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Higher rates of mortality and perioperative
complications in patients undergoing primary
shoulder arthroplasty and a history of previous
stroke
Erick M. Marigi, MDa, Jose M. Iturregui, MDb, Jean-David Werthel, MDc,
John W. Sperling, MD, MBAa, Joaquin Sanchez-Sotelo, MD, PhDa,
Bradley S. Schoch, MDb,*
aDepartment of Orthopedic Surgery, Mayo Clinic, Rochester, MN, USA
bDepartment of Orthopedic Surgery, Mayo Clinic Florida, Jacksonville, FL, USA
cDepartment of Orthopedic Surgery, Hopital Ambroise Par�e, Boulogne-Billancourt, France

Background: Cerebrovascular accidents (CVAs), or strokes, are the second most common cause of mortality and third most common
cause of disability worldwide. Although advances in the treatment of strokes have improved survivorship following these events, there
remains a limited understanding of the effect of a prior stroke and sequelae on patients undergoing shoulder arthroplasty (SA). This
study aimed to determine the outcomes of patients with a history of stroke with sequela undergoing primary SA.
Methods: Over a 30-year time period (1990-2020), 205 primary SAs (32 hemiarthroplasties [HAs], 56 anatomic total shoulder arthro-
plasties [aTSAs], and 117 reverse shoulder arthroplasties [RSAs]) were performed in patients who sustained a previous stroke with
sequela and were followed for a minimum of 2 years. This cohort was matched (1:2) according to age, sex, body mass index, implant,
and year of surgery with patients who had undergone HA or aTSA for osteoarthritis or RSA for cuff tear arthropathy. Mortality after
primary SA was individually calculated through a cumulative incidence analysis. Implant survivorship was analyzed with a competing
risk model selecting death as the competing risk.
Results: The stroke cohort sustained 38 (18.5%) surgical and 42 (20.5%) medical perioperative complications. Compared with the con-
trol group, the stroke cohort demonstrated higher rates of any surgical complication (18.5% vs 10.7%; P ¼ .007), instability (6.3 % vs
1.7%; P ¼ .002), venous thromboembolism (3.4% vs 0.5%; P ¼ .004), pulmonary embolus (2.0% vs 0%; P ¼ .005), postoperative stroke
(2.4% vs 0%; P ¼ .004), respiratory failure (1.0% vs 0%; P ¼ .045), any medical complication (20.5% vs 7.3%; P < .001), and 90-day
readmission (16.6% vs 4.9%; P < .001). Additionally, RSA in the stroke cohort was associated with higher reoperation (8.5% vs 2.6%;
P ¼ .011) and revision rates (6.8% vs 1.7%; P ¼ .013) compared with the matched cohort. Subsequent cumulative incidences of death at
1, 2, 5, 10, 15, and 20 years were 4.4% vs 3.4%, 10.7% vs 5.1%, 25.6% vs 14.7%, 51.6% vs 39.3%, 74.3% vs 58.6%, and 92.6% vs
58.6% between the stroke and matched cohorts, respectively (P < .001).
Conclusions: A preoperative diagnosis of a stroke in patients undergoing primary SA is associated with higher rates of perioperative
complications and mortality when compared to a matched cohort. This information should be considered to counsel patients and sur-
geons to optimize care and help mitigate risks associated with the perioperative period.
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Cerebrovascular accidents (CVAs), or strokes, are the
second most common cause of mortality and third most
common cause of disability worldwide.51 Medical advances
in the treatment of strokes have improved survivorship after
these events; in the United States, there are an estimated 7
million stroke survivors, with a projected rise to 10 million
by 2030.43 However, stroke survivors are often left with
debilitating neurologic sequela, leading to a decreased
quality of life and depression.37,40,47 Shoulder pain after a
stroke is present in most cases with sequelae, with an
estimated prevalence in 50% to 84% of survivors.24,45,50

Hemiplegic shoulder pain is the most common pain disor-
der after stroke and one of the most common overall
complications.2,15 Although the etiologies are multifacto-
rial, in the context of stroke sequelae symptoms are thought
to be generated secondary to the injury and resulting
spasticity, hypertonia, loss of muscle strength, rotator cuff
injury, subluxation, unilateral negligence, or reflex sym-
pathetic dystrophy.45,50

Nonoperative management remains the first-line treat-
ment strategy of shoulder pain in stroke sequelae.15,45,50

Often this is directed by the clinical presentation and un-
derlying pathology of the glenohumeral joint with a goal of
providing pain relief and restoration of shoulder func-
tion.15,45,50 When these modalities fail and stroke survivors
advance in age, those with recalcitrant shoulder pain sec-
ondary to glenohumeral arthritis or rotator cuff arthropathy
may become candidates for shoulder arthroplasty (SA). A
history of a stroke is a well-known risk factor for adverse
cardiovascular events after elective noncardiac surgeries
and for postoperative stroke following total hip and knee
arthroplasty.11,18,31,32 However, in the SA population, there
are no known investigations that have evaluated the effect
of a stroke with subsequent sequelae.

