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Abstract

Purpose To evaluate the 30-day complication rates after arthroscopic meniscus repair and meniscectomy using the American
College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database, with subgroup analysis of
patients aged > 40 years.

Methods NSQIP registries between 2006 and 2019 were queried using Current Procedural Terminology codes to identify
patients undergoing arthroscopic meniscus repair (CPT 29882, 29883) and meniscectomy (29880, 29881). The following
30-day complications were assessed: pulmonary embolism (PE), venous thromboembolism (VTE), surgical site infection
(SSI), reoperation, and readmission. Complications rates between treatment groups were compared using multivariate logistic
regression analyses adjusted for sex, age, steroid use, and smoking/dyspnoea/COPD. A subgroup analysis was performed
for patients aged > 40 years.

Results A total 6354 meniscus repairs and 99,372 meniscectomies were identified. Complication rates were < 1% for both
meniscus repair and meniscectomy. Meniscus repair was associated with significantly higher rates of PE, VTE, and read-
mission compared to meniscectomy: PE (0.2% vs 0.1%, p<0.001), VTE (0.8% vs 0.4%, p <0.001), superficial SST (0.1%
vs 0.2%, n.s), deep SSI (0.07% vs 0.1%, n.s), reoperation (0.5% vs 0.4%, n.s), and readmission (0.9% vs 0.8%, p=0.003).
Among patients aged > 40 years, complication rates were < 1.3% for both meniscus repair and meniscectomy. Similar trends
and rates were found in patients aged > 40 years undergoing meniscus repair versus meniscectomy: PE (0.38% vs 0.12%,
p<0.001), VTE (1.07% vs 0.46%, p <0.001), superficial SSI (0.03% vs 0.19%, n.s), deep SSI (0.1% vs 0.06%, n.s), reopera-
tion (0.48% vs 0.43%, n.s), and readmission (1.2% vs 0.85%, p=0.01).

Conclusion Arthroscopic meniscus repair and meniscectomy are both low-risk procedures with 30-day complication
rates < 1% overall and < 1.3% among patients aged > 40 years. These findings support meniscus repair whenever feasible in
the setting of preserved articular cartilage. Understanding of the short-term complication rates after arthroscopic meniscus
repair and meniscectomy can aid surgeons in providing comprehensive preoperative counselling to patients considering such
treatments, specifically when discussing the risks and benefits of meniscus repair.

Level of evidence III.

Keywords Meniscus repair - Meniscectomy - Arthroscopy - Complications - Pulmonary embolism - Infection -
Readmission - Reoperation

Introduction

With recent advances in arthroscopic repair techniques, there
have been increased efforts to repair meniscus tears when-
ever possible to preserve meniscus tissue and optimize tibi-
ofemoral contact pressures [1]. Parker et al. showed a 37%
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in meniscectomy procedures over a recent 9-year period
[18]. Multiple biomechanical studies have demonstrated
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load transmission to levels near those of an intact menis-
cus [4, 8, 11, 15, 16]. As a result, significantly improved
patient-reported outcomes, higher rate of return to sport, and
decreased progression to osteoarthritis after meniscal repair
have been reported [6, 9, 19, 23].

Despite the increased trend in arthroscopic meniscal
repair compared to meniscectomy, few studies have exam-
ined the short-term complications comparing the two pro-
cedures, particularly for patients over 40 years of age. Prior
studies have demonstrated an increased risk of post-opera-
tive complications such as DVT and reoperation in patients
40 years of age or older shortly following arthroscopic knee
surgery [13, 17]. This specific age group is particularly
important as meniscus tears are more common in patients
older than 40 years of age, and over 50% of meniscectomies
are performed in patients 45 years of age or older [7].

Because the repairability of a meniscus tear is not always
certain prior to surgery, and because post-operative reha-
bilitation can differ substantially between meniscus repair
and partial meniscectomy, understanding of the short-term
complication rates after these procedures can ultimately aid
clinicians in the treatment of meniscus tears and in counsel-
ling patients regarding early post-operative risks. Thus, the
purpose of this study was to evaluate the 30-day compli-
cation rates after arthroscopic meniscus repair and menis-
cectomy using the American College of Surgeons National
Surgical Quality Improvement Program (ACS-NSQIP) data-
base. The secondary aims of this study were to compare
complication rates between arthroscopic meniscus repair
and meniscectomy, with a subgroup analysis of patients
aged > 40 years. The hypothesis was that both arthroscopic
meniscus repair and meniscectomy would have low rates of
30-day post-operative complications, including pulmonary
embolism (PE), venous thromboembolism (VTE), surgical
site infection (SSI), reoperation, and all-cause readmission,
in all age groups.

