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Background: The purpose of this study was to identify demographics and risk factors associated with unplanned 30-day readmission and
reoperation following open procedures for shoulder instability and examine recent trends in open shoulder instability procedures.
Methods: The American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database was queried using
current procedural terminology (CPT) codes 23455, 23460, and 23462 to find patients who underwent shoulder instability surgery from
2015 to 2019. Independent sample Student t-tests and chi-square tests were used in univariate analyses to identify demographic, lifestyle,
and perioperative variables related to 30-day readmission following repair for shoulder instability. Multivariate logistic regression modeling
was subsequently performed.

Results: In total, 1,942 cases of open surgical procedures for shoulder instability were identified. Within our study sample, 1.27% of patients
were readmitted within 30 days of surgery, and 0.85% required reoperation. Multivariate logistic regression modeling confirmed that the
following patient variables were associated with a statistically significant increase in the odds of readmission: open anterior bone block/
Latarjet-Bristow procedure, being a current smoker, and a long hospital stay (all P<0.05). Multivariate logistic regression modeling con-
firmed statistically significant increased odds of reoperation with an open anterior bone block or Latarjet-Bristow procedure (P<0.05).
Conclusions: Unplanned 30-day readmission and reoperation after open shoulder instability surgery is infrequent. Patients who are cur-
rent smokers, have an open anterior bone block or Latarjet-Bristow procedure, or a longer than average hospital stay have higher odds of
readmission than others. Patients who undergo an open anterior bone block or Latarjet-Bristow procedure have higher odds of reoperation
than those who undergo an open soft-tissue procedure.

Level of evidence: IIL.
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INTRODUCTION settings, the incidence has been found to be even higher, affect-
ing 1.7% of the general population [2]. Young patients have a

Shoulder instability has an estimated incidence of 23.9 per  higher risk of recurrent shoulder instability than older patients,

100,000 individuals in the general population [1]. In traumatic ~ predisposing them to recurrent dislocations, the development of
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Hill-Sachs defects, damage to the glenoid labrum, loss of glenoid
bone stock, and early onset of glenohumeral osteoarthritis [3,4].
Management of these injuries is complex, with both operative
and conservative options, and is based on patient goals, activity
levels, and risk of recurrent shoulder instability. Prognostic fac-
tors for re-dislocation include younger age at the time of first dis-
location, male sex, contact versus non-contact mechanisms, and
degree of glenoid bone loss [2,5].

Multiple studies support the use of early operative stabilization
over nonoperative management in preventing recurrent instabili-
ty [6-8]. The most commonly performed procedures for recur-
rent shoulder instability are arthroscopic or open Bankart repair,
the Latarjet-Bristow procedure, and an anterior bone block. De-
spite the success of arthroscopic Bankart repairs, the procedure is
limited by a high risk of continued dislocation, which occurs in
up to 20% of patients [4,9]. The optimal surgical treatment for
patients with 15% to 20% of bone loss is unclear, with the Ban-
kart repair and Latarjet-Bristow procedures demonstrating com-
parable results [3]. In patients with glenoid bone loss that exceeds
20%, the Latarjet-Bristow technique has traditionally been indi-
cated and shown success, with studies reporting recurrent insta-
bility rates of only 4.7% at long-term follow-up [10]. Given the
heterogeneity in management that exists, surgeons must account
for the risk factors of readmission and reoperation when choos-
ing a procedure. Previous studies have demonstrated that the
open Latarjet-Bristow procedure has a higher risk of complica-
tions than an open Bankart repair, including the development of
deep vein thromboembolism, surgical site infections, return to
the operating room, and long operative times [11,12].

Although those complications are uncommon, the open Latar-
jet-Bristow procedure has historically been associated with high-
er perioperative and postoperative complications than open Ban-
kart repairs. Few studies have examined the risk factors associat-
ed with unexpected readmission and reoperation following these
procedures; therefore the purpose of this study was to identify
the demographics and risk factors associated with the unplanned
30-day readmission and reoperation rate following open treat-
ment for shoulder instability and examine the recent trend in
these repair techniques. We hypothesized that the open Latar-
jet-Bristow technique would carry a higher risk of unexpected
readmission and complications than the open Bankart proce-

dure.