As the annual volume of SAs being performed continues
to increase, it is important to develop a better understanding
of the morbidity and mortality risks in patients with a
stroke history undergoing SA.13,20 Therefore, the purpose
of this study was to determine the outcomes, including
complications and survivorship, of patients with a history
of stroke and sequela undergoing primary SA.
Materials and methods

Following institutional review board approval, a retrospective
search of a prospectively recorded institutional Total Joint Reg-
istry Database was performed.44 First, all adults who underwent a
primary SA between January 1989 and July 2020 were identified
(n ¼ 10,930). Next, all SAs within this cohort with a history of a
CVA or stroke prior to surgery were selected (n ¼ 341). An
electronic medical record review was subsequently performed
collecting demographic data and clinical characteristics pertaining
to strokes (date and age of first stroke, stroke etiology, laterality,
and neurologic sequelae). Neurologic sequela was defined as any
neurologic symptom (spasticity, hemiplegia, hemiparesis, pares-
thesias, allodynia, neuropathic pain, and subluxation) that devel-
oped secondary to the stroke that involved the extremities.
Subsequent exclusions consisted of those without any permanent
poststroke neurologic sequela (n ¼ 72), a diagnosis of a transient
ischemic attack instead of a CVA (n ¼ 39), less than 2 years of
clinical follow-up in a living patient (n ¼ 18), and shoulder re-
constructions performed for malignancy (n ¼ 7).

Of note, there were 21 patients who died prior to 2 years of
follow-up and were included for reporting of preoperative char-
acteristics, complications, reoperations, and mortality rates. Pa-
tient survival and all-cause mortality events were captured through
routine surveillance by our institutional Total Joint Registry
Database and confirmed when needed through the use of a
nationwide mortality database (Accurint by LexisNexis; Lex-
isNexis, New York, NY, USA). In cases of database confirmation,
a 6-month lag period was included in order to provide an appro-
priate interlude and promote accurate reporting.52

The final study cohort consisted of 205 primary shoulder re-
placements (32 hemiarthroplasties [HAs], 56 anatomic total
shoulder arthroplasties [aTSAs], and 117 reverse shoulder
arthroplasties [RSAs]) performed in 178 patients. Subsequently,
the stroke cohort was matched (1:2) according to age, sex, body
mass index, type of prosthesis, year of surgery, and indication for
surgery. For patients who were unable to be matched based on the
select criteria at the exact diagnosis, the indication parameters
were expanded to include a control group of patients who had
undergone HA or aTSA for OA or RSA for cuff tear arthropathy.

The stroke group included 87 males (42.4%) and 118 females
(57.6%) with a mean age of 72.4 � 9.6 and a body mass index
(BMI) of 31.1 � 7.4 (Table I). Strokes occurred at a mean of
8.7 � 9.0 years prior to SA with a majority of stroke sequelae
ipsilateral to the SA side (n ¼ 85; 41.5%) (Table II). Notable
differences between the stroke compared to matched cohort
demonstrated a higher rate of diabetes mellitus (29.3% vs 15.1;
P < .001), American Society of Anesthesiologists score (2.7 vs
2.2; P < .001), Charlson Comorbidity Index (6.0 vs 5.2; P < .001),
anesthesia time (195 vs 186 minutes; P ¼ .028), and length of stay
(2.8 vs 2.0 days; P < .001).

Clinical outcomes collected were perioperative medical and
surgical complications, subsequent reoperations, and revision
surgery (subsequent removal and/or exchange of any compo-
nents), readmissions within 90 days of surgery, and subsequent
cumulative incidences of death at 1, 2, 5, 10, 15, and 20 years
were compared between groups.



