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Abstract – Uncontrolled movement of instruments in laparoscopic surgery can lead to inadvertent tissue
damage, particularly when the dissecting or electrosurgical instrument is located outside the field of view of
the laparoscopic camera. The incidence and relevance of such events are currently unknown. The present work
aims to identify and quantify potentially dangerous situations using the example of laparoscopic cholecystec-
tomy (LC). Twenty-four final year medical students were prompted to each perform four consecutive LC
attempts on a well-established box trainer in a surgical training environment following a standardized protocol
in a porcine model. The following situation was defined as a critical event (CE): the dissecting instrument was
inadvertently located outside the laparoscopic camera’s field of view. Simultaneous activation of the electrosur-
gical unit was defined as a highly critical event (hCE). Primary endpoint was the incidence of CEs. While
performing 96 LCs, 2895 CEs were observed. Of these, 1059 (36.6%) were hCEs. The median number of
CEs per LC was 20.5 (range: 1–125; IQR: 33) and the median number of hCEs per LC was 8.0 (range: 0–54,
IQR: 10). Mean total operation time was 34.7 min (range: 15.6–62.5 min, IQR: 14.3 min). Our study demon-
strates the significance of CEs as a potential risk factor for collateral damage during LC. Further studies are
needed to investigate the occurrence of CE in clinical practice, not just for laparoscopic cholecystectomy but
also for other procedures. Systematic training of future surgeons as well as technical solutions address this
safety issue.
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Introduction

Despite its undeniable advantages [1], the introduction
of minimally invasive surgical techniques has increased
the complexity of surgical procedures because of the trans-
mission of visual information via laparoscopic imaging.
Laparoscopic instruments are not always located within
the surgeon’s direct field of view and yet need to be steered
in a three-dimensional space via the presented digital image
section [2]. Inappropriate camera settings and uncontrolled
movement of the instruments can lead to inadvertent injury
of adjacent structures [3, 4], especially when the dissecting
instrument is actuated outside the field of view of the
laparoscopic camera [5].

In Figure 1a the laparoscopic instrument is located at
the right edge of the image section. However, the pointed
and hot tip of the instrument is not visible to the surgical
team. Zooming out reveals the potential risk of injury to
neighboring structures in this context (Fig. 1b). In addition,
the dissecting instrument (e.g., the monopolar hook)
frequently has to exert a certain tensile stress on the target
tissue during surgical preparation. Slipping off or tearing
tissue can cause sudden and uncontrolled flinging move-
ments of the effector outside the laparoscopic field of view
while the electrosurgical device is still activated.

Injuries to neighboring organs (e.g., small intestine,
vascular structures) account for serious complications with
long-term adverse effects, particularly on quality of life,
even after successful revision [6, 7]. These lesions often go
unnoticed during the initial procedure and are revealed
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later in the clinical course by a worsening general condition
of the patient [6, 8]. The European Association of
Endoscopic Surgeons (EAES) has recently published a clas-
sification of intraoperative adverse events (AE) in laparo-
scopic surgery to help enhancing the consistency in future
reporting [9].

Studies on the impact of residents’ experiences on the
surgical outcome show inconsistent results regarding the
occurrence of AE and postoperative morbidity [10–12].
While the chance for immediate intervention by an
experienced surgeon during in-OR training of surgical
novices is usually given, this is rarely the case in laparo-
scopy with the senior surgeon guiding the camera and being
spatially separated from the instrument’s effector. To our
knowledge there are no studies addressing the correlation
of surgical novices and the occurrence of situations that
can possibly cause AEs. We defined situations when the
dissecting instrument was unintentionally located outside
the laparoscopic camera’s field of view to be potential
causes for AEs and introduced the term “critical event”
(CE).

The aim of the present study was the quantitative and
qualitative investigation of CEs situations during laparo-
scopic surgery. For this purpose, laparoscopic cholecystec-
tomy (LC) in a standardized training environment was
used as an example. To the best of our knowledge, a
comparable analysis is not yet available in the literature.

Materials and methods
Study design

For this prospective experimental study, 24 final-year
medical students were recruited. Inclusion criteria were no
practical experience in laparoscopic surgery and voluntary
written consent to participate in the study. The subjects
were prompted to perform four consecutive LCs at the
surgical training center in Tübingen. The operations were
performed on a well-established box trainer using porcine
livers [13] following a standardized surgical protocol
(Tab. 1) [14]. The study protocol was approved by the

Institutional Ethics Review board (Project Number
272/2017BO2).

