on 8 items. Each item was graded on a scale of 0 to 2 depending on 

the information available, so that the perfect study would have a maximum score of 16. 

1.  Consecutive series: 0=not reported, 1=not consecutive, 2=consecutive.

2.  Prospective series: 0=not reported, 1=retrospective, 2=prospective.
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3.  Report on excluded patients: 0=not reported, 1=number only, 2=number and reason 

of exclusion.

4.  Surgical indications: 0=not reported, 1=general description like occlusive disease or 

aneurysm, 2=details of extent of lesions (TASC) or aneurysm size.

5.  Surgical procedures: 0=not reported, 1=total number only, 2=number of each 

procedure. (e.g. bifurcation or tube graft)

6.  Conversion: 0=not reported, 1=number only, 2=number and reason of conversion.

7.  Morbidity: 0=not reported, 1=number, 2=number and specifications of 

complications.

8.  Mortality: 0=not reported, 1=number, 2=number and cause of death.

The authors had full access to the data and take responsibility for its integrity. All authors 

have read and agree to the manuscript as written. 

Results 

The initial search yielded 755 articles; 625 articles were excluded because they covered a 

topic other than laparoscopic surgery of the aorto-iliac tract. Ten papers were written in 

languages other than English or German (5 Czech, 3 French, 1 Italian, 1 Danish). Thirty-

six experimental studies, comments, reviews, descriptions of complications and operative 

techniques were excluded. 

Sixty-six potentially eligible articles remained,1-6,9 -68 including 14 case reports1,3,9,17,23, 

25,31,34,43,44,45,58,66,67 and 6 small series.4,5,15,20,52,56 Two studies described laparoscopic 

re-intervention surgery after previous surgery55,57 and were excluded, as they were not 

considered standard procedures. Several authors were over-represented in the selected 

studies. Only the largest, most complete series were used, leading to a reduction of 14 

articles13,14,16,18,22,27,33,35,38,42,48,49,62,64.

In the remaining 30 articles, 8 hand-assisted (6 occlusive disease, 2 aneurysm), 6 

laparoscopic assisted (3 occlusive disease, 3 aneurysm), 17 totally laparoscopic (11 

occlusive disease and 6 aneurysm) and 2 robot-assisted series (1 occlusive disease and 1 

aneurysm) were described. 

The total reported number of operated patients was 1044, 630 for occlusive disease 

and 414 for aneurysm repair. Data from these studies, sorted according to operating 

technique and disease (occlusive disease/aneurysm) are shown in Table 2 and Table 3. 

Study Quality 
All 30 selected studies were observational including 9 comparative studies (with 

contemporary series,21,26,46,50,51,61 historical controls,36,37 and endovascular repair49). 

Because of the heterogeneity of the studies (varying types of operative technique and 

surgical procedure) pooling of data was not considered appropriate. Quality assessment 
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of the studies (Table 1) showed two important deficits in most studies: inadequate 

description of the study population (mainly for occlusive disease) and a suspected selection 

bias of patients. 

The total quality score of the description of the study characteristics is shown in the 

last column of Table 1. Although operative data are well documented, their quality is 

influenced if information on whether data were retrospectively or prospectively acquired 

and if patients were consecutively included is missing. 

The few comparative studies,21,26,36,37,46,50,51,61 showed identical trends of longer 

operative time and shorter hospital stay. 

Patient Selection 
To identify which patients are potentially suitable candidates for laparoscopic vascular 

surgery, exclusion criteria were evaluated. The most frequently mentioned exclusion criteria 

were class 4 ASA (American Society of Anesthesiologists classification) patients or those 

with severe non-treatable coronary disease, extensive aortic calcification or associated 

visceral occlusive disease or who had undergone previous major abdominal surgery. In 

laparoscopic aneurysm repair, inflammatory and ruptured aneurysms were also mentioned 

as exclusion criteria. The more experienced authors did however operate in the presence of 

adiposity, concomitant visceral occlusive disease or if suprarenal clamping was necessary. 

Conversion 
In total, 78/1044 patients (7%) laparoscopy was converted to open surgery. The rate 

of conversion varied, with the highest number of conversions occurring in the smaller 

series. In series of >50 patients conversion rates were <5%, and in series of <20 patients 

up to 16%. In aneurysm repair the conversion rate was higher than in occlusive disease 

(39/630 vs 39/414). Reasons for conversion were: calcified aorta, bleeding from the 

cava, renal, or iliac veins or aorta, adhesions, the necessity of suprarenal clamping or 

inadequate exposure of the operative field due to collapse of the pneumo-peritoneum or 

the pneumo-retroperitoneum or other technical difficulties. Self-imposed operative time 

limits (aortic cross-clamping time of more than 2 hours and total operative time of more 

than 4 hours) were sometimes a reason for conversion.2,55 

Clamping Time 
Hand-assisted procedures had the shortest cross-clamping times, all <1 hour. Both 

laparoscopic-assisted and totally laparoscopic procedures reported clamping times varying 

from 54 to 146 minutes. Clamping times were a little shorter in operations for occlusive 

disease. Totally laparoscopic clamping times were at least 1.5 times longer than the 

comparative open series.21,26,37,61 
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Table 1. Quality assesment list of included studies

Cau22 + + + + - + - + 14

Dooner36 - - + - - + - + 10

Rouers61 - - - + - + - + 14

Lin54 + ? + + - + - + 13

Olinde59 - - + + - + + + 10

Coggia28 + - + + - + - + 11

Remy60 + - + + - + - + 13

Dion32 + - + + - + - + 10

Alimi12 - - + + - + - + 11

Said63 - - + + - + - + 9

Barbera19 + - + + - + - + 9

Nio6 + + + + - + - + 13

Alimi10 + + + + - + - + 14

Lacroix53 - + + + - + + + 10

Fabiani39 + - + +/- - + + + 6

Fourneaux41 + - + + - + + + 12

Debing30 - - + + - + - + 9

Wijtenburg68 - - + + - + - + 11

daSilva65 - - +/- + - + - + 11

Kelly46 - - + + - + - + 11

Kolvenbach51 - - + + - + - + 15

Coggia26 + - +/- + - + - + 13

Coggia29 + + + + - + - + 10

Kolvenbach2 + + +/- + - + - + 12

Edoga37 + - + + - + + + 12

Alimi11 + + + + - + - + 14

Castronuovo21 + - +/- + - + - - 13

Kline47 + - + + - + - + 10

Ferrari40 + + + + - + - + 16

Kolvenbach50 - - + + - + - + 7

+= yes, -= no, ?= uncertain

C
an

 s
el

ec
ti

o
n

 b
ia

s 
b

e 
ex

cl
u

d
ed

 
su

ff
ic

ie
n

tl
y?

