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ABSTRACT

Introduction Minimally invasive operative techniques are being used

increasingly in gynaecological surgery. The expansion of the laparo-

scopic operation spectrum is in part the result of improved imaging.

This study investigates the practical advantages of using 3D cameras

in routine surgical practice.

Materials and Methods Two different 3-dimensional camera sys-

tems were compared with a 2-dimensional HD system; the operating

surgeonʼs experiences were documented immediately postoperatively

using a questionnaire.

Results Significant advantages were reported for suturing and cutting

of anatomical structures when using the 3D compared to 2D camera

systems. There was only a slight advantage for coagulating. The use

of 3D cameras significantly improved the general operative visibility

and in particular the representation of spacial depth compared to 2-

dimensional images. There was not a significant advantage for image

width. Depiction of adhesions and retroperitoneal neural structures

was significantly improved by the stereoscopic cameras, though this

did not apply to blood vessels, ureter, uterus or ovaries.

Conclusion 3-dimensional cameras were particularly advantageous

for the depiction of fine anatomical structures due to improved spacial

depth representation compared to 2D systems. 3D cameras provide

the operating surgeon with a monitor image that more closely resem-

bles actual anatomy, thus simplifying laparoscopic procedures.

ZUSAMMENFASSUNG

Einleitung In der gynäkologischen Chirurgie sind minimalinvasive

Operationsmethoden zunehmend auf dem Vormarsch. Die Erweite-

rung des laparoskopischen OP-Spektrums resultiert u. a. aus einer zu-

nehmenden Verbesserung der Bildgebung. In dieser Arbeit wird unter-

sucht, welche praktischen Vorteile der Einsatz von 3-D-Kameras in der

operativen Routine mit sich bringt.

Material und Methoden Es wurden 2 unterschiedliche 3-dimensio-

nale Kamerasysteme mit einem 2-dimensionalen HD-System vergli-

chen. Direkt postoperativ wurden hierzu die Erfahrungen der Opera-

teure mittels Fragebogen erhoben.

Ergebnisse Im Vergleich zum 2-D-Kamerasystem ergaben sich signifi-

kante Vorteile durch die Verwendung von 3-D-Kamerasystemen beim

Nähen und Schneiden von Strukturen. Dagegen waren die Vorteile

beim Koagulieren nur gering. Die allgemeinen Sichtverhältnisse und

insbesondere die Tiefendarstellung des Raumes war durch die Verwen-

dung von 3-D-Kameras signifikant verbessert im Vergleich zum 2-di-

mensionalen Bild. Dagegen zeigte sich in der Bildbreitendarstellung

kein signifikanter Vorteil der stereoskopischen Kameras. Die Darstel-

lung von Adhäsionen und nervalen Strukturen des Retroperitoneums

zeigte sich bei 3-D-Kameras signifikant verbessert. Diese Signifikanz

war bei Gefäßen, Ureter, Uterus und Ovarien nicht gegeben.

Schlussfolgerung Durch die räumliche Tiefendarstellung ergaben

sich besonders signifikante Vorteile gegenüber 2-dimensionalen Ka-
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meras bei der Darstellung feiner anatomischer Strukturen. Mit dem

Einsatz von 3-D-Kameras wird dem Operateur ein dem realen Situs nä-

heres Monitorbild vermittelt. Daraus resultiert eine Erleichterung des

laparoskopischen Operierens.

Number of operations

System 1 System 2 2D System

150

145

140

135

130

125

120

115

110

▶ Fig. 1 Number of operations using the various systems; system 1
= Storz 3D system, system 2 = Aesculap 3D system; Sturz 2D HD
system.
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Introduction

In recent years there has been a sharp increase in the use of mini-
mally invasive operative techniques in gynaecological surgery.
Various studies have shown that minimally invasive surgery has
advantages over open surgery for simple and moderately difficult
procedures [1–5].

