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Background: Surgeon performance has been investigated as a factor affecting patient outcomes after orthopaedic procedures to
improve transparency between patients and providers.

Purpose/Hypothesis: The purpose of this study was to identify whether surgeon performance influenced patient-reported out-
comes (PROMs) 1 year after arthroscopic partial meniscectomy (APM). It was hypothesized that there would be no significant
difference in PROMs between patients who underwent APM from various surgeons.

Study Design: Case-control study; Level of evidence, 3.

Methods: A prospective cohort of 794 patients who underwent APM between 2018 and 2019 were included in the analysis. A
total of 34 surgeons from a large multicenter health care center were included. Three multivariable models were built to determine
whether the surgeon—among demographic and meniscal pathology factors—was a significant variable for predicting the Knee
injury and Osteoarthritis Outcome Score (KOOS)-Pain subscale, the Patient Acceptable Symptom State (PASS), and a 10-point
improvement in the KOOS-Pain at 1 year after APM. Likelihood ratio (LR) tests were used to determine the significance of the
surgeon variable in the models.

Results: The 794 patients were identified from the multicenter hospital system. The baseline KOOS-Pain score was a significant
predictor of outcome in the 1-year KOOS-Pain model (odds ratio [OR], 2.1 [95% ClI, 1.77-2.48]; P < .001), the KOOS-Pain 10-
point improvement model (OR, 0.57 [95% ClI, 0.44-0.73), and the 1-year PASS model (OR, 1.42 [95% ClI, 1.15-1.76]; P = .002)
among articular cartilage pathology (bipolar medial cartilage) and patient-factor variables, including body mass index, Veterans
RAND 12-Item Health Survey-Mental Component Score, and Area Deprivation Index. The individual surgeon significantly
impacted outcomes in the 1-year KOOS-Pain mixed model in the LR test (P = .004).

Conclusion: Patient factors and characteristics are better predictors for patient outcomes 1 year after APM than surgeon char-
acteristics, specifically baseline KOOS-Pain, although an individual surgeon influenced the 1-Year KOOS-Pain mixed model in the
LR test. This finding has key clinical implications; surgeons who wish to improve patient outcomes after APM should focus on
improving patient selection rather than improving the surgical technique. Future research is needed to determine whether surgeon
variability has an impact on longer-term patient outcomes.
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Transparency within the medical community can be surgeon performance as a method to identify transparency.

achieved to improve the relationship between patients
and providers when patients can identify high-quality
care.’ When patients have access to information on the
quality of their health care, they become more informed
consumers.'? Investigators have conducted research on
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Specifically, researchers have focused on the impact of sur-
geons on patient complications to identify why some patients
undergoing elective procedures have avoidable problems.®
Surgeon scorecards that display complication rates for indi-
vidual surgeons have served as a useful methodologic tool
to encourage surgeons to make quality improvements and
help patients make informed selections for care.?

Such reporting methods have been implemented to
assess surgeon performance in bladder tumor resections,
where improvements in resection quality were measured
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after scorecards were distributed with surgeon and institu-
tion detrusor sampling rates.* In colectomy cases, score-
cards were distributed with items under 5 domains
(survival, morbidity avoidance, anastomotic leak avoid-
ance, surgical site infection bundle compliance, and utiliza-
tion) to predict future surgeon performance.® In cardiac
operations, surgeon characteristics’® and experience!
have been studied to identify associations with patient out-
comes. Thus, scorecards with specialty-specific measure-
ments and demographic characteristics have been
utilized to measure surgeon performance for quality con-
trol and improved patient outcomes.

Specifically, surgeon performance has been closely ana-
lyzed in orthopaedic surgery to assess variability in patient
outcomes. In knee and hip arthroplasties, surgeons utilized
a scorecard to assess financial costs, resulting in a 20%
decrease in total direct costs from surgery.?® Sharing
financial outcomes was deemed a clinically relevant
method for promoting surgeon accountability and
improved decision making.?’ Further, high-volume sur-
geons had decreased complications compared with low-
volume surgeons in idiopathic scoliosis'* and shoulder
arthroscopy procedures.!” Such findings can inform
patients to make evidence-based decisions regarding their
care. Arthroscopic partial meniscectomies (APMs) present
a problem to patients because outcomes are variable.”%%2
With over 400,000 APMs performed annually in the United
States,®?! information about surgeon performance on clin-
ically relevant primary outcomes of pain relief and patient
acceptable status should provide meaningful contributions
to patients faced with the decision to undergo APM.

