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Abstract

Background: The use of a digital 3D exoscope system in neugesyris increasing as an alternative to the
operative microscop&.he objective of this study was to compare theaisedigital 3D exoscope system to that
of a standard operating microscope as a neurosiinggualization tool in a highly challenging, exjpeental

setting.

Methods: End-to-side bypass procedures, each at a deptloaitimeters, were performed in a simulation
setting. The quality of the task as well as thetldeffect, visualization, magnification, illuminati, and

ergonomics were evaluated.

Results: No major differences were noted between the miaes@nd the exoscope in terms of the quality of
the work. Working with the exoscope was more timastming than working with the microscope. Changing
the depth and focus was faster using the operatigmscope. The exoscope enabled higher magndicatnd it

offered better ergonomic features.

Conclusion: In a highly challenging, experimental setting, cangible procedural quality was found for both
visualization modalities. Each had its own advaesagnd disadvantages. Over time and with techraabgi

advances, the digital 3D exoscope may become tle oparative visualization system in microneurosuyg

Keywords: 3D exoscope. Operating microscope, Neurosurgegyndhding situation. Bypass.
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Introduction

Since its introduction, the operative microscopg icome an essential visualization tool in modern
neurosurgery . Despite improvements in illumination and optit® development of software and clinical
tools, and the integration of neuronavigation,dperating microscope has several limitatidriEhese are
mainly related to ergonomics, as the surgeon endftrced into uncomfortable positions due to tbelar-

dependent visualization.

In recent years, three-dimensional (3D) digitalsape systems have been developed and reportedrtah
adequate alternative to the operating microst8pehe use of exoscopes may offer several advantages o
conventional microscopes, such as increased fagahdthe ability to use them in unconstrained wark

positions, and similar visualizations for all aetiparticipants of the surgical procedifte

We recently described that the results of supatfisxperimental bypass anastomosis quality wergeoable
when using the operating microscope or exosgopean attempt to more thoroughly assess thehitijies of
both visualization modalities, we designed a mudhenthallenging experimental situation; this inwzhan
experimental bypass at a depth of 9 centimeter3 flcat went beyond regular neurosurgical proceddrieat
specific depth of field and the type of task (dediag multiple quick movements) were suitable fatiteg both
systems in a challenging situation. The aim wa®tluce personal bias and assess the strengthsratadidns

of both visualization tools in a highly demandiegperimental task.

In this illustrative report, we describe our expade with a modern operating microscope and aatligioscope
when performing an experimental deep bypass. We mluded a narrated video to show the experinhenta

setup and to exemplify the important benefits aisddivantages of both modalities.

Materials and methods
Experimental setup

The experimental deep bypass procedures were @¢auteusing an operating microscope (Carl Zeissitded
AG, OPMI Pentero 900, Jena, Germany) and a 3Daligikoscope (Aesculap Inc., Aeos Digital Microscope
Center Valley, Pennsylvania, USA).

We used a self-made Styrofoam model of a human tneadfor this experiment. The model was adaptedfr
our earlier described model to simulate the inardatepth for performing the anastomdsishe adapted model
contained a 2 cm working field at a depth of 9 arith an opening of 3 cm on the surface (see vide@ Toot
pedal was used to adjust magnification and focusmduhe procedure. The experimental setup is shawn
Figure 1A, B, and C.

Materials

Anastomosis suturing was performed using a 12-9gstér suture needle (Ningbo Medical Needle Co., Ltd

Ningbo, China). The rationale for choosing thisckaf needle was related to having the smallestedsas the



102 least expensive one available. The main surgicituments that were used were two SuperBypass 68B}1
103 forceps (Takayama Instruments Inc., Muranaka, Tollgpan), microscissors (Mutoh America Ltd., Natick
104 MA, USA), a Yasargil Aneurysm Clip System (Aescylége., Center Valley, Pennsylvania, USA), and 2

105 temporary clips (see video 1). The same instrumsate used for all 10 procedures. Chicken wingelsssith
106 a median diameter of 1 millimeter (mm) were pregddoe experimental, end-to-side anastomoses (Figare

107 B). No live animals were used in the experiments.

108  The local ethics board approved the study; nodivienals were used.
109

110  Anastomosis procedure

111  We performed an end-to-side anastomosis usingt2@rupted sutures evenly distributed along theelesifice
112 at a depth of 9 cm (Figure 3A, B).more detailed description of the anastomosisrtegle was published

113 earlier®. A total of 10 bypass procedures (5 with the micopscand 5 with the exoscope) were performed and
114 recorded in an alternating fashion. All bypassesevearried out by one experienced vascular neugesur

115 (A.H.) who has performed more than 2,500 experialdntpasses using a microscope and more than 39§ us
116 an exoscope. Since this vascular neurosurgeondeggiate experience with both modalities, we inaiuciely
117 one for all procedures, thereby aiming to reduedehrning curve effect that may have otherwiskiémfced our
118 results.

