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ABSTRACT 

Natural Orifice Translumenal Endoscopic Surgery is a new surgical technique that 

allows surgeons to use natural orifices, such as oral, vaginal, or anal openings to perform 

various abdominal surgeries. This access technique is an alternative to traditional 

laparoscopic approaches. Several advantages such as lower post-operative pain, reduced 

abdominal adhesions, and reduced complications have sparked great interest for the 

access technique in the laparoscopic surgical community. Since this is a relatively new 

technique, a thorough tasks analysis is required to determine the critical components that 

comprise this technique.  

 The purpose of this study is to perform task analysis on a rigid scope transvaginal 

NOTES cholecystectomy to determine important tasks for surgical evaluation, which 

will ultimately be used in the Virtual Translumenal Endoscopic Surgery Trainer 

(VTEST
TM

). This includes a hierarchical task analysis (HTA) followed by several 

Modeling and Cognitive Modeling Diagrams (MCMDs) for the new tasks associated 

with the rigid scope transvaginal NOTES cholecystectomy. Next, time series analysis 

was conducted to evaluate performance regarding individual tasks for both rigid scope 

transvaginal NOTES and traditional laparoscopic cholecystectomy procedures. Through 

this analysis, we establish certain tasks as being critical for performance evaluation. 

Results also indicate which subtasks require the most amount of time for completion. 

Error analysis for a specific component of the cholecystectomy procedure 

(electrosurgery) was also conducted to determine the frequency of errors during this 

task. 
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1. INTRODUCTION 

Within the past decade, modern advances in surgical techniques and technology have 

revolutionized the methods of surgery as we know it. Specialized surgeon training 

compounded with high technology surgical instruments, surgical procedures are 

continually being completed with high success rates and reductions in adverse effects 

and complications than ever before. As a result, this increased effort to perform less 

invasive procedures has led to the field of minimally invasive surgery (MIS). Within the 

field, researchers, engineers, and surgeons are continually developing new methods to 

minimize the disruption on patient homeostasis for any given procedure. One of the most 

paramount technological advances in surgery is the modern endoscope. Newly equipped 

with the ability to see inside the patient without any major incisions, surgeons are able to 

perform procedures using small incisions for tool entry, which can ultimately be sealed 

up with ease. This gave rise to the field of laparoscopic surgery small incisions are made 

on the abdomen for both scope and tool entry. Some of the more common procedures 

such as cholecystectomy (gall bladder removal) and appendectomy (appendix removal) 

have drastically reduced the invasiveness and potential for laparoscopic based 

complications when compared to open surgery [1]. With this in mind, a new technique 

has recently emerged that has the potential to be even more minimally invasive than 

current methods for abdominal surgeries. This new technique is called Natural Orifice 

Translumenal Endoscopic Surgery (NOTES). 

 

1.1 Background of Natural Orifice Translumenal Endoscopic Surgery 

(NOTES) is an emerging technique that allows surgeons to utilize the patient’s native 

orifices, such as oral, anal, and vaginal openings to gain access to the peritoneal cavity. 

Once inside the peritoneal cavity, various tools can be placed through trocars at the 

natural orifice sites to perform specific endoscopic surgeries. The concept of a natural 

orifice based entry started to become viable as reports indicated that there is minimal 

complications after accidental punctures of the stomach wall during a polypectomy [2]. 

Studies like this led to new concepts of accessing the peritoneal wall via natural orifices 

to reach other critical organs such as the appendix, liver, or gallbladder. Although there 
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are surgeons that indicate the futility of NOTES, in general, this new access technique 

has gained significant interest in the surgical endoscopy community [3, 4]. A white 

paper published in 2005 indicates there is not only great interest for this emerging 

technique within the surgical community, but also indications that NOTES is gaining 

traction specific to laparoscopic gastrointestinologists [5]. There are numerous benefits 

to NOTES based procedures when comparing to traditional methods. Some of the more 

obvious benefits include minimization of surface incisions and cosmetic reasons. 

However, studies have shown that NOTES in fact reduces surgical site infections, post-

operative pain, recovery time, adhesions, and hernia formations [6, 7, 8]. More common 

procedures such as cholecystectomy have also been shown to have minimal post-

operative complications from a NOTES approach [9, 10]. Undoubtedly, the benefits for 

NOTES are clear and it is evident why the surgical community is pursuing this avenue of 

surgical advancement. There are, however, complications associated with laparoscopic 

procedures from a NOTES approach. Some of these complications are poor operative 

field visibility, scope and tool maneuverability, and increased grasping distances [6]. 

These challenges are motivation for the development of surgical simulators to help train 

surgeons on this new access technique and master some of the inherent complications for 

NOTES procedures.   