Table I Patient demographic and preoperative clinical characteristics

Variable Stroke cohort (n ¼ 205) Matched cohort (n ¼ 410) P value

Age (y) 72.4 � 9.6 72.3 � 9.5 .942
Sex .999
Male 87 (42.4) 174 (42.4)
Female 118 (57.6) 236 (57.6)

BMI 31.1 � 7.4 30.4 � 6.0 .506
Current tobacco use 13 (6.3) 23 (5.6) .477
Diabetes mellitus 60 (29.3) 62 (15.1) <.001
MRSA colonization 30 (14.6) 39 (9.5) .070
ASA score 2.7 � 0.5 2.2 � 0.7 <.001
ASA class <.001
�2 73 (35.6) 249 (60.7)
�3 132 (64.4) 161 (39.3)

CCI 6.0 � 2.4 5.2 � 2.2 <.001
CCI class .017
0 0 (0.0) 2 (0.5)
1-3 18 (8.8) 67 (16.3)
4-5 93 (45.4) 198 (48.2)
�6 94 (45.9) 143 (34.9)

Prior surgery 39 (19.0) 93 (22.7) .298
Diagnoses .963
Osteoarthritis 96 (46.8) 194 (47.3)
Rotator cuff tear arthropathy 85 (41.5) 174 (42.4)
Malunion or nonunion after PHFx 10 (4.9) 18 (4.4)
Acute fracture 12 (5.9) 19 (4.6)
Other 2 (1.0) 5 (1.2)

Implant .999
HA 32 (15.6) 64 (15.6)
aTSA 56 (27.3) 112 (27.3)
RSA 117 (57.1) 234 (57.1)

Anesthesia time (min) 195 � 62 186 � 65 .028
Operative time (min) 111 � 58 108 � 60 .299
Length of stay (d) 2.8 � 3.7 2.0 � 1.4 <.001
Follow-up (y) 6.6 � 4.5 6.1 � 4.1 .238

BMI, body mass index; MRSA, methicillin-resistant Staphylococcus aureus; ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index;

PHFx, proximal humerus fracture; HA, hemiarthroplasty; aTSA, anatomic total shoulder arthroplasty; RSA, reverse total shoulder arthroplasty.

Data are presented as mean � standard deviation or n (%).

Bold values represent statistical significance (P < .05).
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Statistical analysis

Statistical analyses were performed using BlueSky 7.4.0 software
(BlueSky Statistics Inc., Chicago, IL, USA). Summary statistics
were calculated for the demographic and clinical variables.
Quantitative variables were reported as means, standard de-
viations, or ranges. Group numerical values were compared using
the Student t test for parametric values and the Kruskal-Wallis for
nonparametric distributions. Qualitative variables were reported as
percentages and the chi-squared test was used to compare quali-
tative variables between groups. Mortality after SA were calcu-
lated through a cumulative incidence analysis. Subsequently,
because of the elevated perioperative mortality and extended
follow-up of the patients, the risk of reoperation and revision were
assessed through a competing risk analysis, with all-cause mor-
tality identified separately as the competing risk. For all data
points, statistical significance was achieved when the P value was
less than .05.
Results

Within the stroke cohort, a total of 38 (18.5%) and 42
(20.5%) SAs sustained at least 1 perioperative surgical and
medical complication, respectively (Tables III and IV).
When compared by implant type, HA had the highest rate
of instability (15.6%), followed by aTSA (10.7%) and RSA
(1.7%) (P ¼ .005). When comparing the stroke and
matched cohort, a higher rate of instability (6.3 % vs 1.7%;
P ¼ .002) and any surgical complication (18.5 % vs 10.7%;
P ¼ .007) were observed in the stroke cohort. Furthermore,



Table II Stroke characteristics and relationship to subse-
quent shoulder arthroplasty

Variable Stroke cohort (n ¼ 205)

Age at first stroke 63.7 � 13.6
Stroke type

Hemorrhagic 99 (48.3)
Ischemic 106 (51.7)

Time from last stroke to SA (y) 8.7 � 9.0
Anticoagulation at the time of

SA
Aspirin alone 97 (47.3)
Single potent anticoagulant 28 (13.7)
Multiple anticoagulants 24 (11.7)
Antiplatelet agents other than
aspirin

14 (6.8)

None 42 (20.5)
Stroke sequelae laterality in

relation to SA
Ipsilateral to SA side 85 (41.5)
Contralateral to SA side 70 (34.1)
Bilateral 12 (5.9)
Nonspecific 38 (18.5)

SA, shoulder arthroplasty.

Data are presented as mean � standard deviation or n (%).
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HA (15.6% vs 1.6%; P ¼ .015) and aTSA (10.7% vs 2.7%;
P ¼ .041) had higher instability rates when compared to
controls, whereas RSA (1.7% vs 1.3%; P ¼ .999) had
similar instability rates. All other individual complications
occurred at similar rates to controls in HA, aTSA, and
RSA.