The expansion of the spectrum of laparoscopic operations is
largely due to technical advances. These include the development
of special instrumentation, e.g. ultrasonic scissors, and most im-
portantly, improved optics. The introduction of HD (= high defini-
tion) cameras and monitors improved the visual depiction of ana-
tomical structures, which operating surgeons experience as ad-
vantageous, and improves operative safety [6].

A 3-dimensional camera system was used in gynaecology for
the first time in 1993 [7]. The stereoscopic, i.e. 3-dimensional
(= 3D) view lead to a significant reduction of time in operative
steps. This time-saving was particularly relevant for complex pro-
cedures [8].

With the da Vinci robotic surgical system a 3D camera system
was widely used in endoscopic surgery for the first time. This sys-
tem is an expensive alternative to open and laparoscopic surgery.

For example, given sufficient case numbers, the extra cost of a
pyeloplasty using a robot instead of laparoscopic surgery is esti-
mated at 20% [9]. Today more and more 3D camera systems of
various types are becoming available for conventional laparoscop-
ic surgery.

In our hospital we offer the full spectrum of laparoscopic oper-
ations, including radical carcinoma surgery. These procedures are
mostly performed using a 2D video system, though the da Vinci
operating robot is also used.

From the patient perspective theminimally invasive surgical ap-
proach has significant advantages, such as less postoperative pain
andneed for analgesics, shorter hospital stay, quicker return to nor-
mal daily activities and, not least, better cosmetic results [10,11].

Despite these patient factors laparoscopic surgery has a num-
ber of disadvantages from the surgeonʼs perspective, such as lim-
ited scope for movement and restricted instrument ergonometry,
which together result in increased stress levels for the operating
surgeon [11–13]. Technical innovations can reduce this stress.
We tested two 3D camera systems to investigate whether, and in
which surgical situations, 3D intraoperative imaging is advanta-
geous. The benefits of 3D laparoscopy systems with respect to
precision and efficiency have been shown under experimental
conditions in numerous studies [14–19]. In our study the systems
were implemented in real, everyday surgical situations.

Two skills are paramount for performing laparoscopic surgery:
firstly the ability to convert 2D information into a 3D understand-
ing of the anatomy, and secondly hand-eye coordination [20].
46
The aim of this study was to test the suitability of 3D camera
systems for everyday use and to elucidate whether, and in which
operative situations, 3D imaging is beneficial compared to 2D sys-
tems.
Materials and Methods

Test modalities

Two 3D camera systems were tested by a total of 5 experienced
surgeons. Following initial training in the use of the systems by
product representatives from the respective firms there was a 3-
week familiarisation phase in which the 5 trained operating sur-
geons undertook operations of all grades of difficulty in order to
develop a degree of routine in using the camera systems, and to
become accustomed to the 3D view.

Thereafter followed the actual test phase of the study in which
both systems were in routine use on a daily basis over a number of
consecutive weeks.

The systems were used for operations of diverse levels of diffi-
culty, the surgeons completing a questionnaire after each proce-
dure. In addition to the set questions the questionnaire allowed
for free comment on the imaging apparatus used.

A total of 257 operations were performed using both 3D cam-
era systems. Of these, 134 were performed with the 3D camera
from the manufacturer Storz, and 123 with the camera manufac-
tured by Aesculap. An additional 146 operations were performed
with the Storz 2D system (▶ Fig. 1).
Baum S et al. What Are the… Geburtsh Frauenheilk 2017; 77: 45–51



▶ Table 1 List of study parameters.

Camera control

View

▪ General visibility
▪ Spacial depth
▪ Image width

Manual actions

▪ Suturing
▪ Coagulating
▪ Cutting

Depiction of anatomical structures

▪ Blood vessels
▪ Ureter
▪ Uterus
▪ Ovaries
▪ Adhesions
▪ Retroperitoneum

Movement

Lens fogging

Overall assessment compared to 2D systems

Autofocus function (only offered by one system)

Instrumentation
Study laparoscopy systems

The systems tested were the Karl Storz 3-D-System (Karl Storz
GmbH & Co. KG, Tuttlingen), in this article subsequently referred
to as system 1, and the EinsteinVision® System (Aesculap AG & Co.
KG, Tuttlingen/B. Braun Melsungen AG, Melsungen), subsequently
referred to as system 2. Modified versions of both systems are
now available, thus neither of the producers will have been disad-
vantaged by this article. (Indeed, the Aesculap system has since
been significantly modified and is no longer controlled by the ro-
botic arm described here). The tested systems differed funda-
mentally in terms of camera control: the camera of the Aesculap
EinsteinVision® system was steered using a remotely controlled
robotic arm in a sterile sleeve; the Storz 3D camera was guided
freehand.

