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The aims of this study are twofold: firstly to apply a method of categorizing surgical instrument use during
long duration laparoscopic procedures, and secondly to validate this method by applying it to multiple
instances of a single procedure. Case studies were performed on several separate high definition recordings
of laparoscopic sigmoid colectomy procedures to assess the actions performed by the surgeon. The
Observer XT V11.0 (Noldus 2011) software package was used to study specific instrument usage, the
actions associated with each instrument, idle behavior time and instrument changeover times. The Observer
XT V11.0 software package was an effective method of categorizing the actions during the procedure. The
data from the case studies indicated that for this specific right handed operator, the right hand led the
procedure, using the most instruments and separate actions. The left hand provided support through actions
such as grasping and maneuvering only. The most used instrument was the suction/irrigation instrument,
followed by the grasping instruments. Key operations such as stapling/dissecting occupied the least amount
of time. More time was spent maneuvering the internal anatomy than mobilizing the sigmoid colon or
creating an anastomosis or stoma. Once the actions of each hand during each procedure were categorized,
high level statistical analyses were applied to the data. It was necessary to perform these analyses to
normalize the data as each part of the laparoscopic sigmoid colectomy procedure utilized different
instruments for different durations. The future applications of this work lie in the innovation of new
instruments or approaches to laparoscopic surgery. In these case studies, more time was spent navigating to
the surgery site than performing the mobilization of the colon. There would appear to be a previously
unmet clinical need to innovate new approaches to this type of surgery to shorten the duration of the
surgery while preserving or improving the clinical outcome for the patient. More case studies are needed to

confirm the validity of this claim.
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INTRODUCTION
Common laparoscopic abdominal surgery procedures include
cholecystectomy, appendectomy, reflux surgery, gastric
bypass surgery, ventral hernia repair, and colectomy.
Laparoscopic surgery has many proven benefits over open
procedures (Xiao et al. 2012). Laparoscopic surgery is
characterized by reduced risk of infection, reduced surgical

invasiveness, shorter recovery times, smaller scars, better

visualization of internal anatomy for surgeons, and better
postoperative clinical outcomes for the patient. It has been
shown that abdominal surgical procedures can be performed
using laparoscopic surgical techniques, and the list of
compatible procedures is expanding (Tiwari et al. 2011).

It is said that 75% of key surgical events are related
to decision making, and the remainder is related to manual

skill (Spencer 1978). Because of this, it is now necessary to
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develop new, innovative methods for surgeon skill acquisition
that allow skill development and retention on a more rapid
scale, contrary to other methods which could potentially take
years (Sarker et al. 2008). Dynamic surgical decision making
has been described as ‘the integration of evidence, inference
and experience’ (Marshall 2006). Surgical competency
revolves around correct decision making. However, there are
little data in the literature which attempts to assess surgeons’
decision making skills whilst they perform laparoscopic
procedures. Making accurate, clinical decisions plays a pivotal
role in the delivery of safe and effective surgical healthcare.
Current research in this area has mainly been based around
hierarchical task analyses, decision trees, static decision
making, and laboratory based analysis (Kervin 2009).
Laparoscopic surgery requires the surgeon to perform
complex operative procedures, utilizing a relatively small set
of standardized tools, including surgical laparoscopic
instruments and laparoscopes, which are inserted into the
patient through port sites in the abdomen (Trejo et al. 2006).
Previous studies on the human factors of laparoscopic surgery
have focused heavily on training, perception and
musculoskeletal disorders (Stomberg et al. 2010).

Laparoscopic surgery has many benefits for the patient
over open surgery but the remote nature of the procedures
involves inherent human factors challenges which can impact
on clinical outcome for the patient. These issues are
compounded by the long duration of many abdominal
laparoscopic surgeries. For example, while performing
laparoscopic procedures, surgeons must often maintain non-
neutral limb postures while using repetitive precision grips
with static shoulder postures. Instrument design is a key factor
influencing upper limb posture (van Veelen et al. 2004) and
fatigue for the surgeon (Berguer et al. 1998).