 

1.2 Problem Statement 

 The Center for Modeling, Simulation, and Imaging in Medicine (CeMSIM) 

group at Rensselaer Polytechnic Institute is currently developing the Virtual 

Translumenal Endoscopic Surgery Trainer (VTEST
TM

) with the goal of surgical 

simulation of the NOTES cholecystectomy procedure. Studies have shown the virtual 

simulators can not only gather technical skill data just as good, if not better, than 

traditional physical box trainers, but also increase surgeon performance when comparing 

to non-VR trained surgeons [11, 12, 13]. The purpose of VTEST
TM

 is to simulate and 

help train surgeons in NOTES based procedures. As an initial step for simulator 

development, a needs analysis study was conducted at the 2011 Natural Orifice Surgery 

Consortium for Assessment and Research (NOSCAR) meeting, which is a conference 
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for leaders in minimally invasive abdominal surgery. Results from this study indicate 

that many of the participants preferred the cholecystectomy procedure for the VTEST
TM 

[14]. With this new information, the next step is to perform a systematic task analysis 

study on the rigid scope transvaginal NOTES cholecystectomy procedure to determine 

critical tasks of the procedure that need to be simulated. In this study, we propose a task 

analysis model to be used to not only segment the NOTES cholecystectomy procedure, 

but to also gather valuable insight regarding task difficulty and potential tasks and 

subtasks where errors are most prominent. This data is to be incorporated into the 

VTEST
TM

 platform for physician training and surgical skill assessment and feedback.

 



 

 

4 

 

2. Rigid Scope Transvaginal NOTES Cholecystectomy Task 

Description 

2.1 Transvaginal access 

Prior to transvaginal access, pneumoperitoneum must be established within the patient. 

This is generally done using a Veress needle (12-14cm) inserted laparoscopically into 

the abdomen. Ideal pressure settings are generally 12-15 mmHg of pressure with a flow 

rate of 10L / min of CO2 [15]. Once pneumoperitoneum is established, the vaginal walls 

are retracted using speculums. The goal of vaginal wall retraction is to clearly visualize 

the cervix. Once the cervix is retracted superiorly using a toothed tenaculum, the 

posterior fornix is exposed. This is the puncture site location for trocar entry in order to 

access the abdomen transvaginally. Now that the posterior fornix has been located, there 

are two methods to puncture this membrane to gain access to the cul de sac, which is 

also called the pouch of Douglas that acts as a direct medium to the peritoneal cavity 

[16]. The first method is direct blunt insertion of a Veress needle followed by trocar 

placement into the posterior fornix. The second method is to create a 2.5cm semilunar 

incision approximately 5-10mm below the cervix [17]. This is achieved by a pure 

cautery cut at 20-30W. Furthermore, almost all of the electrosurgery cuts in the entire 

procedure are done at 20-30W [15, 18]. Figure 1 below shows a sketch detailing the 

location of semilunar cut below the cervix [19]. 

 

Figure 1: Sketch of vaginal retraction exposing posterior fornix [19].
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Once access to the cul de sac has been achieved, a single port trocar large enough to hold 

a 12mm rigid endoscope is placed through the cul de sac and ultimately into the 

peritoneum. This is done with guidance from an endoscope placed in a single 

laparoscopic port placed in the patient’s navel. The purpose for this scope is to allow for 

direct visualization for trocar entry into the peritoneal cavity. Figure 2 shows the relative 

position of the cul de sac compared other anatomical features of the patient such as the 

peritoneal cavity, uterus, and rectum [19].  

 

 

Figure 2: Sketch outlining peritoneal cavity access via the cul de sac from a sagittal viewpoint [19]. 

Once the trocar and rigid endoscope have entered the peritoneum, the scope is advanced 

guiding the omentum and into the right upper quadrant until transillumination of the 

abdomen is achieved [17]. Ultimately, transvaginal access is in fact a slightly modified 

version of a colpotomy. It is important to note that during a rigid scope transvaginal 

cholecystectomy, the scope itself and a specimen retrieval tool are the only two tools that 

ever enter the vaginal port into the peritoneal cavity. 
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2.2 Cholecystectomy procedure overview 

The cholecystectomy procedure itself begins once visualization is achieved inside the 

peritoneal cavity and trocar tools have been placed inside the laparoscopic port. 

Intuitively, the critical components of the cholecystectomy procedure are the careful 

isolation and removal of the gallbladder [20, 21]. Although the number of ports differ 

from a laparoscopic cholecystectomy and a rigid scope transvaginal NOTES procedure 

(three ports and one port, respectively), the procedure itself is relatively the same.  