To the best of our knowledge, there is a gap in the liter-
ature that has investigated surgeon performance as
a potential factor for impacting APM outcomes. To fill
this gap, we analyzed patient outcomes from a cohort of
794 patients who underwent APM within a multicenter
health enterprise,® with sites located across the United
States, to determine whether there was a difference in out-
come among surgeons. We hypothesized that there would be
no significant difference in Knee injury and Osteoarthritis
Outcome Score (KOOS)-Pain subscores and Patient Accept-
able Symptom State (PASS) scores between surgeons.

METHODS
Study Design and Population

The present study involved a prospective longitudinal
cohort that originally included 1194 unique participants,
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with data collection captured from our institution’s Out-
comes Measurement and Evaluation (OME) database.'®
This data collection system records patient-reported out-
come measures (PROMs) in a consecutive series of patients
using Research Electronic Data Capture software (Red-
Cap; Vanderbilt University).'®> All included patients had
undergone knee arthroscopy or open knee surgery at
a large multicenter health care system between January
1, 2018, and December 31, 2019.

All meniscectomies included in the final cohort were
performed arthroscopically without any additional open
procedures, and patients undergoing concomitant proce-
dures (eg, anterior cruciate ligament reconstruction) were
excluded. Patients who underwent APM with chondro-
plasty were included in the final cohort. The final dataset
for analysis included 794 participants diagnosed with
a medial tear, lateral tear, or both medial and lateral tears
and who completed PROMs at 1 year postoperatively (69%
follow-up rate). All of the included patients pursued APM
for treatment during the specified time window of 1 year.
All surgeries were performed by 1 of 34 surgeons. A
Strengthening the Reporting of Observational Studies in
Epidemiology diagram showing the winnowing down of eli-
gible participants after applying the inclusion and exclu-
sion criteria is shown in Figure 1.

Data Collection

At baseline, demographic variables were collected from all
patients, including age, sex, race, body mass index (BMI),
years of education, smoking status, and Area Deprivation
Index (ADI). An ADI associates a geographic area’s socio-
economic conditions with its health outcomes and was
established to better understand social determinants of
health.!! Further, all patients completed PROMs that
included the Veterans RAND 12-Item Health Survey—
Mental Component Score (VR12-MCS), the KOOS-Pain
subscale, and the PASS at baseline. The VR12-MCS score
is standardized using a T-score metric, with a mean of 50
(SD, 10). The KOOS-Pain is scored from 0 to 100, with
higher scores representing less pain. The original question
for the PASS was, “Do you consider the current state of
your knee satisfactory?” Patients completed these same
PROMs at 1 year postoperatively, at which time the 10-
point improvement in the KOOS-Pain model was calcu-
lated for each participant.

The total number of cases per participating surgeon was
collected.
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Non-arthroplasty elective knee operations
January 1, 2018 — December 31, 2019
n =2482

Exclusions: 51.9% (1288/2482)
® Revision: 49

o Bilateral: 21

e Ligament: 476

e Patellofemoral/quadriceps: 184
e Meniscus repair: 32

e Synovectomy: 184

o Cartilage resurfacing: 34

e Hardware removal: 26

e Other miscellaneous procedures: 274
 Inpatient: 2

¢ Language/physical barrier: 2

¢ Patient refused PROMs: 4

4

A 4

n = 1194 (100%)

4’[ Enrollment failure: 3.3% (39/1194) ]
\4

Cohort with T, PROMs ’

Arthroscopic partial meniscectomy ’

n =1155 (96.7%; 1155/1194)

—»[ Lost to follow-up: 31.3% (361/1155) ]
y

Cohort with Ty and T, PROMs
n =794 (68.7%; 794/1155)

A

Figure 1. A STROBE diagram for the inclusion and exclu-
sion criteria. PROMSs, patient-reported outcome measures;
STROBE, Strengthening the Reporting of Observational Stud-
ies in Epidemiology; Ty, baseline; T4, 1 year postoperative.

