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Increased Risk of Surgical-Site Infection and Need for
Manipulation Under Anesthesia for Those Who
Undergo Open Versus Arthroscopic Rotator Cuff

Repair

Kevin Y. Wang, B.A., Amil R. Agarwal, B.A., Amy L. Xu, B.S., Matthew J. Best, M.D.,
R. Timothy Kreulen, M.D., Meghana Jami, B.S., Edward G. McFarland, M.D., and

Uma Srikumaran, M.D., M.B.A., M.P.H.
Purpose: To compare 90-day postoperative complications, health care use, 2-year and 5-year rates of reoperation and
manipulation under anesthesia, and costs at the 30-day, 90-day, and 1-year postoperative intervals following open and
arthroscopic rotator cuff repair (RCR). Methods: Patients who underwent an open or arthroscopic RCR with minimum
5-year follow-up were identified in a national database (PearlDiver Technologies) using Common Procedural Terminology
and International Classification of Diseases codes. These patients were then stratified into 2 cohorts: open RCRs and
arthroscopic RCRs. These cohorts were propensity-matched based on age, sex, Charlson Comorbidity Index, smoking
status, and obesity (body mass index>30). 90-day medical complications, 2-year and 5-year surgical complications, and
reimbursements at the 30-day, 90-day and 1-year postoperative intervals were assessed. Bivariate statistics were per-
formed using c2 tests, Fisher exact tests, and Student t tests where appropriate. Reimbursements included the reim-
bursement for the index surgery as well as any reimbursements during the specified postoperative interval related to the
index surgery. Results: In total, 3,266 patients who underwent open RCR were matched with 3,266 patients who un-
derwent arthroscopic RCR. Compared with patients who underwent arthroscopic RCR, patients who underwent open
RCR were at significantly increased risk of 90-day surgical-site infection (0.89% vs 0.34%, P ¼ .004), undergoing
manipulation under anesthesia (MUA) within 2 years of surgery (1.65% vs 0.95%, P ¼ .012), and undergoing MUA
within 5 years of surgery (1.75% vs 1.10%, P ¼ .028). There were no significant differences in any other postoperative
complications, reoperation rates, or reimbursements between open RCR and arthroscopic RCR (all, P > .05).
Conclusions: Patients undergoing open RCR were at increased risk of 90-day surgical-site infection and MUA both
within 2 years and within 5 years of surgery in this study cohort. Level of Evidence: Level III, retrospective cohort study.
egenerative rotator cuff pathology is the most
Dcommon cause of shoulder disability. Surgical
repair of rotator cuff injury can be performed with
either arthroscopic or open techniques, with recent
trends favoring the use of arthroscopic rotator cuff
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Arthroscopy, Sports Medicine, and Rehabilitation
repair (RCR) over open RCR.1 A 2019 study reported
that the rate of arthroscopic RCR increased from 73%
in 2007 to 90% in 2017, whereas the rate of open or
mini-open RCR decreased from 27% to 10% during the
same period.1 Potential advantages to the arthroscopic
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approach include lower risk of deltoid detachment,
smaller skin incisions, less soft-tissue dissection, and
greater capability for treating intra-articular lesions.2-4

However, some surgeons still prefer open repair since
the open approach may allow for placement of stronger
stitches and easier transosseous fixation for reproduc-
ible restoration of the supraspinatus footprint.5-7 In
addition, more experience is required to become pro-
ficient in arthroscopic techniques, which may be diffi-
cult for some surgeons operating at low-volume
centers.8

Existing literature comparing functional outcomes
and complication rates between arthroscopic RCR and
open RCR presents mixed conclusions. A 2008 meta-
analysis found no significant difference in post-
operative complications or functional outcome scores
between patients who underwent arthroscopic RCR
and mini-open repair.9 A subsequent 2010 systematic
review reported no statistically significant difference in
postoperative American Shoulder and Elbow Surgeons
score, University of California Los Angeles shoulder
score, various pain scores, or rate of recurrent rotator
cuff tears between arthroscopic and mini-open RCR
repairs.10 More recent studies, however, have reported
lower rates of reoperation and overall complications
following arthroscopic RCR compared with open RCR,
perhaps due to surgeons gaining more experience with
arthroscopic techniques.1,11 However, these previous
investigations on outcomes and complications
following open versus arthroscopic RCR are mostly
limited to 2-year follow-up, and more evidence
regarding long-term postoperative complications is
needed. Further, the procedural equipment and longer
operative times for arthroscopic RCRs reported in some
series have been associated with greater costs, but more
data are needed to determine differences in short and
long-term cost effectiveness between open and
arthroscopic techniques.12-15