METHODS

Database
This study used the American College of Surgeons National Sur-
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gical Quality Improvement Program (ACS-NSQIP) database.
Trained clinical reviewers collected data from more than 700
participating hospitals, gathering patient demographics, comor-
bidities, surgery type in Current Procedural Terminology (CPT)

codes, and 30-day postoperative surgical outcomes.

Patient Population

The ACS-NSQIP was queried using CPT codes 23455 “capsulor-
rhaphy, anterior; with labral repair” (i.e., Bankart procedure),
23460 “capsulorrhaphy, anterior, any type; with bone block,” and
23462 “capsulorrhaphy, anterior, any type; with coracoid process
transfer” (i.e., Latarjet-Bristow procedure) to find patients who
underwent open surgery for shoulder instability from 2015 to
2019. The search yielded 1,942 cases. CPT code 23455 was com-
pared against the combined total of CPT codes 23460 and 23462.

Variables Collected

Data on the following demographic, lifestyle, and comorbidity
variables were recorded: sex, age, body mass index (BMI), hyper-
tension requiring medication, current tobacco use, diabetes mel-
litus, bleeding disorders, steroid use for a chronic condition,
chronic obstructive pulmonary disease (COPD), American Soci-
ety of Anesthesiologists (ASA) classification, and anesthesia
technique. The primary outcome of 30-day readmission was de-
fined as an unplanned hospital readmission likely related to the
principal procedure. The secondary outcomes recorded were the
presence of pneumonia, deep venous thrombosis (DVT)/throm-
bophlebitis, pulmonary embolism (PE), acute renal failure,
bleeding requiring transfusion, systemic sepsis, wound complica-
tions (superficial surgical site infection or deep incisional surgical
site infection), total operative time, hospital length of stay (if pa-
tient remained in the hospital for at least 1 day after surgery),

discharge destination (home versus non-home), and reoperation.

Statistical Analyses

All data were analyzed using the IBM SPSS ver. 23.0 (IBM Corp.).
The criterion for statistical significance was set at a=0.05. Uni-
variate analyses used chi-square and, where appropriate, Fisher’s
exact tests to compare the open Bankart and open bone block/
Latarjet-Bristow cohorts with regard to categorical demographic,
comorbidity, lifestyle, and 30-day outcome variables. Student
t-tests were used in a similar fashion for continuous outcome
variables. Multiple logistic regression modeling was subsequently
performed in a stepwise fashion to examine differences between
the open Bankart and open bone block/Latarjet-Bristow cohorts
while controlling for covariates. Descriptive statistics were used

to complete a trend analysis comparing the two cohorts.
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RESULTS

In total, 1,942 cases of open repair for shoulder instability were
identified (open Bankart cohort: 1,167; open anterior bone block/
Latarjet-Bristow cohort: 775). Demographic, lifestyle, and comor-
bidity profiles stratified by procedure type are presented in Table
1. In both cohorts, patients who underwent open Bankart repair
for shoulder instability were significantly more likely to be ages 18
to 24, x2 (4, 1,942)=23.83, P<0.001, whereas patients who re-
ceived an open anterior bone block/Latarjet-Bristow procedure
were more likely to be 25 to 34, i (4, 1,942)=23.83, P<0.001. Pa-
tients from both cohorts were likely to be overweight: 41.7 vs.
40.8%, X2 (5,1,921)=12.24, P=0.032. Patients in the open Bankart

and open anterior bone block/Latarjet-Bristow cohorts were sig-
nificantly likely to have an ASA classification of I and II, respec-
tively: 48.2 vs. 52.1%, x* (3, 1,942) =11.98, P=0.07. Patients in
both cohorts typically received general instead of regional anes-
thesia: 96.0 vs. 97.8%, XZ (1, 1,937) =4.88, P=0.027. The two co-
horts did not differ significantly in sex, hypertension, number of
current smokers, or the incidence of diabetes mellitus, bleeding
disorders, steroid use, or COPD.