 To begin gall bladder isolation, the gall bladder itself needs to be retracted to 

expose the critical vasculature. In a traditional laparoscopic procedure, this is typically 

done by placing a grasper in one of navel trocar ports and constantly retracting the gall 

bladder. However, in a rigid scope transvaginal NOTES cholecystectomy, there is only 

one port through the navel. Thus alternative gall bladder retraction methods must be 

used in order to properly secure the gall bladder. A grasper from the transvaginal port is 

one method to retract the gall bladder for a NOTES based cholecystectomy. In this 

method, the grasper is inserted via a transvaginal trocar and used to grasp the gall 

bladder [12]. An alternative method involves the use of sutures to suspend the gall 

bladder. This technique requires large suture needles to penetrate the abdominal wall, the 

gallbladder bed, and permeate out of the peritoneal cavity. The benefit of suture based 

retraction is that the surgeon can attach clamps outside of the patient to secure the gall 

bladder and yet have a wide range of motion to move the gall bladder. Furthermore, this 

method allows the surgeon to focus solely on the cholecystectomy tasks and not focus on 

constant gall bladder retraction with the non-dominant hand. Another benefit of the 

suture retraction method is visual inspections. At incremental points in the procedure, 

the surgeon will need to visually inspect the operating field to ensure the safety of the 

patient. Due to the retraction of the gall bladder with sutures, the surgeon can freely use 

their non-dominant hand to further manipulate the endoscope during the inspection 

phase. Contrarily, during a laparoscopic approach, the surgeon would still have to utilize 

one hand to retract the gall bladder during visual inspections. Figure 3 shows an image 

of the suture retraction technique.  

 

 



7 

 

 

 

 

 

Figure 3: Gall bladder retraction via sutures (Courtesy of Kurt Roberts). 

 

Once the gall bladder has been retracted and suspended, the cystic duct and cystic artery 

need to be clearly identified.  The cystic artery is the anatomical vasculature that 

provides blood supply to the gall bladder, while the cystic duct is the bile duct that 

allows for bile release into the duodenum. The goal of this step is to clearly identify the 

Calot’s triangle, which outlines the cystic artery, cystic duct and common hepatic artery. 

This is done by using laparoscopic tools to remove fibrofatty tissue from the 

infundibulum (the underside bedding of the gall bladder) to expose the Calot’s triangle. 

Figure 4 show an endoscopic view of this process, specifically performing using a J-

hook electrosurgery tool. 
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Figure 4: Diagram showing the Calot’s triangle with an endoscopic view of fibrofatty tissue [23]. 

Once the Calot’s triangle has been clearly identified (also called Establishing Critical 

View), the cystic duct and artery can be systematically clipped using stapled and 

subsequently dissected. As part of standard technique, two clips are always placed on 

both the cystic duct and artery distal to the gall bladder and one clip proximal to the gall 

bladder. If there are any evident adverse conditions or abnormal patient anatomy, more 

clips may be used to ensure that there is no blood or bile leakage after dissection. 

Furthermore, it is important to place the clips at a sufficient distance away from the 

common hepatic duct. Once the cystic duct and artery have been clipped, they can now 

be cut using a laparoscopic cutter. During this point, the surgeon needs to visually 

inspect to ensure that all of the clips are intact and there is no fluid leakage. Figure 5 

shows clips being applied to the cystic duct followed by the dissection of both the cystic 

duct and artery. 
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Figure 5: Diagram showing cystic duct being clipped followed by dissection of cystic duct and artery 

[23]. 

 

The final task in the isolate gallbladder phase is to dissect the gall bladder. This involves 

an electro surgery tool to carefully apply current to remove the membrane attaching the 

gall bladder infundibulum to the liver. In a laparoscopic approach, the retraction grasper 

would be used to alternate from left to right to ultimately ensure there is tension in the 

membrane prior to cautery. In the NOTES case however, the suture retractors are pulled 

externally to move the gall bladder (similar to puppet strings) and achieve the same 

membrane tensions as the laparoscopic case. Figure 6 shows the electrosurgical removal 

of the gallbladder.  

 



10 

 

 

 

 

Figure 6: Electrosurgery task using a pure cut tool [23]. 

This concludes the “isolate gallbladder” phase of the cholecystectomy, as the next phase 

is “remove gallbladder” [20, 21]. This phase is divided into two different tasks: clean up, 

bag gall bladder, and extract gallbladder. The clean up task entails aspiration of any 

fluids such as blood and bile in the operative area. Although this task is done 

periodically throughout the entire procedure, it is especially performed once the 

gallbladder has completely detached from the liver. Next is the bag gall bladder task 

where the detached gall bladder is placed in an endobag for specimen retrieval. In a 

NOTES perspective, the endocatch tool is inserted through the transvaginal port and the 

rigid scope is now ported through the navel trocar for direct visualization. Once the gall 

bladder has been placed in the endobag, the tool is retracted through the transvaginal 

port; thus concluding the major phases of the cholecystectomy procedure. Figure 7 

shows the bag gall bladder and extract gall bladder task.  
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Figure 7: An endocatch bag used to retrieve the specimen [23]. 