The purpose of this study was to compare 90-day
postoperative complications, health care use, 2-year
and 5-year rates of reoperation and manipulation un-
der anesthesia, and costs at the 30-day, 90-day, and 1-
year postoperative intervals following open and
arthroscopic RCR. It was hypothesized that, compared
with open RCR, arthroscopic RCR would have lower
90-day postoperative complication rates but greater
reimbursements at all postoperative time intervals.

Methods
This study was deemed exempt from institutional

review board approval. A retrospective cohort analysis
was conducted using administrative claim’s data ac-
quired from 2010 to 2018. The data were collected from
the Mariner subset of the PearlDiver Patient Records
Database, Colorado Springs, CO; www.pearldiverinc.
com). The Mariner subset includes all payer’s claims
data from more than 121 million patients and longi-
tudinally tracks these patients using a distinct all patient
identifier. From the 121 million patients in the Mariner
subset, the MOrtho dataset was used, which contains a
randomized sample of 15 million patients. Patients who
underwent an open (Current Procedural Terminology
[CPT]-23412, CPT-23410) or arthroscopic (CPT-29827)
primary RCR for the first time were separately identi-
fied using CPT codes. Primary RCR was able to be
determined using the “first instance” feature provided
by the PearlDiver database for each procedure. Patients
were included if they had at least 5-year follow-up.
Since 5-year follow-up was required, only patients
who underwent total shoulder arthroplasty from 2010
to 2013 were included in this study. Patients with any
previous cuff surgery were excluded from either group.
A flowchart diagramming our inclusion and exclusion
criteria is displayed in Figure 1.

Demographics and Outcomes
Patient demographic characteristics collected include

age, sex, Charlson Comorbidity Index (CCI), obesity
(body mass index >30), and smoking status. The pri-
mary outcomes for this study were 90-day medical
complications, rates of 2- and 5-year reoperation, and
manipulation under anesthesia (MUA). Any subse-
quent open or arthroscopic shoulder surgery, including
shoulder arthroplasty, after the primary RCR was
considered a reoperation. Ninety-day medical compli-
cations assessed included surgical-site infection, post-
operative renal failure, postoperative anemia, atrial
fibrillation, arrhythmia without atrial fibrillation,
bleeding complications, blood transfusion, pneumonia,
stroke, death, deep-vein thrombosis, pulmonary em-
bolism, heart failure, respiratory failure, and sepsis.
Secondary outcomes for this study included 90-day
readmissions rates as well as 30-day, 90-day, and 1-
year reimbursements.

Propensity Score Matching
Propensity-matched cohorts of patients who had an

open RCR and those who had an arthroscopic RCRwere
created to control for measured covariates and mitigate
potential confounders. The propensity score was defined
as the conditional probability of having undergone an
open or arthroscopic RCR based on age, CCI, obesity
status, and smoking status. Matching was conducted
using a 1:1 nearest neighbor matching ratio by univar-
iate analysis. This was done using demographics
collected at the time of RCR among the open and
arthroscopic RCR cohorts. Propensity score matching
was conducted using R software provided by PearlDiver.

