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ronment. The goal is to elicit the expert’s cognitive
process that contributes to advanced problemsolving and critical decision-making in the operating room. The information elicited from the experts
includes goals of the task, cognitive options that
were generated during the task, and the rationale
behind the “why” a certain decision was made to
choose a particular option.3 This technique was
specifically designed to achieve three objectives:
(1) to address the basis of expert decision-making
performance, (2) to be directly applicable to analyzing performance in the work environment and (3) to
be used in teaching and assessment of performance.
Originally used in military battle planning and corporate environments,2 CTA has been more recently
utilized by health profession educators to teach surgical skills such as flexor tendon repair and percutaneous tracheostomy.4,5 In these studies CTA
methods were utilized to interview experts to elicit
their thought processes that occur during performance of a specific surgical procedure; from these,
procedural checklists and a cognitive demands list
were created.
The objective of this study was to use CTA to
identify critical steps in performing vaginal hysterectomy and the cognitive decisions that are
required when performing these steps in order to
devise a more effective method of teaching and
assessing the procedure. The identification of
these critical steps will allow investigators to perform more quantitative analysis of the performance
of these critical steps using techniques such as
motion analysis, to identify relevant and specific
proficiency-based criteria for performing vaginal
hysterectomy, and to allow for teaching and assessment of higher order thinking skills during surgery.6
Materials and Methods
Institutional Review Board exemption was obtained. Consolidated criteria for reporting qualitative research (COREQ) guidelines were followed in
the design and reporting for this study.7 COREQ is
a 32-item checklist used for reporting important aspects of qualitative research studies that involve interviews and focus groups. Four expert gynecologic surgeons from our institution were approached
via email and were recruited to be subjects in this
study. Experts were defined as board-certified obstetrician gynecologists who had performed at least
250 vaginal hysterectomies in their careers, continue to perform at least 3 vaginal hysterectomies per
month, and participate in the surgical training of
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obstetrics and gynecology residents. Two surgeons
completed an American Board of Obstetrics and
Gynecology/American Board of Urology–approved
Female Pelvic Medicine and Reconstructive Surgery fellowship; 1 surgeon had extensive experience
in benign gynecologic surgery; the remaining surgeon was an experienced surgeon who teaches
residents while practicing general obstetrics and
gynecology in the local community. All 4 surgeons
received formal postgraduate training in obstetrics
and gynecology at different institutions.
Data was collected during a private 2-hour audio
and video–recorded, semistructured interview of
each participant in the studio of our institution’s
Media Productions facility. The principle investigator (G.B.D.), a third-year fellow in Female Pelvic
Medicine and Reconstructive Surgery, conducted
the interviews after being trained and observed in
a pilot interview by a professional trained in performing cognitive-task analysis (C.H.). All 4 surgeons knew the principal investigator prior to
study commencement as a fellowship trainee and
colleague within the same institution. The principal
investigator (interviewer), the surgeon and a videographer were present for all interviews. A videotape of one of our trainees performing a vaginal
hysterectomy was collected and shown at the interview. The video footage captured the hands of the
operating trainee but did not identify the trainee or
assistants through either visual or auditory data.
During the interview the surgeon watched the
videotape, and questions were based on cues from
the videotaped surgery. The use of video prevented
the surgeon from depending on his/her memory of
the procedure, allowing a thorough interview and
analysis of the entire procedure from start to finish.
After each step the video was paused and a series
of probe questions were asked, with the goal of
gaining insight into the expert surgeon’s decisionmaking process during the operation. The questions focused on how the expert surgeon developed
strategies, identified potential errors, and used visual and tactile cues while performing the procedure. The open-ended questions used during the
interviews are listed in Figure 1.
Audio recordings of the interviews were transcribed and reviewed for accuracy. The video
recordings were used if the participant referenced a
particular point in the procedure that was unclear
in the audio transcription. The expert surgeon’s
anonymity was maintained in all transcribed and
written documentation, and no gender or personal
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1.
2.
3.
4.

Explain this step to me in detail, as if you are teaching a trainee.
What is the goal of this step?
What potential errors can occur with this step?
How do you manage each of these errors?