Material and methods

This study was exempt from institutional review board
approval due to deidentification of patient and surgeon infor-
mation in the database. Data were retrospectively collected
from the American College of Surgeons National Quality
Improvement Program (ACS-NSQIP). The ACS-NSQIP
is a prospectively collected, risk-adjusted, outcomes-based
program with over 500 participating institutions in the USA.
The 2019 version of the database was used, which contains
more than 300 variables including preoperative risk factors,
intraoperative variables, and 30-day post-operative compli-
cations for patients undergoing major surgical procedures.
The database is maintained and updated by trained clini-
cal reviewers, who extract patient information from patient
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interviews, medical records, and operative reports through
the 30th post-operative day, regardless of discharge date [5].
The study was conducted according to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines [24].

NSQIP registries between 1 January 2006 and 31 Decem-
ber 2019 were queried using Current Procedural Terminol-
ogy (CPT) codes to identify patients undergoing arthro-
scopic meniscus repair (29882, 29883) and meniscectomy
(29880, 29881). Cases with concomitant procedures that
could potentially affect complication rates, including liga-
ment repair or reconstruction procedures, osteotomies, and
cartilage restoration procedures, were excluded (Fig. 1).
Cases with minor concomitant arthroscopic procedures, such
as chondroplasty, removal of loose/foreign body, and lateral
release, were included in the analysis and concomitant pro-
cedures recorded. Patient demographics, including gender,
age, body mass index (BMI), and history of comorbidities,
including diabetes, smoking, dyspnoea, chronic obstructive
pulmonary disease (COPD), functional status, congestive
heart failure (CHF), hypertension (HTN), renal failure/dialy-
sis, steroid use, and bleeding disorders were extracted for
analysis. Operative time was also collected. In the NSQIP
database, operative time is defined as the total operation time
in minutes. The 30-day complications of interest included:
pulmonary embolism (PE), total venous thromboembolism
(VTE), wound disruption, superficial surgical site infection
(SSI), deep SSI, reoperation, and all-cause readmission.
VTE was defined as an event of DVT and/or PE.

Statistical analysis

Continuous variables were described with mean + standard
deviation, whereas categorical variables were reported with
absolute and relative frequencies. A t test was conducted
to compare continuous variables, while binary outcomes
were compared using the Chi-square or Fisher exact test
as appropriate. Univariate and multivariate logistic regres-
sion models were developed to compare complication rates
between meniscus repair and meniscectomy. The following
variables were decided a priori to be included in the multi-
variate model: sex, age, steroid use, and respiratory status
(smoking/dyspnoea/COPD). A subgroup analysis comparing
complication rates between treatment groups was performed
for patients aged > 40 years. The threshold for statistical
significance was p <0.05. For univariate and multivariate
analyses for the entire cohort and patients > 40 years of
age, a Bonferroni adjusted significance level of 0.0125 was
calculated to account for the increased possibility of type I
error with multiple comparisons. Stata 17 (StataCorp LLC,
College Station, TX) was used as statistical software for all
analyses.
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Fig. 1 Flowchart for meniscus
repair and meniscectomy cases.
Flowchart demonstrating cases
excluded due to concomitant
procedures such as ACL/PCL
reconstruction, osteochondral
allograft/autograft transplanta-
tion, and osteotomy procedures

Meniscus Repair and Meniscectomy

(CPT codes for meniscus repair: 29882, 29883
CPT codes for meniscectomy: 29880, 29881)

cases from 2006-2019

n=107,562

Cases excluded due to concomitant:

- ACL/PCL reconstruction (n = 1,707)

- Osteochondral allograft/autograft (n = 54)
- Tibial and/or fibular osteotomy (n = 45)

v

Cases included in study

n=105,726

Meniscus Repair

n=6,354

Results

After applying the inclusion and exclusion criteria, a total
of 6354 meniscus repair and 99,372 meniscectomy proce-
dures were identified and included in the final analysis. The
number of concomitant procedures included in each group
can be found in Table 1. Baseline patient demographics and
pre-existing comorbidities are presented in Table 2.

