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ABSTRACT

Background: A systematic literature review and meta-
analysis was conducted to assess the association between
intraoperative surgical skill and clinical outcomes.

Methods: Peer-reviewed, original research articles pub-
lished through August 31, 2021 were identified from
PubMed and Embase. From the 1,513 potential articles,
seven met eligibility requirements, reporting on 151 sur-
geons and 17,932 procedures. All included retrospective
assessment of operative videos. Associations between
surgical skill and outcomes were assessed by pooling
odds ratios (OR) using random-effects models with the
inverse variance method. Eligible studies included pan-
creaticoduodenectomy, gastric bypass, laparoscopic gas-
trectomy, prostatectomy, colorectal, and hemicolectomy
procedures.

Results: Meta-analytic pooling identified significant asso-
ciations between the highest vs. lowest quartile of surgi-
cal skill and reoperation (OR: 0.44; 95% confidence
interval [CI]: 0.23, 0.83), hemorrhage (OR: 0.66; 95% CI,

0.65, 0.68), obstruction (OR: 0.33; 95% CI, 0.30, 0.35), and
any medical complication (OR: 0.23, 95% CI, 0.19, 0.27).
Nonsignificant inverse associations were noted between
skill and readmission, emergency department visit, mor-
tality, leak, infection, venous thromboembolism, and car-
diac and pulmonary complications.

Conclusions: Overall, surgeon technical skill appears to
predict clinical outcomes. However, there are surprisingly
few articles that evaluate this association. The authors
recommend a thoughtful approach for the development
of a comprehensive surgical quality infrastructure that
could significantly reduce the challenges identified by
this study.

Key Words: Surgical outcome, Surgical technical skill,
Video-based assessment.

INTRODUCTION

The operating room is incredibly complex and potentially
very dangerous. This complexity has led to substantial
variation in patient outcomes, even among surgical cen-
ters of excellence.1,2 Decades of research have led to the
identification of risk factors for poor intraoperative and
postoperative outcomes, including characteristics related
to the patient, the institution, the procedure, the surgical
team, and the surgeon. Commonly reported patient-
related risk factors include age,3–5 anatomic complexity,6

comorbidities,7–9 and frailty.10,11 Institution-related factors
typically focus on experience with a specific proce-
dure.12–15 Procedure-related factors include total operative
or anesthesia time,16,17 procedure complexity,18–20 and
type of procedure.5,21 The most common measures of a
surgeon’s performance relate to experience and proce-
dure volume.14,22,23

However, more direct assessments of a surgeon’s technical
performance have been developed and validated. These
measures, such as the Objective Structured Assessment of
Technical Skills (OSATS),24 Global Evaluative Assessment
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of Laparoscopic Skills (GOALS),25 and Global Evaluative
Assessment of Robotic Skills (GEARS),26 require direct
evaluation of the surgeon’s technical skills while per-
forming a surgical procedure. In addition, there are pro-
cedure-specific assessments, such as the Colorectal
Objective Structured Assessment of Technical Skills
(COSATS)27 in use and others in development such as
one for hiatal hernia28 and one for laparoscopic
fundoplication.29

A common method for scoring surgical performance is to
review surgeon-specific operative videos. Video-based
assessment (VBA) in training can document consistent
surgical technical skill improvement.30–32 Further, given
the substantial variability in technical skills among sur-
geons, recent calls-to-action recommend the widespread
implementation of VBA for continual quality improve-
ment among practicing surgeons.32–34 While improving
technical skills is valuable for surgical training and poten-
tially valuable for continual learning, a technical skill
score in the absence of understanding impact on patient
outcome is of little meaning. Therefore, it is essential to
understand whether better technical proficiency correlates
with better patient outcomes.

Until recently, few research studies have explored the
relationship between standardized measures of surgeon
technical skills in relationship to patient outcomes.35,36

These studies demonstrated that surgeons scoring in the
upper quartile generally had better patient outcomes
than those surgeons scoring in the lowest quartile.
However, these studies document this association in
specific surgical settings, for specific procedures, and
among specific specialties.

To assess the current state of knowledge we conducted a
systematic literature review and meta-analysis to docu-
ment the relationship between surgeon technical skill and
patient outcomes with a focus on: 1) the consistency and
magnitude of any association between technical skill
and patient outcomes and 2) gaps in the inclusion of sur-
gical specialties, procedures, and outcomes.