Statistical Analysis
Data on patient demographics, complications, and

reimbursements were analyzed between the matched

http://www.pearldiverinc.com
http://www.pearldiverinc.com


Fig 1. Inclusion and exclusion criteria. (MOrtho, dataset used
in Mariner subset of PearlDiver; RCR, rotator cuff repair.)
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cohorts with univariate analysis using R software pro-
vided by PearlDiver. Univariate analysis was conducted
using c2 tests or Student t tests where appropriate.
Statistical comparisons were conducted using the group
of interest against the control group. A P value of <.05
was used as the cutoff for significance for univariate
analysis.
Results
In total, 3,266 patients undergoing open RCR were

matched with 3,266 patients undergoing arthroscopic
RCR. There were no significant differences between the
Table 1. Demographic Information for Open RCR and Arthrosco

Category

Total Open

Number Number Perce

Total 6,532 3,266 e
Age, y e e e

<60 82 41 1.26
60-70 556 278 8.51
70-80 1,788 894 27.37
>80 2,374 1,187 36.34

CCI 1,732 866 26.52
0 2,996 1,498 45.87
1 1,848 924 28.29
2 848 424 12.98
3 414 207 6.34
>3 426 213 6.52

Sex e e e

Male 3,028 1,514 46.36
Female 3,504 1,752 53.64

Obesity 2,296 1,148 35.15
Smoking 1,092 546 16.72

NOTE. Obesity is defined as body mass index >30.
CCI, Charlson Comorbidity Index; RCR, rotator cuff repair.
matched cohorts in terms of patient demographics or
comorbidities (Table 1).

90-Day Postoperative Complications, Emergency
Department (ED) Visits, and Readmissions
Compared with matched patients undergoing

arthroscopic RCR, those undergoing open RCR had
increased risk of 90-day surgical-site infection (0.89%
vs 0.34%, P ¼ .004; Table 2). There were no significant
differences between the 2 cohorts in terms of other 90-
day complications, 90-day ED visits, or 90-day read-
missions (P > .05 for all; Table 2).

2-Year and 5-Year Surgical Complications
Compared with matched patients undergoing

arthroscopic RCR, those undergoing open RCR had
significantly greater rates of 2-year MUA (1.65% vs
0.95%, P ¼ .012; Table 3) and 5-year MUA (1.75% vs
1.10%, P ¼ .028; Table 3). There were no significant
differences in 2-year or 5-year reoperation surgery rates
between the 2 cohorts (P > .05 for all, Table 3).

Reimbursement
There were no differences in reimbursements at the

30-day, 90-day, or 1-year postoperative intervals be-
tween the matched arthroscopic and open RCR cohorts
(P > .05 for all, Table 4).
Discussion
In the present study, patients who underwent open

RCR were at increased risk of 90-day surgical-site
infection as well as 2-year and 5-year MUA relative to
patients who underwent arthroscopic RCR. There were
pic RCR

Arthroscopic

nt Number Percent P Value

3,266 e e
e e 1.000

% 41 1.26% e

% 278 8.51% e
% 894 27.37% e

% 1,187 36.34% e

% 866 26.52% 1.000
% 1,498 45.87% e
% 924 28.29% e

% 424 12.98% e

% 207 6.34% e

% 213 6.52% e
e e e

% 1,514 46.36% 1.000
% 1,752 53.64%
% 1,148 35.15% 1.000
% 546 16.72% 1.000



Table 2. 90-Day Postoperative Complications, Readmissions, and ED Visits for Open RCR and Arthroscopic RCR

Category

Total Open Arthroscopic

Number Number Percent Number Percent P Value

6,532 3,266 e 3,266 e e

Readmission 97 56 1.71% 41 1.26% .125
ED visit 452 234 7.16% 218 6.67% .435
SSI 40 29 0.89% 11 0.34% .004
Renal failure 30 18 0.55% 12 0.37% .272
Anemia e 16 0.49% <11 e .161
Arrhythmia w/ afib 231 124 3.80% 107 3.28% .255
Arrhythmia w/o afib 107 50 1.53% 57 1.75% .495
Bleeding complication e <11 e <11 e .796
Blood transfusion e 13 0.40% <11 0.28% .393
Pneumonia 63 29 0.89% 34 1.04% .527
Stroke 44 22 0.67% 22 0.67% 1.000
Death e <11 e <11 e 1.000
DVT 49 28 0.86% 21 0.64% .315
Heart failure 77 46 1.41% 31 0.95% .086
Pulmonary failure 36 18 0.55% 18 0.55% 1.000
Respiratory complication e <11 e 14 0.43% .296
UTI 144 80 2.45% 64 1.96% .178
Sepsis e 13 0.40% <11 e .393

