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Abstract

Introduction: Shoulder arthroscopies are among the most frequently
performed surgeries by orthopaedic surgeons. Little is known about
complication rates among recently trained surgeons. The purpose of this
study was to examine the type and frequency of complications of common
arthroscopic shoulder procedures performed by candidates challenging the

American Board of Orthopaedic Surgery: Part |, certification examination.
Methods: Data were obtained from the American Board of Orthopaedic

Surgery database for orthopaedic surgeons who sat for the part Il
examination from 2012 to 2016. In total, 27,072 procedures were
reviewed. The database was queried to determine the type and frequency
of complications for patients who underwent shoulder arthroscopy,
including arthroscopic rotator cuff repair, labrum repair, biceps tenodesis,
and bony/soft tissue débridement procedures. Complications were
classified as surgical, anesthetic, or medical. Factors affecting
complication rates were investigated including surgeon’s fellowship
training, geographic location, and patients’ age and sex.

Results: Patients with surgical complications (n = 2,133; 7.9%) were more
common than anesthetic (n = 263; 1.0%) or medical (n = 607; 2.2%)
complications. There was a significant variation in the surgical complication
rate among different arthroscopic shoulder procedures, ranging from 5.4%
for labral repair to 10.3% for rotator cuff repair and biceps tenodesis.
Stiffness/arthrofibrosis was the most commonly recorded surgical
complication (2.2%). Surgical complication rates were lowest in the
Northeast region (6.7%; P < 0.01) and in patients younger than 21 years
(3.8%; P < 0.01). Women had significantly higher rate of complications
than men (8.4% versus 7.6%; P = 0.02). Among anesthetic-related
complications, 61.6% were related to regional nerve blocks. The overall
revision surgery and readmission rates were 0.8% and 1.0%, respectively.
Conclusion: The overall self-reported surgical complication rate for
arthroscopic shoulder procedures was 7.9%, which is higher than the
rates reported in the literature. Although the rate of anesthetic
complications is low (1.0%), adverse events related to nerve blocks
made up most of the overall anesthetic related complications.
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Complications in Shoulder Arthroscopy

houlder arthroscopy is the second

most commonly performed sur-
gery by candidates participating in
the American Board of Orthopaedic
Surgery (ABOS): Part II, certification
examination.! With growth in the
aging population and athletically
active elderly and with improvements
in arthroscopic surgical implants and
techniques, the ability to treat patients
with reliable arthroscopic procedures
rather than through open surgery has
resulted in increased popularity of
shoulder arthroscopy. As a result, the
number of shoulder arthroscopic
procedures including rotator cuff re-
pairs is increasing.?

In the United States, musculo-
skeletal disease accounts for more
than $1 trillion annually in health care
and related indirect expenses.> Post-
operative complications cause a sig-
nificant social, mental, and economic
burden including patient well-being,
loss of productivity and increased
healthcare expenses.* Identifying fac-
tors that result in complications in
commonly performed procedures is
important for reducing further com-
plications and will help focus quality
improvement efforts. Such data can
be used to mitigate the anticipated
problems, resulting in improved out-
comes and decreasing costs.®

Recent studies analyzing multi-
institutional outcomes database have
reported low overall complication
rates (1.0% to 1.6%) after shoulder
arthroscopy.®” However, there is a
relative paucity of literature on com-
plications after shoulder arthroscopy
especially performed by surgeons who
are early in their career. Learning
curve as well as correlation of com-

plications with surgeon volume is
well documented in orthopaedics.3-1°
Moreover, recent studies have exam-
ined learning curves unique to shoul-
der arthroscopy. Development of
the ABOS database has resulted in
improved reporting of practice trends
in orthopaedic surgery.!’ This data-
base used by the Part-Il candidates
provides a relatively complete, robust,
and accurate assessment of practice,
procedures, and complications over
a 6-month period, by surgeons who
are relatively early in their career. The
purpose of this study is to examine
the type and frequency of compli-
cations of common arthroscopic
shoulder procedures performed by
candidates challenging the ABOS
Part II examination. We hypothesized
that surgical complication rates would
not be different than what has been
reported in the literature for shoulder
arthroscopy.

