VR-simulation cataract surgery in non-experienced trainees,
evolution of surgical skill
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ABSTRACT

Conclusion: The current data imply that the performance index as defined herein is a valid measure of the performance
of a trainee using the virtual reality phacoemulsification simulator. Further, the performance index increase linearly
with measurement cycles for less than 5 measurement cycles. To fully use the learning potential of the simulator more
than 4 measurement cycles are required. Materials and methods: Altogether, 10 trainees were introduced to the
simulator by an instructor and then performed a training program including 4 measurement cycles with three iterated
measurements of the simulation at the end of each cycle. The simulation characteristics was standardized and defined in
14 parameters. The simulation was measured separately for the sculpting phase in 21 variables, and for the evacuation
phase in 22 variables. A performance index based on all measured variables was estimated for the sculpting phase and
the evacuation phase, respectively, for each measurement and the three measurements for each cycle were averaged.
Finally, the performance as a function of measurement cycle was estimated for each trainee with regression, assuming a
straight line. The estimated intercept and inclination coefficients, respectively, were finally averaged for all trainees.
Results: The performance increased linearly with the number of measurement cycles both for the sculpting and for the
evacuation phase.
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1. INTRODUCTION

Phacoemulsification cataract surgery is currently the most common surgical procedure in modern societies, the
incidence amounting to 1/100 inhabitants/yr '. It has been estimated that by the year 2020, the prevalence of cataract
will double .

In modern cataract surgery, an approximately 2 mm incision is made in the periphery of the cornea. Then, the
crystalline lens is opened by precise tearing of an operculum in the anterior surface of the lens, capsulorhexis.
Thereafter, the lens nucleus is mobilized with saline by liquid dissection along the interior surface of the lens capsule.
The lens nucleus is removed by ultrasound emulsification and simultaneous aspiration with a fine relatively sharp metal
tip. The remaining lens cortex adhering to the lens capsule is removed by aspiration with a blunt cannula. Finally, the
lens capsule is expanded with a viscoelastic géle and an intraocular lens is implanted. The critical quality factor of the
surgery is that the posterior capsule of the crystalline lens remains intact throughout the surgery.

Surgeons in training have reported an incidence of 5-20 % of capsular ruptures during their first 200 cases > despite
teacher intensive training . Experienced surgeons reported that the number of complications decreased exponentially
from the first case, reaching the asymptote after 400 ® or even 1000 cases °.

Rigorous monitoring of surgical skill is becoming increasingly demanded '"°. Current computing capacity of modern
personal computers is sufficient for simulation of virtual reality and is expected to increase quickly, making it possible
to make more sophisticated simulation algorithms. Virtual reality models have been developed for various surgical
procedures such as arthroscopy, bronchoscopy, cystoscopy, transurethral prostate resection, gastroscopy, colonoscopy,
intravascular procedures, coronary stint or cardiac lead placement and laparoscopic surgery ',

Extensive research in motor skill learning has demonstrated that the incidence of complications due to wrong motor
behavior decreases sigmoidally as a function of the number of training sessions from a high level towards a low level
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asymptote. Contemporaneously, the motor skill ,or the performance, increases as a function of number of training
sessions from a low level asymptote, sigmoidally towards a high level asymptote. The integral of the performance as
function of number of training sessions is defined as instructional effectiveness, 1E. Instructional effectiveness measured
with the same strategy for the same trainees, may be used to compare different simulators. Instructional effectiveness
measured with the same training curriculum on the same simulator may be used to evaluate the learning capacity of an
individual trainee. Measurement of instructional effectiveness requires a relevant definition of performance index.

There have been several attempts to measure performance with VR simulators -3 1t has been demonstrated that virtual
reality training leads to faster adaptation to the psychomotor restrictions encountered by laparoscopic surgeons ",

We have developed a virtual reality phacoemulsification simulator, PhacoVision® "', The simulator consists of a
personal computer, simulation software, a surgeon interface and an administrator interface. A preliminary clinical
evaluation indicated that the simulator authentically simulates cataract surgery ' In a recent study of 8 medical or
optometry students, 31 response variables were identified and the variability of measurements of theses variables was
analyzed *’. 1t was found that the variability’s in the measurements were larger for the sculpting phase than for the
evacuation phase, resulting in a need for larger sample size to measure changes during the sculpting phase than during
the evacuation phase *°. Based on the analysis of the variability of the various variables measured a performance index
was defined 2' and the performance of 9 experienced surgeons was estimated 2

The aim of the present study was to evaluate the evolution of performance in trainees familiar to the anatomy and
physiology of the eye but without prior experience of cataract surgery.

1 METHODS

1.1 Subjects
The subjects were medical students in their forth year immediately after their undergraduate training in ophthalmology.

1.2 The simulator

The simulator (PhacoVision®, Melerit AB, Sweden) consists of a personal computer, simulation software and hardware
interfaces.

The simulation software is based on a generalized simulation software (M-base®, Melerit AB, Sweden) working on top
of Cosmo 3D/Optimizer (Silicon Graphics Inc., USA). M-base has been used to write the phacoemulsification
procedure.