The results of the univariate analyses comparing 30-day out-
comes between the open Bankart and open anterior bone block/
Latarjet-Bristow cohorts are displayed in Table 2. Patients who
underwent an open anterior bone block/Latarjet-Bristow proce-

dure were more likely to be readmitted than those who under-

Table 1. Demographics and comorbidities between open Bankart and open bone block/Latarjet-Bristow procedures

Variable Open Bankart cohort Open anterior bone block/Latarjet-Bristow cohort P-value
Case 1,167 (60.1) 775 (39.9)
Sex 0.076
Male 958 (82.1) 660 (85.2)
Female 209 (17.9) 115 (14.8)
Age (yr) <0.001*
<18 1(0.1) 0
18-24 443 (38.0) 284 (36.6)
25-34 373 (32.0) 317 (40.9)
35-44 190 (16.3) 108 (13.9)
>45 160 (13.7) 66 (8.5)
Body mass index (kg/m”) 0.032*
Underweight 4(0.3) 9(1.2)
Normal weight 365 (31.7) 266 (34.6)
Overweight 481 (41.7) 313 (40.8)
Obese, class I 200 (17.3) 133 (17.3)
Obese, class IT 63 (5.5) 34 (4.4)
Obese, class III 40 (3.5) 13(1.7)
Comorbidity
Hypertension 89 (7.6) 62 (8.0) 0.763
Current smoker 285 (24.4) 220 (28.4) 0.051
Diabetes 24 (2.1) 8(1.0) 0.082
Bleeding disorders 0 2(0.3) 0.189
Steroid use 7(0.6) 3(04) 0.749
Chronic obstructive pulmonary disease 6(0.5) 2(0.3) 0.489
ASA classification 0.007*
Class I 562 (48.2) 319 (41.2)
Class IT 515 (44.1) 404 (52.1)
Class IIT 88 (7.5) 51 (6.6)
Class IV 2 (66.7) 1(33.3)
Anesthesia technique 0.027*
General 1,118 (96.0) 755 (97.8)
Regional 47 (4.0) 17 (2.2)

Values are presented as number (%).
ASA: American Society of Anesthesiologists.
*Statistically significant, P < 0.05.
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Table 2. Univariate analysis of 30-day outcomes between open Bankart and open bone block/Latarjet-Bristow procedures

Outcome Open Bankart cohort ~ Open anterior bone block/ Latarjet-Bristow cohort P-value
Readmission 6(0.7) 13(2.2) 0.016
Pneumonia 1(0.1) 3(0.4) 0.308
Pulmonary embolism 0 1(0.1) 0.399
Acute renal failure 1(0.1) 0 1.000
Bleeding requiring transfusions 1(0.1) 0 1.000
Deep vein thromboses/thrombophlebitis 0 4(0.5) 0.025
Sepsis 2(0.2) 1(0.1) 1.000
Wound complication

Superficial surgical site infections 3(0.3) 1(0.1) 1.000

Deep incisional surgical site infections 1(0.1) 3(0.4) 0.308
Total operative time (min) 99.1+£52.1 131.5+53.0 <0.001
Hospital length of stay (day) 03+1.1 04+19 0.057
Discharge destination 0.485

Home 1,096 (99.5) 750 (99.7)

Non-home 6(0.5) 2(0.3)
Reoperation 4(0.4) 11 (1.5) 0.016

Values are presented as number (%) or mean * standard deviation.