METHODS

Search Strategy and Eligibility

The study was conducted in compliance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)37 and Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines.38

Eligible manuscripts were English-language, original
research studies that included both measurement of surgi-
cal technical skills and patient-specific intraoperative or
postoperative clinical outcomes. Eligible articles were
required to report on surgeon technical skills using obser-
vation of a surgeon’s performance during real-world sur-
gical procedures. Articles that met any of the following
criteria were deemed ineligible: reported surgeon techni-
cal skill or performance based on outcomes (e.g. evalua-
tion of surgical success by completion of procedure-
specific tasks such as quality of suturing, or of imaging
that documents correct placement of a device); nonprimary
research (abstracts, conference proceedings, posters, com-
mentaries, and editorials); review articles; or studies related
to dental surgery, obstetrics, or ophthalmology.

A systematic literature search was conducted from data-
base inception to August 31, 2021 using the PubMed and
Embase library databases to identify peer-reviewed origi-
nal research manuscripts that assessed the association
between surgical skills and clinical outcomes. Search
terms were derived from Medical Subject Heading (MeSH)
and non-MeSH terms using Boolean operators applied to
surgery (MeSH: “surgical procedures, operative”), level of
skill (MeSH: “professional competence” and “clinical com-
petence”), clinical outcomes (MeSH: “treatment outcome”),
and surgical technical quality (see Appendix Table 1).

Two authors (JNL and EW) independently evaluated each
manuscript title, abstracts for articles deemed potentially
eligible following title review, and full manuscripts
deemed potentially eligible following abstract review. To
ensure complete capture of eligible articles, the reviewers
screened the references and citations of each eligible
manuscript. The two authors independently extracted the
following data from each manuscript: study design; geo-
graphic location; surgeon and surgical patient sample
size; surgeon specialty; procedure type; technical skills
evaluation methodology; and outcomes. Each article was
evaluated for the following: technical skill assessment
method (direct observation, deidentified video submis-
sion); number and type of raters evaluating technical
skill; and technical skill assessment scale used. The risk
of bias in each manuscript was assessed using a modi-
fied version of the Newcastle-Ottawa Scale (Appendix
Tables 2 and 3).39

Analysis

Data abstracted from the full manuscript review was used
to create an analytical file in Microsoft Excel. This file con-
tained data on all outcomes reported in the eligible
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manuscripts, the sample size of surgeries by surgeon tech-
nical skill group (i.e. quartile 1 – quartile 4), the number
of outcome events in each surgeon technical skill group,
the average technical skill score by presence/absence of
outcome, precalculated effect sizes and variances, etc.
Eligible studies all reported technical skill scores by quar-
tiles except for MacKenzie, et al.40 which reported three
categories based on cumulative sum chart and validated
in prior publications. These three categories were
assigned as Q1, Q2 – Q3, and Q4 to allow comparison
and inclusion in the analysis.

The data were imported into R version 40.10.1 (R Project
for Statistical Computing) and the R package ‘meta’ was
used to synthesize results across studies to derive pooled
effect sizes. Random effects models were used to esti-
mate effect sizes and variances due to the assumption of
between-study heterogeneity. Mantel-Haenszel odds
ratios and Knapp-Hartung adjusted 95% confidence
intervals (CI) of surgeon technical skill quartile associ-
ated with surgical complications were calculated by
pooling study-specific odds ratios using random-effects
models with invariance method to incorporate the heter-
ogeneity of differences across studies. Between-study
heterogeneity was measured using the Paule-Mandel
method of calculating the heterogeneity variance t 2.

A separate meta-analysis was conducted to include
studies that either reported precalculated odds ratios
or information to derive odds ratios. The association
between surgeon technical skill and any postoperative
complications was assessed by pooling odds ratios
using random-effects models with the inverse variance
method. Between-study heterogeneity was measured
using the Paule-Mandel method of calculating the het-
erogeneity variance t 2. Publication bias was evaluated
using funnel plots and Egger’s test. Statistical tests
were two-sided and used a significance threshold of
P < .05.

RESULTS

A total 1,513 articles were identified by the systematic
search criteria and from that search, four35,36,40,41 were
identified as eligible (Figure 1). Following a complete ref-
erence and citation search among these articles, an addi-
tional three articles42–44 were deemed eligible for
inclusion (Figure 1). Noting that Hogg, et al.44 reported
the number of procedures but not surgeons, the seven eli-
gible studies reported on 151 surgeons and a total of
17,932 procedures. Each study reported on a different

procedure: laparoscopic sleeve gastrectomy, laparoscopic
right hemicolectomy, laparoscopic gastric bypass, laparo-
scopic gastrectomy for gastric adenocarcinoma, laparo-
scopic colorectal surgery, robot-assisted radical
prostatectomy, and robot-assisted pancreaticoduodenec-
tomy (Table 1).