Methods

After receiving institutional review
board exemption, a retrospective
review of the ABOS database was
performed to analyze complications
after shoulder arthroscopy. This data-
base contains information voluntarily
submitted by candidates who have
already passed part I of the orthopae-
dic board examination. From April
through September of the year before
the examination, the candidates enter
all cases including complications that
occurred within 30 days of the end of
the collection period into a securely
maintained surgical log. Details of the
ABOS database have been described in
previous publications.!>12

The ABOS database was queried
to generate data from the previous
5 years (2012 to 2016). The data-
base was searched for all cases of
arthroscopic shoulder surgery using
the Current Procedural Terminology
codes (29805 to 29807 and 29819
to 29828). The procedures were cat-
egorized into the following groups:
Débridement (including loose body
removal and bony resection proce-
dures without labral, biceps, or rota-
tor cuff work), Labrum (labral repair
without rotator cuff repair), Rota-
tor cuff (rotator cuff repair without
labrum or biceps work), Rotator
cuff + Labrum (concomitant rota-
tor cuff and labral repair), and
Rotator cuff + Biceps (rotator cuff
repair with open or arthroscopic
biceps tenodesis). Groups were based
on invasiveness to aggregate proce-
dures that would be expected to
have similar complications.

Specific patient factors were gath-
ered including sex and age. Surgeon
factors, including geographic loca-
tion of practice (Northeast, Mid-
west, Northwest, Southeast, South,
and Southwest) and fellowship training
(sports, shoulder and elbow, and hand
and upper extremity) were extracted
from the database. The recorded com-
plications were divided into surgical
(recurrent pain, stiffness/arthrofibrosis,
wound complication, bone fracture,
tendon/ligament failure, implant fail-
ure, hematoma, vascular injury,
nerve palsy, wrong-sided surgery,
and surgical unspecified), medical
(venothromboembolism, pneumonia,
respiratory failure, arrhythmia, con-
gestive heart failure, myocardial
infarction, cerebrovascular accident,
renal failure, patient expiration, and

Dr. Irrgang or an immediate family member serves as a board member, owner, officer, or committee member of American Physical Therapy
Association. Dr. Musahl or an immediate family member serves as a paid consultant to Smith & Nephew; has received research or
institutional support from Coulter and Department of Defense; and serves as a board member, owner, officer, or committee member of
American Orthopaedic Society for Sport Medicine and International Society of Arthroscopy, Knee Surgery, and Orthopaedic Sports
Medicine. Dr. Lin or an immediate family member serves as a paid consultant to Arthrex and Tornier and serves as a board member, owner,
officer, or committee member of American Academy of Orthopaedic Surgeons and American Shoulder and Elbow Surgeons. None of the
following authors or any immediate family member has received anything of value from or has stock or stock options held in a commercial
company or institution related directly or indirectly to the subject of this article: Dr. Shin and Dr. Popchak.

2

Journal of the American Academy of Orthopaedic Surgeons



Jason J. Shin, MD, et al

medical unspecified complication),
and anesthetic (unspecified and block-
related). Additionally, the overall re-
admission and reoperation rate were
calculated.

Routine descriptive statistics were
calculated for complications of all
arthroscopic shoulder procedures.
Frequencies were obtained, and chi
square tests were conducted for anal-
ysis of categorical variables in contin-
gency tables. The a level for statistical
significance was set at <0.05. All P
values were rounded to the nearest
100th for uniformity. Data manage-
ment was performed using Excel
spreadsheets (Microsoft), and sta-
tistical analyses were performed
with GraphPad Prism (GraphPad
Software).

Results

From the 2012 to 2016 board col-
lection period, 27,072 arthroscopic
shoulder cases were identified in the
ABOS database. Surgical complica-
tions (7.9%) were the most common
category of complications. Medical
(2.2%) and anesthetic complications
(1.0%) were less frequent. Overall
rate of readmission and revision sur-
gery were low (Table 1).