C
le

ar
 d

ef
in

it
io

n
 o

f 
st

u
d

y 
p

o
p

u
la

ti
o

n?

C
le

ar
 d

es
cr

ip
ti

o
n

 o
f 

m
et

h
o

d
 o

f 
in

te
rv

en
ti

o
n?

 

C
le

ar
 d

ef
in

it
io

n
 o

f 
o

u
tc

o
m

es
 a

n
d

 
o

u
tc

o
m

e 
as

se
sm

en
t?

In
d

ep
en

d
en

t 
as

se
ss

m
en

t 
o

f 
o

u
tc

o
m

e 
p

ar
am

et
er

s?

Su
ff

ic
ie

n
t 

d
u

ra
ti

o
n

 o
f 

fo
llo

w
-u

p?

Se
le

ct
iv

e 
lo

ss
 t

o
 f

o
llo

w
-u

p?

Im
p

o
rt

an
t 

co
n

fo
u

n
d

er
s 

an
d

 
p

ro
g

n
o

st
ic

 f
ac

to
rs

 id
en

ti
fi

ed
?

To
ta

l q
u

al
it

y 
sc

o
re

 o
f 

d
es

cr
ip

ti
o

n
 o

f 
st

u
d

y 
ch

ar
ac

te
ri

st
ic

s

75Laparoscopic vascular surgery

proefschrif Nio.indb   75 29-8-2007   11:45:36



Table 2. Occlusive disease. Operative data of included studies

Year N Operative time
(minutes)

Clamping time
(minutes)

Anastomosis time
(minutes)

Hospital stay 
(days)

Mortality
x/n

Conversion
x/n

Total laparoscopic surgery

Cau22 2006 72(66abf,4auf) 216 +/-50* 57+/-21* 8(5-42)‡ 0/72 2/72

Dooner36 2006 13(abf) 390(320-480)nr 7(3-14) nr 0/13 3/13

Rouers61 2005 30(30abf) 244+/-11*†† 66+/-5*†† 50 +/-3*†† 5+/- 0,3*†† 0/30 6/30

Lin54 2005 68(68 af) 199+/-31* 85+/-32* 6.3+/-2* 1/68 3/68

Olinde59 2005 22(20 abf) 267(199-365)† 90(64-141)† 37(30-56)† 4(2-7)† 1/22 2/22

Coggia28 2004 93(68abf,25auf) 240(150-450)† 68(30-135)† 30(12-90)† 7(2-57)† 4/93 2/93

Remy60 2005 21(21 abf) 240 (150-420)‡ 60(30-120)‡ 60(30-120)‡ 7 (5-30)‡ 0/21 1/21

Dion32 2004 46abf/
3if

290+/-62*
193+/-58*

99+/-28*
100+/-40*

47+/-13*
55+/-13*

5(4-24) *
3.3+/-0.6*

1/51
0/3

5/51
0/3

Alimi12§ 2001 7(5abf,2auf) 351(295-420)‡ 128(75-170)‡ 11(5-30)‡ 0/7 0/7

Said63 1999 7(7 abf) 390(180-600)‡ 59(45-110)‡ 6(3-14)‡ 1/7 0/7

Barbera19 1998 24(11abf,5auf,7if,1tea) 250(150-450)† 70(55-120)† (3-25) 0/24 4/24

Robot-assisted laparoscopic surgery

Nio6 2005 8(8 abf) 405 (260-589)† 111 (85-205)† 74 (40-110)† 8 (3-57)† 1/8 2/8

Laparoscopic-assisted surgery

Alimi10 2004 58(52 abf,4 auf,1t,1tea) 238(140-420)‡ 54(15-170)‡ 8 (3-32)‡ 2/58 1/58

Lacroix53 1999 10(9 abf) 350(230-390)† 7(5-13)† 1/10

Fabiani39 1997 9(3 abf,4 auf) 160(90-240)‡ (4-7) 2/9

Hand-assisted laparoscopic surgery

Fourneaux41 2005 46(45abf) 208(155-300)‡ 28(15-55) ‡ ** 6(3-26)‡ 2/45 1/46

Debing30|| 2003 13(7abf,4abi,1auf,1tea) 230(150-270)† 29(23-72)† 6(4-42)† 0/13 1/13

Wijtenburg68# 2003 25(2t, 1ai,19abf, 3auf) 180(120-290)‡ 37(15-60)‡ 7(4-15)‡ 1/25 2/25

daSilva65 2002 18(18 af) 191(160-221)‡ 44(38-50)‡ 7(5-9)‡ 0/18 1/18

Kelly46 2002 8(8 abf) 234(170-319)‡ 4(3-5)‡ 1/8 0/8

Kolvenbach41§ 2000 29(nr) 149+/-35.2* 36.4+/-7.9* 4.3+/-2.2*

* mean and standard deviation;† median and range; ‡ mean and range; nr,not reported; t,tube 
repair; abi, aortobi-iliac bifurcation graft; abf, aortobifemoral bypass; auf,aortounifemoral graft; if, 
ileofemoral graft; tea, endarterectomy; ai, aortoiliac graft; af, aortofemoral; bif, bifurcated graft, 

Anastomosis Time 
Anastomosis time was reported only in some of the totally laparoscopic procedures and 

varied from 30–60 minutes for procedures without a robotic system and 41–74 minutes 

with a robotic system. 