119
120 Field of view and depth of field

121  When performing an anastomosis technique, movenagatexerted within a certain range in the horiabnt
122 plane which is limited by the field of view, andtime vertical plane which is limited by the depftHield.

123  Whereas the former was assessed subjectively diimngrocedure, we included an additional expertrfan
124  the latter. The depth of field, i.e. the range lestwthe nearest and the farthest objects thah @eceptably
125 sharp focus, is relevant to perform the anaston{é#igire 4). Because the anastomosis in this saidy

126 performed at a depth of 9 cm, the depth of fieldushed to its limitations and is rather shallove @gtimated
127  that a proximal depth of field of around 1 cm i®ded for the anastomosis movements. To assessewtie¢th
128 depth of field was in this range, we marked a taogemillimetric paper which was placed at a degftB cm,
129 followed by placement at a depth of 8 cm. With maxin magnification (Exoscope: 10x optical magnificaf
130 Operative microscope: 16.6x magnification), andilsinfocal distance (200mm), we assessed the gualit

131 image. Thereafter, we reduced the magnificatioil anteptable sharp focus was re-established.
132 Outcome parameters

133 The quality of the anastomoses was evaluated tisengractical TSIO scale for anastomosis qualiseasment
134 (see Table P)This scale includes measurements of the durafitimegprocedure (T), stitch distribution (S),
135 thread hidden inside the vascular wall (1), andicgiwidth (O). In addition, the surgeon subjecjvevaluated

136 important features for the bypass procedures ragad) visualization of the procedure and (2) exgwics.

137
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Statistical analysis

Statistical analysis was performed using IBM SP&8&Wn 25 (IBM Corp., Armonk, New York, USA). An
ANOVA test was used to predict the correlation legweach of the systems and the corresponding dambun

time required to complete the procedureR Aalue of < 0.050 was considered to be statisticgnificant.

Results
Experimental deep bypass procedures

Both the operative microscope and the exoscopdeauhals to perform the highly challenging, experitagén
deep bypasses. We found that TSIO scores for thet@moses were similar using the operative micpsend
the 3D digital exoscope (see Table 2). No majdedkéhces were noted for stitch distribution, intimama
attachment, or orifice width. Regarding the dunaiid the procedure, the TSIO scale differentiatetsvben
shorter or longer than 20 minutes. Here, all pracesltook more than 20 minutes, irrespective of the
visualization technique used. However, time spanthe bypass procedures using the exoscope (méah: 4
minutes, range: 44 to 55 minutes) was significa(Rly0.004) prolonged when compared to using the

microscope (mean: 38.4 minutes, range: 35 to 44it@n

Visualization and optics

The operative microscope contains a halogen-bégeidsource, whereas the working field is illumidiby
LEDs in the exoscope. The latter results in a rédnof heat generation. We found that the LED-base
illumination source of the exoscope also resulted better general illumination and increased cotmtrast

(see video 1).

The exoscope comes with a high dynamic range (HEalRjera and monitor that provides a 3D-view of the
working field, thereby offering a stereopsis viefittee working field as with the microscope. Thedbdistance
of the operating microscope and the exoscope ism@@tnd 200 to 450 mm, respectively. The largéd foé
view and the increased depth of view of the exosaopde the view of the working field superior tatth

provided by the microscope.

The magnification and focus functionalities of batbdalities, important visualization and opticatieres, are

summarized in Table 3.

Field of view and depth of field

In all experiments, the anastomosis was centertidnithe field of view, and we noticed no limitai®for
performing the bypass within this field of view whesing both visualization systems. Regarding #y&id of
field, we visualized the marked target on millinefaper at optimal focus at a depth of 9 cm usinglar

settings for both visualization tools (Figure 5Ada&8D). Then the marked target was placed at a d&f@bm,
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which resulted in reduced and blurred image quéityooth, the exoscope and operative microscope.
Subjectively, the image quality of the exoscope aféected more than the image quality of the opezat

microscope.