2.3 Vaginal Closure 

The last remaining task for the entire rigid scope transvaginal NOTES 

cholecystectomy is vaginal closure. This step is performed once the gall bladder has 

been completely extracted from the abdomen. Firstly, all of the tools including navel 

port tools and the rigid scope are removed. Next, the vaginal walls are retracted using a 

speculum and/or Dever retractors. The final step is to suture the incision location using 

2-0 sutures [22, 24]. In general, the vaginal closure phase is similar to a standard closure 

for a colpotomy.  
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3. Task Analysis 

3.1 Background of Task Analysis 

Task analysis has been used to break down a complex procedure, process or 

system into different and separate steps along with information on process flow. One 

application is to use task analysis for training purposes and identify the specific tasks 

that need to be trained for a surgical procedure. Furthermore, task analysis is used to 

determine the sequence in which tasks should be performed, and to determine what tasks 

are important in terms of priority for commitment to training resources [32]. Surgical 

performance varies greatly from surgeon to surgeon, especially between novice and 

expert surgeons. Different procedures may require completely different skill sets that the 

particular surgeon may not have had adequate training in. Moreover, patient variability 

offers even more complications during the procedure that may lead to more difficult and 

more time consuming tasks [25]. Such complications invoke a decision process 

regarding the next course of action for the surgeon, which may lead to different surgical 

steps. Such decision points, patient variability, and unforeseen patient complications lead 

a surgery into different outcomes than otherwise anticipated. This is precisely why 

conventional methods of evaluating the entire procedure as a singular object for surgical 

skill do not accurately represent a surgeon’s performance and must revert to evaluation 

of individual components of the entire procedure.  

Apart from process dissemination into individual levels, task analysis is used as a 

language to describe the process flow of a surgical procedure [28]. This language allows 

the distinction of separate tasks within a procedure so that each task may be evaluated 

with limited dependency on previous tasks. For example, a surgeon may have 

complications such as bleeding or inflamed tissue while exposing the Calot’s triangle 

during a cholecystectomy procedure. Undoubtedly, the surgical performance during this 

step would be lower; however it would not affect the surgical performance of clip 

application to the cystic duct and artery. Basically, task analysis allows for task 

comparison and evaluation with less dependence on inter patient and inter procedure 

variability [28].  
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3.2 Hierarchical Task Analysis 

One of the first methods to describe the steps and flow of a surgical procedure is 

hierarchical task decomposition (HTA). This method breaks down any given surgical 

procedure into tasks, sub tasks, and motion end effectors. Early works on hierarchical 

task decomposition have been conducted for procedures such as laparoscopic 

cholecystectomy with the goal to attempt to differentiate between a novice and expert 

surgeon [26]. Shortly after McBeth et al. proposed a different method of hierarchical 

task decomposition where there would be five different levels of decompositions [27]. 

The first level would be the phase level, which outlines the major goals of the procedure. 

The second level is the stage level, which outlines local goals of the procedure that are 

generally carried out in a linear order. The third level is the task level where specific 

surgical goals are outlined. In the task level, generally a maximum of two tools are used 

(one in each hand). The fourth level is the subtask level where goals based on single 

tools are outlined. There is generally more diversity for sequencing events and cycling 

between different subtasks. The final level is at the motion level where specific actions 

are outlined, such as grasp or push to describe the specific state of the tool motion [27]. 

Figure 8 shows the summary of these five decomposition levels.  

 

Figure 8: Hierarchical decomposition with five levels of task decomposition [27]. 
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In this study, hierarchical task tree decomposition of the rigid scope transvaginal 

NOTES cholecystectomy procedure has been constructed. Figures 9 and 10 outline the 

hierarchical task tree for transvaginal NOTES cholecystectomy. The trees exhibit phases 

(blue), tasks (red), sub tasks (green) and motion level actions (black). Furthermore, with 

an Institutional Review Board (IRB) approved study, the task tree has been validated by 

a team of expert laparoscopic and NOTES surgeons: Dr. Daniel Jones, Dr. Steven 

Schwaitzberg, Dr. David Rattner, Dr. Kurt Roberts, Dr. Jonathan Romanelli, and Dr. 

Christopher Awtrey. It is important to note that Figure 9 only shows the suture 

gallbladder retraction method as this was the only method used for all of the rigid scope 

transvaginal NOTES cholecystectomy videos that were collected.  
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Figure 9: Hierarchical task tree for rigid transvaginal (TV) NOTES cholecystectomy. 
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Figure 10: Hierarchical task tree NOTES vaginal access/closure. 

However, Figures 11 and 12 entail all of the major phases, tasks, and subtasks organized 

according to Christiancho’s hierarchical model [28]. The purpose for choosing this 

model is to represent the HTA trees in a clearer manner.  
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Figure 11: Hierarchical decomposition tree for rigid scope transvaginal NOTES cholecystectomy. Phases in blue, tasks in red, and sub-tasks in green 

indicate high demanding operations.  
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Figure 12: Hierarchical decomposition tree for rigid scope transvaginal NOTES cholecystectomy [28].
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3.3 Motor and Cognitive Modeling Diagram (MCMD) 

This method originally proposed by Sayra Christiancho is an alternative method to 

hierarchical decomposition. HTA allows us to understand the surgical procedure in 

depth but does not incorporate decision points or sequencing information. During a 

NOTES cholecystectomy procedure, many decisions are being that need to be addressed 

in a process flow diagram. The MCMD model allows for a new representation of process 

flow in a surgical procedure in terms of motor and cognitive behaviors [28]. All MCMD 

diagrams have the same symbols used for each diagram. These are shown below in 

Figure 13. 