Each session started with an oral presentation explain-
ing the procedure to be undertaken. To reduce external
influencing factors, the laparoscopic camera was mounted
on a mechanical support arm during surgery. Its position
could be autonomously manipulated by the subjects, as
necessary. Two members of the working group were present
but gave assistance only on explicit request of the test
subjects and did not actively interact.

After completion of the study, the video and audio mate-
rial was evaluated by two separate members of the working
group. The analysis was completed using the VLC Media
Player (VideoLAN, Paris, France) in version 2.0.

In the present study, the following condition was
defined as a CE: the dissecting instrument (in our case
the coagulation and dissection electrode) is inadvertently
located outside the field of view of the laparoscopic camera.
Simultaneous activation of the electrosurgical unit was
defined as a highly critical event (hCE). In contrast, inten-
tional replacement of the dissecting instrument or its posi-
tioning within a trocar was not assessed. The surgical
scenario was classified as controllable when there are
pointed or hot instruments in the abdomen and these are
simultaneously captured by the laparoscopic image section.

Figure 1. Electrosurgical instrument (red arrow) located near the right edge of the laparoscopic image section (a) and overview
perspective (b) with visible instrument tip (potential electrical damage, red circle).

Table 1. Nodal points of a standardized laparoscopic cholecys-
tectomy at the surgical training center in Tübingen; substeps in
italics were excluded due to the design features of the box trainer
and to increase the efficiency of the study process.

1. Inserting the trocars under visual control
2. Retracting the liver
3. Performing the V-shaped preparation close to the gallbladder
4. Achieving the “Critical View of Safety”
5. Clipping and dissecting the cystic duct
6. Clipping and dissecting the cystic artery
7. Removing the gallbladder from the gallbladder bed
8. Retrieving the gallbladder using a retrieval bag
9. Ensuring hemostasis and checking the applied clips
10. Retracting the trocars under visual control and wound closure
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Study endpoints

The primary study endpoint was to quantify the
number of CEs occurring during laparoscopic cholecystec-
tomy in a standardized training environment. The corre-
sponding number of critical hCEs was defined as a
secondary endpoint.

Equipment

Standard equipment for laparoscopic surgery (Karl
Storz SE & Co. KG, Tuttlingen, Germany) was used
(Fig. 2): light source Xenon 300 SCB, Hopkins� forward-
oblique laparoscope (10 mm diameter, 31 cm working
length, 30� viewing direction), endocam IMAGE1™ (full
HD), LCD monitor SC-WU26 (full HD, 26 inches diagonal)
as well as standard laparoscopic instruments including
CLICKline� grasping forceps 33310 ON (5 mm diameter,
working length 36 cm), and Cadiere coagulation and
dissection electrode 26775 C (5 mm diameter, working
length 36 cm).

The image data were captured with the video grabber
Magewell� XI100D USB 3.0 – HDMI video capture box
(Nanjing Magewell Electronics Co., Ltd., Nanjing, China;
16:9 aspect ratio, full HD, 60 frames per second, RGB color
model). To register activation of the electrosurgical unit
during the surgical procedure, the microphone ZM-MIC1
(Zalman Tech Co., Ltd., Anyang, South Korea) was used
to record the audible warning tone. The recording and pro-
cessing of both the audio and video signal were realized with
a customized application based on the Microsoft Expression
Encoder 4 Software Development Kit (Microsoft Corpora-
tion, Redmond, WA, USA).

Statistical analysis

For statistical analysis, SPSS� version 25 (International
Business Machines Corporation, Armonk, NY, USA) soft-
ware was used. The median values and the interquartile
range (IQR) were calculated. The obtained data were
analyzed for normal distribution using the Shapiro–Wilk
W test. A Friedman test was run to determine if there were
differences between the four rounds of the trial in terms of
study endpoints and operating time. p values < 0.05 were
considered significant.

Results

In all LCs (n = 24 subjects with 4 LCs each, giving a
total of 96 LCs) performed, 2895 CEs were observed. Of
these, 1059 were hCEs. This corresponds to an adverse
events rate of 36.6%. The median number of CEs per LC
was 20.50 (range = 1–125; IQR = 33) and the median
number of hCEs per LC was 8.00 (0–54; IQR 10) (Fig. 3).
The median number of CEs per minute was 0.68 (0.04–
4.32; IQR 0.81) and the median number of hCEs per minute
was 0.25 (0.00–1.47; IQR 0.31) (Fig. 4).

CRP concentration decreased from pre- (Mdn = 4.10),
to midway (Mdn = 3.85), to post-intervention (Mdn =
3.55), but the differences were not statistically significant,
v2(2) = 1.168, p = 0.542.