Data acquisition

The questionnaire contained 9 main questions, some of which
were subdivided into further questions making a total of 18 ques-
tionnaire points (▶ Table 1).

Each questionnaire point was rated from 1 to 5 with 1 repre-
senting a significant improvement, and 5 a negative rating. The
systems were used in routine practice on an alternating basis.

Statistics

Statistical analysis was carried out with the program SOFA Statis-
tics version 1.4.1. Analysis of the normally distributed groups was
conducted using the Mann-Whitney U test, Fisherʼs exact test and
the χ2 test.
Results

Camera control

Although the two camera systems were constructed very differ-
ently, they received similar ratings from surgeons. The mean score
of 2.37 (median = 2; SD = 0.90) for the Aesculap system was al-
most identical to that (2.38) of the Storz unit (median = 2;
SD = 0.99). With a p-value of 0.853 the difference between the
systems was not significant.

Since the external assembly of the Storz 3D system did not dif-
fer from the 2D system from the same manufacturer, the camera
guidance of the 2D system was not assessed separately. In the free
comments section of the questionnaire it was repeatedly re-
ported that the 3D camera heated up more markedly than the
2D camera and this was experienced as uncomfortable.
▶ Table 2 Rating of manual actions for the different 3D systems.

System 1 (mean)

Suturing 1.63

Cutting 1,71

Coagulating 2.2
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Manual actions

The manual actions evaluated were coagulating, cutting anatom-
ical structures and suturing.

▶ Table 2 shows the mean scores and p-values achieved by the
different 3D systems for each of these actions. No significant dif-
ferences were found between the two systems.

▶ Table 3 shows the manual actions for all three systems. On
comparison of system 1 with the 2D HD system it is notable that
suturing (system 1: mean 1.63 vs. 2D system: mean 3.4;
p = 0,044) and cutting (system 1: mean 1.71 vs. 2D system: mean
2.8; p = 0.049) were significantly improved using 3D imaging. Co-
agulation was only slightly, non-significantly improved (system 1:
mean 2.52 vs. 2D system: mean 3.1; p = 0.11).

Performing manual actions with system 2 was also improved
compared to the 2D system, for suturing (system 2: mean 1.67
vs. 2D system: mean 3.4; p = 0.047) and dissecting (system 2:
mean 1.77 vs. 2D system: mean 2.8; p = 0.0496) significantly,
and for coagulating non-significantly (system 2: mean 2.42 vs.
2D system 3.1; p = 0.093) (▶ Table 3).
System 2 (mean) p-value

1.67 0.83

1.77 0.86

2.42 0.73

47



▶ Table 3 Manual actions for 3D systems 1 and 2 compared to the 2D system.

System 1 (mean) 2D system p-value System 2 (mean) 2D system p-value

Suturing 1.63 3.4 0.044 1.67 3.4 0.047

Dissecting 1.71 2.8 0.049 1.77 2.8 0.0496

Coagulating 2.52 3.1 0.11 2.42 3.1 0.093

▶ Table 4 Mean scores of the different camera systems for depiction of various anatomical structures.