A sigmoid colectomy involves the removal of the sigmoid
colon, located on the left side of the colon and upper rectum.
The procedure involves separating the blood vessels and
lymph nodes to that part of the bowel, followed by removal of
the left side of the colon. After the diseased segment of bowel

has been removed, the descending colon is joined onto the

rectum, which is called an anastomosis. When deciding
whether to perform a primary anastomosis or a sigmoid
colectomy, for example, the surgeon would use data from
clinical trials and peer reviewed works (evidence), logical
reasoning using his own biological knowledge (inference), and
awareness of his own capabilities and the patient’s condition,
likening it to operations performed in the past (experience).
These three sources of input could complement each other,
leading to a successful procedure with little risk of adverse
event occurrence (Marshall 2006). However, there is also the
possibility that one source may contradict the other, leading to
controversy during the procedure. Dynamic decision making
is crucial if events such as these occur.

The purpose of this research is to categorize the decisions
made by the surgeon in order to explore opportunities to
improve clinical outcome in laparoscopic abdominal surgery
using human factors methods to identify specific design needs.
As part of the primary research work it became evident that
there were little data available on the fine actions of the lead
surgeon’s hands during specific laparoscopic procedures.

METHOD

Procedure Case Study

A high definition video recording from a laparoscope
camera during a single laparoscopic-assisted sigmoid
colectomy was used for the study. Permission was obtained
from the local Ethics Committee to use of the video recordings
in the university for educational purposes. Before conducting
the study, the video was edited to remove segments at the
beginning and end which were unrelated to the procedure. The
video quality was reduced so that there would be no lag or
performance issues between the video and the analysis

software.

Video Analysis Software

The Observer XT V11.0 (Noldus 2011) software
package was used to conduct this case study. Within the
program, subjects, who are those performing the actions in the
video, are input manually. The actions that subjects perform

are called behaviors. Subjects and behaviors (Table 1) to be
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studied were then programmed into the software. For this case
study, the key subjects involved were the right hand, left hand,
transanal entry, and placement with other instruments. The
subjects and behaviors were subsequently coded over the
video timeline in the software, manually. These behaviors can
be point events or have a set duration. In order to determine
which behaviors to program, the video recordings must be
watched multiple times to ensure that all instruments and
actions are programmed. Once the coding scheme is fully

programmed, the analysis of the videos commences.

Table 1. Instruments and Actions Performed

Instrument Action

Dorsey Intestinal Forceps

Maneuvering
Grasping
Dolphin Tip Sealer/Cutter
Maneuvering
Sealing/Cutting
Suction/Irrigation Instrument
Maneuvering
Suction/Irrigation
Universal Stapler
Maneuvering
Stapling/Dissecting
Trocar
Maneuvering
Bowel Grasping Forceps
Maneuvering
Grasping
Dorsey Intestinal Forceps
Maneuvering
Grasping
Idle
Circular Stapler (male and female
components)
Maneuvering
Deployment

Observer XT V11.0 (Noldus 2011) software package has been
used to collect and analyze data from either live video feed or
video recordings of psychological, human factors, animal
behavior and observation studies. Behaviors such as

movement, activities, posture, interaction and position, can be

recorded simultaneously. These event based behavioral
activities can be analyzed within the software. Each activity is
marked through use of co-identification between the video and
a list of relevant behavioral criteria. The software was
previously used by Browne and O’Sullivan (2012) to integrate
wrist joint and EMG data with video recordings for simulated
testing of endoscope designs.

Multiple data streams from subsequent hospital visits
were collected and combined in order to allow subjects and
behaviors to be measured separately for each element of the
surgical procedure. When the coding scheme was fully
programmed, the analysis of the video commenced. The video
was played slowly, and each behavior was flagged every time
it occurred during the procedure, which created a timeline of

each activity.