Complication rates for various
arthroscopic shoulder procedures
ranged from 5.4% for labrum type of
procedures to 10.3% for rotator cuff
repair and biceps tenodesis (Figure 1).
Looking at specific complications,
stiffness/arthrofibrosis and persistent
pain were most frequently reported.
Devastating surgical complications
such as vascular injury and wrong-
side surgery were exceedingly rare
in shoulder arthroscopy with four
and two cases reported, respectively.
Frequencies of select surgical and
medical complications are presented
in Table 2.

The number of men who underwent
such surgeries was 16, 781 (62.0%).
When analyzing the surgical compli-

cation rate by sex, overall, women
had significantly higher rate of com-
plications than men (8.4% versus
7.6%). Whereas persistent pain and
stiffness/arthrofibrosis were more
common in women, infection and
nerve palsy were significantly more
frequent in men (Table 3).

Surgeons who were fellowship-
trained had higher overall compli-
cations than those who were not
fellowship-trained (8.8 % versus 7.4%;
P < 0.01). There was geographic
variability in the rate of surgical
complications as well. The North-
east region reported the lowest rate
of complications (6.7%; P < 0.01).
There were no statistically significant
differences in the rates of surgical
complications in the remaining geo-
graphic regions within the United
States (Figure 2). Patients younger
than 21 years had the lowest rate of
complications (3.8%), whereas pa-
tients between ages 21 to 40 had the
highest rate of complications (9.9%)
(Figure 3).

Although the overall rate of anes-
thetic complications was low (1.0%),
61.6% of the total anesthetic com-
plications were attributed to nerve
block-related issues (Figure 4). There
were no differences in the rate of
anesthetic complications by patient
sex (P = 0.14).

Discussion

The main findings of this analysis
are that the rate of surgical, medical,
and anesthetic complications are
7.9%,2.2%, and 1.0%, respectively.
Although arthroscopic surgeries are
minimally invasive and most cases are
performed in the outpatient setting,
the overall rate of complications is
not insignificant. The rate of surgical
complications is also higher than that
reported in the literature.®” Patients
at increased risk of complications
after shoulder arthroscopy should be
identified preoperatively to improve

Table 1

Frequency of Complications

Complications Rate (%)
Medical 607 (2.2)
Surgical 2,133 (7.9)
Anesthetic 263 (1.0)
Reoperation 143 (0.8)
Readmission 161 (1.0)

outcomes and reduce costs.® More-
over, patients should be appropri-
ately counseled regarding the risk of
complications.

Using the American College of
Surgeons National Surgical Quality
Improvement Program (NSQIP) data-
base for the years 2005 to 2011,
Shields et al” reported a 1% compli-
cation rate after shoulder arthros-
copy. The authors reported return
to operating room and superficial
surgical site infection were the most
common major and minor compli-
cations, respectively.” In another
study of over 7,000 patients, using
the NSQIP database, Rubenstein
et al® similarly reported an overall
adverse event rate of 1.6%. However,
the NSQIP database is a voluntary
program in which participating hos-
pitals collect and submit limited data
(20% of cases in high-volume par-
ticipating centers). Moreover, whereas
Shields et al” and Rubenstein et al®
reported complications that occurred
within 30 days after surgery, the
ABOS database contains informa-
tion from every case performed
during the entire collection period.
Whereas stiffness/arthrofibrosis was
the most common surgical compli-
cation identified in the current study,
Shields et al” noted that stiffness is a
clinical outcome that cannot be as-
sessed using a database which keeps
track of early complications. Thus, it
is difficult to make a direct com-
parison as the ABOS data represent
a more complete and longitudinal
database.
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Table 2

Frequencies of Select Complications

re type.

