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Background. Surgical skill assessment tools frequently
reflect the opinions of small groups of surgeons. That
raises concerns over their generalizability as well as their
utilization when applied broadly. A Delphi approach
could engage a broad group of experts to identify key
elements for a checklist assessing coronary anastomotic
skill, improving generalizability.

Methods. Expert surgeons in North America (10 or
more years in practice, actively teaching coronary artery
surgery) were contacted randomly to participate. Con-
senting surgeons first provided items they believed were
mandatory when performing a coronary artery bypass.
These were then entered into a three-round Delphi.
Positive consensus was reached when 75% or more of
participants ranked an item mandatory.

Results. Sixteen faculty consented to participate. Each
participant provided 25 + 10 items. The 407 items provided

ducation in cardiothoracic surgery, as with all surgi-

cal disciplines, requires the trainee to acquire both
cognitive and motor skills. Whereas assessment of cogni-
tive skills is addressed with a number of tools well suited
to their evaluation (eg, multiple-choice question exami-
nations), motor skills have very few assessment tools
currently in use. To address this gap, new tools for many
procedures have been developed, including checklists,
objective structured assessments of technical skills, virtual
reality simulators, and so forth [1, 2]. Unfortunately,
important outcome measures are missed by many of these
as the majority have been developed for basic surgical
skills assessment, rather than advanced open surgical
skills—the dominant skill in cardiothoracic surgery.
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were condensed, resulting in 146 items in the final list,
divided into six sections based on the conduct of the oper-
ation. Twenty-three items reached consensus in the first
round, 14 in the second, and 3 in the third. These 40 items
represented only 27% of the initial 146 items. Agreement
within sections varied widely, from 0% for “management
of assistants” to 47% for “testing and final steps.”

Conclusions. A randomly selected group of experts
using a Delphi approach can generate a checklist to assess
construction of a coronary artery bypass. Considerable
disagreement among experts regarding what steps are
mandatory calls into question the generalizability of any
locally developed checklist.

(Ann Thorac Surg 2017;104:2087-92)
© 2017 by The Society of Thoracic Surgeons

With roughly 400,000 CAB surgeries performed annu-
ally in the United States alone, coronary artery bypass
(CAB) surgery is the most common procedure in cardio-
thoracic surgery [3]. A key component of that procedure is
the construction of a CAB anastomosis, which is a
multiple-step process. Considering that each CAB sur-
gery requires an average of three anastomoses, roughly
1.2 million anastomoses are performed annually. In
addition to its frequency, the procedure is also of short
duration and can be easily simulated with both high and
low fidelity simulators, making it an ideal procedure for
assessment tool development.

Direct observation, which is the most commonly used
method for assessment of surgical motor skills in CAB
creation, suffers from poor reliability, poor compliance,
and inaccuracy [4, 5]. Checklists and behaviorally
anchored global assessments, originally created for
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objective structured assessments of technical skills [6],
have been adapted for cardiothoracic surgery to improve
the reliability and validity of direct observations of
simulation exercises. The majority of these instruments,
however, simply used the global rating component of the
original objective structured assessments of technical
skills tool and frequently dismissed the checklist
component [7]. That was most likely the consequence of
several studies showing that when compared with a
checklist, the global rating scale provided better inter-
station reliability, better construct validity, and better
concurrent validity [8, 9]. There was also no evidence that
when added to the global rating component, checklists
improved the reliability or validity of the global rating
scale alone [10]. The limitation of all of these observa-
tional assessments tools, however, is that they lack reli-
ability and validity at the specialist or higher trainee level
[11] and exhibit a so-called “ceiling effect.” That may be
attributed to the design of the simulation models [12];
however, in assessment of live surgery, the lack of a
model implies that any observed ceiling effect must be
attributable to the assessment tool itself. Therefore, a
more detailed checklist may increase its sensitivity and
make it a more reliable and valid tool.