Statistical Analyses

Continuous variables were summarized using medians and
interquartile ranges (IQRs), and categorical variables were
summarized using counts and percentages. Three multi-
variable mixed-effect models were used to investigate
whether the surgeon—among other demographic and
meniscal pathology factors—was a significant variable in
predicting KOOS-Pain, a 10-point improvement in
KOOS-Pain, and PASS scores at 1 year after APM. The
mixed effect models included 2 parts—fixed effect and ran-
dom effect. The fixed effects were patient age, sex, race,
BMI, years of education, smoking status, baseline VR12-
MCS score, medial cartilage, lateral cartilage, patellofe-
moral cartilage, tear type, effusion, synovitis, chondro-
plasty, and ADI. The random effect was the surgeon,
where surgeon-specific random intercepts were estimated
by the model. Ordinal response mixed models were used
to model 1-year KOOS-Pain because of the skewed distri-
bution and potential violation of the normality assumption
of linear mixed models. Binary outcome mixed models were
used to model KOOS 10-point improvement (yes or no) and
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PASS (yes or no). The significance of the surgeon variable
was tested using likelihood ratio (LR) tests by halving the
P values from the tests because the test of variance was 1-
sided (variance cannot be negative). Variable importance
plots were obtained for each outcome, ranking variables
by the increase in the Akaike information criterion (AIC)
upon its removal. An AIC increase of >2 indicated that
the given variable contributed to a statistically better
model. The ordinal response mixed models were built using
the ordinal package in R software (R Core Team).

To demonstrate surgeon variability based on the model
results, we generated the predicted mean 1-year postoper-
ative KOOS-Pain, predicted probability of achieving 10-
point improvement in KOOS-Pain, and predicted probabil-
ity of achieving PASS models at 1 year postoperatively
based on 2 random patient profiles. The predicted mean
or probabilities were calculated using the fixed-effect coef-
ficient estimates, and per-surgeon intercepts estimated by
the models. Missing values were singly imputed using mul-
tivariate imputation by chained equations, implemented in
the mice package in R software (R Core Team).

Data management and analysis were performed in R
software (Version 4.0; R Core Team). All tests are 2-sided,
assuming an alpha level of .05.

RESULTS

Study Population

The median age of the 794 patients who underwent APM
was 56 years (IQR, 48-63 years), and 50.9% of the cohort
patients were men. Also, 12.7% and 13.1% of the cohort
patients had effusion and reactive synovitis on diagnostic
arthroscopy, respectively. Most patients had a medial
tear (86.3%), 32% of the patients had a lateral tear, and
18.3% had a tear in both compartments. The median
KOOS-Pain at baseline was 47.2 (IQR, 38.9-58.3), and
81.7% of the cohort patients experienced a 10-point
improvement in the KOOS-Pain 1 year after APM. One
year after APM, 70.5% of the patients responded “yes” to
the PASS. Among the 794 participants who were included
in the analysis, 26 were missing race data, 20 were missing
ADI, 3 were missing KOOS-Pain at 1 year, and 19 were
missing PASS pain at 1 year. All other variables were com-
plete. Table 1 displays the basic summary statistics to
build the 3 models predicting PROMs 1 year after APM.

The median case count of APMs per surgeon was 22
cases (range, 1-93 cases). The mean number of years in
practice for all surgeons included in this model was 23,
and 69% of all surgeons included in the model were sports
fellowship trained. Also, 85% of the surgeons who com-
pleted >20 cases were fellowship trained.

Summary of Significant Predictors

After controlling for all other variables, a higher baseline
VR12-MCS was a significant predictor for better outcomes
after surgery in the 1-year KOOS-Pain model (odds ratio
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TABLE 1
Summary Statistics of the Study Population (N = 794)*

Variable Value Variable Value

Age, y 56 [48.0-63] Lateral tear

Sex None 540 (68)
Male 404 (50.9) Root 7 (0.88)
Female 390 (49.1) Bucket handle 12 (1.51)

Race (n = 768) Other 235 (29.6)
White 677 (88.2) Tear type
Black 68 (8.85) Medial 540 (68)
Other 23 (2.99) Lateral 109 (13.7)

BMI, kg/m? 29.8 [26.1-34.2] Both 145 (18.3)

Education, y 15 [12-16] Effusion

Smoking history No 693 (87.3)
Never smoked 483 (60.8) Yes 101 (12.7)
Quit >6 mo previous 224 (28.2) Reactive synovitis
Quit <6 mo previous 11 (1.39) No 690 (86.9)
Current smoker 76 (9.57) Yes 104 (13.1)

T, VR12-MCS 55.1 [45.2-62.1] Chondroplasty”