went open Bankart repair: 0.7 vs. 2.2%, x° (1, 1,476) =6.53,
P=0.016. Additionally, patients who underwent an open bone
block/Latarjet-Bristow procedure typically had a longer mean
operative time than the open Bankart cohort: 131.54 53 vs.
99.13+52.1 minutes, t(1,942)=27.60, P <0.001. Compared with
patients who received an open Bankart repair, patients who un-
derwent an open anterior bone block/Latarjet-Bristow procedure
were significantly more likely to develop DVT/thrombophlebitis:
0.5 vs. 0.0%, x2 (1, 1,942) =6.04, P=0.025. Reoperation was also
significantly more likely in the open anterior bone block/Latar-
jet-Bristow cohort than the Bankart cohort: 1.5 vs. 0.4%, x* (1,
1,783) =6.46, P=0.016. The cohorts did not differ significantly in
the presence of pneumonia, PE, acute renal failure, bleeding re-
quiring transfusion, systemic sepsis, wound complications, hos-
pital length of stay, or discharge destination. No patients died
within 30 days of surgery.

The causes for reoperation and readmission in the two cohorts
are identified in Table 3. Of the 1,942 patients included in our
sample, only 1.27% were readmitted within the 30-day postoper-
ative period. The results of the univariate analyses show statisti-
cally significant relationships between readmission status and the
following patient variables (Table 4): being a current smoker, x°
(1, 1,476) =6.8, P=0.009, and hospital length of stay, 0.26 +0.8
vs. 1.21+3.0 days, t(1,492) =6.32, P <0.001. Patient sex, age, BMI,
ASA classification, anesthesia type, total operative time, and the
presence of hypertension, diabetes mellitus, bleeding disorders,
steroid use, and COPD were not associated with readmission.

Multivariate logistic regression modeling confirmed that the

following patient variables were associated with significantly in-
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creased odds of readmission (Table 5): open bone block/Latar-
jet-Bristow procedure (P =0.018; odds ratio [OR], 3.34; 95% con-
fidence interval [CI], 1.23-9.09); current smoker (P=0.012; OR,
3.34; 95% CI, 1.30-8.57); and hospital length of stay (P <0.001;
OR, 1.39; 95% CI, 1.12-1.66).

Of the 1,942 patients included in our sample, only 0.85% under-
went reoperation within the 30-day postoperative period. The uni-
variate analysis did not reveal any statistically significant relation-
ships between reoperation and patient variables (all P >0.05). Mul-
tivariate logistic regression modeling confirmed that only proce-
dure type, open bone block/Latarjet-Bristow procedure, was asso-
ciated with a statistically significant increase in the odds of reoper-
ation (P=0.019; OR, 3.98; 95% CI, 1.26-12.53). Our 5-year trend
analysis demonstrates a significant increase in the number of bone
block and Latarjet-Bristow procedures and a decline in open Ban-
kart repairs from 2015 to 2019 (r=0.61, P<0.001) (Fig. 1).

DISCUSSION

To assist in clinical decision making, we have here identified re-
cent trends, demographics, and risk factors for readmission asso-
ciated with open repair of shoulder instability (the Bankart, ante-
rior bone block, and Latarjet-Bristow techniques). Our study ex-
pands on the previously published literature to provide a more
complete understanding of the perioperative and postoperative
risks associated with open shoulder stabilization. Consistent with
previous studies, the open Latarjet-Bristow procedure was found
to be associated with a statistically significant increase in the risk

of developing DVT, reoperation, and readmission, compared
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Table 3. Causes of readmission and reoperation

Outcome Open Bankart cohort ~ Open anterior bone block/ Latarjet-Bristow cohort P-value
Cause for readmission 0.501
Deep vein thrombosis/pulmonary embolism 0 1(7.7)
Sepsis 0 1(7.7)
Wound disruption 2(33.3) 4(30.8)
Recurrent dislocation 1(16.7) 0
Open instability 1(16.7) 1(7.7)
Other/unknown 2(33.3) 6(46.2)
Reason for reoperation 0.230
Closed treatment, shoulder dislocation 0 1(9.1)
Debridement procedure, shoulder 0 2(18.2)
Implant removal, shoulder 0 1(9.1)
Incision and drainage, shoulder 2 (66.7) 3(27.3)
Open Bankart 1(33.3) 0
Open Latarjet 0 4(36.4)

Values are presented as number (%).