 

 

 

Figure 13: Symbols used for MCMD diagrams [28]. 
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Although the MCMD diagrams propose a method to show decision points and 

process flow for a particular task or subtasks, they do not yet represent whether a 

particular task is done cooperatively by two surgeons (using one tool each) or 

bimanually by a single surgeon. This is very important as the number of surgeons 

required to perform certain tasks  can be strikingly different between NOTES and 

laparoscopic based procedures. For example, during the remove fibrous tissue subtask 

for a laparoscopic cholecystectomy, one surgeon will use one grasper in one hand to 

remove fibrous tissue while holding the endoscope in the other hand (bimanual 

operation). The second surgeon uses two hands to retract the gallbladder via two 

graspers. However, in a rigid scope transvaginal NOTES approach, one surgeon will 

permanently be committed to camera navigation using the rigid scope while  another 

surgeon performs the Remove Fibrous Tissue task using only one grasper. This 

important description regarding the number of surgeons and tools used for a task or 

subtask is missing in current task analysis methods. This work proposes to implement 

this description in the MCMD diagrams by using abbreviations to highlight the number 

of tools and surgeons involved in a subtask. Table 1 shows the abbreviation definitions 

for tools used. Figure 14 shows the format to represent the number of surgeons and tools 

used during any given subtask. Surgeons are depicted by “S” in red with the associated 

tool abbreviation. 

Table 1: Tool abbreviation descriptions. 

Abbreviation Tool Description 

G Grasper Tool 

CL Clipper Tool 

E Electrosurgery Tool 

RS Rigid Endoscope 

CT Cutting Tool 

SP Speculum 

IRD Internal Retraction device 
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Figure 14: (a) Example of Shear Fibrous Tissue subtask for Laparoscopic cholecystectomy. 

(b)  Exampe of Shear Fibrous Tissue subtask for rigid scope transvaginal NOTES cholecystectomy. 

 

Using these new descriptions for the number of surgeons and tools used for a 

subtask, we implement them into the MCMDs that are specific only to rigid scope 

transvaginal NOTES cholecystectomy. Only the phases specific to rigid scope 

transvaginal NOTES cholecystectomy are being shown as all of the other phases are 

depicted with MCMDs for laparoscopic cholecystectomy [28]. The first task that needs 

to be formulated for the NOTES procedure is the transvaginal entry phase. This is shown 

in Figure 15. Note that critical subtasks have tool descriptions attached (such as Vaginal 

access and Peritoneal Access. Figures 16 and 17 show the MCMDs for the two tasks in 

the transvaginal entry phase: vaginal access and peritoneal access. The peritoneal access 

task consists of two optional subtasks. 

 
 

Figure 15: MCMD for Transvaginal entry phase. 
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Figure 16: MCMD for Vaginal Access task. 

 

Figure 17: MCMD for Peritoneal Access task. 
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Figure 18 shows the MCMD diagrams for the Retract gallbladder phase. This phase 

has three optional tasks: suture retraction, grasper retraction, and internal retractor. 

These three tasks are shown in Figures 19 – 21. 

 

 
 

Figure 18: MCMD for Stabilize gallbladder phase. 

 

Figures 18 through 21 show the three different gallbladder retraction tasks under the 

Stabilize gallbladder phase: Suture retraction, grasper retraction, and internal retractor. 

 

 

Figure 19: MCMD for Suture Retraction task. 
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Figure 20: MCMD for Grasper Retraction task. 

 

 

 

 

 

 

Figure 21: MCMD for Internal Retractor task. 

 

Figure 22 shows the transvaginal phase. It consists of three tasks: tool removal, vaginal 

access, and suture. These are shown in Figures 23 and 24. Vaginal access is not shown 

as it is identical to the vaginal access task in Figure 16.  

 

Figure 22: MCMD for Transvaginal Entry phase. 
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Figure 23: MCMD for Tool Removal task 

 

 

Figure 24: MCMD for the Retract gallbladder task. 

3.4 Discussion 

The purpose of creating MCMD diagrams is to create a systematic method for 

decomposing the critical tasks in the NOTES cholecystectomy procedure along with 

markers for decision points and process flow. Ultimately, these MCMD diagrams can 

provide a framework for the VTEST simulator as the entire NOTES cholecystectomy 

procedure needs to be simulated with clear indications of individual tasks, sub tasks, and 

decision points. For example, during the retract gallbladder task, the simulator may give 

an input for the user to select one out of the three retraction methods for gall bladder 

retraction. Following the selection of a method, the simulator load the appropriate tools 

(as described by tool descriptions for each of the MCMDs), and simulate the retraction 

method. Following proper retraction, the user will be asked to confirm the final 

retraction of the gall bladder, wherein the quality of the gall bladder retraction task will 

be assessed. 
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4. Time Series and Procedure Video Analysis 

4.1 Purpose of Time Series and video analysis 

Using the tasks and subtasks from the MCMDs for transvaginal NOTES 

cholecystectomy, a time series analysis along with error analysis can be performed. The 

time series analysis serves as a metric not only for surgical performance but also to gage 

which subtasks and tasks require the most amount of time for a given procedure. 