Operative Time 
Operative time varied widely between both authors and laparoscopic techniques. Hand-

assisted procedures had the shortest mean operative times, varying from approximately 

2.5 to 4 hours. In laparoscopy-assisted techniques, both for aneurysm repair and occlusive 
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Lin54 2005 68(68 af) 199+/-31* 85+/-32* 6.3+/-2* 1/68 3/68

Olinde59 2005 22(20 abf) 267(199-365)† 90(64-141)† 37(30-56)† 4(2-7)† 1/22 2/22

Coggia28 2004 93(68abf,25auf) 240(150-450)† 68(30-135)† 30(12-90)† 7(2-57)† 4/93 2/93
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5(4-24) *
3.3+/-0.6*

1/51
0/3
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0/3

Alimi12§ 2001 7(5abf,2auf) 351(295-420)‡ 128(75-170)‡ 11(5-30)‡ 0/7 0/7

Said63 1999 7(7 abf) 390(180-600)‡ 59(45-110)‡ 6(3-14)‡ 1/7 0/7

Barbera19 1998 24(11abf,5auf,7if,1tea) 250(150-450)† 70(55-120)† (3-25) 0/24 4/24

Robot-assisted laparoscopic surgery

Nio6 2005 8(8 abf) 405 (260-589)† 111 (85-205)† 74 (40-110)† 8 (3-57)† 1/8 2/8

Laparoscopic-assisted surgery

Alimi10 2004 58(52 abf,4 auf,1t,1tea) 238(140-420)‡ 54(15-170)‡ 8 (3-32)‡ 2/58 1/58

Lacroix53 1999 10(9 abf) 350(230-390)† 7(5-13)† 1/10

Fabiani39 1997 9(3 abf,4 auf) 160(90-240)‡ (4-7) 2/9

Hand-assisted laparoscopic surgery

Fourneaux41 2005 46(45abf) 208(155-300)‡ 28(15-55) ‡ ** 6(3-26)‡ 2/45 1/46

Debing30|| 2003 13(7abf,4abi,1auf,1tea) 230(150-270)† 29(23-72)† 6(4-42)† 0/13 1/13

Wijtenburg68# 2003 25(2t, 1ai,19abf, 3auf) 180(120-290)‡ 37(15-60)‡ 7(4-15)‡ 1/25 2/25

daSilva65 2002 18(18 af) 191(160-221)‡ 44(38-50)‡ 7(5-9)‡ 0/18 1/18

Kelly46 2002 8(8 abf) 234(170-319)‡ 4(3-5)‡ 1/8 0/8

Kolvenbach41§ 2000 29(nr) 149+/-35.2* 36.4+/-7.9* 4.3+/-2.2*

* mean and standard deviation;† median and range; ‡ mean and range; nr,not reported; t,tube 
repair; abi, aortobi-iliac bifurcation graft; abf, aortobifemoral bypass; auf,aortounifemoral graft; if, 
ileofemoral graft; tea, endarterectomy; ai, aortoiliac graft; af, aortofemoral; bif, bifurcated graft, 

disease, mean operative times of more than 4 hours were described, except for one 

study39 which reports less than 3 hours (occlusive disease). 

In totally laparoscopic techniques the time varied from 4 to 6.5 hours. Operative times did 

not differ between aneurysm repair and occlusive disease. More recent studies report a 

shorter operative time than do the earlier studies. 

The robot-assisted technique was used in 18 patients in 2 studies. Kolvenbach reports 

operating times (mean 4 hours) equal to those of total laparoscopic aneurysm repair 

without the use of a robotic system.2 The other study on occlusive disease reported very 

long (median 5.5 hours) operative times.6 

§ part of study; || AAA (3) and AIOD (10); # AAA(10) and AIOD(15);**e-s anastomosis 28(15-55), 
e-e anastomosis 69 (55-86); †† converted patients operative time 232+/-24*, clamping time 57+/-
13*, anastomosis time 37+/- 8*, hospital stay 12,1+/- 2,1*
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Morbidity 
Reported complications included local wound problems (infection, seroma, dehiscence), 

respiratory and transient renal insufficiency, cardiac and mesenteric ischemia, splenic 

rupture, massive cholesterol embolization, graft thrombosis and bleeding. Five injuries 

of the ureter10,12,21,37,61 are mentioned. Limb graft thrombosis is reported 11 times10, 

21,28,36,40,60,65,54,59. Six instances of anastomotic bleeding were reported10,11,12, 21,28,36 .

Mortality 

Reported mortality rates, in total 26/1044 (2%) were in most series approximately 5% or 

less. Mortality in aneurysm repair was slightly higher than in occlusive disease (11/414 vs 

15/630). Mortality was mainly due to postoperative cardiac ischemic events, followed by 

mesenteric ischemia. 

Hospital Stay 
In all but six6,10,12,22,29,26 reports, mean hospital stay was one week or less, varying from 

3 to 11days, for both the total laparoscopic approach and the laparoscopic and hand-

assisted approach regardless of the surgical procedure.

Table 3. Aneurysm repair. Operative data of included studies

Year N Operative time 
(minutes)

Clamping time 
(minutes)

Anastomosis 
time(minutes)

Hospital stay
(days)

Mortality 
x/n

Conversion
x/n

Total laparoscopic surgery

Cau22 2006 23(23t) 251+/- 57* 101+/- 15* 6(4-12)† 1/23 7/23

Coggia26 2005 30(13 t,17 bif) 255(170-410)† 80(35-110)† 9(5-37)† 1/30 1/30

Coggia29 2004 30(11 t,15 abi,4 abf) 290(160-420)† 78(35-230)† 9 (8-37)† 2/30 2/30