Although the number of CE per LC (Fig. 5) increased
over the course of the different attempts (median attempt
1 = 15.0; 2 = 18.5; 3 = 20.5; 4 = 38.0), the Friedman test
failed to demonstrate a statistically significant difference
(p = 0.541). This also applies to the number of hCE
(Fig. 6) (median attempt 1 = 5.0; 2 = 8.0; 3 = 9.5;
4 = 9.0) (p = 0.731).

Median operating time per LC was 34.67 min
(range = 15.62–62.55 min; IQR = 14.32 min). Correlation
analysis using Bravais–Pearson showed a positive correla-
tion between the number of CEs per LC and surgery time
(r= 0.397; p< 0.001; n= 96). According to Cohen [15], this
was a medium effect. The median operating time initially

Figure 2. Experiment setup at the surgical training center in
Tübingen with (1) endocam with attached laparoscope, (2) light
source, (3) LCD monitor, (4) computer for media recording and
processing, (5) camera control unit, (6) electrosurgical control
unit, (7) mechanical support arm, (8) box trainer including
ventilation system.

Figure 3. Median number of CEs per LC (white part of
column) and proportionally the median number of hCEs per LC
(hatched part of column), n = 24 subjects with four LCs each
(total 96 LCs with four LCs per column).
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decreased from the first (median = 37.29 min) to the second
(34.69 min) to the third attempt (30.56 min) and then
increased again (35.91 min for the fourth attempt), but

the differences were not statistically significant according
to the Friedman test (p = 0.092).

The variables CEs (per LC as well as per minute) and
critical hCEs (per LC as well as per minute) were not
normally distributed (each p < 0.001). Data distribution
was clearly right skewed. With regard to the operating
time, the data set was normally distributed (p = 0.226).
With regard to exploratory data analysis, the median and
the IQR were used for all variables mentioned.

Discussion

The rapidly advancing adoption of minimally invasive
surgical techniques is confronted with a considerable
number of iatrogenic injuries with potentially severe conse-
quences for patients. Particularly with regard to mechani-
cally and thermally caused injuries to adjacent tissue
structures in the context of modern electrosurgery, there
are no comprehensive solutions available so far [3, 4].

The incidence of iatrogenic injuries during laparo-
scopic interventions is stated to be up to 0.5% of all cases
[6, 8, 16–21]. Significantly higher incidence rates are
described in connection with more complex laparoscopic
procedures [22, 23]. Some authors even suspect a significant
number of unreported cases [6, 24]. Statements regarding
associated morbidity and mortality need to be interpreted
with caution in view of the inconsistent recording in the
various available studies [6, 8, 16]. However, the mortality
rate is reported to be up to 3% and is decisively influenced
by the early recognition of inadvertent tissue trauma,
preferably during the primary intervention [6, 8].

Regarding the injury mechanism, access-related lesions
are distinguished from inadvertent tissue damage during
surgical dissection [3, 4, 25]. The latter account for 50–
60% of the complications [8, 17, 25], with thermal lesions
playing an important role in this context [26–30]. Electro-
surgical instruments and other new hemostatic energy
devices have become an integral part of modern medicine.
Not only in the field of surgery, but also in areas such as
endoscopy or interventional radiology, such devices are
used throughout the world and across all surgical disciplines
due to their evident benefits [31, 32].

Unintentional activation of the instrument outside the
laparoscopic image section can lead to considerable thermal
damage to adjacent tissue structures through direct contact
or indirect energy coupling [27, 28, 30, 33]. In this connec-
tion, aspects such as residual heat and cooling times of elec-
trosurgical instruments should not be underestimated [34].
This aspect is especially concerning as such AEs are often
considered to be preventable [35]. With growing awareness
in the surgical community as well as the ongoing develop-
ment of technological capabilities, the aspect of patient
safety is acquiring increasing topical relevance [36].

The results of the present study support the working
hypothesis that a significant number of (h)CEs can occur
during standard laparoscopic procedures, such as cholecys-
tectomy, in a standardized training environment. At first
glance, these results seem excessively high considering the

Figure 5. Number of CEs per LC in the total population
broken down into attempts 1–4, per box plot n = 24 subjects
with one LC per attempt (total 96 LCs with 24 LCs per
boxplot).