Furthermore, time series analysis will also show the variability of time for each subtask 

for either laparoscopic or NOTES based procedures. Finally, this data can be used in the 

VTEST
TM

 simulator as potential tasks and subtasks that will have the greatest impact on 

a surgeon’s training. 

 

4.2 Data collection 

Rigid scope transvaginal NOTES cholecystectomy procedures were performed by 

Dr. Kurt Roberts and Dr. Lucian Panait at Yale University School of Medicine hospital, 

New Haven, CT. 19 separate procedures have been recorded and de-identified prior to 

analysis.  11 laparoscopic cholecystectomy procedural videos were also collected from 

surgeries performed by Dr. Michael Brunt at Washington School of Medicine, St. Loius, 

MO, Dr. Steven Schwaitzberg at Cambridge Health Alliance, Cambridge, MA, and 

finally Dr. Kurt Roberts. Once again, these videos were de-identified to remove any 

patient data prior to analysis.  

 

4.3 Video Analysis Methods 

Each video was analyzed frame by frame using Windows Media player on the 

windows OS and iMovie on the Mac OS. Each of the critical subtasks were timed using 

specific guidelines for start and end times. Table 1 outlines these guidelines that define a 

subtask. 
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Table 2: Subtask event descriptions for timeline analysis. 

Subtask Start Time Event End Time Event 

Remove 

Fibrous 

Tissue 

First visual instance of grasper 

moving towards fibrofatty 

tissue 

Last motion action 

where grasper shear 

fibrofatty tissue 

Expose 

Calot’s 

Triangle 

First visual instance of grasper 

insertion into Calot’s triangle 

zone 

Retraction of grasper 

from navel port 

Clip CD First visual instance of clipper 

moving towards cystic duct 

Retraction of clipper 

from cystic duct 

Clip CA First visual instance of clipper 

moving towards cystic artery 

Retraction of clipper 

from cystic artery 

Cut CD First visual instance of cutter 

moving towards cystic duct 

Retraction of cutter from 

cystic duct 

Cut CA First visual instance of cutter 

moving towards cystic artery 

Retraction of cutter from 

cystic artery 

Electrosurgery First instance of electrosurgery 

tool making contact with gall 

bladder tissue 

Complete separation of 

gall bladder from liver 

Capture GB First visual instance of 

endobag opening wide 

First visual instance of 

endobag closing shut 

with specimen intact 

Retrieve GB First visual instance of 

endobag retracting from 

operating area 

Last visible instance of 

endobag inside 

peritoneal cavity 

 

Inter rater reliability test was conducted for the subtask event definition by using a 

different rater unfamiliar with this work. Cohen’s kappa value was used to evaluate inter 

rater reliability [29]. Generally a coefficient of agreement ranging from 0.41 < k < 0.60 

indicates moderate agreement. A range from 0.60 < k < 0.8 indicates a substantial 

agreement and k > 0.8 is deemed as perfect agreement [30, 31].  

 

4.4 Operative Errors 

Operative errors were counted for the Electrosurgery subtask for each procedure. 

Each of the errors has been validated as potential errors that occur during the 

Electrosurgery subtask by a previous study [13]. The number of errors were counted 

(with the exception of Attending Takeover) for each data set. These errors were then 

normalized per sample size as the number of trials differ for the NOTES and 

Laparoscopic data sets. These are shown in Figure 25. Inter rater reliability was 

conducted again with a rater unfamiliar with this work.  
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Figure 25: Operative error definitions for Electrosurgery error analysis [13]. 

 

4.5 Statistical Methods 

Minitab (Minitab, Inc) software was used for all statistical analysis including non-

parametric data set differentiation and correlation tests. 2-talied Mann-Whitney tests 

were conducted to statistically different non-parametric sample sets. Pearson’s 

correlation tests were conducted to correlate the various subtasks in the NOTES and 

laparoscopic procedures.  
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4.6 Results 

 

Figure 26 shows the time series data for major cholecystectomy subtasks for 

laparoscopic surgery. Figure 27 shows the time series data for rigid scope NOTES 

transvaginal cholecystectomy. The numerical values in the plots indicate average values 

for the sample sets. The numbers displayed next to the bar plots indicate average seconds 

for each data set. Mann-Whitney tests indicate that Remove Fibrous Tissue task 

(Laparoscopic) in Figure 26 is statistically different (p=0.0005) than Fibrous Tissue task 

(NOTES) in Figure 27. The same case also applies for Expose Calot’s Triangle 

(Laparoscopic) and Expose Calot’s Triangle (NOTES) where p=0.0001, and finally with 

for Electrosurgery (Laparoscopic) and Electrosurgery (NOTES) where p=0.0412. Inter 

rater reliability showed k = 0.68 (p < 0.05) indicating there is substantial agreement 

between the two raters.  
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Figure 26: Time series results for major subtasks in a laparoscopic cholecystectomy (n = 11). 
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Figure 27: Time series results for major subtasks in rigid scope NOTES transvaginal 

cholecystectomy (n = 19). 