RESULTS & DISCUSSION

Task Analysis of Laparoscopic-Assisted Sigmoid

Colectomy

A Hierarchical Task Analysis (HTA) was performed
on the full laparoscopic-assisted sigmoid colectomy
procedure, the details of which are given in Figure 1. The
tasks highlighted in grey indicate the laparoscopic portion of

the procedure examined in this case study.
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Figure 1 - Hierarchical Task Analysis of full Laparoscopic-assisted Sigmoid Colectomy procedure
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Table 2. Summary Data of Right and Left Hand Behaviors Observed during Surgery
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Actions Performed Mean (s) Total Duration(s) Rate per min Total number Percentage %
Case
Left Right Left Right Left Right Left . Left Right
Iit(l: dy hand hand hand hand Hand hand hand Right hand hand hand
Grasping Instruments:
Dorsey Intestinal Forceps:
Maneuvering 34.6 13.7 622.0 192.2 0.46 0.36 18 14 26.4 8.2
Grasping 22.1 12.8 309.7 153.2 0.36 0.31 14 12 13.2 6.5
Bowel Grasping Forceps: Total % 39.6 14.7
Maneuvering 14.6 29.2 0.05 2 1.2
Grasping 55.7 55.6 0.03 1 24
Dorsey Intestinal Forceps: Total % 3.6
Maneuvering 9.2 6.0 55.2 78.8 0.19 0.42 6 13 3.0 42
Grasping 43.5 75 174.0 89.5 0.13 0.39 4 12 9.3 4.8
Dorsey Intestinal Forceps: Total % 12.3 9.0
Maneuvering 76 98.5 0.37 13 4.7
Grasping 16.7 150.7 0.26 9 7.2
Bowel Grasping Forceps: Total % 11.9
Maneuvering 5.0 7.9 80.7 150.9 0.46 0.54 16 19 3.8 72
Grasping 10.2 3.0 122.7 45.0 0.34 043 12 15 5.8 2.1
Suction/Irrigation
Instruments: Total % 9.6 9.3
Suction/Irrigation
Instrument:
Maneuvering 6.5 611.4 2.40 94 26.0
Suction/Irrigation 43 389.4 2.32 91 16.5
Suction/Irrigation
Instrument: Total % 42.5
Maneuvering 4.6 245.7 1.70 53 13.2
Suction/Irrigation 2.1 08.8 151 47 5.3
Suction/Irrigation
Instrument: Total % 18.5
Maneuvering 1.3 20.0 0.46 16 1.0
Suction/Irrigation 22 302 0.40 14 14
Stapling and Cutting
Instruments: Total % 24
Universal Stapler:
Maneuvering 16.1 32.1 0.05 2 14
Stapling/Dissecting 113 11.3 0.03 1 0.5
Dolphin Tip Sealer/Cutter: Total % 1.9
Maneuvering 8.4 151.4 0.46 18 6.4
Cutting 43 65.0 0.38 15 2.8
Miscellaneous Total % 9.2
Maneuvering (Trocar) 14.5 14.5 0.03 1 0.6
Right Hand Instrument
Changeover Time 19.6 176.0 0.23 9 7.5
Right Hand Instrument
Changeover Time 11.6 69.7 0.17 6 33
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Table 3. Summary Data of Circular Stapler Actions Performed
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were several instances in which the suction/irrigation was used

Rectal Mean  Total Rate 01 % as a means of moving components of the internal anatomy to
Deployment (s) Dur (s) Num ° L. . . .

C assist in circular staple insertion.

ase .

Study 2?3&'}5 and Elements of human factors and product design could

Video

No. Instruments: be applied to instruments such as the suction/irrigation
Circular . . .

1 Stapler: instrument and Dorsey Intestinal forceps as these instruments

Maneuvering 145 290.1  0.05 2 123 were used and operated most frequently during this procedure.
Depl t . . . . .