Kolvenbach2 2004 37(nr) 227+/- 34* 81 +/- 31* 53+/-9.0* 6.3+/-21.1* 6/37

Dion32 2004 7(6 abf, 1 t) 299+/-75* 109+/-52* 48+/-23* 6(3-32)* 0/7 1/7

Edoga37 1998 22(16 abf,4 abi) 391(180-600)‡ 146(6-286)‡ 6(2-25)‡ 2/22 2/22

Robot-assisted laparoscopic surgery

Kolvenbach2 2004 10(8 t,2 abi) 243+/- 41* 96 +/- 22* 41+/-4* 7.3+/-2.4* 2/10

Laparoscopic-assisted surgery

Alimi11 2003 24(12 t,3 abi,8 abf,1 af) 238(155-360)‡ 76 (42-160)‡ 7(3-21)‡ 1/24 4/24

Castronuovo21 2000 60(60 bif) 462(90-690)‡ 112(43-286)‡ 6(1-25)‡ 3/60 3/60

Kline47 1998 20(t) 246+/-55.2* 5.8+/-1.6* 0/20 2/20

Hand-assisted laparoscopic surgery

Ferrari 40 2006 122 257+/- 70* 76+/- 26* 4.4+/- 1.7* 0/122 9/122

Kolvenbach50 2001 29(nr) 181(130-345)‡ 57(44-90)‡ 6(4-21)‡ 1/29

* mean and standard deviation,† median and range,‡ mean and range, t=tube repair, abi=aortobi-
iliac bifurcation graft, abf=aortobifemoral bypass, auf=aortounifemoral graft, if=ileofemoral graft, 
tea=endarterectomy, ai=aortoiliac graft, aortofemoral, bif= bifurcated graft, nr=not reported
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Discussion 

This systematic review shows that since the introduction of laparoscopic surgery in 1993, 

only a small number of clinical studies on laparoscopic aorto-iliac surgery have been 

published. A variety of laparoscopic techniques, approaches and operative procedures 

were used and most studies were of an observational character and contained a limited 

number of patients. In addition we assumed a considerable selection bias in all series 

as the publications do not adequately describe the characteristics of the whole cohort 

of consecutive patients under treatment. This limits the full evaluation of laparoscopic 

surgery in relation to open or endovascular techniques. 

In contrast to revolutionary changes in other fields of surgery, laparoscopic surgery has not 

become the minimally invasive alternative for the traditional xiphopubic incision in aorto-

iliac surgery. The technical challenges presented by this advanced laparoscopic procedure 

probably preclude its wide implementation. Most surgeons start with relatively simple 

laparoscopic procedures for aorto-iliac occlusive disease. Operative procedures vary, but 

the majority of reported cases are aorto-bifemoral bypasses. Operative times are long, 

but for this particular patient population it seems a safe (acceptable mortality/morbidity) 

and feasible (few conversions) procedure. As expected mid-term patencies of laparoscopic 

aorto-bifemoral bypasses32,41 suggest results identical to those of open surgery. Over the 

Table 3. Aneurysm repair. Operative data of included studies

Year N Operative time 
(minutes)

Clamping time 
(minutes)

Anastomosis 
time(minutes)

Hospital stay
(days)

Mortality 
x/n

Conversion
x/n

Total laparoscopic surgery

Cau22 2006 23(23t) 251+/- 57* 101+/- 15* 6(4-12)† 1/23 7/23

Coggia26 2005 30(13 t,17 bif) 255(170-410)† 80(35-110)† 9(5-37)† 1/30 1/30

Coggia29 2004 30(11 t,15 abi,4 abf) 290(160-420)† 78(35-230)† 9 (8-37)† 2/30 2/30

Kolvenbach2 2004 37(nr) 227+/- 34* 81 +/- 31* 53+/-9.0* 6.3+/-21.1* 6/37

Dion32 2004 7(6 abf, 1 t) 299+/-75* 109+/-52* 48+/-23* 6(3-32)* 0/7 1/7

Edoga37 1998 22(16 abf,4 abi) 391(180-600)‡ 146(6-286)‡ 6(2-25)‡ 2/22 2/22

Robot-assisted laparoscopic surgery

Kolvenbach2 2004 10(8 t,2 abi) 243+/- 41* 96 +/- 22* 41+/-4* 7.3+/-2.4* 2/10

Laparoscopic-assisted surgery

Alimi11 2003 24(12 t,3 abi,8 abf,1 af) 238(155-360)‡ 76 (42-160)‡ 7(3-21)‡ 1/24 4/24

Castronuovo21 2000 60(60 bif) 462(90-690)‡ 112(43-286)‡ 6(1-25)‡ 3/60 3/60

Kline47 1998 20(t) 246+/-55.2* 5.8+/-1.6* 0/20 2/20

Hand-assisted laparoscopic surgery

Ferrari 40 2006 122 257+/- 70* 76+/- 26* 4.4+/- 1.7* 0/122 9/122

Kolvenbach50 2001 29(nr) 181(130-345)‡ 57(44-90)‡ 6(4-21)‡ 1/29

* mean and standard deviation,† median and range,‡ mean and range, t=tube repair, abi=aortobi-
iliac bifurcation graft, abf=aortobifemoral bypass, auf=aortounifemoral graft, if=ileofemoral graft, 
tea=endarterectomy, ai=aortoiliac graft, aortofemoral, bif= bifurcated graft, nr=not reported
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years aorto-bifurcation bypasses with their good and durable patency rates have been the 

gold standard for treatment of TASC C and D lesions69. However, nowadays multilevel 

occlusive disease is also being treated by recanalization and percutaneous transluminal 

angioplasty/stenting. Early results show that patency rates (one year primary assisted 

patency rate 88%) of these procedures are inferior to those of surgical bypass and re-

intervention is frequently necessary70. However, percutaneous treatment remains a less 

invasive treatment option with fewer complications. If endovascular options are failing 

and alternative surgery is considered, laparoscopic aortobifemoral bypass might be a 

minimal invasive alternative. 

Few series have been published on laparoscopic aneurysm repair. These studies report 

longer operative times and higher conversion rates compared to laparoscopic surgery for 

occlusive disease, although mortality is comparable with open procedures. Laparoscopic 

aneurysm repair appears to be more difficult than bypass surgery and is only done by a few 

surgeons. This is in contrast to the wide implementation of endovascular repair of aortic 

aneurysms. This is a minimally invasive technique with a low mortality and is relatively 

easy to master. Taking this into consideration the results of laparoscopic aneurysm repair 

do not yet justify its broader implementation. 