Among the four studies in a U.S. surgical population, two
were from the Michigan Bariatric Surgery Collaborative,
one from the Illinois Surgical Quality Improvement
Collaborative, and one from the University of Pittsburgh
Medical Center (Table 1). Two studies reported on a
Canadian surgical population, one from the University of
Toronto and one for the University of British Columbia,
and one reported on a U.K. population from the National
Training Programme for Laparoscopic Colorectal Surgery
(Table 1).

Technical Skills Assessment and Presentation

The technical skill assessment was completed by review
of deidentified operative videos, with five articles report-
ing on an assessment derived from a participating sur-
geon’s self-selected representative surgical video and
three articles reporting on surgery-specific videos
(Appendix Table 2). The number of raters for each
video varied from 1 to 10 (or more), with the raters’ spe-
cialty and experience varying from surgeons familiar
with the surgery to individuals familiar with the surgery.

The most frequently used skills assessment instrument
was the OSATS (or modified OSATS) used as the primary
tool in five of the studies, followed by the GEARS43 and
the competency assessment tool.40 The COSATS36 and the
Generic Error Rating Tool (GERT) 42,43 were also included
complementary assessments.

Four studies35,36,40,41 reported outcomes as a function of
technical skill, typically categorizing technical skill scores
into quartiles (Figure 2). Three studies42–44 reported tech-
nical skill scores among individuals with and without
poor postoperative outcomes and odds ratios of the asso-
ciation between surgeon technical skill and poor postop-
erative outcomes (Figure 3).

Outcomes

Two studies40,44 did not report the timeframe over which
outcomes were measured. One article43 reported on
achieving postprostatectomy continence by three-months.
The remaining five articles reported 30-day postopera-
tive outcomes (Table 1). The most frequently reported
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outcomes (reported in three studies) were mortality,
reoperation, readmission, and infection, followed by the
following outcomes reported in two studies: emergency
department (ED) visit, any surgical complication, any
medical complication, leak, obstruction, hemorrhage,
venous thromboembolism (VTE), cardiac complication,
and pulmonary complication. A composite measure for
any postoperative complication was created to include
three studies42–44 that reported precalculated ORs of the
association between surgeon technical skill and postop-
erative complications (Figure 4) and three studies35,36,40

that reported the number of postoperative complications
occurring in each quartile of surgeon technical skill in
which an OR could be derived (Figure 4). The measure
included the outcomes of any complication reported
in four studies,35,36,40,45 postoperative pancreatic fistula

reported in Hogg 2016,44 and incontinence reported in
Goldenberg 2017,43 for a total of six studies (Figure 4).

Surgical Skill and Outcomes

No studies reported that higher technical skill was
associated with poorer patient outcomes. All reported
significant associations between surgeon technical skill
and at least one outcome. Four articles categorized sur-
geons by technical skill scores and reported outcome
events by those categories.35,36,40,41 Birkmeyer et al.35

and Stulberg, et al.36 reported on three categories of
technical skill (bottom quartile, middle 50%, and top
quartile) (Figure 2) while Varban, et al.,41 reported on
top quartile vs. bottom quartile only (Figure 3). Three

Figure 1. Study selection flowchart.
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articles42–44 reported technical skill scores among indi-
viduals with and without select outcomes (Figure 4).