Table 4. Demographic, lifestyle, comorbidity, and perioperative factors and readmission following open Bankart and open anterior bone

block/Latarjet-Bristow procedures

Outcome Not admitted (n=1,476) Admitted (n=19) P-value
Sex 0.264
Male 1,214 (83.3) 14 (73.7)
Female 243 (16.7) 5(26.3)
Age (yr) 0.246
<18 0 0
18-21 553 (38.0) 5(26.3)
25-34 518 (35.6) 11 (57.9)
35-44 227 (15.6) 2(10.5)
>45 159 (10.9) 1(5.3)
Body mass index (kg/m”) 0.215
Underweight 10 (0.7) 1(5.3)
Normal weight 456 (31.6) 8(42.1)
Overweight 611 (42.3) 7 (36.8)
Obese, class I 253 (17.5) 2(10.5)
Obese, class IT 72 (5.0) 1(5.3)
Obese, class III 42(2.9) 0
ASA classification 0.499
Class T 673 (46.2) 8 (42.1)
Class TI 684 (46.9) 8 (42.1)
Class IIT 99 (6.8) 3(15.8)
Class IV 1(0.1) 0
Comorbidity
Hypertension 100 (6.9) 2(10.5) 0.532
Current smoker 380 (26.1) 10 (52.6) 0.009
Diabetes 24 (1.6) 0 >0.999
Bleeding disorders 2(0.2) 0 >0.999
Steroid use 5(0.3) 0 >0.999
Chronic obstructive pulmonary disease 4(0.3) 1(5.3) 0.063
Anesthesia type >0.999
General 1,406 (96.7) 19 (100.0)
Regional 48 (3.3) 0
Total operative time (min) 1,457 (111.7 +£52.9) 19 (116.5+48.9) 0.804
Hospital length of stay (day) 1,456 (0.3+0.8) 19 (1.2+3.0) <0.001

Values are presented as number (%) or number (mean + standard deviation).
ASA: American Society of Anesthesiologists.
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Table 5. Multivariate analysis of outcomes for readmission

Outcome OR 95% Confidence interval P-value
Open anterior bone block/Latarjet-Bristow procedure (reference = open Bankart) 3.34 1.23-9.09 0.018
Current smoker 3.34 1.30-8.57 0.012
Hospital length of stay (day) 1.39 1.12-1.66 <0.001

OR: odds ratio.

70 —

Percent

2015 2016

2017 2018 2019

M Open Bankart I Bone Block/Latarjet

Fig. 1. Percentage of open Bankart versus anterior bone block and Latarjet-Bristow procedures from 2015 to 2019.

with the open Bankart procedure. Additionally, the open Latar-
jet-Bristow technique was associated with longer total operative
times, potentially contributing to the increased risk for perioper-
ative and postoperative complications. Of additional clinical rele-
vance, we identified three independent risk factors for readmis-
sion and one independent risk factor for reoperation following
the open management of shoulder instability. The risk factors for
readmission are current smoking status, length of hospital stay,
and procedure performed (anterior bone block or Latarjet-Bris-
tow compared with open Bankart). The Latarjet-Bristow proce-
dure and anterior bone blocks also had higher odds for reopera-
tion. This retrospective review of shoulder instability patients
could enable risk stratification, patient education, and informed
clinical decision making, especially for patients with subcritical
glenoid bone loss.

Proper identification and management of shoulder instability
is important due to the risk of developing labral damage, osseus
defects causing recurrent instability, and early-onset glenohu-

meral arthritis [3,4]. An important determinant in the manage-
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ment of recurrent instability is the amount of glenoid bone stock,
with increased bone loss associated with recurrent instability due
to alterations in the static restraint function of the shoulder [2].
Although the literature varies in defining how much bone loss is
critical, the general consensus is that glenoid bone loss of less
than 15% should be treated with Bankart procedures (open or
arthroscopic), and those with more than 20% of bone loss are
best treated with the Latarjet-Bristow technique [1,4,11,13]. Both
open Bankart and open Latarjet-Bristow procedures are per-
formed for patients with intermediate glenoid bone loss (15%-
20%), so clinical decision-making must include an understand-
ing of the safety and long-term success of each treatment option.
Although previous studies have found the Latarjet-Bristow tech-
nique to be associated with a lower risk of recurrent dislocation
and better patient-reported outcomes than the Bankart proce-
dure, the Latarjet-Bristow procedure is also associated with an
increased risk of complications, such as superficial infections, su-
perficial and deep vein thrombosis, return to the operating room,