Blood vessels
(mean)

Ureter
(mean)

Uterus
(mean)

Ovaries
(mean)

Adhesions
(mean)

Retroperitoneum
(mean)

System 1 2.25 2.31 1.91 1.75 1.41 1.32

System 2 1.96 2.44 1.83 1.81 1.45 1.42

2D system 2.83 2.83 2.79 2.58 2.67 3.01

GebFra Science |Original Article
General visibility and spacial (operative field) depth

Operative visibility in general was rated better for both 3D sys-
tems compared to the 2D system (system 1: mean 1.44; me-
dian = 1, SD = 0.63 and system 2: mean 1.60; median = 2,
SD = 0.64 vs. 2D system: mean 3.1; median = 2, SD = 0.51). There
was no difference between the two 3D cameras on comparison
with one another (system 1: mean 1.44 vs. system 2: mean 1.6;
p = 0.53).

The subjective improvement in general visibility with 3D tech-
nology vs. the 2D lens was significant for both system 1 (mean
1.44 vs. 3.1; p = 0.041) and system 2 (mean 1.60 vs. 3.1;
p = 0.049) respectively.

Similar to these findings for general visibility, the two 3D units
did not differ from one another in their ratings for spacial depth
depiction. The mean score for the Aesculap system was 1.49 (me-
dian = 1; SD = 0.56) and for the Storz unit 1.63 (median = 2;
SD = 0.62; p-value = 0.15). In comparison, the 2D system had a
mean score of 3.24 for this parameter (median = 2; SD = 0.64)
making the improvement significant for system 1 (mean 1.63 vs.
3.24; p = 0.019) and highly significant for system 2 (mean 1.49 vs.
3.24; p = 0.01) compared to the 2D camera.

Image (operative field) width

For image width system 1 was rated at a mean score of 2.51 and
system 2 at a mean of 2.48; a non-significant difference (p = 0.88)
between the systems.

The 2D camera system was rated at a mean of 2.63 so that for
this parameter there was no significant difference compared to
system 1 (p = 0.83) or system 2 (p = 0.78).

Depiction of anatomical structures

▶ Table 4 shows the mean scores of the different camera systems
for the depiction of various pelvic anatomical structures. For the
retroperitoneum the ability to visualise neural structure was rated.

There were no significant differences between the two 3D cam-
era systems for the various anatomical structures. Both 3D sys-
48
tems improved visualisation of the uterus and ovaries but not sig-
nificantly. In contrast, they improved visualisation of nerves
(mean 1.32 [system 1] vs. mean 3.01 [2D system], p = 0.03; mean
1.42 [system 2] vs. mean 3.01 [2D system], p = 0.04) and adhe-
sions (mean 1.41 [system 1] vs. mean 2.67 [2D system],
p = 0.0497; mean 1.45 [system 2] vs. mean 2.67 [2D system],
p = 0.0499) significantly in comparison to 2D depiction.

Movement

Since the Aesculap camera system was guided by a robotic arm no
comparison was made with the manually controlled cameras.
Only differences between the Storz 3D and 2D systems were cap-
tured. The mean score of 2.11 (median = 2; SD = 0.39) for the 2D
camera was not significantly different to the mean of 2.83 (me-
dian = 2; SD = 0.55) for the 3D camera (Storz) (p = 0.37). In the
free comment section it was noted, however, that rapid move-
ments with the 3D camera sometimes caused the surgeons to feel
dizzy.

Lens fogging

Fogging over of the lens is a well-known technical problem in lap-
aroscopy. The manually controlled Storz systems had the advan-
tage that they could be removed from the operative field for
cleansing much more quickly than the Aesculap system, which
was fixed by a robotic arm. For this reason we only analysed the
frequency of lens fogging.

The mean score for the 2D system was 2.94 (median = 3;
SD = 0.21); the mean for system 1 was 3.01 (median = 3;
SD = 0.36) and for system 2 was 2.86 (median = 3; SD = 0.33)
(p = 0.57 for comparison of the two 3D systems to one another,
p = 0.87 for comparison of system 1 to 2D, and p = 0.84 for com-
parison of system 2 to 2D).