Figure 1

Critical-decision method interview questions.

identifying descriptors were used. No repeat interviews were required.
Transcripts were read and coded by the principal
investigator. The data obtained from the coded
transcripts was combined and transposed into a
checklist of essential steps. A cognitive demands
list with decision points surrounding the procedure
and its potential intraoperative complications was
created. Any discrepancies between the expert
surgeons were discussed with each surgeon to understand the rationale and reasoning behind their
thoughts.
Results
The duration of each interview was approximately
90–120 minutes due to the 30-minute vaginal hysterectomy video that was paused intermittently to
allow interview probe questions to be asked. Each
interview transcript had a word count of approximately 1,500–2,000 words. Consistencies were found
among the 4 surgeons, including sequence of steps,
use of similar visual and tactile cues, potential errors and complications that can occur while performing a vaginal hysterectomy. Only minor differences were noted in some of the basic steps of
vaginal hysterectomy, and all surgeons acknowledged that these were based on personal choice or
were due to their training and that the alternate
methods of performing the task were acceptable.
From the interviews a procedural checklist with 21
discrete critical steps of vaginal hysterectomy was
developed (Figure 2).
The decision points of performing vaginal hysterectomy determined during the CTA interviews are
listed in Figure 3. This figure was developed based
upon the cognitive task analyses of the details
surgeons described that are essential at each step
for completing the vaginal hysterectomy. There
was consistency among the 4 expert surgeons regarding their thought processes as they perform the
steps of the procedure. All surgeons mentioned the
same potential errors that could occur at each step
of the procedure, but there were minor differences
in the management of the errors, specifically the

1. Universal protocol from National Patient Safety Goals8
a. Preprocedure veriﬁcation
b. Mark the procedural site (if indicated)
c. “Time-out” process
2. Position the patient after anesthesia is achieved
3. Perform an examination of the external genitalia and anus,
and perform a bimanual pelvic examination
4. Prepare the surgical site and drape the patient
5. Set up equipment
6. Insert Foley catheter
7. Place Tenaculums on the distal cervix
8. Inject lidocaine with epinephrine or vasopressin into the
mucosa around the cervix
9. Perform a circumferential incision into the cervical mucosa
10. Dissect the bladder off the cervix and lower uterine segment
11. Posterior peritoneal entry
a. Incision
b. Conﬁrm entry into the peritoneal cavity
c. Place a midline suture*
d. Insert a long-weighted (Steiner) speculum
12. Uterosacral ligaments
a. Clamp
b. Transect
c. Suture
13. Anterior entry
a. Make sure the bladder is dissected sufﬁciently off the
cervix and lower uterine segment
b. Look for the peritoneal reﬂection between the bladder
and uterus
c. Incise the peritoneum
d. Conﬁrm entry into the peritoneal cavity
e. Insert a retractor to gently retract and protect the bladder
14. Cardinal ligaments
a. Clamp
b. Transect
c. Suture
15. Uteroovarian ligaments
a. Clamp
b. Transect
c. Suture
16. Inspect ovaries and fallopian tubes bilaterally for masses or
other abnormalities
17. Assure that the surgical site is hemostatic
18. Perform a McCall’s culdoplasty*
19. Suture the vaginal cuff
20. Perform a cystoscopy*
21. Complete universal protocol from National Patient Safety
Goals8
a. Sign-out process and documentation
_____
*Indicates steps that were not considered mandatory by all 4 expert
surgeon participants.

Figure 2

Vaginal hysterectomy procedural checklist.