Age distribution between the meniscus repair and menis-
cectomy groups revealed significant differences (Fig. 2).
Mean patient ages were 40.2 +15.7 years for the meniscus
repair group and 52.6 + 13.9 years for the meniscectomy
group (p <0.001). Within the repair group, 46% of patients
were over 40 years old, compared to 82% in the meniscec-
tomy group.

Outcomes and complications

Operative time was significantly longer in the repair group
when compared to the meniscectomy group (mean time: 50
vs 30 min, p <0.001). The absolute numbers and rates of all
complications are shown in Table 3.

Meniscectomy

n=99,372

Table 1 Concomitant surgical procedures

Concomitant surgical procedures Meniscus repair Menis-

(n=6354) cectomy
n (%) (n=99,372)
n (%)
Chondroplasty or multiple drilling 395 (6.2) 4094 (4.1)
or microfracture

Lysis of adhesions 7(0.1) 125 (0.1)
Removal of loose/foreign body 35(0.6) 684 (0.7)
Lateral release 17 (0.3) 822 (0.8)
Other/unlisted procedure 562 (8.8) 3502 (3.5)
Total 1016 (16) 9227 (9.3)

All 30-day complication rates were < 1% for both menis-
cus repair and meniscectomy. Univariate analysis found no
significant differences between the meniscus repair and
meniscectomy group for superficial SSI (0.1% vs 0.2%,
n.s), deep SSI (0.1% vs 0.1%, n.s), reoperation (0.5% vs
0.4%, n.s), and readmission (0.9% vs 0.8%, n.s). In the
multivariate logistic regression analysis, which controlled
for sex, age, steroid use, and respiratory status, meniscus
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Table? .Baseline den}ographic Variable Meniscus repair Meniscectomy p value
and clinical characteristics (n=6354) (1=99,372)
n (%) n (%)
Female 2362 (37.2%) 45,556 (45.9%) <0.001
Age (mean, SD) 40.2+15.7 526139 <0.001
Age <40 years 3451 (54.3%) 18,039 (18.2%) <0.001
BMI (mean, SD) 29.7+6.4 31.7+7.3 (n.s)
Steroid use 53 (0.8%) 1417 (1.4%) <0.001
Diabetes 376 (5.9%) 10,645 (10.7%) <0.001
Smoking 1044 (16.4%) 15,108 (15.2%)
Dyspnoea 88 (1.4%) 2683 (2.7%) <0.001
Functional health status prior surgery (n.s)
Independent 6290 (99.0%) 98,046 (98.7%)
Partially dependent/dependent 35 (0.6%) 362 (0.4%)
COPD 56 (0.9%) 1870 (1.9%) <0.001
CHEF in 30 days before surgery 2 (0.0%) 96 (0.1%) (n.s)
HTN 1119 (17.6%) 35,499 (35.7%) <0.001
Renal failure/dialysis 2 (0.0%) 118 (0.1%) (n.s)
Bleeding disorders 33 (0.5%) 1085 (1.1%) <0.001
Fig.2 Age distribution by
surgery. Age diStTibmion . Meniscus Repair Meniscectomy
between the meniscus repair
and meniscectomy groups
demonstrating a trend for © 1
meniscus repair in younger
patients and meniscectomy in
older patients. Mean patient
ages were 40.2 +15.7 years for
the meniscus repair group and
52.6+13.9 years for the menis- <~ 4
cectomy group (p<0.001) b=
8
2
~ A
o T T T T T T T T T T
20 40 60 80 100 20 40 60 80 100
Age

repair was associated with significantly higher rates of PE,
VTE, and readmission compared to meniscectomy: PE
(0.2% vs 0.1%, p <0.001), VTE (0.8% vs 0.4%, p <0.001),
and readmission (0.9% vs 0.8%, p=0.003). Similar trends
and rates were found in patients aged > 40 years undergo-
ing meniscus repair versus meniscectomy. The multivariate

