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Figure 1: Example of a Virtual Reality simulator (LapSim®, Surgical Science
Sweden AB, Haraldsgatan 5, 413 14 Göteborg, Sweden. Reprint with permission
of Surgical Science)

Laparoscopic surgery is the gold standard for many surgical procedures
and is expected to continue to rise. Thus, specific training is of utmost
importance. Ethical, economic and educational considerations as well
as working hour restrictions have led to the introduction of training outside the operating room, away from the „see one, do one, teach one“
principle. Virtual Reality (VR) allows repeated training with objective
feedback without jeopardizing patient safety. A variety of VR simulation
modules are currently available including basic and advanced tasks as
well as full procedures. Beside conventional laparoscopy, simulation of
single site surgery and robotic surgery has recently been adressed. The
purpose of this article is to give an overview over the use of simulation
for training and assessment purposes.
As compared to open surgery, there are some relevant differences in laparoscopic surgery to be addressed in training programs, such as the reduction
of a three-dimensional environment to two dimensions, reduced haptic feedback, limited degrees of freedom, divergation of the visual and motor axis
as well as the fulcrum effect, referring to the dissonance between the visual
input and proprioceptive feedback, since the tip of the instrument moves to
the opposite direction than the surgeon’s hand. Once it became evident that
training should take place outside the operating room (OR), various options
have been evaluated, such as the use of synthetic models in box trainers,
cadaveric animal models and anaesthetized pigs.1
Ethical considerations and the lack of realism and of objective feedback have
led to the introduction of computer simulation, in analogy to aviation. Virtual
Reality (VR) simulators allow the interaction with a computer through an interface, the surgical handles (Figure 1). All instruments as in daily practice are
available and real time graphics and force feedback allow instant visual and
haptic feedback. It is possible to simulate basic tasks, such as camera navigation, eye-hand coordination, two-handed manoeuvers (Figure 2), electrocautery, clipping and cutting as well as advanced tasks, for example suturing
(Figure 3) and full procedures, such as cholecystectomy (Figure 4), incisional
hernia repair, sigmoidectomy and gastric bypass, including the option of different anatomic variants. Additionally, simulator training for single port and
robotic surgery has recently been developed.
Evidence of transfer to the operating room
Various studies support the use of VR for assessment and training of laparoscopic surgery, and the skills acquired using VR seem to transfer into the OR,
however the number of high-level evidence studies is limited. A Cochrane
review2 and a meta-analysis3 focussing on trainees with no to limited experience, two general systematic reviews4,5 and one focussing on cholecystectomy6 found an advantage of VR over no training and standard training, in
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some but not all studies as well over video training. The methodological quality of many studies has however been criticised. Moreover, it has to be considered that many studies were conducted with early-generation software.
Further studies should include more patient-relevant outcomes, a longer
follow-up and focus on proficiency-based training curricula.
How to structure a training curriculum
Many VR training programs and conducted studies have been focussing on
a number of needed task repetitions or a minimum time to spend with such
training sessions. It became however evident that training curricula should
rather be oriented to achieve a predefined proficiency level.7 This allows to
individualize training prior operating on patients.8 VR training until achieving
expert level has been found to result in significantly fewer errors when assessing the first 10 entire cholecystectomies.9
When setting up a curriculum it has as well to be considered that the retention
rate after massed practice is lower than after distributed training.10,11 Moreover, regular supervision is of utmost importance and needs to be considered
when evaluating ressource allocation for surgical education. VR training in
an unsupervised setting has been associated with similar performance as a
control group without training.12
A European consensus on a competency-based VR training program has
recently been elaborated and published addressing the above-mentioned
issues.13 There, it was proposed to train different levels of difficulties until
passing threshold levels twice within one training session prior operating on
patients. The maximum length of training session should be set at 45 minutes
and trainees failing three times consecutively should retry the exercise later,
but continue with another exercise. The thresholds were proposed not to be
set at default settings or individual choices, but based on the mean scores of
experts plus twice the standard deviation.
Team training
Training should not be limited only to mere technical skills. « Non-Technical
Skills for Surgeons (NOTSS) », referring to situation awareness, decision making, communication and teamwork as well as leadership, have been recognized to play an important role in successful patient care.14 VR may be an
integral part of an interdisciplinary OR training and thus contribute to training
of non-technical skills.15
Economic considerations
In a study evaluating learning curves, a proficiency-based VR training curriculum shortened the learning curve as compared to traditional training.16 There,
the transfer-effectiveness ratio (TER) of VR training was found to be 2.28,
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Figure 2: Example of a Virtual Reality basic task: two-handed manoeuver (LapMentorTM, Simbionix USA Corporation, 7100 Euclid Avenue, Suite 180, Cleveland,
Ohio 44103, U.S.A. Reprint with permission of Simbionix)