Another explanation for the limited sensitivity among
existing checklists is the variability between institutions
regarding the specific steps used. As highly complex
procedures can be performed in a variety of ways with
similar outcomes, single institution checklists may be
populated with items that are institution-specific and
detract from the overall sensitivity of the instrument.
Unfortunately, the majority of checklists and GRS that
have been developed lack broad participation [6, 13]. We
hypothesized that a consensus building exercise that in-
cludes input from a randomly selected broad pool of
clearly defined experts will produce a checklist that could
address these needs. We intend to explore two specific
elements of this hypothesis. First, is this approach
feasible? And second, what is the degree of variability
that exists between experts with regard to the items that
eventually reach consensus?

Material and Methods

Selection of Consensus-Building Technique

After examining the existing consensus-building tech-
niques, the Delphi method was found to be the best fit for
our study owing to several unique characteristics. The
entire Delphi can be done online, and therefore allows for
global access to experts; the panel size requirements are
modest, making the pool of experts queried manageable;
and finally, the flexible design of the Delphi allows any
number of follow-up interviews.

Selection of Experts

Experts were defined as North American cardiothoracic
surgeons with at least 10 years’ working experience after
initial board certification, actively involved in performing
coronary surgery, and teaching at an accredited cardiotho-
racic training program. A database of 314 North American
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experts who fit those criteria was created. Based on similar
Delphi studies, 15 to 20 experts were sought for consensus
building and were randomly invited to participate [14, 15].
When we had a minimum of 15 participants, the selection
process was closed and no additional experts were invited to
join. The final number of participants was 16 as more
than one participant accepted the invitation simulta-
neously. Two participants were from the same institution,
whereas the other 14 were from different institutions.

Delphi Method

Specific instructions were sent to selected participants
asking them to provide items they believed were manda-
tory for competent performance of a CAB anastomosis.
The instructions sent to each participant focused on four
key elements. First, they were clearly instructed that any
items they provided were “mandatory for the competent
performance of a CAB anastomosis.” These are the steps
that “just have to be there otherwise it will not be a safe and
well-constructed anastomosis.” Second, the instructions
defined what constituted a “CAB anastomosis,” for
example, when it began and when it was completed. Next,
instructions on how to construct a checklist item were
provided and included examples of well-constructed and
poorly constructed items. Finally, to help organize the
items and remind experts to address all aspects of a CAB
anastomosis, the procedure was divided into six sections
(dissection of the target vessel, creation of the arteriotomy,
preparation of the graft, management of assistants, per-
formance of the anastomosis, and testing or any additional
manipulation of the graft). Experts were asked to provide
as many items they believed were necessary for each sec-
tion. As many as five reminders were sent to encourage
submission of their initial self-created checklist.

When all the items were received, they were analyzed
by the principal investigator and one uninvolved local
expert, and similar items were grouped together. If any
significant change in wording of the items was required,
they would be sent back to the original participant to
ensure that the true meaning of the item was preserved.
Finally, after all revisions were approved, these
condensed and edited items constituted a “master items
list.” This list was used for the Delphi consensus process.

In round one, all the items contained in the master
items list were sent to the participants, who were asked to
rank each item on a four-point scale (1 = not necessary,
2 = desirable, 3 = important, 4 = mandatory). After all the
scores were obtained, a mean item score was calculated
for each item. Consensus was defined separately for
accepted and dropped items. We deemed that an item
should be accepted (ie, “positive consensus”) into the
final checklist when 75% of experts ranked it as manda-
tory [3]. Conversely, an item was dropped (ie, “negative
consensus”) from the final checklist when its mean score
was less than 2 (“desirable”). Items that fit neither of
those criteria were advanced to round two.

In the second round, the participants were again asked
to rank each item using the same four-point scale. This
time, the items were accompanied with descriptive data
derived from round one, including the minimum and
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maximum, mean, variance, standard deviation, and score
distribution (Fig 1). The participants were also now given
an opportunity to comment on any item to either support
it or prevent its inclusion in the final checklist.