NOTE. Values in bold are statistically significant at P < .05; <11: PearlDiver does not report values less than 11.
afib, atrial fibrillation; DVT, deep vein thrombosis; ED, emergency department; RCR, rotator cuff repair; SSI, surgical-site infection; UTI, urinary

tract infection; w/, with; w/o, without.
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no significant differences in ED visits, readmissions,
reoperation rates, or reimbursements between arthro-
scopic and open RCR at any of the postoperative time
intervals assessed.
This study’s results align with previous literature

reporting lower risk of infection rates for arthroscopic
RCR compared with open RCR.11,16-19 In a single-
institution retrospective study of 1,556 patients,
Hughes et al.17 reported an increased postoperative
infection rate following open RCR (2.45%) compared
with arthroscopic RCR (0.44%). In a separate retro-
spective study of 1,824 patients, Vopat et al.19 further
reported patients undergoing open/open-mini RCR had
8.63-fold greater odds of postoperative infection
compared with arthroscopic RCR. It is hypothesized
that the smaller incision needed for arthroscopic pro-
cedures compared to open procedures may contribute
to these differences in infection rates found in the
studies of Hughes et al.17 and Vopat et al.,19 as well as in
our study. Notably, this study did not find a significant
Table 3. 2-Year and 5-Year Surgical Outcomes for Open RCR an

Category

Total Open

Number Number

2-year reoperation 771 391
2-year MUA 85 54
5-year reoperation 1122 559
5-year MUA 93 57

NOTE. Values in bold are statistically significant at P < .05.
MUA, manipulation under anesthesia; RCR, rotator cuff repair.
difference in the rates of any other medical complica-
tions assessed between the 2 groups. There also were no
differences in reoperation, readmission, or ED visitation
rates, which suggests that the infections were able to be
treated nonoperatively on an outpatient basis. This
finding is supported by the results of previous studies
which demonstrated only isolated increase in risk of
postoperative infection but not medical complications
following open RCR compared to arthroscopic
RCR.11,20,21

Postoperative stiffness has been reported to be the
most common surgical complication following RCR,
with an incidence rate ranging from 2.7% to 15%.21-25

Since there is no International Classification of Diseases
code for arthrofibrosis, MUA was assessed as a measure
of severe postoperative shoulder stiffness requiring
operative management, demonstrating that open RCR
was associated with significantly greater incidence of
MUA within 2 years and 5 years of surgery, compared
with arthroscopic RCR. Early passive range of motion
d Arthroscopic RCR

Arthroscopic

Percent Number Percent P Value

11.97% 380 11.64% .673
1.65% 31 0.95% .012

17.12% 563 17.24% .896
1.75% 36 1.10% .028



Table 4. 30-Day, 90-Day, and 1-Year Reimbursements for
Open RCR and Arthroscopic RCR

Category

Open Arthroscopic

Number Number P Value

30-day reimbursements $2,280.96 $2,225.35 .495
90-day reimbursements $3,420.78 $3,419.10 .804
1-year reimbursements $9,117.81 $8,931.72 .537

RCR, rotator cuff repair.
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following RCR is thought to decrease postoperative
stiffness, and Walton et al. found that arthroscopic RCR
led to greater passive range of motion at 3 months’ and
6 months’ postoperatively compared with open
RCR.20,26 Interestingly, patient perceptions of stiffness
were similar between the 2 groups in the study by
Walton et al., even with the objective differences in
range of motion, which further merits the use of MUA
as a more objective measure of stiffness compared to
solely patient perception.27

One hypothesis for the increased rates of MUA in the
open cohort relative to arthroscopic cohort is that the
greater invasiveness of open surgery mediates scar tis-
sue formation that manifests clinically as joint stiffness.
Anatomically, the more invasive nature of mini-open
approaches requires separation of deltoid fibers
extending into the subdeltoid bursa, increasing the
possibility of developing postoperative subdeltoid ad-
hesions and subsequent joint stiffness.28-31 In a
retrospective study of 64 RCRs performed with an
average of 45 months of follow-up, Severud et al.32