meaning that per minute VR training, 2.28 cadaveric porcine cholecystectomy training was necessary. Thus, VR may be a cost- and time-efficient
approach, although the initial cost of a VR equipment need to be considered.
The comparison of VR to box trainers showed VR to be more efficient (TER
of 2.31 versus 1.13), but box trainers to be more cost-effective when training 5 residents.17 However, for programs with more than 10 residents, VR
was more cost-effective. Thus, whereas trainers are confronted with the dilemma of relatively inexpensive box trainers versus VR trainers, the creation
of networks to allow more trainees access VR simulators may address this
shortcoming.18,19 The American College of Surgeons has launched an Accreditation Program of Education Institutes for Level I (Comprehensive) and
Level II (Basic) Accreditation18, for which up to date five European Education
Institutes have been accredited.20 The ultimate goal was to create a network
of simulation centers offering surgical training. As for Europe, the Section of
Surgery of the European Union of Medical Specialists (UEMS) is currently
considering an Accreditation Program of Education Institutes.21
Virtual reality for skills assessment
The assessment of surgical skills has been addressed in various ways. Based on the experience of OSCE (Objective Structured Clinical Examination),
OSATS (Objective Structured Assessment of Technical Skills) has been introduced and validated for the assessment of surgical skills.22 Another approach to assess technical skills is dexterity analysis, placing sensors on
laparoscopic instruments or the surgeon’s hand.1 It has however to be considered that economy of motion is only one of several potentially important
outcome measures. Other metrics such as errors, recovery from error, purposefulness of motion, sequence of steps and global performance assessment
need to be considered.23 VR allows instant and objective feedback, including
economy of movement and errors. Construct validity has been demonstrated.13 Additionally, the value of simulation for residents selection has been
discussed, however not only considering mere technical skills, but also evaluating communication skills and professionalism.24
Video game
The term « serious games » is generally used for games with an educational intent.25 Today, several video games involving surgical techniques are
commercially available. The effect of video gaming - mostly referring to entertainment and not educational games - on laparoscopic performance has
been evaluated in several studies. There seems to be a correlation between
experience in video games and performance in laparoscopy.26 However, frequently VR is used as surrogate outcome to measure performance and many
studies involve only limited participants numbers. Moreover, the effect seems
to be smaller with increased task complexity.26

Figure 3: Example of a Virtual Reality advanced task: suturing (LapSim®, Surgical
Science Sweden AB, Haraldsgatan 5, 413 14 Göteborg, Sweden. Reprint with permission of Surgical Science)