Long operative times are a major point of concern of laparoscopic surgery. As in most 

other fields of surgery, laparoscopic operative time is generally longer than its open 

counterpart, although current results are probably biased by the inevitable learning curve 

of this recently introduced technique. The question arises if every vascular surgeon should 

learn advanced laparoscopic procedures and indeed if these procedures are applicable to 

every patient. Their safety and feasibility have been demonstrated, but only in series of 

selected patients operated by dedicated surgeons. 

The benefits of laparoscopic aorto-iliac surgery are found in the combination of its minimally 

invasive character (reduction of hospital stay and post-operative pain, earlier return to 

daily routines) and the durable results of conventional open surgery (less necessity for 

continuous follow-up). However, the technique needs to become less demanding in order 

to make wider implementation possible. Technical difficulties of the vascular anastomosis 

need to be addressed e.g. by the development of a vascular stapler. The long learning 

curve can probably be shortened by extensive training in laparoscopic suturing before 

embarking upon patient procedures. The hand-assisted technique might further reduce 

the complexity of the procedure. 

Conversion rates are difficult to interpret, because they are also influenced by other 

factors than the surgeons experience, e.g. patient selection, self-imposed operative time 

limits and surgical technique. However, the higher rate of conversion in small series is 

probably affected by a learning curve. 

Only few centers have used robotic systems for laparoscopic aortoiliac surgery2-6. The use 

of robotic systems has not yet reduced operative time in the few available series2,6.

Most studies had selection criteria for including patients for a laparoscopic technique, 

which sometimes changed with growing experience. More research is required to identify 
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which patients are suitable candidates for laparoscopic surgery and to establish its 

additional value as the minimal invasive alternative to endovascular treatment. 

Although a few dedicated centers are able to offer laparoscopic vascular surgery 

routinely,26,54 it is too early to draw conclusions from the data currently available on the 

potential of this technique in order to justify its wider implementation. 

In conclusion, laparoscopic aorto-iliac surgery is still in its infancy and is only practised 

in a few dedicated centers. Although safe and feasible, operative time is still long. The 

observational, non-comparative character and selection bias of most published series are 

their major limitations. More data are required to define the value of laparoscopic vascular 

surgery in comparison with endovascular and open surgery. 
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Summary

The implementation of laparoscopic surgery into general surgical practise has met 

with major scepticism. Fifteen years after its introduction into general surgery, it is an 

established operative technique. Both surgeons and patients consider the laparoscopic 

approach as the procedure of first choice for a variety of procedures. The patient benefits 

from reduced postoperative pain and hospital stay, earlier return to daily activities and 

improved cosmesis. The surgeon, however, has to overcome a long learning curve 

and learning curves are associated with prolonged operating times, increased patient 

morbidity and higher costs. Virtually every procedure has been done laparoscopically, but 

only a limited number of procedures are regularly performed in this way. Most advanced 

laparoscopic procedures are performed by dedicated laparoscopic surgeons only. The 

technical difficulties and the drawbacks of a long learning curve of advanced endoscopic 

surgery form a high threshold to many surgeons to embark on these procedures. 

Robotic surgical systems have been introduced to facilitate endoscopic surgery. Although 

the surgeon still performs and controls the movements, the computer refines and 

translates their actions to the robotic arms at the operating table. Possibilities such as 

motion scaling, articulating instruments and 3-D vision, mean that robotic surgical systems 

enhance surgical performance by making more precise and finer motions.

In this thesis, robotic surgical systems are compared with conventional endoscopic 

procedures in order to evaluate the potential of these systems. The greatest advantage 

of robotic systems is expected to be seen in procedures which necessitate accurate and 

complex movements such as suturing and knot-tying, such as in endoscopic vascular 

anastomoses. 

The objectives of this thesis were to establish if robotic system-aided laparoscopy 

technique had any advantage over the standard manual laparoscopy technique and to 

evaluate its potential in laparoscopic vascular surgery. The influence of robotic assistance 

on surgical efficiency in basic and advanced endoscopic skills was investigated in both 

experimental and clinical settings. These results were studied as was the impact of the 

use of a robotic system on the learning curve. Finally, the surgical results of endoscopic 

and robotic vascular surgery were evaluated.

In Chapter 2 the efficacy of robot assisted (Zeus-AESOP) basic surgical skills was compared 

with manual laparoscopic performance. Efficiency was objectively evaluated by a time-

action analysis. To exclude a bias, the standardized tasks were performed by surgical 

interns without laparoscopic experience. Results showed that robotic assistance required 

more time, however the actions were performed equally well or even more precisely. 

In the majority of the exercises, the grasping action was performed better with robotic 
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assistance. A tendency towards fewer total actions was seen in all the robot-assisted 

exercises.

In Chapter 3, the effect of robotic (Zeus-AESOP) assistance in laparoscopic 

cholecystectomies was evaluated. Ten consecutive laparoscopic and 10 robot-assisted 

laparoscopic cholecystectomies were compared. The total number of actions and total 

operative time were scored, as well as the set-up-and dissection time and grasping and 

dissection actions. To exclude an experience bias, two surgical residents in their 4/5th year 

of surgical training, without extensive laparoscopic experience, performed all operative 

procedures. Robot-assisted laparoscopic cholecystectomy required more time but there 

was no significant difference in the number of actions. This study showed no clear 

advantages to laparoscopic cholecystectomy from robotic assistance.

Because the advantages of robotic assistance are mainly expected to be in precise and 

complex manipulations, an experimental model was used to compare and evaluate 

robot-assisted- (Zeus-AESOP) with manual laparoscopic surgical performance in vascular 

anastomoses. This is described in Chapter 4. Prosthetic conduits and suture material of 

varying dimensions were used to make end-to-end anastomoses. Results showed that 

the robot-assisted technique required more time and more actions, but that quality 

scores were similar. Furthermore, suture material was shown to be an independent factor 

influencing surgical performance. Compared with Prolene sutures, PTFE enhanced surgical 

performance.