@ Springer

analysis revealed that meniscus repair was associated with
significantly higher rates of PE (0.4% vs 0.1%, p <0.001),
VTE (1.1% vs 0.5%, p<0.001), and all-cause readmis-
sion (1.2% vs 0.9%, p=0.01) in patients > 40 years old
(Table 4). Complication rates were similarly overall low
(< 1.3%) in the > 40 years old group.
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Table 3 Thirty-day post-operative complications and outcomes
Complication Meniscus repair Meniscectomy Univariate analysis Multivariate analysis
n (%) n (%) OR (95% CI) p value Adjusted OR (95% CI) p value
PE 15 (0.2%) 108 (0.1%) 0.4 (0.3-0.8) 0.005 0.3 (0.2-0.6) <0.001
VTE 50 (0.8%) 449 (0.4%) 0.6 (0.4-0.8) <0.001 0.5 (0.4-0.7) <0.001
Wound disruption 0 12 (0.01%) 1 1
Reoperation 29 (0.5%) 406 (0.4%) 0.9 (0.6-1.3) (n.s) 0.8 (0.5-1.2) (n.s)
Readmission 52 (0.9%) 708 (0.8%) 0.9 (0.7-1.2) (n.s) 0.6 (0.5-0.9) 0.003
SSI
Superficial 9 (0.1%) 189 (0.2%) 1.3 (0.7-2.6) (n.s) 1.4 (0.7-2.8) (n.s)
Deep incisional 4 (0.1%) 60 (0.1%) 0.9 (0.4-2.6) (n.s) 0.8 (0.3-2.3) (n.s)
Meniscus repair is the reference group for the univariate and multivariate analysis
Table 4 Thirty-day post-operative complications and outcomes in patients > 40 years old
Complication Meniscus repair Meniscectomy Univariate analysis Multivariate analysis
(n=2903) (n=81,333)
n (%) n (%) OR (95% CI) p value Adjusted OR (95%CTI) p value
PE 11 (0.4%) 95 (0.1%) 0.3 (0.2-0.6) <0.001 0.3 (0.2-0.6) <0.001
VTE 31 (1.1%) 373 (0.5%) 0.4 (0.3-0.6) <0.001 0.4 (0.3-0.6) <0.001
Wound disruption 0 (0.0%) 10 (0.0%) 1 1
Reoperation 14 (0.5%) 349 (0.4%) 0.9 (0.5-1.5) (n.s) 0.8 (0.5-1.5) (n.s)
Readmission 33 (1.2%) 632 (0.9%) 0.7 (0.5-1.0) (n.s) 0.6 (0.5-0.9) 0.010
SSI
Superficial 1 (0.0%) 153 (0.2%) 5.5(0.8-39.1) (n.s) 5.5 (0.8-39.6) (n.s)
Deep incisional 3(0.1%) 47 (0.1%) 0.5 (0.2-1.8) (n.s) 0.5(0.2-1.6) (n.s)

Meniscus repair is the reference group for the univariate and multivariate analysis

Discussion

The most important finding of the present study was that
both arthroscopic meniscus repair and meniscectomy
were associated with low short-term complication rates
(< 1%). Although arthroscopic meniscus repair was associ-
ated with statistically significant increases in 30-day PE,
VTE, and readmission rates compared to meniscectomy,
similarly low complication rates were seen in the overall
(< 1%) and aged > 40-year cohorts (< 1.3%). These find-
ings support meniscus repair over meniscectomy, even in
older patients, when repair is possible in the setting of
preserved articular cartilage and aids surgeons in the pre-
operative counselling of patients regarding the risks and
benefits of arthroscopic meniscus treatment.

The overall rates of complications across 105,726
patients (< 1%) and among patients aged > 40 years
(< 1.3%) are generally consistent with prior reports [3, 10,
21, 22]. Small et al. reported an overall low incidence of
complications such as haemarthrosis, infection, and throm-
boembolic disease following meniscal repair (1.29%) in

310 procedures compared to meniscectomy (1.69%) in
3,617 procedures [21]. Basques et al. also reported an
overall 30-day complication rate of 1.17% after menis-
cectomy, which included stroke/cerebrovascular acci-
dent, thromboembolic event, myocardial infarction, renal
failure, infections, and reoperation [3]. When comparing
short-term 30-day complication rates following menis-
cus repair directly with meniscectomy, a study of 27,580
patients by Sochacki et al. found that the complication
rates after meniscal repair (1.2%) compared with menis-
cectomy (0.82%) was significantly higher [22]. Addition-
ally, they showed that patients undergoing meniscal repair
had higher infection rates (0.4% vs 0.2%) and DVT (0.3%
vs 0.1%) compared with those undergoing meniscectomy
[22]. These findings are similar to those of this study,
except no difference in infection rates between meniscus
repair and meniscectomy was seen in this study. The dis-
parity may be attributed to differences in sample size, as
the NSQIP cohort included nearly four times the number
of patients. Overall, these findings demonstrate that the
short-term complications following arthroscopic menis-
cus repair and meniscectomy both remain low (< 1.3%),
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suggesting that meniscus repair can be considered when-
ever possible to maintain meniscus function and optimize
load distribution in the knee.