 

Correlation studies indicate that there is a positive correlation between 

Electrosurgery and Remove Fibrous Tissue subtasks in the laparoscopic and NOTES 

data sets for a confidence level of 0.90. The correlation p-values are shown in Tables 3 

and 5. Pearson’s correlation coefficient values are shown in Tables 4 and 6.  

Table 3: NOTES procedure correlation p-value. 

p-value Remove Fibrous Tissue Expose Calot’s Triangle 

Expose Calot’s Triangle 0.280 - 

Electrosurgery 0.077 0.612 

Table 4: NOTES procedure Pearson correlation coefficient. 

Pearson coefficient Remove Fibrous Tissue Expose Calot’s Triangle 

Expose Calot’s Triangle 0.261 - 

Electrosurgery 0.415 0.124 
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Table 5: Laparoscopic procedure correlations. 

p-value Remove Fibrous Tissue Expose Calot’s Triangle 

Expose Calot’s Triangle 0.615 - 

Electrosurgery 0.029 0.441 

Table 6: Laparoscopic procedure Pearson correlation coefficient. 

Pearson coefficient Remove Fibrous Tissue Expose Calot’s Triangle 

Expose Calot’s Triangle 0.182 - 

Electrosurgery 0.684 0.276 

 

Figure 28 shows the frequency of an error during the Electrosurgery task for all of the 

NOTES and lap cholecystectomy trials. The error definitions were originally defined by 

Neal Seymour and are validated [13]. A second grader was asked to count the number of 

errors for two rigid scope transvaginal NOTES procedures. Furthermore, an inter-rater 

reliability test indicates that the Cohen’s kappa value is 0.82, which is above the 0.80 

threshold for perfect agreement. This indicates very high agreement between the two 

raters. All of the error data failed Chi-square tests indicating no statistical difference 

between the NOTES and laparoscopic data sets. Chi-square tests showed an X
2
 value of 

3.22. With a sample size of 11, confidence interval of 0.05, and 6 degrees of freedom, 

power analysis indicated a power of 0.2195. This meant that there is a 21.95% chance 

that any resulting conclusions made about the data will be significant (p<0.05). 

Generally, a power value of 0.80 is the normal accepted high power value. To reach this 

power, the sample size of this study needs to be increased to 45 individual procedures. 

 

 

Figure 28: Average errors observed for each sample set. 
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Figure 29 details the total time for each of the procedures of both NOTES and 

Laparoscopic based cholecystectomy. The numbers displayed are the average values for 

the sample set. Mann-Whitney tests indicate (p = 0.0001) that the NOTES data set is 

significantly different than the Laparoscopic data set. Thus average total time for a rigid 

scope NOTES procedure is significantly faster than the sample set for traditional 

laparoscopic cholecystectomy procedures.  
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Figure 29: Total time results for laparoscopic and NOTES cholecystectomy procedures. 

4.7 Discussion 

Results indicate that the three subtasks Expose Calot’s Triangle, Remove Fibrous 

Tissue, and Electrosurgery are faster for the NOTES sample set than the laparoscopic 

sample set. However, due to the lack of variability of the surgeon for the NOTES data 

set (only one surgeon performing all of the trials), limited conclusions can be made 

regarding efficiency of the NOTES technique. It is important to differentiate tasks that 

are deemed essential and tasks that are critical. Essential tasks describe tasks that are 

absolutely required to successfully complete the phase level or the procedure itself. 

Critical tasks indicate which tasks are the most important when evaluating for surgical 

skill. Consequently critical subtasks, such as Expose Calot’s Triangle, Remove Fibrous 

Tissue, and Electrosurgery, allow us to tailor specific surgical skill data acquisition for 

these specific subtasks as they are the most demanding. As previously mentioned, task 

analysis allows us to determine the critical tasks of a procedure that will require the most 
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attention for training resources. Specifically, the subtasks Remove Fibrous Tissue, 

Expose Calot’s Triangle, and Electrosurgery will require the most attention during 

VTEST
TM

 development.  

The correlation studies indicate that there is a correlation between the 

Electrosurgery subtasks and the Expose Calot’s Triangle subtask for laparoscopic and 

rigid scope trasnvaginal NOTES cholecystectomy. This can be due to the difficulty of 

tissue detachment from the gallbladder if the tissue is fibrotic in nature or if there is an 

excess in fibrofatty tissue surrounding the gallbladder bed. In these cases, the physician 

would not only take extra time to dissect the fibrous tissue from the gall bladder, but also 

to spend extra time to perform electrosurgery on the same excess tissue. Furthermore, 

the increased time can serve as a predictive metric in our simulator where increases in 

time performance for the Remove Fibrous Tissue sub task can be attributed to an 

increased time in the electrosurgery component of the simulator.  