Own research in the field
In our own research, we have evaluated several aspects of training and assessment. In a multivariable analysis involving over 6‘000 interventions, we
found the surgical site infection rate to be comparable when patients were
operated under tutorial assistance versus by independent surgeons.27 Training in the OR may however have an impact on the duration of surgery. For
the example of over 9‘000 laparoscopic cholecystectomies, we found surgical training in the OR to be associated with extra time and thus with relevant
extra costs.28
In training using VR simulators, we found learning curves to be nearly logarithmic and predictable after few repetitions.29 In a three-group parallel-design randomized-controlled trial (RCT), learning curves were disturbed in the
initial phase, when listening to activating music as compared to deactivating
or no music.30 In an RCT of VR versus OR camera training, we found VR training to be time-efficient and the experience to be transferable to the OR.31
Based on a large prospective database, we were able to define benchmarks
important to subsequent training programs.32 Based on these findings, the
Swiss group for Simulations in Surgery (www.swiss-sim-surg.ch) has designed a VR training curriculum, which is offered to all Swiss residents in various parts of Switzerland.
We further evaluated, if there is an association between personality traits
and VR performance. In this investigation, we found none of the personality
traits, adjusted for gender and surgical experience, to be an independent
predictor for VR performance. However, surgeons showed distinct personality traits different from the general population with lower neuroticism, higher
extraversion and conscientiousness and in male testees greater openness.33
The traits are expected to be predictors of team performance, which will be
further investigated. To address nontechnical skills such as leadership and
communication, we have implemented VR as part of a team training program, involving surgeons and anesthesiologists.34
As for assessment using VR, we could demonstrate construct validity, the
simulator being able to distinguish between trainees of different levels of
experience35 and found a correlation of VR camera navigation performance
with performance at a validated test for spatial skills.36 Additionally, in a VR
study involving children aged 8 to 12 years, we found lowest performance
in children with low experience in video games, followed by those with high
experience, residents and board-certified surgeons.37 In a survey conducted
involving over 500 surgical residents, we found the majority of them to accept VR as training tool.38 Several other studies are currently under review
or ongoing.
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Des Chirurgen Top 10
Vor allem während der Sommerzeit werden in vielen Zeitungen und illustrierten Zeitschriften unter der Rubrik
„Top Ten“, „Lesetipps“ oder „Bestseller“ Bücher für die
bevorstehenden Ferien oder eine einsame Insel besprochen mit dem Ziel, das „Dolce fare niente“ mit Lektüre
zu versüssen. Literatur als Amüsement.
Peter Stulz

Figure 4: Example of a Virtual Reality full procedure: cholecystectomy (LapMentorTM, Simbionix USA Corporation, 7100 Euclid Avenue, Suite 180, Cleveland,
Ohio 44103, U.S.A. Reprint with permission of Simbionix)

Outlook
Beside the development of new modules for full laparoscopic procedures
and single site surgery, training in robotic surgery will further be addressed.
Currently, robotic surgery may be trained using a converted VR laparoscopy
simulator; a simulator applying the same kinematics as the robot39; or by
using the recently developed VR simulator integrated in the robot using the
original console as interface.40 These systems will be subject of further validation studies in the near future.
Another relevant development will be the development of patient-specific
simulation. This is closely tied to surgical planning and surgical rehearsal and
may be supplemented by a „preoperative warm-up“ immediately prior surgery.24 The technique of augmented reality (AR) allows intraoperative surgical
navigation superimposing a reconstructed 3D image on the live surgical open
or laparoscopic view and thus provides insight beyond the direct surgical
view.41 Whereas in environments with fixed anatomic landmarks within a
bony frame and minimal organ motion AR can be more easily applied, the
automated tracking and correction for organ motion and deformation during
intra- and retroperitoneal surgery remains a challenge for routine use.41,42
Conclusions
In conclusion, VR is not only a mere video game, but an important supplement to traditional training, allowing training outside the OR in a standardized
setting without jeopardizing patient safety and providing instant objective
feedback. Although it may not replace the OR, it is especially relevant in
laparoscopic novices. VR training should be integrated into a proficiencybased and supervised training curriculum.

Referenzen auf: www.swiss-knife.org
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Henry Hoffmann
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Vor etwas mehr als 100 Jahren versuchte der grosse Mediziner und charismatische Lehrer Sir William Osler, junge Mediziner für Literatur zu begeistern,
indem er als „Bedside library for medical students“ zehn Autoren bzw. Werke
empfahl. Darin fanden sich u. a. das Alte und das Neue Testament, Shakespeare, Montaigne, Don Quijote, Marc Aurel und weitere. „Before going to
sleep read for half an hour, and in the morning have a book open on your
dressing table“. Die Bücher sollen „close friends“ werden und deren regelmässige Lektüre zur „inner education“ führen, also zur Entwicklung einer gebildeten Arztpersönlichkeit.
Ich lege einen Kanon von zehn Büchern vor, die den Nachttisch eines jeden
Chirurgen zieren, und deren Studium einen Beitrag zur Entwicklung einer
„chirurgischen Lebensführung“ (Nissen) leisten sollen. Auf schöngeistige Literatur, Klassiker und amüsante Romane eines Robin Cooke (Godplayer etc.)
oder Samuel Shem (House of God), welche sich in der Krankenhaus- und
Chirurgenszene Bostons abspielen, wird bewusst verzichtet. Die Autoren
werden in alphabetischer Reihenfolge aufgelistet, die Titel kursiv gesetzt.
(X) Zur besseren Lesbarkeit des Textes wird nur das männliche Geschlecht verwendet. Chirurginnen sind selbstverständlich immer miteinbezogen.