When all the responses were obtained, the items that
attained positive consensus were added to the final
checklist, and items that attained negative consensus
were dropped. The remaining items were sent into the
third Delphi round, again accompanied with descriptive
data derived from the second round along with anony-
mous participants’ comments.

In the third round, the participants again voted on the
remaining items, and when their votes were collected,
items that achieved positive consensus were added to the
accepted items from the first and second round and
together comprised the final checklist. The rest of the items
were dropped, and the study was terminated. Participants
were advised that this was the final round and that items
that did not reach a positive consensus would be dropped.

Experts’ identities were blinded to all the participants
throughout the entire Delphi trial and only visible to the
principal investigator. Completion rate for all the surveys
was 100%. All the data obtained in the study were stored
in its original format for subsequent analysis.

Analysis
All responses from each round were analyzed using
descriptive statistics.

Results

Expert Participants

A total of 100 faculty were contacted in just over 15 weeks.
Four faculty revealed they were no longer active in cor-
onary artery surgery. Of the remaining 96 experts, 25
(26%) agreed to participate and were provided with in-
structions. Nine participants subsequently either with-
drew or did not submit a checklist despite five reminders.
That left 16 expert participants who provided individual
CAB anastomosis checklists and proceeded to the Delphi.
The demographics of the expert participants and the
entire pool of experts are shown in Supplement 1.

Initial Master Item List

Initial item generation by the participants required 1.6 +
1.5 reminders. The time from the initial invitation to the
provision of the item list was 31 + 26 days (range, 0 to 89).
The total time to collect all 16 participants’ checklists was
22.6 weeks. The total number of items provided was 407
(Supplement 2). The average number + SD and median
number (range) of items submitted by each participant
was 25 + 10, 22 (11 to 48), respectively. During the gen-
eration of the expert-derived master list, it was noted that
the “performance of the anastomosis” section of the CAB
anastomosis contained items that were either very spe-
cific or more consistent with a general rule to be observed
throughout the performance of the anastomosis. For
example: “Toe sutures are placed as separate bites in the
graft and the target” versus “Tissue handled gently to
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minimize tissue trauma.” Therefore, a new section was
created, titled “anastomotic general rules” to house the
more general items pertaining to the performance of the
anastomosis. The number of items suggested for each
section and the final number after collapsing like items
together into a master items list is shown in Table 1. The
final number of unique items that constituted the master
item list was 146. Of note was the rather consistent
finding that two thirds of the items were duplicated by
other participants in all the sections of the CAB anasto-
mosis except for the “general rules” section, where only
one third of items were duplicated by other participants.

Final Checklist Creation

The master item list was used for the consensus building
exercise. The results of each round of the Delphi are
shown in Table 2. Each round took roughly 10 weeks to
collect all responses. After the first round, there were 23
items that reached consensus (15.8% of the master item
list) and 52 items (35.6%) that were dropped. That left 71
items available for the second round. After the second
round, an additional 14 items reached consensus and 5
were dropped, leaving 52 items for the third round. Only
3 items reached consensus in the third round.

Of the original 146 unique items included in the master
items list, only 40 (27%) were identified as mandatory by
consensus at the end of the three rounds of the Delphi ex-
ercise (Supplement 3). The majority of the items that
reached consensus were identified in the first and second
round (23 and 14 items, respectively, or 92.5%). Within each
section of the CAB anastomosis, the percentage of items
reaching consensus varied widely. The section with the
greatest consensus was “testing and final steps,” with 47%
of the original 19 items reaching consensus. The section
with the least consensus was “management of assistants,”
where none of the original 11 items reached consensus.