In Chapter 5 the learning curves required for endoscopic vascular anastomoses and the 

effect of robotic assistance (Zeus-AESOP) and laparoscopic experience were studied. 

The efficacy of suturing and knot-tying was defined as number of actions per suture 

and knot respectively. Robot-assisted surgical performance was shown to require a little 

steeper learning curve than manual performance for a surgeon without laparoscopic 

experience. The learning curves both with and without robotic assistance, of the surgeon 

with laparoscopic experience were similar. Irrespective of laparoscopic experience, on 

comparison with robot-assisted surgical performance, manual laparoscopic performance 

proved ultimately to be better. Laparoscopic experience enhanced surgical efficacy, 

although the quality scores of the anastomoses were similar. 

Chapter 6 describes early clinical experience with robot-assisted (both Zeus-AESOP and da 

Vinci) aortobifemoral bypass surgery for aortoiliac occlusive disease. It was shown to be a 

feasible and safe technique, although operative times were long.

In Chapter 7 the results of laparoscopic vascular surgery were evaluated. Although the 

first reports date from 1993, only 30 original patient series have been described to date. 

Most studies show long operative and cross-clamping times. Patient selection is shown 
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to be a major confounder. Although authors consider it to be a feasible technique, they 

also classify it as technically demanding, especially for the laparoscopically naïve surgeon. 

Considerations for wider implementation should be compared with endovascular 

treatment as a minimal invasive alternative. Further development and facilitation of this 

operative technique in dedicated centers is necessary. 

Discussion

From the results of the studies described in this thesis, it can generally be concluded that, 

when compared with conventional laparoscopic techniques, robotic assistance results 

in longer operative times, without any demonstrable improvement in quality. This is in 

accordance with most results found in the literature. 

Where robotic laparoscopic cholecystectomies are concerned, other studies also show 

longer operative time without any improvement in quality1,2. Although few other clinical 

series of robot-assisted aortoiliac surgery have been published, results do not show any 

benefit when compared to the results of the dedicated and experienced laparoscopic 

centres3,4,5,6. In comparative studies for other abdominal laparoscopic procedures, such as 

Nissen fundoplication and splenectomy, robotic assistance also resulted in longer operative 

times7,8. No clinical advantages could be shown. Only robot-assisted prostatectomy has 

more than once been reported to result in fewer complications without longer operative 

times9,10,11.

This raises questions about the additional value of the use of a surgical robotic system. 

However, the following facts must be taken into consideration. Firstly, the development 

of the surgical robotic systems and their instrumentation is progressing rapidly. Since its 

introduction, the Da Vinci has already been upgraded twice by a newer and improved version. 

Zeus-AESOP has also introduced an improved version before Computer Motion merged 

with Intuivitive Surgical. Instrumentation has been altered and adapted to the surgeon’s 

needs. The Zeus-AESOP combination used in our experimental studies, was the older 

version with four degrees of movement (DOF) instruments and non-optimal 3-dimensional 

vision. The results of other experimental studies have suggested that a technically improved 

robotic system might confer more advantages12-16. Sung described a difference in surgical 

performance dependent on the type of robotic surgical system17. In the years to come, 

robotic systems might develop into useful and efficient endoscopic tools. 

Secondly, there is some evidence to suggest that robotic assistance might enhance the 

performance of basic endoscopic surgical skills of laparoscopically inexperienced persons 
13-15. The degree of accuracy in robot-assisted performance of endoscopic tasks improved 
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when compared to the manual performance of these tasks. Less time was needed for 

completion of the tasks that were carried out with the aid of a robotic surgical system. 

These findings were more pronounced in complex exercises involving fine movements. 

Other studies report that the use of a robotic system reduces the learning curve required 

for endoscopic surgical skills18,19. This could make it easier for surgeons to learn advanced 

endoscopic procedures far more quickly without having to follow such a long learning 

pathway. Laparoscopic aortoiliac surgery, necessitates considerable laparoscopic skill 

and training, and robotic surgical systems could have additional value in these surgical 

procedures. However, worldwide only two centers performing robot-assisted aortoiliac 

surgery have as yet published their results4,20. Although laparoscopic vascular surgery 

should ideally combine the durable results of open techniques with minimal surgical 

trauma, it appears to be technically too demanding for widespread implementation. 

Application of robot systems is unlikely to gain much momentum in this field of surgery, 

partly due to the available alternatives i.e. endovascular therapy, which is more easily 

learned and already integrated into the repertoire of most vascular surgeons. 

There are, however, applications of robotic surgical systems, in cardiac surgery for 

example, that now enable endoscopic procedures to be carried out which were not 

possible in the past.

It has to be remembered that robot-assisted surgery is still in its infancy and that it is still 

only taking its first steps. New developments will determine if robotic surgical systems 

will become an integral part of operative rooms and training facilities in the future. Up 

to now the majority of endoscopic surgical procedures have not benefited from surgical 

robotic systems.
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Samenvatting

De invoering van de laparoscopische chirurgie is met enige scepsis gepaard gegaan, maar 

is inmiddels, 15 jaar na de introductie, een geaccepteerde en frequent toegepaste techniek 

in de algemene chirurgie. Chirurgen én patiënten prefereren vaak een endoscopische 

operatieve benadering boven een “open” procedure. Een endoscopische benadering 

biedt de patient verschillende voordelen als: minder post-operatieve pijn, een korter 

ziekenhuisverblijf, het sneller kunnen hervatten van de dagelijkse bezigheden en een beter 

cosmetisch resultaat. Voor een chirurg is laparoscopie echter een techniek, die moeilijker te 

leren is en een lange leercurve heeft. Bovendien is het bekend dat een leercurve gepaard 

gaat met een langere duur van de operatie, meer complicaties en hogere kosten. Hoewel 

bijna alle operaties mogelijk zijn met behulp van een laparoscopische techniek, worden 

er maar enkele procedures stelselmatig laparoscopisch gedaan. Alleen laparoscopisch 

ervaren en geïnteresseerde chirurgen doen de procedures, die technisch moeilijker zijn.