For the exoscope, adjustment of magnification 8x 3vas required to return to the acceptable shaopsf
(Figure 5C). Interim adjustment of focus using dla¢o-focus function did not change the required mifagtion
adjustment. For the operative microscope, adjustimiemagnification to 8.5x was sufficient to retum

acceptable sharp focus (Figure 5F).

Ergonomics

The personal perception of the performing neuramamgvas that the exoscope offered ergonomic benefien
compared to the microscope for experimental deg@ads; It allowed for a more relaxed posture with a

horizontal gaze, and consequently a horizontatatsf flexed head and neck position.

Additional findings

A major advantage of the exoscope is the sharegi®®-or all participants in the procedure.

Discussion

In this study, we challenged the operating micrpscand exoscope performing an extremely demandsig t
i.e. a bypass procedure at a depth of 9 cm. Batlmlization modalities were capable of enabling gnbcedure.
Similar bypass quality was noted when using eittigualization modality. However, the duration of thypass
procedure was prolonged when using the exoscope eguianation for the extra time required to use th
exoscope is that it needs additional adjustmentsagfnification and refocusing due a more shalloptilef
field, as we have shown in this study. This mattarld further be affected by a slower speed ofaeding and
adjusting the zoom of certain exoscopic systemsnbunecessarily all exoscopic systems. We nofibixdin

actual operative procedures, as well as, in exparial bypass surgery.

We experienced a learning curve with the exosc®pe.number of cases and the differences in theeplioes,
so far, do not allow us to draw out a conclusiaeshent in this regard. Increased illuminationyaliation,
and color contrast were noted using the exoscaopaddition, the exoscope was found to offer bettgonomic
positioning for the surgeon and an undisturbedeafgnotion during the procedure, while simultarepu

offering an identical 3D view to the other partais.

Bypass quality differences using the operative asicope and the exoscope

The quality of the experimental deep bypasses siengar with regard to using either the microscopé¢he

exoscope, when rated according to the TSIO Sdalshould be noted that in this scale, a cut-62® minutes



206  for the duration of the procedure is included. Tihe spent on the bypass procedures using the epesgas
207  substantially prolonged when compared to that efrtticroscope. This could perhaps be explained dy th
208 discrepancy in our experience with both modalit&&milar findings were recently reported by Kwarakt who
209 compared a 3D, high-definition exoscope to an dperanicroscope in several spinal surgefieshey found
210 that almost all spinal procedures were prolongednaising the exoscope and they related this tontneased
211 number of focus and zoom adjustments required dwimgery. Repositioning and refocusing was alsadao
212 be less favorable using the exoscope comparectmitroscope, according to the authors of othezrnec

213 studies®’®*?This is also in line with our recently publishesbults on superficial bypass procedures
214
215 Visualization and optics

216 Regarding visualization, Ricciardi et al. revievihd literature comparing exoscopes and microscapgdgound
217  that image quality, optical power, and magnificatad the exoscope was rated at least equivaletieto

218 microscope{ When a 4K or ultra-high definition screen is cedied, the exoscope could reach an even higher
219 image quality than the microscdpg@In our study, the exoscope was connected to adeghition screen and

220 we indeed found that general illumination and calontrast were better with the exoscope in comparis the

221 microscope. An additional benefit of exoscope ilination is the decreased production of heat by s,

222  which might reduce thermal injury to the exposedues during surgery. The optical quality of expsschas

223 continuously been improved upon and the introdactibexoscopes connected to 3D, high-definition

224  visualization screens has enabled stereopsis tlngxoscope, making it an even more competitive

225 visualization tool.
226
227 Magnification, zoom, and focus

228 For this deep-site, experimental bypass, the miggtin showed a better result using the exoscibpad a
229 greater magnification potential (digital magnificet; 15.8x magnification, distance 200 mm, optmadm 10x),
230 and the visual quality was also better (video he Tobotic augmentation of movements can maintéical

231 point and reduce the use of hands by relying aoadwitch or mouth switch.
232
233 Field of view and depth of field

234  Whereas the field of view was comparable and sefiic we found that the depth of field was shallofee the
235 exoscope than the operative microscope for thip égperimental bypass setup. At this deep sitethdefifield
236 of either visualization system is restricted. Hoeedepth of field is relevant, as the anastomesisniques
237 requires movements within the vertical plane. Apggalepth of field reduces the number of adjustmeht
238 zoom and focus, and enables a more smooth purfsihié @nastomosis. Consequently, the more shalkpthd
239 of field of the exoscope might have contributedhi® prolonged time spent on the anastomosis proesdvhen
240 using the exoscope. In case of microscope, thelmmate became very important for very small adjestt to