Top Ten
Die Regel des heiligen Benedikt: Regula Benedicti (RB)
Die RB gehört auch von der Bedeutung her an die erste Stelle. Diese 1500jährige Schrift aus der Feder des heiligen Benedikt von Nursia, die er in den
Jahren 523-540 in Montecassino verfasst hat, ist Weltliteratur! Dieses Regelwerk ist ein Verhaltenskodex, der so ziemlich alle Bereiche des menschlichen
Miteinanders abdeckt. Die Regel ist nicht bloss eine Sammlung von Anweisungen und Verboten, sie will vielmehr eine Praxis hervorrufen, die für sich
spricht. Sie liefert eine Lebensorientierung und umfasst eine reichhaltige, in
sich geschlossene Lebensordnung. Sie kann als Lebensmodell für alle Menschen auch ausserhalb der Klostermauren dienen und zwar unabhängig von
Glaubensanschauung und Religionszugehörigkeit. Für uns Chirurgen sind
vor allem die beiden Abtkapitel 2 und 64 wichtig, welche eine zeitenthobene
Führungsweisheit entwerfen, die für das moderne Management fruchtbar
gemacht werden kann. (Abt em. Georg Holzherr, Paulusverlag 2008, 7. Auflage, in zwölf Sprachen übersetzt)
Charles L. Bosk: Forgive and Remember. Managing Medical Failure
Eines der besten soziologischen Bücher über Chirurgen und ihr Fach! Charles
L. Bosk, Professor für Soziologie und medizinische Ethik, verbrachte 18 Monate auf der „Chirurgie“ einer universitären Klinik in den USA. Er lebte und arbeitete mit Interns, Residents und ausgewachsenen Chirurgen und studierte
die Art und Weise, wie Chirurgen mit Komplikationen und Fehlern umgehen.
20 Jahre nach der Erstpublikation (1979) besuchte er erneut dieselbe Klinik
und veröffentlichte eine erweiterte Neuausgabe, worin er Veränderungen beschrieb, welche sich im Verlaufe der 20 Jahre ergeben haben.

Education

References
1

Aggarwal R, Moorthy K, Darzi A. Laparoscopic skills training and assessment. Br J
Surg 2004; 91 (12): 1549-1558

2

23 Satava RM, Cuschieri A, Hamdorf J; Metrics for Objective Assessment of Surgical

gical trainees in laparoscopic surgery. Cochrane Database of Systematic Reviews

Skills Workshop. Metrics for objective Assessment. Surg Endosc 2003;17 (2): 220-

Al-Kadi AS, Donnon T, Oddone Paolucci E, Mitchell P, Debru E, Church N. The
effect of simulation in improving students‘ performance in laparoscopic surgery:
a meta-analysis. Surg Endosc. 2012 May 31. [Epub ahead of print] DOI 10.1007/
s00464-012-2327-z

4

Sutherland LM, Middleton PF, Anthony A, Hamdorf J, Cregan P, Scott D, Maddern
GJ. Surgical simulation: a systematic review. Ann Surg 2006; 243 (3): 291-300

5

Sturm LP, Windsor JA, Cosman PH, Cregan P, Hewett PJ, Maddern GJ. A systematic review of skills transfer after surgical simulation training. Ann Surg 2008; 248
(2):166-179

6

Ikonen TS, Antikainen T, Silvennoinen M, Isojärvi J, Mäkinen E, Scheinin TM.
Virtual reality simulator training of laparoscopic cholecystectomies - a systematic