Provision of Comments

One hundred and nineteen comments were provided
during the second round of the Delphi. Of the 71 items
presented in the second round, 56 (78.9%) received a
comment. When a comment was provided, the mean =+
SD and median (range) were 2.1 + 1.2 and 2 (1 to 5),
respectively. Of the 52 items that were included in the
third round, 40 (76.9%) items had at least one accompa-
nying comment. For these, the mean + SD and median
(range) were 2.2 + 1.2 and 2 (1 to 5), respectively.
Looking specifically at the participants, the number of
items that received comments per participant ranged
from none to 31. Eleven participants (69%) commented on
at least one item. Overall, each participant commented on
an average of 7.4 £ 9.3 items, or 10.4% of the items pre-
sented to them. Among the 11 who provided at least one
comment, the average number of items commented on
was 10.7 £ 9.5, or 15.1% of the items presented to them.

Comment

At the outset of this study, we hypothesized that a
consensus building exercise could be applied to a random
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Fig 1. Example of an item presented to a Delphi participant, including score distribution. (Max = maximum; Min = minimum.)

rational sample of experts to produce a checklist
addressing the construction of a CAB anastomosis. The
final product of this exercise was the production of a 40-
item checklist that was created by 16 randomly selected
experts across North America. Although the initial
response was only 26% and the overall response rate 17%,
considering the workload of an active cardiothoracic
surgeon in a teaching institution, this number was higher
than expected. Perhaps most representative of the feasi-
bility of this approach was the robust participation of
those who agreed to participate. The high mean and
median numbers of items suggested by participants
suggested that they took the task seriously. That there
was significant overlap among the items suggested by
participants (roughly 66% of items were repeatedly sug-
gested by participants for all but one section) also reflects
the high engagement of the participants. All the

participants completed all three surveys with relatively
limited prompting (only one or two reminders were ever
needed). Finally, there was active provision of comments
during the second round of the Delphi.

We were also able to address our research questions
that focused on feasibility and variability among experts.
The variability among participants was demonstrated by
the high rate of item rejection during the Delphi. After the
final round, only 27% of the original 146 items were
considered, by consensus, to be mandatory despite clear
instructions that the participants only provide items that
they deem mandatory to the construction of a safe CAB
anastomosis. The variability was greater in some sections
of the procedure than others. For example, there was
much greater consensus with items pertaining to “prep-
aration of the vein graft,” where half the items suggested
reached consensus. Alternatively, none of the suggested

Table 1. Total Items Submitted by Participants and Final Numbers After Merger of Like Items

No. Items Submitted by Participant No. Items Items After Merger Into Master Item List
Before

Section Mean Median Range Merger n %
Dissection of targets 3.6 3 1-8 57 17 30
Creation of arteriotomy 3.7 3 1-8 59 20 34
Preparation of conduit 4.5 4.5 0-9 72 28 39
Management of assistants 1.9 1 0-7 31 11 36
Performance of anastomosis 6.8 7 1-18 108 37 37
General rules 1.1 1 04 18 11 61
Testing and final steps 39 4 0-8 62 19 31

Total 25.4 22 11-48 407 146 36

No. = number.
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Table 2. Number of Items That Reached Consensus After Each Round

Items That Reached Consensus

Section Master List First Round Second Round Third Round Final Consensus
Dissection of targets 17 4 2 1 7 (41%)
Creation of arteriotomy 20 2 0 0 2 (2%)
Preparation of conduit 28 7 3 1 11 (39%)
Management of assistants 11 0 0 0 0 (0%)
Performance of anastomosis 40 5 2 0 7 (18%)
General rules 11 1 2 1 4 (36%)
Testing and final steps 19 4 5 0 9 (47%)
Totals 146 23 14 3 40 (27%)

items in the section pertaining to “management of assis-
tants” reached consensus. High degrees of variability are
not specific to surgeons’ technical approaches. For
example, other investigators have found a similar high
degree of variability in surgeons’ preoperative decision
making in distal pancreatectomy [16].