241 the view (to make the view focus and sharp or nfewemillimeter around).
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Ergonomics

A major disadvantage of operating microscopesasttiey require a direct interface to acquire Migation of
the working field. As a consequence, surgeons apdaally assisting surgeons are often forced into
uncomfortable positions during surgery. The exoedsonnected to a screen on which the workind f&e
digitally displayed. When the screen is placechmiteal ‘in sight’ line of the surgeon, an uncoaisted and
comfortable position of the surgeon during the prhwe is ensuredin addition, an exoscope enables more
freedom of movement for the surgeon and the detse#f does not disturb the view. It allows foréraiction

among assisting surgeons or nurses, as is theriéseperating microscopéd:’

We found similar ergonomic benefits using the erpscfor experimental deep bypass procedures. For th
specific procedure, the exoscope position was fireadrobotic arm and neither continuous movemeats
repositioning were required. Nevertheless, thezontal gaze and head position using the exoscegeHigure
1) was more relaxed in comparison to the more de@sition required when using the operating micops. In
procedures requiring continuous repositioning efshrgeon, the exoscope’s ergonomic benefits rigletven
more pronounced. However, one must rethink thepsetthe exoscope and its screen within the opegatiom

to enable ideal illumination and ‘in sight’ visuedtion on the screen.

Educational considerations

We found that the exoscope offers several educatimenefits. All active participants of the procezlenjoyed a
similar visual quality, view of the working fieldnd stereopsis when using the 3D exoscope systarmdd
surgery, this may result in better visualizatioran&tomical details and microdissection technidaesesidents
and operating room staff. Moving between surgeons is also easier becaiseimilar view of the surgical
field and the lack of necessity to adjust eye meed objective distanéeClearly, these educational benefits
might improve the training of residents. Howevenyiding new microscopic systems with digital hybdiK

visualization offers similar educational benefitglicture quality.

Limitations

In this study, only one highly demanding proceduee,interrupted anastomosis technique, was paddrto
assess the benefits and limitations of both vigatibn tools. Since we aimed for the most challeggi
procedure, we have included the anastomosis tegbsigzhich is most demanding for the visualizatmsid. In
comparison to a continuous anastomosis technidgfuesnterrupted anastomosis techniques requires hramd

movements, a larger number of focus and zoom readgnts, and variation in depth of field. The prhoes
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could be performed by more than one surgeon. Aeimgurosurgeon was involved in this study in otder

decrease the chances of confounding the results.

Although there are many exoscope systems on thkemave have included only the available exoscope
system.in our department at the time of perforntivig study. A comparison between various exoscypems

was beyond the scope of this study, yet forms taresting future study purpose.

The number of cases is low. However, in our presfippublished article, we performed a substantiaijher
number of bypasses in an animal model, in whictettperimental procedure was performed in more #t¥h
models. Therefore, the complexity of the settingrf®deep, 2 cm wide) is the reason for the low renn®ther
procedures in neurosurgery requiring different atpef both systems might result in new findingmrf the
results of this paper, we need to move forwardasstss these systems more thoroughly to realizeitireces

between the systems in relation to safety.

Another limitation is that the outcome measureslgome subjective judgments; measuring bypass et
more a combination of technical experience andriiggie than it is reflective of the relative effigaaf the
exoscope versus the microscope. Moreover, repuisedlization outcomes are largely subjective and
gualitative and do not substantively change the@sgion that the choice between visualization tieghas is

also highly subjective and user-dependent.

An additional limitation is that to date, numeraadtware programs used for real surgeries are wilyre
modified for the operative microscope but are rvaiilable for the exoscope (e.g. FLOW 800 for cea&br
perfusion). Some exoscopic systems do not havalitigy to perform indocyanine green video angiquma
(ICG) .