For patients over 40 years old, the meniscal repair group
was similarly associated with increased rates of PE, VTE,
and readmission compared to meniscectomy; however,
30-day complication rates for meniscal repair were all less
than 1.3%. Increasing age is often associated with higher
complication rates. Sherman et al. reported in 3,261 arthro-
scopic knee procedures that patients aged > 50 years were at
a higher risk for post-operative infections, haemarthroses,
adhesions, cardiovascular issues, and neurological complica-
tions [20]. Ozcan et al. also reported an approximately six-
fold increase in DVT for patients older than 40 years of age
compared with younger patients following knee arthroscopy
[17]. As in this study, they found that the overall incidence
of DVT was relatively low (0.79%). The authors concluded
that this difference may be clinically unimportant due to
overall low incidences of DVT in either group [17]. Mal-
etis et al. also observed in 20,770 patients a low 90-day
incidence of DVT (0.25%) and PE (0.17%) after elective
knee arthroscopy [12]. Furthermore, they found a small
but significant increase in incidence of VTE in patients
aged > 50 years (0.51%) compared with younger patients
(0.34%). In addition to age, medical comorbidities and post-
operative immobilization are known risks factors for VTE
after lower extremity orthopaedic surgery [2, 3, 14, 17, 20].
Due to increased risks for post-operative complications in
older patients with prolonged immobilization, some clini-
cians may favour performing meniscectomies over menis-
cal repairs in these patients to allow for early weightbear-
ing. Despite these concerns, this study demonstrated that
both arthroscopic meniscus repair and meniscectomy have
low rates of post-operative 30-day complications (< 1.3%)
including VTE, PE, infection, readmission, and reopera-
tion in patients > 40 years old. These results suggest that
meniscus repair should be performed when feasible for
patients > 40 years old and may help surgeons during the
preoperative counselling process.

NSQIP has uniform standards for the reporting of adverse
events and undergoes inter-reliability audits that make it a
highly reliable resource. Nevertheless, the data can be sub-
ject to errors in coding and underreporting. The retrospective
analyses are dependent upon the accuracy of the CPT codes
reported, and inaccuracies in miscoding or noncoding by phy-
sicians are potential sources of error. Second, patients are only
tracked during the first 30 days after surgery, and the database
does not report orthopaedic-specific complications. Although
the first 30 days are an important early post-operative period,
studies that track longer-term outcomes may yield a more com-
prehensive analysis. Further, since the data in the current study
were from multiple institutions, there is likely heterogeneity
in practice environment, sterilization technique, and surgical
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indications that may influence the results. Post-operative reha-
bilitation protocols, including weightbearing status, range of
motion restrictions, and DVT prophylaxis, may have differed
between groups as well as among patients treated with menis-
cus repair. Last, this study’s observational nonrandomized
nature limits the external validity of our results due to potential
selection bias. Despite these limitations, this database study
benefits from a large number of patients and high-quality data
collection process in identifying the short-term complications
rates following meniscal repair and meniscectomy.

In the present study, both arthroscopic meniscus repair
and meniscectomy were associated with low short-term com-
plication rates, including in patients over the age of 40 years
(<1.3%). For surgeons, these findings support meniscus repair
over meniscectomy when repair is possible, even in older
patients, in the setting of preserved articular cartilage.

Conclusion

Arthroscopic meniscus repair and meniscectomy are both low-
risk procedures with 30-day complication rates < 1% overall
and < 1.3% among patients aged > 40 years. These findings
support meniscus repair whenever feasible, even in older
patients, in the setting of preserved articular cartilage. Under-
standing of the short-term complication rates after arthro-
scopic meniscus repair and meniscectomy can aid surgeons in
providing comprehensive preoperative counselling to patients
considering such treatments, specifically when discussing the
risks and benefits of meniscus repair.
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