7

Educ. 2009 Dec; 1 (2): 172-175
25 Ulicsak M (2010). Games in education: Serious games. [Online] Available from:
http://media.futurelab.org.uk/resources/documents/lit_reviews/Serious-Games_
Review.pdf (Accessed May 14th 2012)
26 Lynch J, Aughwane P, Hammond TM. Video games and surgical ability: a literature
review. J Surg Educ 2010; 67 (3): 184-189
27 Rosenthal R, Weber WP, Zwahlen M, Misteli H, Reck S, Oertli D, Widmer AF, Marti
WR. The impact of surgical training on the incidence of surgical site infection. World
J Surg 2009; 33: 1165-1173
28 Von Strauss und Torney M, Dell-Kuster S, Mechera R, Rosenthal R, Langer I. The
cost of Surgical Training. Analysis of operative time for laparoscopic cholecystec-

Aggarwal R, Darzi A, Grantcharov TP. Re: A systematic review of skills transfer after

tomy. Surg Endosc 2012 (April 5) [Epub ahead of print]. DOI 10.1007/s00464-0122236-1

Aggarwal R, Grantcharov TP, Eriksen JR, Blirup D, Kristiansen VB, Funch-Jensen P,

29 Rosenthal R, Gantert WA, Scheidegger D, Oertli D. Can skills assessment on a

Darzi A. An evidence-based virtual reality training program for novice laparoscopic

virtual reality trainer predict a surgical trainee’s talent in laparoscopic surgery? Surg

surgeons. Ann Surg 2006; 244 (2): 310-331
9

226
24 Satava RM. The revolution in medical education-the role of simulation. J Grad Med

review. Scand J Surg 2012; 101 (1): 5-12
surgical simulation training. Ann Surg 2008; 248 (4): 690-691
8

J Surg 1997; 172: 226-230

Gurusamy KS, Aggarwal R, Palanivelu L, Davidson BR. Virtual reality training for sur2009, Issue 1. Art. No.: CD006575. DOI: 10.1002/14651858.CD006575.pub2

3

22 Reznick R. Testing technical skill via an innovative „bench station“ examination. Am

Endosc 2006; 20: 1286-1290

Ahlberg G, Enochsson L, Gallagher AG, Hedman L, Hogman C, McClusky DA 3rd,

30 Miskovic D, Rosenthal R, Zingg U, Oertli D, Metzger U, Jancke L. Randomised

Ramel S, Smith CD, Arvidsson D. Proficiency-based virtual reality training signifi-

controlled trial on the effect of music on virtual reality laparoscopic learning perfor-

cantly reduces the error rate for residents during their first 10 laparoscopic cholecystectomies. Am J Surg 2007; 193 (6): 797-804

mance in novice surgeons. Surg Endosc 2008; 22: 2416-2420
31 Franzeck FM, Rosenthal R, Muller MK, Nocito A, Wittich F, Maurus C, Dindo D, Cla-

10 Mackay S, Morgan P, Datta V, Chang A, Darzi A. Practice distribution in procedural

vien PA, Hahnloser D. Prospective randomized controlled trial of simulator based

skills training: a randomized controlled trial. Surg Endosc 2002; 16 (6): 957-961

versus traditional in-surgery laparoscopic camera navigation training. Surg Endosc

11 Verdaasdonk EG, Stassen LP, van Wijk RP, Dankelman J. The influence of different
training schedules on the learning of psychomotor skills for endoscopic surgery.
Surg Endosc 2007; 21 (2): 214-219
12 Halvorsen FH, Fosse E, Mjåland O. Unsupervised virtual reality training may not
increase laparoscopic suturing skills. Surg Laparosc Endosc Percutan Tech. 2011
Dec; 21 (6): 458-461
13 van Dongen KW, Ahlberg G, Bonavina L, Carter FJ, Grantcharov TP, Hyltander A,

2012; 26: 235-241
32 von Websky MW, Vitz M, Raptis DA, Rosenthal R, Clavien PA, Hahnloser D. Basic
laparoscopic training using the Simbionix LAP Mentor. Setting the standards in the
novice group. J Surg Educ 2012; 69 (4): 459-467
33 Rosenthal R, Schaefer J, Hoffmann H, Vitz M, Oertli D, Hahnloser D. Personality
traits and virtual reality performance. Surg Endosc 2012 Jun 30 [Epub ahead of
print], DOI:10.1007/s00464-012-2424-z.