Complication Frequency (%)
Surgical
Stiffness/arthrofibrosis 600 (2.22)
Persistent pain 504 (1.86)
Infection 177 (0.65)
Nerve palsy 138 (0.51)
Vascular injury 4 (<0.01)
Wrong-side surgery 2 (<0.01)
Medical
Respiratory failure/hypoxia 83 (0.30)
Venothromboembolism 82 (0.30)
Pneumonia 29 (0.11)
Cerebrovascular accident 12 (0.04)
Death 23 (0.08)
Anesthetic
Unspecified 101 (0.37)
Nerve block related 159 (0.59)
Both 3 (<0.01)

Another important consideration
regarding the higher complication
rates is that ABOS applicants are
generally less experienced surgeons
than their board-certified counter-
parts. This database represents infor-
mation gathered from surgeons who
are early in their independent careers

and should not be seen as generaliz-
able to all surgeons. The “learning
curve” concept in orthopaedic sur-
gery and more specifically in arthro-
scopic procedures has been well
documented.®!3:1% Improved clinical
and radiographic outcomes, decreased
operative time, and lower complica-

tion rates have been associated with
higher surgeon experience.>!> A sur-
geon who is in the early phase of
practice is unlikely to have the same
clinical acumen, indication for sur-
gery, or task efficiency in the operat-
ing room. Patient outcomes may
reflect clinical skills of the surgeon,
which is developed through prac-
tice, experience, knowledge, and
continuous critical analysis acquired
in-training as well as through
independent practice.'® Therefore,
although the complications rates in
this database may be higher than
what is quoted in the literature, it is
possible that the results of these
surgeons may normalize with expe-
rience and increased proficiency.
There was a significant variation in
the surgical complication rate among
different arthroscopic shoulder pro-
cedures, ranging from 5.4% for lab-
ral repair to 10.3% for rotator cuff
repair and biceps tenodesis. Erickson
et al'” reported significantly higher
revision surgery rates at 6 months
and 1 year in patients who under-
went rotator cuff repair and con-
comitant biceps tenodesis, compared
with rotator cuff repair alone. Con-
comitant rotator cuff repair and lab-
ral surgery had higher complications
than either of the procedures had in
isolation.  Predictably, increasing
complexity and added steps in cases
resulted in higher complication rates.
Similarly to a previous study ana-
lyzing the ABOS database and rates
of complication,'? the present study
also noted significantly higher com-
plication rates among surgeons with
fellowship training compared with
those without (8.8% versus 7.4%,
respectively). This disparity may be
explained by the potential differ-
ences in the complexity of cases (ie,
revision case, massive rotator cuff
tear, instability with more bone loss).
However, like in the previous study,
without patient-specific data for the
27,072 procedures, a multivariate
analysis to determine whether case
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complexity played a factor in observed
differences between fellowship-trained
and untrained physicians cannot be
determined. It may also represent
differences in threshold for identifying
and reporting surgical complications.

In a review of 9,410 cases also ob-
tained through the NSQIP database,
Martin et al'® reported no difference
in complications between men or
women after shoulder arthroscopy.
On the contrary, Shields et al'?
reported significantly higher com-
plications in women after shoulder
surgery. Whereas two previous stud-
ies combined and reported on all
types of complications, the results
from the current ABOS database,
looking specifically at surgical com-
plications, indicate that women had a
higher rate than men. The findings
are not unexpected as stiffness and
persistent pain were the most com-
mon surgical complications in this
study. The results of this study con-
firms previous observations that
reported a higher rate of stiffness
and pain in women after surgery.20-22
Women tend to report more stiffness
as women tend to have a high level of
difficulty in lifestyle domains such as
styling hair and dressing or undress-
ing. Moreover, Razmjou et al?!
reported that emotionally, female pa-
tients have more difficulty than men.
Others have attributed these differ-
ences to overall difference in symptom
perception between genders.?3

The overall reported rate of medical
complications after surgery was 2.2%.
Complications ranged from 0.3%
for venothromboembolism (pulmo-
nary embolism and deep vein throm-
bosis) to 0.04% for cerebrovascular
accidents. The ABOS database may
represent an underestimate of the true
medical complication rate because of
the self-reporting process by ortho-
paedic surgeons rather than medical
physicians. Nevertheless, a low rate of
medical complications suggest that
surgeons appropriately indicated
patients who could withstand an

