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IMPORTANCE Characteristics of outstanding graduating surgical residents are currently
undefined. Identifying these qualities may be important in guiding resident selection and
resident education.

OBJECTIVE To determine characteristics that are most strongly associated with being rated as
an outstanding graduating surgical resident.

DESIGN, SETTING, AND PARTICIPANTS The multi-institutional study had 3 phases. First, an
expert panel developed a list of characteristics embodied by top graduating surgical
residents. Second, groups of faculty from 14 US general-surgery residency programs ranked
2017 through 2020 graduates into quartiles of overall performance. Third, faculty evaluated
their graduates on each characteristic using a 5-point I 1.9(o)0(n.dusi9)4.7(g)-191.9(r)0(e)-4.7(sident)-191.9(sent)-191.l
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trained all graduates in the cohort. Faculty were excluded if
they graduated from their institution during the study pe-
riod, as they would also be a study participant.

Phase 3: Characteristic Rankings
After each institution submitted their quartile rankings, the
same faculty were then sent the list of characteristics devel-
oped by our expert panel, along with detailed descriptions of
each characteristic. Faculty were asked to score the same gen-
eral surgery residency graduates from phase 2 on each of the
characteristics identified in phase 1 using a 5-point Likert scale,
which was categorized as: 1-poor (this is an area of weak-
ness), 2-good (slightly below recent graduates), 3-excellent
(slightly better than recent graduates), 4-outstanding (seen in
a small fraction of graduates each year), or 5-truly excep-
tional (far exceeds most recent graduates). Characteristic rat-
ings were determined via a consensus decision of the same 2
to 5 faculty members from each institution as phase 2.

Statistical Evaluation
Deidentified data were collected into an Excel database
(Microsoft Excel; Microsoft Corp) and imported into R (ver-
sion 4.1.1; R Core Team). The main outcome measure was sur-
gical educators’ assessments of general surgery residency
graduates on their overall performance. The Spearman rank-
order correlation coefficient (r) between each characteristic rat-
ing and the overall performance rating was calculated, with r
0.700 or more considered a strong correlation, 0.400 to 0.699
considered moderate, and 0.400 or less considered weak.14

P < .05 was considered statistically significant. A least abso-
lute shrinkage and selection operator (LASSO) ordinal regres-
sion was performed to select a parsimonious model able to pre-
dict the outcome of overall performance rating from a subset
of the characteristic scores measured in this survey.15 Mini-
mization of the Bayesian Information Criterion was used for
model selection and 10-fold cross validation was used to de-
termine measures of goodness of fit; mean prediction accu-
racy, mean prediction accuracy to within 1 quartile, and mean
squared error (in which the quartile rankings were consid-
ered as a continuous variable).16 The R package glmnetcr was
used to conduct the LASSO regression. 95% CIs were esti-
mated via boostrap resampling with 100 iterations.17

Results
Surgical educators developed a list of 21 characteristics em-
bodied by top general surgery residency graduates, as well as
definitions for each. Characteristics and their definitions are
listed in Table 1. Fifty faculty from 14 US residency programs
with a median of 13 (range, 5-30) years of surgical education
experience evaluated 297 general surgery residency gradu-
ates. Ten of the 50 faculty that rated residents in phases 2 and
3 were involved in the development of the characteristic list
in phase 1. One hundred fifty-two graduates (51.2%) were from
6 university programs, 91 graduates (30.6%) were from 4 uni-
versity-affiliatedprograms,and54graduates (18.2%)were from
independent programs. Seventy-five graduates were placed in

Table 1. Characteristics Embodied by Top General Surgery Residency
Graduates as Determined by an Expert Panel

Characteristic Description

Adaptability Someone with excellent adaptability is consistently able to
adapt to unexpected changes. They are resilient in the face
of changes.

Compassion
toward patients

Someone with excellent compassion toward patients is
consistently empathetic toward patients’ needs and
demonstrates exceptional bedside manner. They are also
compassionate toward patients’ families. They consistently
prioritize patient care and do everything possible to do
right by the patient.

Confidence Someone with excellent confidence consistently handles
stressful situations with calmness. They trust their own
abilities and knowledge, and are not hampered by
self-doubt.

Drive to
improve

Someone with excellent drive to improve is extremely
motivated, often takes time to self-reflect, and frequently
seeks out constructive criticism. They always make it a
point to learn and improve from their mistakes. They are
appropriately responsive to constructive criticism and seek
mentorship.

Emotional
intelligence

Someone with excellent emotional intelligence is
consistently aware and in control of their own emotions.
They also have excellent conflict-resolution skills and
empathetically handle interpersonal relationships.

Interpersonal
skills

Someone with excellent interpersonal skills displays
professional behavior when communicating within the
surgical team, with other departments, and with ancillary
staff. They are easy to work with and consistently
courteous to everyone they interact with.

Leadership
skills

Someone with excellent leadership skills is consistently
able to inspire and gain respect of team members. They are
approachable and a good listener who cares for all team
members. They are able to provide the appropriate amount
of team supervision without intrusion. They communicate
effectively with the team.