Meta-analytic pooling of the associations between the
highest vs. lowest quartile of surgeon technical skill and
the outcome of reoperation resulted in a summary OR of
0.44 (95% CI, 0.23, 0.83), with low heterogeneity across
the three studies (I2 � 0.01%, t 2 < 0.01, P = .48). Meta-
analytic pooling of the association between the highest
vs. lowest quartile of surgeon technical skill and hemor-
rhage resulted in a summary OR of 0.66 (95% CI, 0.65,
0.68), with low heterogeneity across the two studies (I2 �
0.01%, t 2 < 0.01, P = .99). The association between the
highest vs. lowest quartile of surgeon technical skill and
obstruction was 0.33 (95% CI, 0.30, 0.35) with low hetero-
geneity across the two studies (I2 � 0.01%, t 2 < 0.01, P =
.97). The association between the highest vs. lowest quar-
tile of surgeon technical skill and medical complication
was 0.23 (95% CI, 0.19, 0.27) with low heterogeneity
across the two studies (I2 � 0.01%, t 2 < 0.01, P = .95).
The association between the highest vs. lowest quartile of
surgeon technical skill and the outcomes of readmission,
ED visit, mortality, leak, infection, VTE, cardiac complica-
tion, and pulmonary complication did not reach statistical
significance. Funnel plots are displayed for each outcome
(Figure 3). Egger’s test indicated no significant publica-
tion bias (p range, 0.36 – 0.75) six of the seven studies
reported either precalculated ORs or information to derive
ORs of the association between surgeon technical skill
and any postoperative complication. Meta-analytic pool-
ing of the odds ratios yielded a summary OR of 0.37 (95%
CI, 0.21, 0.66) with moderate heterogeneity across studies
(I2 = 55%, t 2 = 0.31, P = .05). A forest plot of studies that
reported on the association between surgeon technical
skill and postoperative complications is shown in
Figure 4. Egger’s test indicated no significant publica-
tion bias (P = .86).

DISCUSSION

Across outcomes measured there is a consistent, albeit not
always statistically significant, association between surgi-
cal technical skills and clinical outcomes. Unfortunately,
very few articles met eligibility criteria, which limits the
interpretation and indicates a significant opportunity for
expanded, structured research. Nonetheless, our results
are consistent with other studies that explore surgeon
technical performance and clinical outcomes, in partic-
ular, a recently published systematic review by Balvardi
et al.46
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Measuring Surgeon Performance

It’s important to recognize that our study restricted the
definition of surgeon technical performance to the most
direct assessment of surgical technical skill, as epitomized
by the OSATS or GEARS scales. These measure technical
skill by direct observation of video of the surgeon’s per-
formance, including but not limited to respect for tissue,
flow of the operation, time and motion, knowledge of the
procedure, knowledge of the instruments, efficiency,
bimanual dexterity, etc. The published literature, how-
ever, is replete with examples of surgeon technical skill

that use different measures of performance. Indirect meas-
ures include experience, quality, and outcomes. Common
measures of surgeon experience conflate technical skills
with experience and include evaluation based on resi-
dency,47,48 years of experience in practice,49 count (or
recent frequency) of surgeries performed,50,51 or spe-
cialty.49,52 Surgical quality measures include evaluation of
a procedure’s end result, typically evaluated by review of
medical records, operative narrative, or post hoc imaging
results.53–55 Finally, surgeon performance is routinely
measured using intraoperative and postoperative outcomes,
such as successful completion of procedure components,

Figure 2. Forest plots for “any complication” as defined by authors, for highest quartile compared to lowest quartile of technical skill
and for middle quartile compared to lowest quartile of technical skill.
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operative time, hospital length-of-stay, complications, reop-
erations, and readmissions.16,56–58

This variability complicates the evaluation of peer-reviewed
literature relating surgeon performance with peri- and post-
operative clinical outcomes. This complexity is illustrated by
a recently published systematic review investigating the
association between surgeon technical performance and
patient outcomes in surgery,59 which includes articles that
measured surgeon technical skill by completion of proce-
dural tasks (e.g. “exploration of Cooper’s ligament”),53,60,61

evaluation of surgical outcomes based on operative reports
or post hoc imaging,62,63 and assignment of surgical errors
following medical records review.64,65 Though these varying
concepts of surgeon technical performance are clearly inter-
related, they are not equivalent and should be carefully

considered when determining the root cause of intra- and
postoperative patient outcomes.

Direct, Observational Assessment of Surgical
Technical Skills

A significant challenge in comparing surgeon technical
skill in relation to outcomes is the variability in measure-
ment of technical skill. In recent years, standardized and
validated instruments for measuring surgeon technical
skills66 have been developed. Though not widely adopted
in routine surgical practice, these measures have proved
valuable for research and quality improvement efforts.
Measures of technical skill can be separated into those
that measure nonrobotic surgery skills, such as OSATS,

Figure 3. Forest plots of individual clinical outcomes, comparing top and bottom quartile of surgeon technical skill.
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which measures respect for tissue, time and motion,
instrument handling, knowledge of instruments, flow of
operation, use of assistants and knowledge of the specific
procedure, and those that measure technical skills during
robotic surgery, such as GEARS, which measures domains
such as depth perception, bimanual dexterity, efficiency,
force sensitivity, and robotic control. While standardized
and validated, problems with these assessments exist. For
example, flow of operation is intended to be a global
measure of the procedural flow. However, a significant
amount of subjectivity is injected when one must score a
procedure where some of the procedure flowed smoothly,
and other aspects did not. Additionally, these instruments
include items and response options that apply arbitrary
anchors, confusing measurement focus, and subjective scor-
ing guidelines that provide little guidance on differentiating
scores along the scale continuum.