reported that 0% (0/35) of patients in the all-
arthroscopic cohort developed fibrous ankylosis,
compared with 14% (4/29) in the mini-open cohort.
Severud et al.32 also demonstrated significantly faster
return to motion following arthroscopic RCR compared
with mini-open repair. Currently, there are limited
long-term data on postoperative stiffness and subse-
quent MUA following RCR, and the present study
reporting surgical complications at 5 years after surgery
contains the longest follow-up on this topic. While
previous research with shorter follow-up periods have
demonstrated increased stiffness and reduced range of
motion following open RCR compared with arthro-
scopic RCR, the present study demonstrates that pa-
tients undergoing open RCR have increased rates of
MUA up to 5 years after surgery.
Previous literature has shown that physical therapy

can reduce postoperative stiffness and subsequent MUA
in patients undergoing both open and arthroscopic
RCR.27 However, the database used in this study was
unable to determine the timing, type, and effectiveness
of physical therapy after either open or arthroscopic
RCR. As such, the results do not account for any aspects
of physical therapy or other forms of postoperative
rehabilitation.
In addition, this study demonstrated no significant
difference in reoperation rates between open and
arthroscopic RCR at the 2-year or 5-year postoperative
intervals. Baker and Liu2 examined the National Sur-
gical Quality Improvement Program database and
found a significantly greater risk of returning to the
operating room within 30 days of surgery for patients
undergoing open RCR (0.70%) compared with
arthroscopic RCR (0.26%). However, their study
included any return to the operating room and did not
specify that it was for shoulder surgery. Other studies in
the literature support no difference in reoperation rates
at 1- or 2-year follow up. For instance, Bishop et al.32

found no significant difference in reoperation rates
following arthroscopic (2/32) and open (1/40)
RCR within a year of index RCR. Carr et al.13 also
reported equivalent reoperation rates between arthro-
scopic (2/136) and open (2/137) RCR at 2-year
follow-up. The present study demonstrates that this
equivalence in reoperation rates was maintained up to
5 years after the index procedure; notably, reoperations
in this study was defined as all subsequent shoulder
surgeries, including arthroplasty.
In terms of health care costs from the payor’s

perspective, this study found that there were no sig-
nificant differences in reimbursements between open
RCR and arthroscopic RCR at 30-day, 90-day, and
1-year postoperative intervals. This is in contrast to a
2010 study by Adla et al.,12 which found open RCR to
be slightly more cost-effective than arthroscopic RCR at
1-year postoperation, given the greater cost of materials
used in arthroscopic RCR such as anchors, disposable
cannulae, debridement tools, and other surgical
equipment. Despite this initial greater cost of arthro-
scopic RCR, a 2015 randomized controlled trial by Carr
et al.13 found that the cost-effectiveness at 2 years be-
tween arthroscopic and open RCR for degenerative
rotator cuff tear in patients older than 50 years was not
significantly different. It is important to note that these
studies, including this one, encompass both surgical and
postoperative costs.

Limitations
The results of this study should be interpreted in

context of its limitations. Despite rigorous matching, the
PearlDiver database lacks sufficient granularity to fully
account for differences in whether there were
concomitant procedures performed, the precise surgical
indication, rotator cuff tear severity, and chronic versus
acute tear. In addition, surgeon experience and per-
sonal preference were unable to be determined with
the database. However, this study was able to control
for other demographic variables and comorbidities that
have been shown to alter postoperative recovery
following RCR, such as age, obesity, and tobacco
use.33,34 Other known risk factors were controlled for in
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the CCI index. However, we were unable to match
specific comorbidities that may have a direct impact in
outcomes, such as diabetes mellitus. This study also was
not able to determine whether each RCR performed
was a revision of a repair previously performed, or if it
was the first RCR done for each patient. Furthermore, it
is important to acknowledge that although the differ-
ences in rates of 90-day surgical-site infection, as well as
2-year and 5-year MUA between patients undergoing
open RCR and arthroscopic RCR were statistically sig-
nificant, they are not necessarily clinically significant.
Finally, this study was conducted using a retrospective
insurance claims database and is subject to potential
biases inherent to limitations of administrative data-
bases, such as ICD coding errors.
Conclusions
Patients undergoing open RCR were at increased risk

of 90-day surgical-site infection as well as MUA both
within 2 years and within 5 years of surgery in this
study cohort.
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