Error analysis during the Electrosurgery task indicates there is no significance 

between the NOTES and laparoscopic sample sets. This may be due to commonalities in 

errors between the two types of procedures. Contrarily, the insignificance of error data 

between the two sample sets may indicate that there may be other error definitions 

specific to NOTES cholecystectomy. Since qualified surgeons did not perform the error 

analysis in this study, the error analysis results cannot be directly used to evaluate 

performance between the two sample sets. Furthermore, power analysis indicates that 

any resulting made regarding error for the two sample sets have a low probability of 

being significant. One method of rectifying this would be to increase the sample size to 

ensure a high power value. Although we cannot directly use these errors, it does give us 

insight in the frequency of errors and also the major types of errors that are evident 

during an electrosurgery task. It is important to note that in order to compute the 

frequency of errors, qualified surgeons must rate the procedures. This information can be 

used for VTEST
TM 

development as error can be computed in real time. For example, any 

instances of liver injury during the electrosurgery step in the VTEST
TM

, can be counted 

as an error instantaneously as the liver is a forbidden zone for cautery. Ultimately, 

electrosurgery errors can be clearly defined for the VTEST
TM

 according to guidelines set 

as shown in Figure 25 and can be used to measure surgical proficiency.



 

 

34 

 

5. CONCLUSION 

5.1 Summary of results 

This study analyzed all of the critical steps required for a rigid scope transvaginal 

NOTES cholecystectomy. These critical steps were first compiled in a tree that outlines 

the specific phases, tasks, and subtasks according to HTA. MCMDs were also created 

for the new tasks (transvaginal access, gallbladder retraction, and vaginal closure) 

associated with a transvaginal NOTES approach to cholecystectomy instead of a 

laparoscopic approach. Additional information on the number of tools and surgeons 

performing each of the tasks and subtasks were also incorporated in MCMD. The video 

data analysis indicates that the most time consuming tasks for both laparoscopic and 

NOTES based cholecystectomies are: Expose Calot’s Triangle, Remove Fibrous Tissue, 

and Electrosurgery. Furthermore, these three tasks are the most demanding in terms of 

surgical skill. This study shows there is a positive correlation between performance time 

for Remove Fibrous Tissue and Electrosurgery tasks in NOTES and laparoscopic 

cholecystectomy when considering a confidence level of 0.90. Ultimately, this data 

provides valuable information for simulation development where critical tasks, and 

subtasks must be incorporated into the VTEST
TM

 simulator. Preliminary error analysis 

produced results that showed no significant differences between errors seen between the 

laparoscopic and rigid scope transvaginal NOTES cholecystectomies. However, the error 

analysis does provide insight regarding the frequency of errors for any given procedure. 

This study also allows us to fully characterize the critical steps for a rigid scope 

transvaginal NOTES cholecystectomy along with pinpoint specific subtasks that require 

the most time, most difficulty, or show higher skill requirements. This information can 

be directly used evaluate surgical skill in the VTEST
TM

 simulator.  

5.2 Limitations 

It is important to note some of the limitations within this study. One of the most 

obvious limitations of this study is the limited data variability. Being a new and 

experimental procedure, very few surgeons in the U.S. are qualified to perform a 

NOTES cholecystectomy procedure. Furthermore, only a handful of surgeons are 
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qualified to perform a NOTES cholecystectomy via the vaginal orifice. This is precisely 

the reason why our study presents only one surgeon that performs all of the NOTES 

procedures. However, as the NOTES technique gains more traction within the surgical 

community, more surgeons will be qualified to perform various cholecystectomies that 

will increase data variability. Another limitation is that time is the only metric used to 

measure which tasks within the cholecystectomy procedure are deemed critical for 

surgical skill evaluation. Other metrics such as tool economy of motion (a measure of 

tool usage efficiency) and stability of endoscope on target tissue can be used to measure 

proficiency and help identify the most critical and difficult tasks for training.  

5.3 Future work 

The ultimate goal for this work is to develop a framework for the analysis of the rigid 

NOTES cholecystectomy procedure to decide on the critical procedural tasks and skill 

metrics that need to be incorporated into the VTEST
TM

 simulator. However, the work 

presented can be applied to other NOTES procedures well. This study focused on rigid 

scope transvaginal NOTES cholecystectomy; however task analysis can also be 

conducted for a flexible scope transvaginal NOTES cholecystectomy. A flexible scope 

presents new challenges such as scope maneuverability and limited tool movement, 

which present their own new tasks and subtask for the cholecystectomy procedure. 

Furthermore, a comparison of task analysis results for flexible and rigid scope 

transvaginal NOTES cholecystectomy may show more insight on the different skill 

requirements for the two transvaginal NOTES approaches. Future work also includes the 

introduction of new error metrics that are specific to NOTES based procedures. These 

errors, incorporated into the VTEST
TM

 simulator will allow for more accurate surgical 

skill evaluation, as opposed to using error validated for laparoscopic surgery.  
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