Overall comparison of 3D and 2D systems

Here surgeons were questioned whether, in their opinion, the use
of 3D cameras improves/simplifies operating conditions.
Baum S et al. What Are the… Geburtsh Frauenheilk 2017; 77: 45–51



The Storz 3D system was rated at a mean score of 1.94 and the
Aesculap camera at 1.89 (p = 0.87 between the two 3D cameras).
The 2D camera was rated at mean of 2.67. The improvement was
not significant for both system 1 (p = 0.08) and system 2
(p = 0.073) on comparison with the 2D lens.

Autofocus

Only the Storz system had an integrated autofocus, which was
found to react quickly and function reliably in routine use. It re-
ceived an average score of 1.63 for the 134 operations (me-
dian = 2, SD = 0.62).
Discussion

Both 3D systems proved suitable for routine use in our setting.
The systems differed in that the Aesculap EinsteinVision® camera
offered full HD resolution and robotic arm control, whereas the
3D camera manufactured by Storz had an integrated autofocus
that automatically regulated image sharpness. Despite these dif-
ferences the two camera concepts received similar ratings for
controllability by surgeons (2.38 for manual control and 2.37 for
robotic arm).

This very similar rating may have resulted from the fact that
the two systems were not used in parallel, but rather on an alter-
nating basis over a period of weeks. Both cameras had their ad-
vantages: surgeons appreciated the reliable autofocus on the
one, and by the more realistic anatomical depiction of the other.
The ideal solution would seem to be a combination of these two
technologies.

The value of recently available 4K 2D technology (4-fold HD
resolution) compared to 3D HD technology has not yet been
studied.

The two study systems both had advantages and disadvan-
tages in terms of camera control. The Aesculap camera was signif-
icantly bigger and heavier than the Storz camera, making pro-
longed manual steering problematic. However the robotic arm
control allowed continuous movement and made smaller proce-
dures possible practically without the need for an assistant.

In contrast, the much smaller and lighter Storz camera could
be manually controlled even for longer operations without diffi-
culty. The disadvantage was relatively marked heat generation,
which surgeons found uncomfortable.

Since there was not a comparable robotic arm system from the
Storz company, this camera was not rated on this point.

3D monitors have a lower levels of brightness than 2D moni-
tors, meaning that the operating room must be dimmed more
strongly [26]. Also, to achieve the 3-dimensional effect special
glasses must also be worn, which surgeons often found uncom-
fortable [27,30]. Both points are considered technical disadvan-
tages of 3D imaging.

As shown in ▶ Tables 2, 3 and 4 both stereoscopic cameras
achieved very good (and comparable) results for suturing and cut-
ting (no significant difference between cameras). In comparison,
the 2D HD camera system was rated significantly worse. Results
were different for the third manual action, coagulation. For this
Baum S et al. What Are the… Geburtsh Frauenheilk 2017; 77: 45–51
parameter there were not significant differences between the
two 3D systems and the 2D lens.

Coagulating under 3D imaging was rated noticeably worse
than the other manual actions. The reason for this – as noted in
the free comment section – was the more vivid depiction of coag-
ulation smoke particles, which surgeons found bothersome. Our
analysis is consistent with the findings of numerous other authors
who have shown that the use of stereoscopic cameras improves
manual actions. However, in contrast to our study, these trials ex-
amined standardised manual procedures in the laboratory set-
ting, with the measured parameter being time [21–25,27,34,
41,45–47].

Using a 2D system causes a change in visual perception
through reduced depiction of spatial depth [28]. 2D laparoscopy
is more challenging for surgeons than open surgery because of
this loss of depth perception [29,30]. 3D laparoscopy attempts
to resolve this perceptual problem: these 3D video systems bring
stereoscopic vision back to the endoscopic surgeon [32–37].

Wey et al. showed that visual misinterpretation in 2-dimen-
sional laparoscopy was responsible for 97% of errors during lapa-
roscopic surgery [31], and Alarami et al. found that the improved
depth perception provided by 3D laparoscopy improves the qual-
ity of laparoscopic surgery, and may also improve patient safety
[27].