Video in Training, Certification, and Ongoing
Learning

Recent calls-to-action focus on the importance of integrat-
ing VBA to evaluate surgeon skill and to support a contin-
ual learning model.28,34,67 Incorporation of these videos
into surgical training and quality improvement programs
avoids the cost and resourcing challenges of real-time
measurement via observation and is of growing impor-
tance for surgical training programs.68 An interesting per-
spective is provided by Blencowe et al.69 who reported
on a comparison between video and direct observation of
several surgical procedures. The evaluations were not
associated with outcomes (bariatric surgery) but included
interviews with surgeons who agreed that there is signifi-
cant variability, lack of meaningful standards, etc. in

surgical procedures. This perspective is consistent with
attempts to incorporate VBA into surgical qualifications.
In Japan, for example, the endoscopic surgical skill quali-
fication system includes the scoring of an operative video
among other certification criteria.70

Routine videorecording of surgeries will be essential for
accelerating the training of residents, as well as imple-
menting and supporting ongoing learning models to sup-
port surgeons through a career, such as the American
Board of Surgery’s continuous certification program.
Despite the fact that VBA accelerates a trainee’s acquisi-
tion of skills when compared to standard mentoring
approaches,30,31 there is a poor understanding of available
technology, its power, and ease of use.71 In addition,
novel surgical techniques and new surgical devices
evolve rapidly, and VBA can be used to ensure safe imple-
mentation, track their utilization and associated outcomes,
and provide a platform for ongoing surgical skill evalua-
tion related to their use.

To improve surgical outcomes, the American College of
Surgeons (ACS) implemented the National Surgical
Quality Improvement Program, a voluntary but nationally
recognized surgical quality improvement program, meas-
uring clinical quality beginning with intraoperative out-
comes and continuing through 30-days postprocedure.72

Building on this surgical quality reporting and training
capability, the ACS is embracing a concept called entrust-
able professional activities (EPAs).73 In the surgical con-
text, EPAs represent a way “to translate the broad
concepts of competency into everyday practice”.74 VBA
is ripe to fulfill this goal for surgical technical compe-
tency, as discrete phases of procedures can be scored
with objective procedure-specific assessments (OPSAs)

Figure 4. Forest plots of composite “any outcome” measure.
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focused on safe procedural conduct — competency — a
major goal of EPAs. EPAs are not about identifying
“exemplar technical skill.” The authors’ viewpoint is that
EPAs should be constructed to define safe vs. unsafe
practice, and as such, associated scales are less subjec-
tive and more reliable.

In addition to OPSAs, the degree of procedural difficulty
should ideally be captured, giving depth to the meaning
of a score in the context of EPAs. For example, a resident
scoring at a staff level of technical competence for an easy
laparoscopic cholecystectomy, may be unsafe in a hard
case of laparoscopic cholecystectomy. A global operative
difficulty score, similar to the System for Improving and
Measuring Procedural Learning75 construct, needs to be
incorporated into VBA.15 The combination of OPSA/
EPAs and global operative difficulty goes beyond accu-
rate assessment, enabling the identification of technical
improvement opportunities specific to the phase of a
procedure, as well as the creation of rich teaching libra-
ries based upon skill level, case difficulty, and even the
phase of the procedure.

Surgical specialties must come to the realization that VBA
scores, regardless of the assessment scale, lose resonance
in the absence of the patient’s associated outcome, at least
until there is definitive evidence that a specific score, in
fact, results in a consistently best outcome. As this review
has shown, there is significant inconsistency in the report-
ing of complications, how long the patient has been fol-
lowed, and how the complication is categorized. This is a
significant opportunity for improvement, as it is possible
to not only standardize the approach to VBA, but also to
patient follow-up and outcome measurement.