and musculocutaneous neuropraxia [11,12].
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Our study demonstrates that the open Latarjet-Bristow and
open bone block procedures are associated with a significantly
higher incidence of reoperation and readmission than the open
Bankart repair (3.1% vs. 0.86%) at 30-day follow up. This is con-
sistent with previous literature demonstrating complication rates
for the Latarjet-Bristow procedure ranging from 1.9% to 5.5%—
which is 8 to 9 times higher than that reported for Bankart re-
pairs [12]. Additionally, the Latarjet-Bristow technique was asso-
ciated with an increased risk of developing DVT in the 30-day
postoperative period, which supports prior studies that found an
approximate five-times increase in the risk in thromboembolic
complications in open Latarjet-Bristow versus Bankart repair
[12].

Regarding operative time, our data confirm that the Latar-
jet-Bristow technique and anterior bone blocks are associated
with longer operative periods than open Bankart repairs. Al-
though prolonged surgical times have been associated with an
increased risk of surgical site infections, we did not find a signifi-
cant difference in superficial or deep surgical site infections be-
tween the groups [14]. Nonetheless, recent literature has found
the open Latarjet-Bristow technique to have higher rates of deep
surgical site infection than the Bankart method [12,14].

When comparing risk factors for readmission following the
open management of shoulder instability, we identified three sta-
tistically significant risk factors associated with readmission in
the 30-day postoperative period: smoking, procedure type, and
length of hospital stay following the initial operation. For proce-
dure type, we found that the open Latarjet-Bristow technique
and open bone block procedures were a significant risk factor for
readmission (OR, 3.34), whereas the open Bankart procedure
was not. The most common causes for readmission in those who
underwent open Latarjet-Bristow or open bone block procedures
were wound disruption (30.8%), DVT (7.7%), and sepsis (7.7%).
The only risk factor found to predict reoperation was the type of
procedure performed, with the open Latarjet-Bristow and bone
block procedures being more likely to require reoperation than
an open Bankart procedure (OR, 3.98). The reasons for reopera-
tion included incision and drainage for hematoma or infection
and revision of the bone block procedure.

This study is not without limitations. To identify patients in
the NSQIP database, CPT codes were queried, so miscoding
might have led to incomplete patient capture. The database is re-
ported by participating hospitals and thus might not be general-
izable to all patient populations, particularly those in free-stand-
ing ambulatory surgery centers. In addition, postoperative data
were collected for only 30 days. Complications, including those

evaluated in this study (DVT, PE, infections, reoperation, and re-
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admission) often occur outside of the 30-day period. Nonethe-
less, the NSQIP database has been used to evaluate complication
and readmission rates associated with many other orthopedic
procedures [11,14-18].

CONCLUSIONS

Our study is consistent with previous literature that found that
the open Latarjet-Bristow technique is associated with a slightly
increased risk of readmission and reoperation compared with the
open Bankart procedure. Additionally, we determined that cur-
rent smokers and those with prolonged hospital stays after the
index procedure have the highest risk of reoperation and/or re-
admission following any open surgery for shoulder instability
(Bankart, anterior bone block, or Latarjet-Bristow). To our
knowledge, this is the largest study to make a matched-cohort
comparison of open treatments for shoulder instability. Early
identification and management of patients with shoulder insta-
bility is critical to achieving successful long-term outcomes and
improving patient satisfaction. This retrospective review of
shoulder instability patients could be useful for risk stratification,
patient education, and informed clinical decision making, espe-
cially for patients with subcritical glenoid bone loss.
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