Medial cartilage None 425 (53.5)
Normal 429 (54) Grade 1 196 (24.7)
Unipolar 243 (30.6) Grade 2 138 (17.4)
Bipolar 122 (15.4) Grade 3 35 (4.41)

Lateral cartilage ADI (n = 774) 39 [22-60]
Normal 650 (81.9) Ty KOOS-Pain 47.2 [38.9-58.3]
Unipolar 104 (13.1) T; KOOS-Pain (n = 791) 80.6 [63.9-94.1]
Bipolar 40 (5.04) KOOS-Pain 10-point improvement (n = 791)

Patellofemoral cartilage No 145 (18.3)
Normal 457 (57.6) Yes 646 (81.7)
Unipolar 203 (25.6) T; PASS (n = 775)

Bipolar 134 (16.9) No 229 (29.5)

Medial tear Yes 546 (70.5)
None 109 (13.7)

Root 30 (3.78)
Bucket handle 20 (2.52)
Other 635 (80)

“Data are presented as n (%) or mean [interquartile range]. ADI, Area Deprivation Index; BMI, body mass index; KOOS, Knee injury and
Osteoarthritis Outcome Score; PASS, Patient Acceptable Symptom State; T, baseline; T4, 1 year postoperative; VR12-MCS, Veterans RAND

12-Item Health Survey—Mental Component Score.
®Modified Outerbridge grade.

[OR], 1.55 [95% CI, 1.27-1.9]; P < .001) and in the KOOS-
Pain 10-point improvement model (OR, 1.5 [95% CI, 1.12-
2.01]; P =.006). A higher baseline KOOS-Pain was a signif-
icant predictor of better outcomes after surgery in the 1-
year KOOS-Pain model (OR, 2.1 [95% CI, 1.77-2.48]; P <
.001), the KOOS-Pain 10-point improvement model (OR,
0.57 [95% CI, 0.44-0.73]; P < .001), and in the 1l-year
PASS model (OR, 1.42 [95% CI, 1.15-1.76]; P = .002) after
controlling for all other variables (Table 2). Bipolar medial
cartilage at baseline was a significant predictor for worse
outcomes after surgery in the 1-year KOOS-Pain model
(OR, 0.53 [95% CI, 0.35-0.81]; P = .004) and in the 1-year
PASS model (OR, 0.51 [95% CI, 0.3-0.87]; P = .014) after
controlling for all other variables (Table 2). A lower ADI
at baseline was a significant predictor of better outcomes
after surgery in the 1l-year KOOS-Pain model (OR, 0.77
[95% CI, 0.62-0.95]; P = .014) and the KOOS-Pain 10-point
improvement model (OR, 0.71 [95% CI, 0.52-0.99]; P =
.042) after controlling for all other variables (Table 2). A

higher BMI at baseline was a significant predictor of worse
outcomes after surgery in the KOOS-Pain 10-point
improvement model only (OR, 0.76 [95% CI, 0.6-0.96];
P = .022) after controlling for all other variables (Table 2).

Surgeon Variability and Relative Variable Importance

In the 1-year KOOS-Pain mixed model, surgeon term was
significant for impacting PROMs at 1 year after APM in
the LR test (P = .004). Surgeon term in the 1-year PASS
mixed model was not significant for predicting outcomes
at 1 year after APM (P = .185) and in the KOOS 10-point
improvement mixed models (P = .5). Figure 2 displays the
AIC relative importance plot of the 3 models. In the 1-year
KOOS-Pain mixed model, baseline KOOS-Pain and baseline
VR12-MCS contributed the most to the model, followed by
the surgeon. In both the KOOS-Pain 10-point improvement
and PASS mixed models, baseline KOOS-Pain was the most
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TABLE 2
Combined Results for the 3 Linear Multivariable Models®

1-Year KOOS-Pain (n = 791) KOOS-Pain 10-Point Improvement (n = 791) 1-Year PASS (n = 775)

Factor OR (95% CI) P OR (95% CI) P OR (95% CI) P
Age, IQR increase, y 1.11 (0.94-1.31) .23 1.11 (0.86-1.42) 42 1.13 (0.91-1.41) .280
Sex, female (vs male) 0.81 (0.63-1.05) .106 0.9 (0.61-1.34) .604 0.98 (0.7-1.36) .888
Race