General visibility did not differ significantly between the two
3D systems used in this study with ratings of 1.44 for system 1
and 1.6 for system 2. In contrast, it was significantly better with
both stereoscopic cameras compared to the 2D lens. There was
only a slight difference between the two 3D cameras for spatial
depth representation, whereas the differences between the
2D camera and the two 3D cameras were significant to very sig-
nificant (p-values = 0.019 and 0.01 respectively). Analogous to
our study Jones et al. found that the improved depth depiction
was the most important advantage of 3D camera systems [41].
This result is also supported by notes in the free comment section
of the questionnaire.

Whereas the 3D system provided major improvements in spa-
tial depth appreciation, there were only marginal differences be-
tween the two camera units in terms of image width.

There were no major differences between the two 3D camera
systems in terms of viewing the various anatomical structures, in-
cluding adhesions.

On comparison with the 2-dimensional system, both 3D cam-
eras provided better images of the uterus, ovaries, ureters and
blood vessels (difference non-significant), and significantly im-
proved depiction of adhesions and retroperitoneal nerves.

Thus 3D lens technology was particularly advantageous for fin-
er structures (such as adhesions and nerves), and less so for larger
anatomical structures (such as ureters, blood vessels, ovaries and
uterus).

On analysis of camera mobility the manually controlled 3D
camera was rated worse than the 2D system, though the differ-
ence was non-significant. (No comparison was made between
the Storz system and the much bigger, heavier Aesculap camera,
which, because of its size and weight, was mainly controlled via
robotic arm). The reason for this poor rating was identified in the
free comment section of the questionnaire: Surgeons reported
49
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that quick movements with the 3D camera repeatedly caused
brief dizziness and nausea, which was experienced as unpleasant.
This has been known to be one of the problems with 3D technol-
ogy for some time, as reported by Mueller et al. and Chan et al.
[25,38,39]. A stereoscopic error can be assumed causative, since
the setting was the same for all surgeons. These unwanted effects
such as headache, dizziness and nausea have often been de-
scribed, the individual studies reporting them, however, coming
to varying conclusions [30,40–43].

Overall, however, it is evident that these unwanted effects of
3D technology are reported less often in more recent studies,
most likely due to improved image quality [27,30,34,44].

Lens fogging, which results from e.g. coagulating or inserting
the camera lens from the relatively cool room temperature into
the warmer peritoneal cavity, occurred to the same extent with
all lenses.

On overall rating of the 2D camera (mean 2.67) compared to
the two 3D units (system 1: mean 1.94; system 2: mean 1.89)
there was a clear, yet non-significant difference (p-value = 0.08
and 0.073 for systems 1 and 2 respectively).

Despite very different construction, both these 3D camera sys-
tems improve surgical conditions, providing benefit for surgeons
and patients alike.
Conclusions

For the surgeon

This 3D technology provides surgeons with additional information
on spatial depth and improved, vivid depiction of anatomical
structures. As a result, performing manual procedures is simpli-
fied; the camera imaging of the surgical field more closely resem-
bles operating conditions at open surgery.

For the surgeon, this more realistic anatomical depiction may
reduce stress.

For the patient

This 3D technology simplifies the performance of more difficult
operative steps, which may reduce operating time. These opera-
tor advantages improve patient safety.

In addition it is possible to perform more complex operations
using the minimally invasive approach. For the patient, this means
shorter convalescence compared to open surgery.

A weakness of this study is that the results are based on the
subjective assessment of surgeons and not on objective measures
of standardised procedures.

However herein also lies the strength of the study. We tested
to what extent 3D technology was advantageous for a large num-
ber of operations of all levels of difficulty, and whether it was suit-
able for routine use.

Overall 3D imaging improved operative visibility, particularly
through adding spacial depth appreciation. This additional aspect
of vividness firstly was of significant benefit for the depiction of
anatomy, particularly finer structures, and secondly it significantly
simplified complex surgical procedures such as suturing.

In this study 3D technology proved fully suitable for routine
use. It significantly improved operating conditions, for the sur-
50
geon simplifying procedures, and as a consequence, improving
patient safety.
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