Medical
knowledge

Someone with excellent medical knowledge has an
exceptional fund of knowledge and keeps up with
up-to-date literature and guidelines. It is obvious that they
take time to read outside of work.

Organizational
skills

Someone with excellent organizational skills has
exceptional time management skills and is extremely
efficient. They are able to multitask and appropriately triage
tasks. When needed, they delegate tasks appropriately.

Postoperative
clinical skills

Someone with excellent postoperative clinical skills is able to
consistently and quickly recognize, workup, and address
postoperative complications. They demonstrate excellent
attention to detail when caring for patients postoperatively.

Preoperative
clinical skills

Someone with excellent preoperative clinical skills is
consistently able to accurately evaluate, workup, and
optimize patients with a myriad of surgical issues
preoperatively. They demonstrate excellent attention to
detail when caring for surgical patients preoperatively.

Professionalism
(administrative
tasks)

Someone with excellent professionalism in regard to
administrative tasks always completes administrative tasks
on time without being reminded. This includes logging hours,
dictating operative reports, logging cases, completing
training/licensure requirements, and completing medical
records on time.

Research skills Someone with excellent research skills is able to critically
evaluate literature. They are intellectually curious about
addressing unanswered questions. They are knowledgeable
about research methodology and are able to design and carry
out research projects.

Self-awareness Someone with excellent self-awareness is aware of their own
limitations and is not over-confident. They consistently ask
for help when appropriate.

Surgical
judgment

Someone with excellent surgical judgment is consistently
and accurately able to determine when a patient should or
should not undergo an operation. They also consistently
determine the urgency of surgical interventions when
necessary, and can decide which operation is most
appropriate. They also consistently display exceptional
intraoperative decision-making.
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the “outstanding, best” quartile (25.3%), 80 in the “excel-
lent” quartile (26.9%), 75 in the “very good” quartile (25.3%),
and 67 in the “competent, lowest” quartile (22.6%). Higher
scores in all 21 characteristics identified by surgical educators
correlated with better overall performance quartile (Table 2).
Characteristics that were strongly associated with overall
performance included surgical judgment (r = 0.728; P
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correlate with other performance measures in surgical resi-
dency. For instance, Mainthia et al7 found that top surgical resi-
dents who won awards during residency, such as “Best Resi-
dent in Research,” “Best Resident in Teaching,” and “Best
Resident Overall,” actually had slightly lower USMLE step 1
scores than those who did not win awards. Ray et al6 found
no association between ABSITE scores and residency perfor-
mance evaluations. Tolan et al13 evaluated which factors on
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and technical skills. Similarly, a resident with exceptional lead-
ership skills likely also displays outstanding emotional intel-
ligence, interpersonal skills, teaching, teamwork, organiza-
tion, and trustworthiness. The existing milestones include
many of the building blocks for surgical judgment, including
intraoperativepatientcareandtechnical skills.22 However, they
are noticeably lacking any true assessment of surgical judg-
ment, which is more representative of the ability to synthe-
size information and skills in order to make sound clinical
decisions. Leadership skills are indirectly brought up in the sur-
gicalmilestones,as thespectrumofperformanceformostmile-
stones range from level 1 (describes the skill) to level 5 (leads
or teaches the skill).22 However, we propose that leadership
skills and surgical judgment are deserving of their own indi-
vidual milestones to ensure surgical residency curriculums
prioritize these important skills.

Limitations
There are several limitations to our study. First, the conclu-
sions of our analysis are limited by the end point selected,
that is, the overall assessment of graduating surgical resident
performance as judged by surgical educators. Given the retro-
spective nature of these evaluations, they are subject to recall
bias and may not necessarily be the overarching gold standard
measurement of overall residency graduate quality. Other
stakeholders such as patients, co-residents, students, and
ancillary staff, may have different opinions of what makes a
graduating surgeon outstanding. We chose to use experienced
surgical educators to assess overall graduate performance
because they have had significant involvement throughout
their careers evaluating trainees. However, some characteris-
tics evaluated in our study, such as compassion toward
patients, teaching skills, and teamwork skills, may be more
accurately assessed by patients or junior residents. Another
potential source of bias is that some of the members of the
expert panel that created the list of characteristics were also

included as raters in phases 2 and 3, although most raters (40
of 50) were not part of the expert panel. Also, the raters in
phases 2 and 3 were the same. We tried to limit bias by com-
pleting the study in phases, with a period of time between
each phase. We also did not provide information about the
subsequent phase until the prior phase was completed. To
further limit bias, we made it clear in phase 1 that the goal was
simply to construct an all-inclusive list of characteristics that
may be important for general surgery residents to embody,
and not to rate their importance. However, it is possible that
some important characteristics may be missing. The determi-
nation of the characteristic list and the rating of graduates are
inherently subjective. We also did not collect demographic
data, such as race, ethnicity, or sex, for graduates or evalua-
tors in order to protect the identities of participants. This lim-
its our ability to evaluate how biases may contribute to the
scoring of graduates.

Conclusions
An expert panel of surgical educators identified 21 character-
istics that were all associated with higher overall graduating
general-surgery resident rating. Surgical judgment and lead-
ership had the strongest correlations with overall perfor-
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