Voor de meeste chirurgen werpen de noodzakelijke technische vaardigheden en de 

lange leercurve waarschijnlijk een te hoge drempel op, om met complexe endoscopische 

operaties te beginnen.

Met de introductie van chirurgische robotsystemen zouden de obstakels van de 

endoscopische chirurgie verholpen kunnen worden. Hoewel de chirurg nog steeds de 

robotarmen bestuurt, kunnen de door de robotarmen uitgevoerde bewegingen aangepast 

worden, doordat de bewegingen via een computer-interface doorgegeven worden. Door 

mogelijkheden als motion scaling, scharnierende instrumenten en 3-D beeldvorming zijn 

chirurgische robotsystemen in staat nauwkeurige en minder grove bewegingen te maken 

en daarmee de chirurgische vaardigheid te verbeteren. 

Chirurgische robotsystemen worden in dit proefschrift vergeleken met conventionele 

endoscopische procedures om de mogelijkheden van dit soort technieken te beoordelen.

Het grootste voordeel van een chirurgische robot wordt verwacht in endoscopische 

operaties waar nauwkeurige en complexe bewegingen nodig zijn, zoals bij het hechten 

en knopen van een vaatanastomose.

De doelstelling van dit proefschrift is om te onderzoeken of een robot geassisteerde 

endoscopische techniek enig voordeel heeft ten opzichte van de gebruikelijke manuele 

endoscopische techniek. 

De invloed van het gebruik van een robot op de chirurgische efficiëntie in basale en 

complexe endoscopische vaardigheden werd onderzocht in een experimentele en 

klinische situatie. Tevens werd de invloed van een chirurgische robot op de leercurve van 

endoscopische vaardigheden bestudeerd. Tot slot werden de chirurgische resultaten van 

endoscopische en robot geassisteerde vaatchirurgische operaties voor het aorto-iliacale 

traject geevalueerd.
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In hoofdstuk 2 wordt de efficiëntie van robot geassisteerde (Zeus-AESOP) basale 

chirurgische oefeningen vergeleken met manuele laparoscopische efficiëntie.

De chirurgische efficiëntie werd beoordeeld door middel van een time-action analyse. 

Om bias te voorkomen werden de oefeningen uitgevoerd door co-assistenten zonder 

enige laparoscopische ervaring.

De resultaten toonden aan, dat het gebruik van de robot meer tijd kostte om een 

oefening uit te voeren, maar dat de bewegingen nauwkeuriger of even nauwkeurig 

werden uitgevoerd. In het merendeel van de oefeningen werd de grijpbeweging beter 

uitgevoerd met behulp van de robot. Er werd een trend gezien, waarbij het totale aantal 

bewegingen, dat voor het uitvoeren van een oefening nodig was, lager was bij gebruik 

van de robot.  

In hoofdstuk 3 werd de chirurgische effectiviteit van het gebruik van een chirurgische 

robot (Zeus-AESOP) geëvalueerd voor de laparoscopische cholecystectomie. Tien 

achtereenvolgende laparoscopische en tien robot- geassisteerde laparoscopische 

cholecystectomieën werden vergeleken. Het totaal aantal bewegingen en de totale 

operatietijd werden bijgehouden evenals de set-up- en dissectietijd en het aantal separate 

grijp- en dissectie bewegingen. Om een experience–bias te voorkomen werden de 

operaties uitgevoerd door assistenten chirurgie in het 4e/5e jaar van hun opleiding. Zij 

hadden eerder geen uitgebreide laparoscopische ervaring opgedaan. De duur van de 

operatie van de robot-geassisteerde laparoscopische cholecystectomie was langer, maar 

er waren niet significant meer of minder bewegingen nodig. Deze studie toonde geen 

duidelijk voordeel van het gebruik van een chirurgische robot voor het uitvoeren van een 

laparoscopische cholecystectomie.

Verondersteld wordt dat het grootste voordeel van een robotsysteem in het maken 

van meer precieze en complexe bewegingen ligt. Dit werd in een experimenteel model 

bestudeerd, waarbij het maken van robot-geassisteerde laparoscopische vaatanastomoses 

vergeleken werd met het maken van manuele laparoscopische vaatanastomoses. Dit 

onderzoek is beschreven in hoofdstuk 4. Vaatprotheses van verschillende diameters en 

verschillende soorten hechtingen werden gebruikt om end-to-end anastomoses te maken. 

Uit de resultaten kwam naar voren dat met de robot-geassisteerde techniek meer tijd en 

handelingen nodig waren om de anastomoses te maken, maar dat de kwaliteitscores 

gelijk waren. Bovendien bleek dat het soort hechting een onafhankelijke factor was, 

die de chirurgische vaardigheid beinvloedde. Polytetra-fluoroethyleen (PTFE) hechtingen 

verbeterde de prestatie in vergelijking met Prolene hechtingen.

In hoofdstuk 5 werd de leercurve voor endoscopische vaatnaden en het effect van een 

robotsysteem en laparoscopische ervaring bestudeerd. De efficiëntie van het hechten 

en knopen werd uitgedrukt in het aantal handelingen per hechting of knoop. Voor de 

laparoscopisch onervaren chirurg was de leercurve met behulp van de robot iets steiler 
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dan zonder robot. Voor de laparoscopisch ervaren chirurg waren de leercurves met en 

zonder robot gelijk. Onafhankelijk van de laparoscopische ervaring was de efficiëntiescore 

aan het einde van de serie met een manuele laparoscopische techniek nog steeds beter 

dan met een robot-geassisteerde techniek. Laparoscopische ervaring verbeterde de 

chirurgische efficiëntie, de kwaliteitscores bleven echter gelijk.

In hoofdstuk 6 werden de eerste resultaten van robot-geassisteerde (Zeus en da Vinci) 

aortobifemorale bypasses voor centraal occluderend vaatlijden beschreven. Hoewel deze 

techniek veilig en haalbaar bleek, was de duur van de operatie erg lang.