Our Recommendations

With the collective goal of eliminating variation in sur-
geon technical skill as a contributing factor to surgical
outcomes, the authors propose the following four
requirements for defining a comprehensive surgical
quality infrastructure:

1. Risk Factor Assessment and Mitigation. Routine
assessment to identify and mitigate pre-, intra-, and
postoperative risk factors for suboptimal surgical out-
comes, including but not limited to surgeon technical
skill. Ideally, this function would be automated, with
real-time, data-driven smart alerts.

2. Ongoing Surgical Learning. Transitioning VBA
from generic, non-specific assessments of technical
skill to objective procedure-specific assessments

linked to EPAs. Reducing subjectivity, improving reli-
ability and accuracy, and measuring discrete, critical
phases of individual procedures will result in the
ability to accelerate resident training based upon
data, supports safe implementation of new proce-
dures and technologies, and establish benchmarks
for safe procedural conduct.

3. Routinely Assigning a Case Difficulty Score.
Routine assessment of the global operative difficulty
establishes a data-driven methodology upon which
to advance residents to higher case difficulties,
based on their OPSAs/EPAs scores, by procedural
difficulty. It also provides additional context for
understanding outcomes based upon standardized
case difficulty.

4. Outcomes Evaluation. Implement standardized
procedures, terminology, and definitions for docu-
menting and collecting surgical outcomes. This will
enable the ability to understand the meaning of the
OPSA/EPA scores in the context of the patient’s out-
come, as well as establish comparability across
patient and provider populations for the purpose of
defining optimal practice. At a minimum, especially
for publication, we suggest 100% of the patient pop-
ulation be followed for a minimum of 30-days post-
operatively, with all complications being categorized
using a procedurally-adapted National Coordinating
Council for Medication Error Reporting and Prevention
and Clavien-Dindo classifications.

Development and implementation of this recommended
system will enable — finally — apples-to-apples com-
parisons that have data-driven validity for technical skill
and outcomes between residents, staff surgeons, depart-
ments, specialties, organizations, systems, countries, and
continents. This, or a comparable system, is required for
driving continuous quality improvement through shared
learnings.

LIMITATIONS

Interpretation of these results is hampered by several limi-
tations. First, only seven articles met the eligibility criteria
and among those, four had modest sample sizes. This is
particularly important because the results are heavily
weighted to Birkmeyer,35 which had the largest sample
size, by far. Second, there was substantial variability
among a limited number of outcomes measures included
in the eligible articles. This, coupled with the relatively
short follow-up period, puts a limit on the potential gener-
alizability and value of the association (although
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highlights the importance of the four requirements of
a comprehensive surgical quality infrastructure). One
powerful association, noted in MacKenzie et al.40 and
Curtis76 indicate the potential impact of surgeon perform-
ance on long-term outcomes. Though only the MacKenzie
article was eligible for inclusion, both articles include
lymph node count and resection margins as outcomes.
Both measures are significant predictors of cancer recur-
rence. In other words, not only are near-term outcomes
linked to technical skill scores, but early results strongly
suggest long term outcomes are too, at least in oncology.
Third, the eligible studies are dominated by gastrointesti-
nal procedures, specifically foregut surgery. The contribu-
tion of surgeon’s technical skill to clinical outcomes, likely
varies by surgery type and complexity. Future research
should focus on both a broader array of procedure types
and a consistent, standardized set of clinical outcomes,
both short- and long-term.

CONCLUSIONS

Our systematic literature review and meta-analysis indi-
cates that surgeon technical skill is a significant predictor
of clinical outcomes. However, despite the development
and validation of numerous scoring instruments to
assess surgeon technical skills, there are surprisingly few
articles that evaluate the association between skill and
outcomes. Within the limited number of articles that do
study this association, determining significance is ham-
pered by low sample sizes and lack of consistency in
how outcomes and complications were defined. The
authors recommend a thoughtful approach for the devel-
opment of a comprehensive surgical quality infrastruc-
ture that could significantly reduce the challenges
identified by this study.
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Appendix

Appendix Table 1. MeSH Search Tearms for use in Meta-Analysis of Surgeon Skill and Clinical Outcomes

Appendix Table 2. Criteria for the Newcastle-Ottawa Scale regarding star allocation to assess quality of
studies
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Appendix Table 3a. Quality assessment of studies using a modified Newcastle-Ottawa Quality Assessment
scale* for cohort studies.

Appendix Table 3b. Quality assessment of studies using a modified Newscastle-Ottawa Quality Assessment
scale for case-control Studies.
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