Conclusion

In this study, we challenged the capabilities obperative microscope and a 3D, high-dynamic ragscope
system when used in an extremely demanding situate an experimental deep bypass. We foundtieat
exoscope is an adequate alternative to the opgnaticroscope in this highly challenging, experina¢isetting.
The quality of the bypass procedures was similargusach of the visualization systems. However diln@tion
of the procedure was prolonged when using the eymsavhich might be related to a reduced deptiedf f
requiring more zoom and focus adjustments. Furtheclinical and clinical evaluation with different
pathologies and various challenging situationsasranted to stimulate further evolutions, like thoslated to
zoom/focus properties, of exoscope systems in sewgal procedures. In the future, with more eigrere and
some technological modifications, the exoscope baypme the main visualization system in

microneurosurgery.
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Figure Legends

Fig. 1 A: Overview of the preparation of the setup whemgighe three-dimensional exoscope. The figure
shows the operator is sitting surgeon looking taally to the in-sight’ placed three-dimensionatiev—view
monitor with 4k resolution. On the floor the foatich, which was also used when using the microscoan be
noted.

Fig. 1B: This image illustrates the operating room settihging experimental deep bypass procedures with
using the exoscope. The monitor is placed ‘in-sidinectly in front the sitting surgeon. In this waa horizontal
and relaxed head position can be maintained duhegvhole procedure.The foot switch is placed dndige
and the table with instruments is placed on thetriife.

Fig. 1C: This figure presents the experimental bypassesyrgetup with an expanded polystyrene skull. A fla
(3 cm in diameter and 9 cm deep) was made in therian and upper area of the ear, where in realftlife
superficial temporal artery to middle cerebral Brteypass is the normal procedure. At the 9 cmtoat the
diameter is 2 cm in all directions.

Fig. 2A: Overview of the prepared 1mm chicken-wing vesset] a green sheet with 1-mm scale. The photo was
taken using highest magnification available for & exoscope at 9 cm depth. The working distanom fthe
surface is 225mm.

Fig. 2B: Overview of the prepared 1mm chicken-wing vesant] a green sheet with 1-mm scale. The photo
was taken using highest magnification available tfe operating microscope at 9 cm depth. The wagrkin
distance from the surface is 225mm.

Fig. 3A: This image shows end-to-side stitching at a 9apthl using highest available magnification of 3D
exoscope.

Fig. 3B: Following end-to-side anastomosis at 9cm deptie ¥essel is cut close to the orifice to evalubee t
anastomosis. Image taken using highest availabimifieation of the microscope.

Fig. 4: In this figure, the setup for the depth of fielthdysis is illustrated. The X is the marking poiftr the
experiment, the optimal focus (red arrows) was diraethis marking. For the analysis, we estimated the
depth of the working field in the vertical planessacm. This depth of the working field is depictedhe image
by the green transparent column and the black alirewy For the depth of field analysis, the markings first
placed at the bottom (9cm depth) and thereafteedaio the top of the column at 8 cm depth.

Fig. 5A: This image shows the marking on millimetric pape® cm depth while in optimal focus using the
operative microscope. Focal distance: 200mm, meguibn 16.6X.

Fig. 5B: This image shows the marking on millimetric pape8 cm depth using the operative microscope with
similar settings as in A: focal distance: 200mm,gmification 16.6x. Clearly, the image is visualizatl an
unacceptable sharp focus.

Fig. 5C: This image shows the marking on millimetric paggain at 8 cm depth using the operative microscope
with a focal distance of 200mm. Here, magnificatveers adjusted until the image is visualized at @eptable
sharp focus. To this end, magnification had todjested to 8.5x.

Fig. 5D: This image shows the marking on millimetric pape® cm depth while in optimal focus using the
exoscope. Focal distance: 200mm, optical magnifinatOx.

Fig. 5E: This image shows the marking on millimetric pape8 cm depth using the exoscope with similar
settings as in a focal distance: 200mm, optical mifegtion: 10x. Clearly, the image is visualizetl an
unacceptable sharp focus, and compared to figuréleHmage is even more blurred, suggesting a stuaow
depth of field for the exoscope.

Fig. 5F: This image shows the marking on millimetric pape8 cm depth using the operative microscope with
a focal distance of 200mm. Here, magnification adgisted until the image is visualized at an aatdptsharp
focus. To this end, magnification had to be adpliste3.9x. Compared to the operative microscopaeased
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356 adjustment of magnification was needed to returihéodepth of field, suggesting a more shallow llebtfield
357  for the exoscope.

358  VideoLegend

359 In this edited video, we compare the operative agicope to the high-definition, 3D-exoscope. Theigito
360 assess the capabilities of both visualization systerhen performing a highly demanding neurosurgical

361 procedure.

362 To this end, an end-to-side anastomaosis, usingnldiameter chicken wing vessels was performedatia
363 depth.At the surface, the diameter of the openiag 8cm, whereas at the bottom the working fielddn@dm
364 diameter. Anastomosis suturing was performed us#if polyster suture needle and performing 20 inpted

365 sutures per anastomosis.