Schijven MP, Stefani A, van der Zee DC, Broeders IA. European consensus on a

34 Rosenthal R, Gisin S, Gantert W, Ummenhofer W, Zobrist R, Oertli D, Scheidegger

competency-based virtual reality training program for basic endoscopic surgical

D. ACMS – Advanced Complication Management Simulation. swiss knife 2006; 1:

psychomotor skills. Surg Endosc 2011; 25 (1): 166-171

15-16

14 Yule S, Flin R, Maran N, Rowley D, Youngson G, Paterson-Brown S. Surgeons‘ non-

35 Rosenthal R, Gantert WA, Hamel C, Hahnloser D, Metzger J, Kocher T, Vogelbach

technical skills in the operating room: reliability testing of the NOTSS behavior rating

P, Scheidegger D, Oertli D, Clavien PA. Assessment of construct validity of a virtual

system. World J Surg 2008; 32 (4): 548-556

reality laparoscopy simulator. J Laparoendosc Adv Surg Tech A 2007; 17: 407-413

15 Paige J, Kozmenko V, Morgan B, Howell DS, Chauvin S, Hilton C, Cohn I Jr, O‘Leary

36 Rosenthal R, Hamel T, Oertli D, Demartines N, Gantert W. Performance on a virtual

JP. From the flight deck to the operating room: an initial pilot study of the feasibility

reality angled laparoscope task correlates with spatial ability for trainees. Ind J Surg

and potential impact of true interdisciplinary team training using high-fidelity simulation. J Surg Educ 2007; 64 (6): 369-377
16 Aggarwal R, Ward J, Balasundaram I, Sains P, Athanasiou T, Darzi A. Proving the
effectiveness of virtual reality simulation for training in laparoscopic surgery. Ann
Surg 2007; 246 (5): 771-779
17 Orzech N, Palter VN, Reznick RK, Aggarwal R, Grantcharov TP.
A comparison of 2 ex vivo training curricula for advanced laparoscopic skills: a randomized controlled trial Ann Surg. 2012; 255 (5): 833-839
18 Sachdeva AK, Pellegrini CA, Johnson KA. Support for simulation-based surgical
education through American College of Surgeons-Accredited Education Institutes.
World J Surg 2008; 32: 196-207
19 Munro MG. Surgical simulation: where have we come from? Where are we now?
Where are we going? J Minim Invasive Gynecol 2012; 19 (3): 272-283
20 American College of Surgeons, Division of Education [Online] Available from: http://
www.facs.org/education/accreditationprogram/list.html (Accessed July 10 2012)
21 UEMS Section of Surgery and European Board of Surgery. Bergenfelz Skills Centers.
[Online]. Available from: http://www.uemssurg.org/index.jsp?documentid=F8BA-

2010; 72 (4): 327-330
37 Rosenthal R, Geuss S, Dell-Kuster S, Schaefer J, Hahnloser H, Demartines N. Videogaming in children improves performance on a virtual reality trainer but does not
yet make a laparoscopic surgeon. Surg Innov 2011; 18 (2): 160-170
38 Rosenthal R, Gantert WA, Hamel C, Metzger J, Kocher T, Vogelbach P, Demartines
N, Hahnloser D. The future of patient safety: surgical trainees accept virtual reality
as a new training tool. Patient Saf Surg 2008; 2: 16
39 Schreuder HW, Wolswijk R, Zweemer RP, Schijven MP, Verheijen RH.
Training and learning robotic surgery, time for a more structured approach: a systematic review. BJOG 2012; 119 (2): 137-149
40 Hung AJ, Zehnder P, Patil MB, Cai J, Ng CK, Aron M, Gill IS, Desai MM. Face, content and construct validity of a novel robotic surgery simulator. J Urol 2011; 186 (3):
1019-1024
41 Ukimura O. Image-guided surgery in minimally invasive urology. Curr Opin Urol
2010; 20: 136-140
42 Marescaux J, Rubino F, Arenas M et al. Augmented-reality-assisted laparoscopic
adrenalectomy. JAMA 2004; 292: 2214-2215

178444FF82F6C12573A2003C9D9E&form=Dokumente&parent=DA460EB21AEC
296BC125734F005A1FA1&submenu=B3206DA98E835DD7C125734F005ABD34
(Accessed July 10 2012)

Referenzen von Seite 20