Unlike other reports utilizing a Delphi approach for
checklist item development, our study differed in that all
the initial items were created by the panel of experts, the
expert panel was selected entirely at random (after
applying clearly defined criteria for expertise), and
consensus was clearly defined [17, 18]. These efforts were
made to ensure that the final product would be general-
izable across North America. Our use of experts from
across North America revealed that the definition of what
each surgeon considered a mandatory step varies widely.
Nearly three of every four items thought to be mandatory
by at least one expert participant could not reach
consensus by the entire group. That calls into question
the generalizability of any locally developed checklist
assessing a procedure. Even more concerning, this vari-
ability was identified when analyzing one of the most
common procedures performed by cardiothoracic sur-
geons. It would be safe to assume that more complex and
technically demanding procedures (ie, coronary endar-
terectomy, mitral valve repair) would show even greater
variability.

We can hypothesize two possible sources of this vari-
ability. The first may stem from some steps in a CAB
anastomosis needing to be performed in a tight sequence.
If one of these steps is rejected, then the other steps in the
sequence must also be rejected. That may have contrib-
uted to some of the variability in this study, as evidenced
by only 18% of the suggested items in “performance of
the anastomosis” reaching consensus. This section is
where the surgeons” actions would most conceivably be
tightly sequenced. Conversely, items from sections that
required less tightly sequenced steps, such as “anasto-
motic general rules” and “testing and manipulation of the
graft,” reached consensus at a higher rate. However, even
if some sections of a CAB anastomosis require a sequence
of steps, the experts still could not agree on even one
sequence. The seven items that reached consensus in
“performance of the anastomosis” are very general in
nature and are not describing a tight sequence of steps.

The second source of variability could be that Delphi
participants are unaware of what constitutes an essential
step in a CAB anastomosis. That may be due to inexpe-
rience or lack of data. The lack of experience is unlikely as
all the participants had at least 10 years of experience
performing a CAB anastomosis. Lack of data is, therefore,
a much more plausible explanation. Many procedural
steps are based on a surgeon’s prior training and the
traditions and customs embedded within that training.
Changing a technique that has been successful would
carry some element of risk, and therefore, as long as the
surgical outcomes remain excellent, these traditions are
not discarded. However, that same blind preservation of
each step makes it difficult for a surgeon to distinguish
which steps are mandatory and which are based on
tradition and could be adapted.

Limitations of this study should be noted. The response
rate among the randomly selected participants was very
low, as was expected owing to the significant effort
required to provide an initial item list, then to complete
three lengthy surveys. However, there will be a bias to-
ward surgeons willing to engage in this activity and
perhaps a bias against very clinically active surgeons who
simply did not have the time available to participate.
Another limitation may have been survey fatigue. The
engagement of each participant over the many months
required to complete all the parts of the study may have
affected their commitment. Some participants may have
simply passed judgment on items solely off the prior
survey data that accompanied each item. Classically, this
is the strength of the consensus-building activity. If a
participant has any reservations about the value of an
item, they should be swayed by the group’s judgment
and consensus will be reached. However, some partici-
pants may have been unwilling to dispute the group’s
judgment of an item not because of reservations but
simply in an effort to complete the task or a perception
that an additional survey would be needed if consensus
was not reached. Certainly, we can hypothesize that this
took place with some participants, but the use of a broad
group of 16 participants should have minimized its
impact. Additionally, the provision of comments in the
second round by 69% of the participants suggests that
these participants were still actively engaged in the
process.
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Our work has demonstrated that it is feasible to
engage a broad coalition of randomly selected experts
across a wide geographic area to produce a set of
checklist items describing the mandatory steps in a
complex procedure. The product created by this
consensus-building exercise also revealed a wide degree
of variability among participants in terms of what items
are mandatory, which calls into question the generaliz-
ability of locally developed checklist that does not
engage a broad group of experts. Future work will need
to assess whether the checklist produced by this work
can be used to assess trainees and faculty performing a
CAB anastomosis and how Delphi-derived checklists
compare with those created by other methods, such as
hierarchical or cognitive task analysis, that use a limited
number of experts.
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