366  We assessed several properties of both systensflyFirisualization including illumination, magrghtion, field
367 of view, and depth of view were acknowledged. Eaggoits, in particular surgeon’s position, conven&od
368 adjustment using the interface, and positioningaditional equipment were also considered. In Vit this,
369 the safety and setup within the operation roonwelfas the transitions between surgical stagess eealuated.
370 Educational aspects for assisting surgeons or ajgestwere also taken into account, for examplandigg the

371 shared view of the surgical field.

372 Regarding the light sources, the exoscope withaxiabLED provided efficient lighting to the deepdanarrow
373 cavity. In this exoscope system, the robotic arwh fmot switch and high-definition camera with col@riation
374 helped us recognize the relevant anatomical strestuihereby securing the quality of the procedwih its
375 increased focal distance, increased field of videpth of view, and interfacing with the environmetfte
376 exoscope was found to be superior to operatingasémpe. The automatic focus point and higher magidn
377 ability were also evaluated positively by the swmgeThe learning curve was short using the exoscope

378 Evaluation of the quality of the bypass was basedw previously published scale.

379  The scale consists of 4 factors: the amount of tooasumed; distribution of the stitches; intimarma
380 attachment; and size of the orifice. This showedaéquality, although the duration of the proceduras

381 significantly prolonged using the exoscope.

382
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Tablel

TSIO* | Points
Closure time for 20 stitches in 1-mm vessel
<20 minutes 1
>20 minutes 0
Adequate distribution of stitches
Yes 1
No 0
Thread hidden inside lumen (intima-intima contact)
Yes 1
No 0
Width of orifice (equal or wider than diameter of vessal)
Yes 1
No 0

» TSIO. T=Time spend in fininshing the work, S= Stitch distribution, I: Intima-intima
attached, O: Orfice size.

« Thistable shows how bypass quality is reported using the TSIO scale®




Table?2

Operating Microscope (OM) 3D HDR Exoscope (EX)

Casel Case 2 Case 3 Case 4 Case 5 Casel Case 2 Case 3 Case 4 Case 5
Timescore 0 0 0 0 0 0 0 0 0 0
?A\:\Ial;\?gom (44 min) | (39min) | (35min) | (38 min) | (36 min) || (46 min) | (48min) | (44 min) | (55min) | (45min)
Stitch distribution 1 1 1 1 1 1 1 1 1 1
I ntima-intima 1 1 1 1 0 1 0 1 0 1
Orificesize 1 1 0 1 1 1 1 1 0 0
TSIO Score 3 3 2 3 2 3 3 3 1 2

Table2

Shows the bypass quality score for 10 cases of deep experimenta bypass. The scores are based on the TSIO scale
and are accordingly specified. Total scores of the five OM cases and EX cases are comparable. The duration of each
procedure is specified in more detail to ducidate differences. The duration of al bypass procedures using EX was

equal or longer than the procedures using OM.

Abbreviations: operating microscope (OM), three-dimensional (3D), high-definition resolution (HDR), exoscope

(EX), minutes (min).




System Zeiss (OPMI Penter o 900) Aeos Digital Exoscope
Visualization Ocular (Kinevo 900 has 3D 3D Screen
Screen)
Light sourcce Superlux® 330 light source withCoaxial LED
2 X 300W Xenon
High Dynamic Range (HDR) | No Yes*
Holding Arm Balanced, (Kinevo 900 has Balanced+ Robotic**
Robotic)
Optical Zoom Ratio 1.6 1:10
Focal distance (working 200 — 500 mm 200— 450 mm
distance)

Table 3: In this table, specifications regarding visudiiza and optic of the used operating
microscope and exoscope are summarized.

*Advanced Electro-Optical System

**Increasing reliability and consistency. Robotiegaentation of movements can maintain a
focal point and also reduce usage of hands bynglgn a footswitch or mouthswitch.
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Highlights:

* Over timeand with technological advances, the digital 3D exoscope may become the
main operative visualization system in microneurosurgery.

* Wechallenged the capabilities of an operative microscope and a 3D, high-dynamic
range exoscope system when used in an extremely demanding situation, i.e. an
experimental deep bypass.

* Inahighly challenging, experimental setting, comparable procedural quality was
found for both visualization modalities. Each had its own advantages and
disadvantages.
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