Table 3

Frequency of Specific Surgical Complication Categorized by Sex

Complications Men, N (%) Women, N (%) P value
Persistent pain 276 (1.6) 288 (2.2)? <0.01
Stiffness/arthrofibrosis 315 (1.9) 285 (2.8)% <0.01
Infection 124 (0.7)2 53 (0.5) 0.03
Nerve palsy 104 (0.6)? 34 (0.3) <0.01

2 Denotes higher rate.
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arthroscopic procedure, for elective,
quality-of-life-improving surgery.
Despite an overall anesthetic com-
plication rate of 1.0%, nerve block-
related issues made up a significant
proportion of the complication
(61.6%). Interscalene brachial plexus
blocks are an effective anesthetic and
analgesic method after arthroscopic
shoulder surgery. Its use in outpatient
surgery has resulted in earlier dis-
charge, reduced narcotic usage, and
increased patient satisfaction.?4-2¢
Although complications after bra-
chial plexus blocks are rare, devastat-
ing complications have been reported
such as hemodynamic instability,
respiratory depression, cardiac arrest,
pneumothorax, and permanent nerve
injury.?’> Whereas ultrasound-guided
injections are becoming standard of
care and can minimize inaccurate
injections, the less experienced an-
esthesiologists and community hos-
pitals have been associated with
increased complications.>2” In con-
trast, in a review of over 15,000 cases
of shoulder arthroscopy, performed in
the beach chair position with an in-
terscalene nerve block, over an 11-year
period at a high-volume university
setting ambulatory surgical center,
the total rate of adverse events was
0.37%.28 Among this group of expe-
rienced anesthesiologists, only five
nerve-related injuries were reported.
This study has limitations that are
inherent to studies analyzing regis-

tries and databases. The data used in
this study are self-reported by the
ABOS applicants. Unlike figures such
as revision surgery and readmission,
which are absolute, candidate sur-
geons may have differing definitions
or thresholds to classify varying de-
grees of stiffness as a complication.
The same is also true for patient-
reported outcomes such as persistent
pain. No validated functional outcome
measures or orthopaedic-specific pa-
rameters such as range of motion or
pain scale are available in this data-
base. Owing to a lack of strict, uniform
definitions and criteria, candidates
may have under- or overreported
their complications. Additionally,
specific details about the procedures
and on why patients were readmitted
or underwent revision surgery were
unavailable. Another weakness of
this study is that we did not analyze
specific factors that increased the
risk of complication for each cate-
gory of shoulder procedure—as it was
not the aim of this study. Addition-
ally, type of anesthesia, surgical
positioning, and anesthesiologist
training or experience were not re-
corded; therefore, these factors were
not investigated as potential pre-
dictors of outcome. Lastly, the length
of time during which complications
were reported is variable. For exam-
ple, if a case was performed at the
beginning of the collection period,
the complication collection time
would be 7 months compared with
a case performed at the end of the
period where collection time would
be 30 days. As a result, in this data-
base, complications that may have
occurred outside the collection period
would not have been accounted.
Results of this study should be in-
terpreted and used with caution. This
study reports on outcomes of rela-
tively novice surgeons. With increas-
ing emphasis on bundled cost of care
and hospitals facing responsibility
for related costs, treatment of high-
risk patients could be rationed by

providers.® Despite limitations of
registries, such databases with high
compliance and large numbers can
provide comprehensive data on
orthopaedic procedures and their
outcomes, which may improve patient
expectations and surgical practice.

Conclusion

The overall self-reported surgical
complication rate for arthroscopic
shoulder procedures was 7.9 %, which
is higher than the rates reported in the
literature. The most common compli-
cations are stiffness and residual pain.
Although the rate of anesthetic com-
plications is low (1.0%), adverse
events related to nerve blocks made up
most of the overall anesthetic-related
complications.
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