In the trainee input interface, the trainee provide input to the software through a manipulator hand piece, a
phacoemulsification hand piece, a commercial microscope foot pedal controlling x and y direction of the field, focusing
and zoom., and a phacoemulsification foot pedal triggering irrigation in step one, and adding aspiration in step two and
ultrasound energy in step three. The trainee simultaneously, in real time, receives 3-D feed-back of the alterations,
provoked in the surgical field by the trainee manipulation, through two organic light-emitting diode (OLED) displays
observed through two eye-pieces.

In the administrator interface, the patient characteristics are defined in 14 parameters (Table 1).
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Table 1

Light scattering induced after in vivo exposure to near-infrared radiation at 1090 nm as a function of
exposure time

Id  Parameter

1 Patient movement

i 1.1 Average frequency of x-y patient field drift calculated for no drift period

2 1.2 Maximum velocity for x-y patient field drift

3 1.3 Maximum x-y patient field drift

2 Pupillary parameters

13 2.1 Pupillary diameter

3 Lens Parameters

17 3.1 Maximum allowed stretching of the zonulae before lost lens

31 3.2 Maximum allowed zonular load

20 3.3 Nucleus hardness

21 3.4 Nuclear angular speed when dialled

23 3.5 Force required to produce cracking

4 Phacoemulsification instrument related

25 ° 4.1In frontal plane counter-clockwise angle between 12 a' clock and phacoemulsification handle axis
26 4.2 In frontal plane counter-clockwise angle between 12 a' clock and manipulator handle axis
27 4.3 Distance tip-irrigation port center

29 4.4 Average incidence of occurrence of bubbles

30 4.5 Average number of bubbles per group

1d is a unique parameter identifier

1.3 Procedure

The virtual reality phaocoemulsification procedure was divided into an initial sculpting phase and a subsequent
evacuation phase. During the sculpting phase, a cross is sculpted in the lens nucleus. During the evacuation phase, the
lens nucleus is cracked into four sectors and thereafter each sector is evacuated by simultaneous ultrasound
emulsification and vacuum aspiration.

Each trainee went through the surgical training steps outlined in (Figure 1).
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Instructor demonstration surgery
Measurement: Trainee surgery x3
Figure 1 Surgical training steps.

1.4 Variables measured
For all surgeries, the sculpting phase and the evacuation phase were measured separately. For the sculpting phase,
altogether 21 variables were measured and for the evacuation phase 22 (Table 2),
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Table 2

Variables measured

Id Variable

1. Overall procedure

1 TotalProcedureTime (s)

2 SculptingTime/Evacuation (s)/
3 PhacoEnergyUsed (rel.)

2 Foot pedal technique

5 DecentrationSurgicalField (s)
3 Phacoemulsification technique

2 PhacoPathX (mm)

3 PhacoPathY (mm)

4 PhacoPathZ (mm)

6 ManipulatorPathX (mm)
7 ManipulatorPathY (mm)
8 ManipulatorPathZ (mm)
4

1

2

3

4

L
!

Erroneous manipulation
BubbleOcclutionTime (s)
NolrrigationTime (s)
ManipulatorBehindlrisTime (s)
PhacoBehindIrisTime (s)
5 Damage to ocular structures
5.1 Corneal endothelial damage
1 PieceCorneaPushTime (s), only evacuation
PhacoCorneaHitTime (s)
IrisDamageTime (s)
. Damage to capsule
PhacoRhexisDamageTime (s)
PhacoBeyondPosteriorCapsuleTime (s)
ManipulatorBeyondPosteriorCapsuleTime (s)
ZonulaStretch (mm)?

EER IS A = N T

The overall performance index ' was calculated for each of the sculpting phase and the evacuation phase.

1.5  Experimental design
The experimental design is outlined in (Figure 2).

Subjects Surgery No Surgical phase Variables Measurements

1 0 Sculpting 1 1
o 4 : Evacuation § o E °
. o 7 o 3
! 10 10 21
' 13
. Figure 2 Experimental design.
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2 RESULTS
The trainee performance of sculpting increased linearly with measurement cycle (Figure 3).
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Figure 3 Sculpting, evolution of performance. Circles are instructor. Filled line is trainee’s
best fit regression to a linear regression model with zero and first order terms. Dotted line is
performance of untrained trainees.

The trainee performance of evacuation increased linearly with measurement cycle (Figure 3).

Performance (Rel.)

Measurement cycle (No)

Figure 4 Evacuation, evolution of performance. Circles are instructor. Filled line is trainee’s
best fit regression to a linear regression model with zero and first order terms. Dotted line is
performance of untrained trainees.

3  DISCUSSION

The purpose of the current study was to determine the evolution of sculpting and evacuation during the initial training
of trainees, familiar to the anatomy and the physiology of the eye but without prior experience to surgery.