Black (vs White) 0.88 (0.56-1.38) 574 0.77 (0.41-1.46) 428 0.79 (0.44-1.42) 434

Other (vs White) 0.71 (0.35-1.43) .336 1.01 (0.34-2.96) 1992 0.6 (0.24-1.49) 274
BMI, IQR increase, kg/m? 0.85 (0.72-1) .052 0.76 (0.6-0.96)° .022 0.84 (0.68-1.03) .094
Education, IQR increase, y 1(0.83-1.2) .98 1.25 (0.93-1.68) .14 0.84 (0.65-1.07) .162
Smoking

Quit >6 mo (vs never) 1.06 (0.79-1.42) 714 0.97 (0.62-1.53) .906 0.88 (0.6-1.28) .496

Quit <6 mo (vs never) 1.33 (0.44-3.98) .614 3 (0.36-25.21) 31 0.53 (0.14-1.97) .342

Current (vs never) 0.66 (0.42-1.03) .068 0.64 (0.35-1.19) .16 0.79 (0.46-1.36) .390
Ty VR12-MCS, IQR increase 1.55 (1.27-1.9) <.001 1.5 (1.12-2.01) .006 1.15 (0.89-1.48) .288
Ty KOOS-Pain, IQR increase 2.1 (1.77-2.48) <.001 0.57 (0.44-0.73) .001 1.42 (1.15-1.76)  .002
Medial cartilage

Unipolar (vs normal) 0.75 (0.55-1.03) .076 0.99 (0.6-1.63) .958 0.92 (0.61-1.39) .682

Bipolar (vs normal) 0.53 (0.35-0.81)° .004 0.58 (0.31-1.08) .084 0.51 (0.3-0.87) .014
Lateral cartilage

Unipolar (vs normal) 0.81 (0.54-1.23) .32 0.73 (0.4-1.32) .296 0.62 (0.37-1.03) .068

Bipolar (vs normal) 0.82 (0.44-1.5) .516 0.94 (0.37-2.37) .896 1.3 (0.55-3.09) .548
Patellofemoral cartilage

Unipolar (vs normal) 1.22 (0.89-1.68) 224 1.12 (0.68-1.84) .66 1.08 (0.71-1.63) 728

Bipolar (vs normal) 1.36 (0.89-2.06) 152 1.37 (0.71-2.62) 344 1.51 (0.87-2.62) 144
Tear type

Lateral (vs medial) 0.76 (0.52-1.13) .182 0.72 (0.41-1.27) .26 0.94 (0.56-1.57) .808

Both (vs medial) 0.92 (0.65-1.31) .656 0.97 (0.56-1.68) 916 0.96 (0.6-1.52) .854
Effusion, yes (vs no) 1.34 (0.91-1.96) .136 1.52 (0.79-2.92) .206 1.31 (0.79-2.17) .304
Synovitis, yes (vs no) 0.89 (0.61-1.31) .566 0.87 (0.48-1.55) .63 1.36 (0.82-2.26) 234
Chondroplasty

Grade 1 (vs none) 0.91 (0.67-1.24) .556 0.99 (0.61-1.59) .962 0.89 (0.6-1.32) .548

Grade 2 (vs none) 0.82 (0.56-1.19) .288 0.7 (0.4-1.22) .208 0.78 (0.48-1.26) .302

Grade 3 (vs none) 1.15 (0.59-2.26) .682 2.09 (0.61-7.17) 244 2.19 (0.81-5.89) 120
ADI, IQR increase 0.77 (0.62-0.95) .014 0.71 (0.52-0.99) 042 0.96 (0.72-1.26) 748

“Bold values represent significant associations (P < .05). ADI, Area Deprivation Index; BMI, body mass index; IQR, interquartile range;
KOOS, Knee injury and Osteoarthritis Outcome Score; OR, odds ratio; PASS, Patient Acceptable Symptom State; T\, baseline; VR12-MCS,

Veterans RAND 12-Item Health Survey—Mental Component Score.

®The OR for the BMI was 0.76 kg/m? in the KOOS-Pain 10-point improvement model. Thus, the odds of getting a 10-point improvement in
those with a third quartile BMI was 24% lower than those with a first quartile BMI after controlling for other variables in the model.

“The OR for bipolar medial cartilage was 0.53 in the 1-year KOOS-Pain linear model. Thus, the odds of getting a 1-year KOOS-Pain of at
least x in those with bipolar medial cartilage was 47% lower than those with normal medial cartilage after controlling for other variables in
the model. The value of x is irrelevant since this is a proportional odds model.

important predictor, and surgeons did not contribute as
much as in the 1-year KOOS-Pain model.