order in which the complication is addressed. For
example, in the management of an incidental cystotomy, 1 expert surgeon prefers to fix the injury
immediately, prior to completing the hysterectomy,
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1. Determine the type of stirrups to be used for the case.
2. Determine proper positioning to maximize exposure and
minimize injury.
3. Determine if the hysterectomy can be performed vaginally,
based on vaginal caliber, uterine size and descensus,
mobility, pubic arch angle.
4. Determine the distal border of the bladder prior to incision.
5. Target the best location to inject local anesthetic in order to
provide hemostasis and hydrodissection.
6. Determine the shape and location of the initial cervicovaginal incision based on length of vagina, sexual activity, age,
and inferior border of the bladder.
7. Determine if the peritoneal cavity has been entered by
visualizing the posterior uterus or bowel.
8. Determine if the posterior peritoneum needs to be sutured to
the posterior vaginal epithelium.
9. Determine the correct plane when dissecting the bladder off
the cervix to prevent bladder injury.
10. Determine if the peritoneal cavity has been entered
anteriorly by visualizing bowel, the uterine fundus, or feeling
a layer between the Foley balloon and the surgeon’s ﬁnger.
11. Determine if vaginal uterine morcellation needs to be
performed.
12. Determine if the uteroovarian ligaments need to be doubleclamped.
13. Determine whether an oophorectomy is indicated based on
ovarian masses, the patient’s history, and patient’s request.
14. Determine if another type of apical suspension needs to be
performed based on the stage of prolapse.
15. Decide upon a vertical or horizontal orientation of closure
based on vaginal length and ease of repair.
16. Assess for bladder injury, lesions, stitches, and ureteral
patency.
Figure 3

Cognitive demands list.

in order to prevent extension of the defect. The remaining surgeons complete the hysterectomy and
remove the specimen to gain further exposure in
repairing the cystotomy. However, the technique
for repairing a cystotomy among the 4 surgeons
was similar. A decision tree incorporating the
critical steps of vaginal hysterectomy, including 16
critical decision points and 11 common errors and
strategies to prevent them, was created (Figure 4).
Conclusion
Surgical trainees, especially those early in their
training, often focus on performing the steps of a
surgical procedure. By the time a trainee is finished
training, ideally he/she would have the ability to
make critical decisions and reason through an
unanticipated event during a surgical case. This
level of learning historically has required surgical
experience. However, there are increasing limitations placed on the number of cases and time that

our trainees can spend obtaining surgical experience, forcing surgical educators to seek ways of
taking advantage of every opportunity to teach and
assess these advanced cognitive skills. In order to
do this, we must first identify what these areas are
and make surgical educators consciously aware of
their existence. Unfortunately, many surgeons are
victims of their own experience, in that after
reaching a level of expertise, they become unconsciously aware of the steps of a procedure and the
order in which they are performed. These skills,
similar to driving a car, become automated. More
importantly, the decision-making also becomes
automated.
Automaticity has been recognized in the education literature as beneficial for efficiency and quality during skill performance, but it can interfere with
one’s ability to teach. Automaticity occurs when
tasks (e.g., knot tying or performing the steps of the
vaginal hysterectomy) are over-learned; it may
occur when incoming sources of sensory information (e.g., visualizing the appropriate plane to dissect the bladder from the uterus) become habitual
to the surgeon, to the extent that the surgeon’s attention requirements are minimal.9 Driving a car is
easily performed by most people, similar to the
relative ease of an experienced surgeon performing
a vaginal hysterectomy. The average person may
drive listening to the radio or thinking about work.
When there is a detour on our way to work we need
to shift our attention out of automaticity to controlled processing. Performing a vaginal hysterectomy is no different for the experienced surgeon.
Although the steps of the procedure may be automatic to the experienced surgeon, a less experienced trainee is required to use a large amount of
mental processing to conduct these steps and is
unable to focus on preventing or tackling complex
problems that lie just ahead.
Advances in our knowledge of how trainees
learn have allowed us to identify 2 approaches that
trainees usually adopt in their learning methods.
Some trainees adopt a surface approach and are
concerned with learning the vocabulary and steps
of the surgery, while others adopt a deep approach
and are concerned with comprehending and dealing with complex problems. This emphasis on
“deep learning” or comprehension lies at the heart
of developing expertise and is critical for life-long
learning. If the content areas of this deeper level of
comprehension are identified, then teaching surgeons can teach the content and help prevent
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Figure 4 Vaginal
hysterectomy decision tree.
Decision tree of the steps
of the entire vaginal
hysterectomy procedure,
errors that can be made during
the procedure, and decision
points encountered during the
procedure.