The current finding that the trainee performance increases as a function of number of measurement cycles (Figure 3,
Figure 4) demonstrates that the current definition of performance index *' is a valid variable for overall performance
with the simulator. The fact that the performance increased linearly within the interval of measurements cycles
measured indicates that use of the full learning potential of the simulator requires more measurement cycles than 4 since
with increasing number of measurement cycles, the increase is expected to level of towards an asymptote.
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It is concluded that the performance index measures the performance of the trainee using the simulator. Further, a
curriculum including more than 4 measurement cycles is required to fully use the learning potential of PhacoVision®.

4 ACKNOWLEDGMENT

The current study was supported by Swedish Research Council, project K2008-63X-1 5035-05-2, Konung Gustav Vs
och Drottning Victorias Frimurarstiftelse, Ogonfonden and Uppsala Lans Landsting’s Research grants (ALF).

w N

15,

16.

REFERENCES
Swedish National Cataract R. Year report 2006. [Book Year report 2006], www.cataractreg.com, (2006).
WHO. Blindness and visual disability: major causes worldwide. Fact sheet no 143, WHO, Geneva, (1997).

Cruz OA, Wallace GW, Gay CA, Matoba AY, Koch DD. Visual results and complications of
phacoemulsification with intraocular lens implantation performed by ophthalmology residents. Ophthalmolog
99, 448-452 (1991).

Tarbet KJ, Mamalis N, Theurer J, Jones BD, Olson RJ. Complications and results of phacocmulsiﬁcation. J
Cataract Refract Surg, 21, 661-665 (1995).

Robin AL, Smith SC, Natchiar G, et al. The initial complication rate of phacoemulsification. Invest Ophthalnr
Vis Sci, 38, 2331-2337 (1997).

Seward HC, Dalton R, Davis A. Phacoemulsification during the learning curve: Risk/benefit analyis. Eye, 7,
164-168 (1993).

Thomas R, Braganza A, Raju R, Mbbs L, Spitzer K. Phacoemulsification - a senior surgeons learning curve.
Ophthalmic Surg, 25, 504-509 (1994).

Ng DT, Rowe NA, Francis IC, et al. Intraoperative complications of 1000 phacoemulsification procedures: A
prospective study. J Cataract Refract Surg, 24, 1390-1395 (1998).

Martin KRG, Burton RL. The phacoemulsification learning curve: Per-operative complications in the first 3
cases of an experienced surgeon. Eye, 14, 190-195 (2000).

McDonald P. Training for surgeons after the year 2000. J R Soc Med, 91, 401 (1998).

Wilson MS, Middlebrook A, Sutton C, Stone R, McCloy RF. MIST VR: a virtual reality trainer for laparosc
surgery assesses performance. Ann R Coll Surg Engl, 79, 403-404 (1997).

Berg D, Raugi G, Gladstone H, et al. Virtual reality simulators for dermatologic surgery: Measureing their
validity as a teaching tool. Dermatol Surg, 27, 370-374 (2001).

Ahlberg G, Heikkinen T, Iselius L, Leijonmarck CE, Rutqvist J, Arvidsson D. Does training in a virtual real
simulator improve surgical performance. Surg Endosc, 16, 126-129 (2002).

Jordan JA, Gallagher AG, McGuigan J, McClure N. Virtual reality training leads to faster adaption to the nc
psychomotor restrictions encountered by laparoscopic surgeons. Surg Endosc, 15, 1080-1084 (2001).

Laurell C, Nordh L, Skarman E, Andersson M, Nordqvist P. Computer-simulated phacoemulsification. SPIi
Proc, 4245, 174-176 (2001).

Soderberg PG, Laurell C, Artzén D, et al. Computer-simulated phacoemulsification, improvements. SPIE P
4611, 76-80 (2002).

Soderberg PG, Laurell CG, Nordqvist P, Skarman E, Nordh L. Virtual cataract surgery: clinical evaluation.
Proc, 4951, 62-66 (2003).

Laurell CG, Soderberg PG, Nordh L, Skarman E, Nordquist P. Computer-simulated phacoemulsification.
Ophthalmology, 111, 693-698 (2004).

Proc. of SPIE Vol. 7885 78850L-7



Soderberg PG, Laurell CG, Simawi W, Nordqvist P, Skarman E, Nordh L. Virtual reality phacoemulsification: A
comparison between skilled surgeons and students naive to cataract surgery. SPIE Proc, 5688A, 164-169 (2005).

Soderberg PG, Simawi W, Laurell CG, Nordqvist P, Nordh L, Skarman E. Evaluation of response variables in
computer simulated virtual cataract surgery. SPIE Proc, 6138, 131-139 (2006).

Séderberg PG, Laurell CG, Simawi W, Skarman E, Nordqvist P, Nordh L. Performance index for virtual reality
phacoemulsification surgery. SPIE Proc, 6426A, (2007).

Soderberg PG, Laurell CG, Simawi W, Skarman E, Nordh L, Nordgqvist P. Measuring performance in virtual
reality phacoemulsification surgery. SPIE Proc, 6844, 121-129 (2008).

Proc. of SPIE Vol. 7885 78850L.-8