Demonstration of Surgeon Variability

Two patient profiles were derived from the 1-year KOOS-
Pain model to understand how outcomes would be affected
if a patient were to be operated by the surgeon with the
highest ranking (surgeon 7) or lowest ranking (surgeon 4):

Patient 1: age, 48 years; BMI, 26.1 kg/m?; education, 16
years; never smoker; baseline KOOS-Pain, 58.33; base-
line VR12-MCS, 67.1; normal medial, lateral, and

patellofemoral cartilage; no effusion; no synovitis; chondro-
plasty, none; ADI, 22.

Patient 2: age, 63 years; BMI, 34.2 kg/m?; education, 12
years; current smoker; baseline KOOS-Pain, 38.89; base-
line VR12-MCS, 45.2; bipolar medial, lateral, and patello-
femoral cartilage; effusion present; synovitis present;
chondroplasty, grade 3; ADI, 61.

Both patients were modeled to be White men with lateral
tears. The profile of patient 1 had clinical and demographic
characteristics shown to have better outcomes in the 1-
year KOOS-Pain model, whereas patient 2 had character-
istics shown to have worse outcomes in the 1-year KOOS-
Pain model.
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A 1-Year KOOS-Pain B KOQOS-Pain 10-Point Improvement
Baseline KOOS Pain- N 722  Baseline KOOS Pain- e e 18.8
BaselineMCS- [ 16.3 Baseline MCS - e 53
Surgeon- [ 5.2 BMI- | 3.2
ADI- W 3.8 ADI- ] 21
Medial Cartilage- [l 34 Education - | 0.2
Bmi- | 1 Effusion - | 03
Sex- | 0.7 Medial Cartilage - [ | -0.6
Effusion- | -0.2 Age- ] -1.4
Age- | 04 Sex- [ A7
Synovitis- || -14 Synovitis- 1 -1.8
Smoking- |l -1.4 Chondroplasty- [l -2
Education- |l -1.9 Surgeon- W -2
Pfm Cartilage- Il 2.1 Smoking- I 25
TearType- [ 2.7 TearType- [N 2.7
Chondroplasty- W 27 Lateral Cartilage- [N 2.9
Race- [l 3.1 Pfm Cartilage- [N -3.1
Lateral Cartilage- [l 3.1 Race- [N 34
0 20 40 60 80 0 5 10 15 20 25
Increase in AIC Increase in AIC
C 1-Year PASS Score
Baseline KOOS Pain- [ 8.3
Medial Cartilage - B 1.2
BMI- [ | 0.9
Education - 0
Lateral Cartilage - 0
Synovitis - [ -0.6
Chondroplasty - ] -0.8
Effusion - | | -0.8
Age- [ | -0.9
Baseline MCS - || -0.9
Surgeon - ] -1.2
Pfm Cartilage - [ -1.8
ADI- B -1.8
Sex- = -2
Race- [ 24
TearType- I -4
Smoking - _ l . 4.3
-5 0 5 10

Increase in AIC

Figure 2. Variable importance ranked by AIC increase in the (A) 1-year KOOS-Pain model, (B) KOOS-Pain 10-point improvement
model, and (C) 1-year PASS model. ADI, Area Deprivation Index; AlIC, Akaike information criterion; BMI, body mass index; KOOS,
Knee injury and Osteoarthritis Outcome Score; MCS, Veterans RAND 12-ltem Health Survey—Mental Component Score; PASS,

Patient Acceptable Symptom State; Pfm, patellofemoral.

If surgeon 4 had performed surgery on patient 1, the 1-
year mean KOOS-Pain would have been 80.7, compared
with 87.3 if surgeon 7 had performed the surgery. The dif-
ference between 1-year postoperative KOOS-Pain levels for
this patient was 6.6. With respect to patient 2, if surgeon 4
had performed the APM, the mean KOOS-Pain at 1 year
after surgery would have been 53.8, compared with 64.6
if surgeon 7 had performed the procedure. The difference
between 1-year postoperative KOOS-Pain levels for patient
2 was 10.8.