trainees from being locked into automatic, superficial learning.
This study has demonstrated that by using CTA,
the internal thought processes can be identified
for vaginal hysterectomy. Surgeons who teach vaginal hysterectomy can use the knowledge gained in
this study to promote deep thinking by trainees
and improve learning of the skill. Furthermore,
researchers can use these areas for future assessment using techniques such as motion analysis or
surgical simulation. Creating assessment tools that

assess a deeper understanding of the subject matter
will foster this approach. Once trainees figure this
out, they will realize they need to adopt a different
approach to learning. CTA allows those internal
thought processes to be verbalized and discussed
with the trainee before, during and after a procedure.
This study demonstrates that performing a vaginal hysterectomy is a complex process (as seen in
Figure 4). There are several important factors that
play a role in becoming experienced at performing
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this procedure that are more than just carrying out
the technical steps of the surgery. Although gynecologic surgery textbooks review the technical aspects of the procedure in detail, they do not explain
the decision-making that occurs with each step. We
compared the initial steps of a vaginal hysterectomy as described in traditional textbooks to the information obtained from this study during our critical decision method interviews; several decision
points and errors were missing from the textbook
descriptions that were otherwise repeatedly noted
in the our interviews. For example, 3 commonly
used teaching textbooks10-12 state that a vaginal
examination should be performed preoperatively,
but only 1 textbook explained how those risk factors must be considered by the surgeon to make a
decision on whether to perform a vaginal hysterectomy. Two textbooks described the step of injecting
saline or lidocaine into the tissue prior to making
the initial incision but did not describe the common
errors that may occur with this step, such as incorrect concentration, incorrect location of injection, or
intravenous injection. A third textbook does not
even describe this step.
Competence is based not solely on being able to
demonstrate the technical steps of a surgery, but
also on being able to demonstrate all the critical
decision points associated with each step of the procedure and being able to demonstrate what a surgeon should do to prevent the possible errors and
manage complications. The results that we have
obtained can now be used by trainees to promote
critical thinking while performing the procedure.
For example, preoperatively the trainee should
think about how he/she will determine whether
the hysterectomy can be completed vaginally. In the
case of a large uterus, the trainee should be able to
determine whether uterine morcellation needs to be
performed and identify that they need to know how
to do it. Trainees should review or be asked to
create the decision tree as demonstrated in Figure 4
prior to surgery and should have the goal of being
able to identify the critical decision points when
performing each step. The results can also allow
surgical educators to identify crucial learning
points that should be discussed with the trainee
that may not have been articulated in the past. For
example, intraoperative teaching points should include patient positioning tips, information elicited
on a vaginal examination, and criteria used to determine if morcellation is required, etc.
The limitations of our study include the low
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number of experienced surgeons that were interviewed and the limited cues from the videotape.
Enrolling only 4 participants raises the question of
whether more decision points and potential errors
could have been elicited with more participants.
Previous studies have found that 3 participants were
sufficient for CTA of a surgical procedure.1 We
identified an additional experienced communitypracticing surgeon to total 4 surgeons in order to
enhance the reliability of the information. Furthermore, given that the data were consistent among
the 4 experts who were interviewed, it is unlikely
that additional critical information would have
been elicited. Additionally, the participants are
well-established experts within gynecology who
not only perform vaginal hysterectomies but are
referred challenging cases on a regular basis. These
surgeons are therefore more likely to be aware of
the common and less common errors that can occur
with this procedure. Another potential limitation of
the study is that questions were based off of cues
from a video. It is possible that another videotaped
surgery would have triggered further questions
based on the trainee’s performance. However, the
videotaped surgery used in this study included the
entire procedure from start to finish, and the participant was asked to comment on any potential errors
that could occur with each step of the procedure,
not on the specific errors that the trainee in the
videotape was making.
This study has demonstrated that it is feasible to
apply CTA methods to the vaginal hysterectomy
procedure, allowing many unspoken teaching
points to be elicited. The information obtained can
be used to more effectively teach this procedure to
trainees. Future directions include applying CTA
methods to other surgical procedures within obstetrics and gynecology and determining the effects of
the CTA-influenced teaching on our trainees’ education experience.
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