Gi P loymen 94 94. 003 1400 This could lead to a reduction in surgical procedure duration,
1rcular

2 . . .

Stapler: Total % 16.3 mental fatigue (Miller et al. 2012) and lead to an improved
Maneuverin; .. . L. .

8 32412963 013 4 695 clinical outcome (Xiao et al. 2012). An alternative is to design
Deployment | 75¢ 759 0.03 1 40 : . . .

, Circular new, innovative approaches to laparoscopic colorectal surgical
Stapler: . Total % 73.5 procedures involving a step change in the methods currently in
Maneuvering | 1001 4007 0.1 4 190 ) ) )

use. This case study focused on the actions of the right and left
Deployment 46.3 463 0.03 1220
Towl % 212 hand while performing the laparoscopic portion of this
procedure. However, there is difficulty in identifying which
Actions Performed by Right Hand
50
407
£ 307
]
fa
o
20
3082
3.082
109 - 1.370
9.247]
5137
0 T 3 . ; u
g g L 2 g =
s =z e 2 4
E g 2 g
: 2
g =

Actions Performed by Right Hand

Figure 2. Percentage of Right Hand Use Duration and Actions performed for Case Study 1

The majority of the procedure duration involved manipulation
and grasping, with a relatively small portion of time cutting,
removing and anastomosis of the colon, with the exception of
Case Study 2. As illustrated in Table 3, 69.5% of the analyzed
procedure involved maneuvering the circular stapler into
position. This was due to multiple positioning attempts and

securing both ends of the stapler before deployment. There

member of the surgical team operated the circular stapler
during that portion of the procedure. Anastomosis is a
critically important step in colectomy procedures. If not
performed successfully, internal bowel leakage can occur

resulting in sepsis and other complications.
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Behaviour

607

50

40+

307

Percent

209

T
Manoeuvring

T T
Grasping Idle

Left Hand Dorsey Intestinal Forceps Usage

Figure 3. Percentage of Left Hand Use Duration and Actions performed for Case Study 1

The primary and secondary tasks performed
simultaneously by the surgeon (for example, grasping with left
hand; suction/irrigation with right) were allocated, based on
the surgeon’s preference and strength/coordination abilities of
the dominant hand and non-dominant hand. It was clear that
the right hand performed many more activities than the left
hand, which is not surprising. The instruments used by the
right hand to perform the procedure were common in all three
case studies (Table 2). In Case Study 1, the right hand made
use of five separate instruments (Table 2), and performed a
total of seven separate actions (Figure 2). The left hand was
used for support at infrequent times, spending more time
maneuvering tissue and clearing the path in which the right
hand operated. The left hand made use of one instrument only:
the Dorsey Intestinal Forceps (Figure 3). The left hand was
idle for 50.6% of the procedure whereas the right hand was
idle for 14.4% of the procedure. Each procedural video studied
required a tailored approach in order to achieve the end goal,
indicating the presence of dynamic decision making. As
elements of decision making were gleaned during the study of
each case study, both before the procedure and
intraoperatively, introducing a system that would assess

mental workload and surgical competence such as

automaticity theory or Wickens' model of human information
processing could shed more light on the decision making
process that occurs during surgical procedures, and would
allow for a broader application of this framework.

CONCLUSIONS

This case study was performed on multiple anastomoses
which were performed by one surgeon. It was clear that the
dominant hand performed many more activities than the non-
dominant hand, which is to be expected. More time was spent
navigating to target areas than performing other actions such
as cutting and stapling. More surgeries performed by more
surgeons are necessary in order to capture the variation
between patients and between surgeons’ surgical preferences.
The next phase of this work necessitates the application of this
process across different laparoscopic procedures and to
broaden the depth of analysis performed, especially in relation
to studying the simultaneous actions of both hands where
applicable. Due to the nature of the videos, some instruments
were omitted from some of the videos if they were not

required by the surgeon.
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