Figure 4. Median number of CEs per minute (white part of
column) and proportionally the median number of hCEs per
minute (hatched part of column), n = 24 subjects with four LCs
each (total 96 LCs with four LCs per column)

Figure 6. Number of hCEs per LC in the total population
broken down into attempts 1–4, per box plot n = 24 subjects
with one LC per attempt (total 96 LCs with 24 LCs per
boxplot).
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possibly serious consequences for the patients concerned. It
should be noted that the examined CEs represent only a
potential risk factor for lesions to adjacent anatomical
structures. Considering the incidence rates for inadvertent
injuries in laparoscopy known from the scientific literature,
it is obvious that not every CE leads to a clinically relevant
complication [6, 8, 16–21]. Yet, we state that beginners in
laparoscopy potentially initiate hCEs that cannot be com-
pensated by a by standing experienced surgeon.

The proposed approach involves some limitations. First,
only medical students without prior laparoscopic experience
participated in the study. This is reflected in the wide stan-
dard deviations of the CEs. Therefore, the wider application
of this study to experienced laparoscopic surgeries may be
limited. LC remains a complex procedure for this target
group. Laparoscopic experts can be expected to cause a
smaller number of CEs and hCEs. Moreover, the increasing
number of CEs during the four rounds could be an expres-
sion of cumulative fatigue and stress. This aspect presents
high congruence with our long experience at one of Europe’s
first surgical training centers [37]. Future studies might
extend the pause times of the test persons between their
experiments. Probably four repetitions are not enough,
and the learning curve is too steep to produce an apparent
learning effect.

However, LC is of great value especially in early visceral
surgery training [38, 39]. Novices without prior experience
in laparoscopic surgery provide a representative cohort of
junior residents who can benefit from simulated surgical
training. Medical students, therefore, can be considered to
be on the same level of laparoscopic experience as surgical
novices at the beginning of their career. In view of the
purpose of the present study, a reasonably realistic experi-
ment setup can be assumed [40]. This is also reflected in
the evaluations of comparable training environments of
other working groups [41, 42]. Further research is needed
to investigate the occurrence of CEs in the setting of a real
operating room, not only for laparoscopic cholecystectomy
but also for other procedures.

The operating theatre is a complex working environ-
ment. The reasons for the occurrence of CEs are therefore
to be found not only in careless handling of the dissecting
instrument, but also in poor camera guidance and lack of
communication. The impact of proper camera guidance
on the course and success of a surgical procedure has
already been demonstrated in previous studies [43, 44]. This
also applies to communication and coordination within the
surgical team [45, 46]. Under challenging circumstances, the
risk of injuring adjacent structures increases and, conse-
quently, adherence to established safety strategies is of
utmost importance [36, 47, 48]. To ensure patient safety
and avoid CE during surgery, thorough and systematic
training of junior surgeons is also essential [49–52]. The
value of realistic training concepts executed on suitable
simulators outside the day-to-day environment of the oper-
ating room has been proven in various studies [53–57].

The advancing digitalization and integration of different
interfaces by means of modern information and communi-
cation technologies covers all areas of medicine, including

surgery in particular. The immense potential of surgical
data science aims to provide additional information and
assistance functions during a surgical procedure. Maier-
Hein et al. identified context-sensitive assistance systems
and surgical training as key applications for this future
sector [36]. In this respect, the automated, objective evalu-
ation of surgical-technical performance and skills develops
into an important field of application. It enables the
documentation of training success as well as the analysis
of personal and structural deficits with the intention of
specifically addressing them [58]. The collected data were
integrated into the automated, objective evaluation of
surgical skills [59].

Apart from the training aspect, especially with regard to
thermally caused damage to neighboring organs in the
context of modern energy devices, technical solutions are
appreciated [60–62]. Optimal technical support of the sur-
geon is not accompanied by extended duration of surgery,
a tedious learning curve or significantly increasing costs
[61, 63]. Whenever a pointed or hot instrument tip leaves
the laparoscopic camera’s field of view, this should be auto-
matically detected and reported to the surgeon in audiovi-
sual form. Integrated operating room systems could even
take measures to prevent energy application at the wrong
time. Modern information technologies, such as artificial
neural networks (ANN) – a branch of artificial intelligence
– can be used to integrate and evaluate the image data
acquired during the operation. Previously published works
have described different methods that use ANN to analyze
complex surgical image data with various objectives. These
include the assessment of surgical skills in the context of
surgical training [59] or workflow analysis in the operating
theater [64].

In conclusion, the results of the present study emphasize
the relevance of CEs as potentially dangerous situations
during laparoscopic surgery. These findings have potential
implications for the development of context-sensitive assis-
tance systems as well as the objective evaluation of surgical
skills.

List of abbreviations

AE Adverse event
ANN Artificial neural networks
CE Critical event
EAES European Association of Endoscopic Surgeons
hCE Highly critical event
IQR Interquartile range
LC Laparoscopic cholecystectomy
RGB Red–green–blue (additive color space)
USA United States of America
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