De resultaten van de laparoscopische vaatchirurgie zijn in hoofdstuk 7 in een systematische 

review beschreven. Alhoewel de eerste literatuurvermeldingen dateren uit 1993, werden 

er tot nu toe slechts 30 series met patiënten beschreven. De meeste studies rapporteren 

een lange operatie- en klemtijd. Ook blijkt patiëntenselectie het interpreteren en 

extrapoleren van de resultaten te bemoeilijken. Hoewel de meeste auteurs de operatie 

technisch goed mogelijk achten, is men van mening dat deze moeilijke techniek bijzondere 

vaardigheden vereist. Verdere implementatie van de laparoscopische chirurgie voor de 

aorto-iliacale vaten moet beschouwd worden in het licht van de percutane endovasculaire 

behandelingsmogelijkheden, die immers ook minimaal invasief zijn. De uitwerking van 

de laparoscopische aorto-iliacale vaatchirurgie dient in gespecialiseerde centra verder te 

worden ontwikkeld, totdat deze techniek eenvoudiger kan worden toegepast .

Discussie

Gezien de resultaten van dit proefschrift kan geconcludeerd worden dat het gebruik van 

een chirurgische robot in vergelijking met manuele laparoscopische technieken resulteert 

in een langere operatietijd zonder duidelijk verbetering van de kwaliteit. Dit komt overeen 

met de meeste resultaten, die in de literatuur beschreven worden.

Van de robot-geassisteerde laparoscopische cholecystectomie beschrijven ook andere 

studies een langere duur van de operatie, zonder de kwaliteit te verbeteren1,2. Er zijn 

slechts weinig studies over robot-geassisteerde laparoscopische vaatchirurgie gepubliceerd. 

Ook deze studies tonen nog geen voordeel ten opzichte van de resultaten, zoals die 

vanuit gespecialiseerde laparoscopische centra bekend zijn3,4,5,6. Vergelijkende studies 

betreffende andere laparoscopische abdominale operaties, zoals een Nissen fundoplicatie 

of splenectomie, tonen ook een langere operatieduur vergeleken met een standaard 

laparoscopische techniek7,8. Er werd ook geen duidelijk klinisch voordeel van het gebruik 

van een chirurgische robot gevonden. Slechts over de robot-geassisteerde laparoscopische 

prostatectomie bestaan meerdere studies, die minder complicaties rapporteren en qua 

operatieduur vergelijkbaar zijn met conventionele laparoscopie9,10,11. 
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Natuurlijk roept dit vraagtekens op over de toegevoegde waarde van het gebruik van 

een chirurgische robot. Anderzijds moeten de volgende overwegingen in ogenschouw 

worden genomen. Ten eerste, de robotsystemen en hun instrumentarium ontwikkelen 

zich snel. Sinds de introductie is de da Vinci robot al twee keer vervangen door een 

nieuwer en beter model. Ook de Zeus-AESOP robot heeft in zijn korte bestaan tot aan 

de fusie van Computer Motion met Intuitive Surgical een verbeterde versie op de markt 

gebracht. De instrumenten zijn veranderd en aangepast aan de wensen van de chirurg. 

De Zeus-AESOP combinatie die in onze experimentele studies gebruikt werd, was een 

oudere versie met instrumenten met slechts 4 vrijheidsgraden in beweging en kwalitatief 

minder goede 3-D beeldvorming. Resultaten uit andere experimentele studies laten zien 

dat een beter robotsysteem meer voordeel zou bieden12-16. Sung beschrijft dat het niveau 

van de chirurgische vaardigheid bepaald kan worden door het type robotsysteem17. De 

mogelijkheid bestaat dat in de komende jaren chirurgische robots zich ontwikkelen tot 

handige en efficiënt werkende endoscopische instrumenten.

Ten tweede zijn er publicaties die er op wijzen dat de hulp van een robot de endoscopische 

vaardigheden van laparoscopisch onervaren chirurgen verbetert13-15. De nauwkeurigheid 

van endoscopische handelingen verbeterde met behulp van een robot en er was minder 

tijd nodig om de opdrachten uit te voeren. Deze bevindingen waren meer uitgesproken in 

experimenten met complexe oefeningen en kleine bewegingen.

Andere studies beschrijven dat de leercurve voor endoscopische handelingen korter 

wordt met gebruik van een robot systeem18,19. Dit zou betekenen dat het voor de chirurg 

makkelijker wordt om complexe laparoscopische operaties te leren.

Laparoscopische chirurgie van de aortoiliacale vaten vereist aanzienlijke technische 

vaardigheden en veel training. Robotsystemen zouden hierbij een toegevoegde waarde 

kunnen hebben. Tot nu toe hebben slechts twee centra in de wereld hun resultaten 

gepubliceerd4,20. 

Laparoscopische vaatchirurgie lijkt een ideale combinatie van een “open” en minimaal 

invasieve techniek, dwz. duurzame resultaten met weinig chirurgische weefselschade. De 

operatie lijkt echter nog te veeleisend en gecompliceerd voor verregaande implementatie. 

Uitbreiding van toepassingen binnen de vaatchirurgie met een chirurgische robot lijkt 

nog ver weg, aangezien er met de huidige endovasculaire technieken een aantrekkelijk 

minimaal invasief alternatief bestaat. Deze techniek kan gemakkelijker worden geleerd en 

zit vaak ook al in het vaatchirurgisch repertoir.

Door het gebruik van een robot zijn er echter endoscopische operaties mogelijk gemaakt 

die eerder ondenkbaar waren, zoals in coronaire bypasses in de cardiochirurgie. Verder 

moet worden bedacht dat robotchirurgie nog in de kinderschoenen staat en de eerste 

stappen pas zijn gezet. Toekomstige nieuwe ontwikkelingen zullen uiteindelijk moeten 

bepalen of een chirurgische robot straks een integraal onderdeel van de operatiekamer 

wordt en van het trainingsprogramma van de chirurg. 
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