DISCUSSION

In this study, we identified a 794-patient cohort who all
underwent APM from a single hospital care system. In
the 1-year KOOS-Pain model, baseline VR12-MCS (OR,
1.55 [95% CI, 1.27-1.9]; P < .001), baseline KOOS-Pain
(OR, 2.1 [95% CI, 1.77-2.48]; P< .001), bipolar medial car-
tilage (OR, 0.53 [95% CI, 0.35-0.81]; P = .004), and ADI
(OR, 0.77, 95% CI 0.62-0.95]; P = .014) were all significant

predictors of outcome after controlling for all other varia-
bles. In the LR test, the surgeon significantly impacted
outcomes 1 year after APM in the l-year KOOS-Pain
mixed model (P = .004). In the KOOS-Pain 10-point
improvement model, BMI (OR, 0.76 [95% CI, 0.6-0.96];
P = .022), baseline VR12-MCS (OR, 1.5 [95% CI, 1.12-
2.01]; P = .006), baseline KOOS-Pain (OR, 0.57 [95% CI,
0.44-0.73), and ADI (OR, 0.71 [95% CI, 0.52-0.99]; P =
.042) were all significant predictors of outcome after con-
trolling for all other variables. Only baseline KOOS-Pain
(OR, 1.42 [95% CI, 1.15-1.76]; P = .002) and bipolar medial
cartilage (OR, 0.51[95% CI, 0.3-0.87]; P = .014) were signif-
icant predictors of outcome in the 1-year PASS model after
controlling for all other variables. Baseline KOOS-Pain
was a significant predictor of outcome in all 3 mixed effect
models, suggesting that pain before APM is an important
factor to consider when predicting how patients will
respond 1 year after APM.

To our knowledge, this is the first study that has ana-
lyzed postoperative outcomes in patients after APM among
various surgeons within a single health care system.
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Previous work has focused on patient characteristics to
predict outcomes after APM. Current smoking patients at
the time of APM had worse postoperative PROMs com-
pared with nonsmokers.® Higher BMI, older age, less edu-
cation, and lower VR12-MCS are all patient characteristics
that have been shown to predict less improvement after
APM.2 However, none of these studies have identified sur-
geon performance as a potential factor affecting patient
outcomes after APM. A similar analysis that has been com-
pleted for patients who had total hip arthroplasty found
a significant association among surgeons and PROMs 1
year after total hip arthroplasty.'® In our analysis, we
only found a significant association in the LR test between
the surgeon and outcomes in the 1-year KOOS-Pain mixed
model (P = .004); however, this significant association was
not seen in the KOOS-Pain 10-point improvement mixed
model or the

1-year PASS mixed model.

The patient profiles derived from the 1-year KOOS-Pain
model presented an interesting result. The mean KOOS-
Pain score 1 year after APM for the patient with the
most optimal clinical and demographic characteristics
(patient 1) was 80.7 if operated on by the lowest-ranked
surgeon (surgeon 4). The mean KOOS-Pain score 1 year
after APM for the patient with the least optimal clinical
and demographic characteristics (patient 2) was 64.6 if
operated on by the highest-ranked surgeon (surgeon 7).
This result suggested that the patients’ baseline character-
istics were more predictive of their postoperative outcomes
than surgeon variability. The difference between mean
KOOS-Pain values 1 year after APM for patient 1 was
6.6. Ten points are regarded as the minimal clinically
important difference on the KOOS-Pain scale.!® Even
when this patient was modeled to undergo APM by the
lowest or highest ranked surgeon, the outcome difference
was insignificant.

The OME database'® was a key strength in this study
that facilitated data collection across 1 entire health enter-
prise system. The large amount of patient data allowed us
to carefully apply the inclusion and exclusion criteria.
However, there are key limitations presented in this study.
The follow-up was restricted to 1 year, and thus surgeon
performance was not analyzed as a predictor for longer-
term patient outcomes after APM. In addition, based on
our data, it is difficult to conclude whether the type of
meniscal injury—degenerative versus traumatic—has an
impact on the surgeon’s performance and outcome. Sur-
geon volume and experience as factors for predicting
patient outcomes after APM have not been studied, and
analysis of a cohort with more surgeons could enable this
analysis to be conducted.

CONCLUSION

In this study, we found that patient factors and character-
istics are better predictors for patient outcomes 1 year
after APM than surgeon characteristics, specifically base-
line KOOS-Pain. This finding has key clinical implications
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for both patients and surgeons. Surgeons who wish to
improve patient outcomes after APM should focus on
improving patient selection rather than improving surgical
techniques. Future research is needed to determine
whether surgeon variability has an impact on longer-
term patient outcomes.
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