Medically, the stroke cohort experienced a higher rate of
venous thromboembolism (3.4% vs 0.5%; P ¼ .004), pul-
monary embolus (2.0% vs 0%; P ¼ .005), postoperative
stroke (2.4% vs 0%; P ¼ .004), respiratory failure (1.0% vs
0%; P ¼ .045), total medical complications (20.5% vs
7.8%; P < .001), and 90-day readmissions (16.6% vs 4.9%;
P < .001). Of all 90-day readmissions, 45 (83.3%) and 9
(16.7%) readmissions were secondary to medical and sur-
gical conditions, respectively. Among stroke patients spe-
cifically, 31 (91.2%) and 3 (8.8%) readmissions were
secondary to medical and surgical conditions, respectively.
A subanalysis by anticoagulation status demonstrated a
higher rate of medical complications in patients with
perioperative anticoagulation when compared to those
without anticoagulation (23.9% vs 7.1%; P ¼ .017).

The stroke cohort sustained 13 (6.3%) reoperations, with
11 (5.4%) in the form of revision surgery. When compared
across implants, there were no differences in the rate of
reoperations (3.1% vs 3.6% vs 8.5%; P ¼ .433) or revision
surgery (3.1% vs 3.6% vs 6.8%; P ¼ .685) for HA, aTSA,
and RSA, respectively (Table V). Similarly, no differences
were observed in the overall rates of reoperations (6.3% vs
4.6%; P ¼ .369) or revision surgery (5.4% vs 3.4%;
P ¼ .248) between the stroke and matched cohort.
A subanalysis of implant differences between cohorts
demonstrated a higher reoperation (8.5% vs 2.6%;
P ¼ .011) and revision surgery (6.8% vs 1.7%; P ¼ .013) in
the RSA cohort of the stroke cohort compared to the
matched cohort. When broken down by indication, only
aseptic component loosening was higher in the stroke RSA
group (2.6% vs 0%; P ¼ .014) compared with the matched
RSA cohort, whereas the other indications demonstrated no
differences: PJI, 1.7% vs 0.4% (P ¼ .219); instability, 1.7%
vs 1.7% (P > .999); acromial or scapular spine fracture,
0.9% vs 0% (P ¼ .157); periprosthetic fracture, 0.9% vs
0.4% (P ¼ .616); and superficial wound complication, 0.9%
vs 0% (P ¼ .157). Additionally, no differences were
observed in rates of complications, reoperations, or re-
visions across the stroke cohort sequela laterality in relation
to the subsequent arthroplasty (Table VI).

Subsequent cumulative incidences of death at 1, 2, 5, 10,
15, and 20 years were 4.4% vs 3.4%, 10.7% vs 5.1%,
25.6% vs 14.7%, 51.6% vs 39.3%, 74.3% vs 58.6%, and
92.6% vs 58.6% between the stroke and matched cohorts,
respectively (P < .001) (Fig. 1). Accounting for death as a
competing risk, the cumulative incidence of reoperation or
revision surgery demonstrated no differences between the
stroke or matched cohort with rates of 5.9% vs 3.2%, 6.6%
vs 6.5%, and 6.6 vs 6.5% at 2, 10, and 20 years, respec-
tively (P ¼ .499) (Fig. 2).
Discussion

As both the volume of stroke survivors and SA procedures
continues to rise, it is important to develop a better un-
derstanding of the risks involved for patients with a history
of stroke with sequelae undergoing SA.13,20,33,43,48,49 In the
present study, a preoperative stroke was identified in 2.9%
of SAs, with 76.2% of shoulders also having neurologic
sequelae. When compared to a matched cohort, SAs with
previous strokes and neurologic sequelae experienced a
higher rate of perioperative surgical (18.5%) and medical
complications (20.5%). Additionally, the stroke cohort had
significantly higher cumulative incidences of death across
all postoperative time frames.

Within the general SA population, the rate of surgical
complications has been diminishing over the recent past
from 14.7% to 11%.8 However, in the presence of select
medical comorbidities, elevated rates of surgical compli-
cations have been described for certain conditions such as
metabolic syndrome,26 juvenile idiopathic arthritis,27 Par-
kinson’s disease,29 and pulmonary hypertension.28 Simi-
larly, the stroke cohort in this study demonstrated a
significantly higher surgical complication rate when
compared to the matched cohort (18.5 % vs 10.7%;
P ¼ .007). When analyzing specific surgical complications,
instability was the most common surgical complication in
the stroke cohort and was significantly higher than the
matched cohort (6.3 % vs 1.7%; P ¼ .002). Furthermore,



Table III Postoperative surgical complications by implant type and across cohorts

Variable HA
(n ¼ 32)

aTSA
(n ¼ 56)

RSA
(n ¼ 117)

P value* Stroke cohort
(n ¼ 205)

Matched cohort
(n ¼ 410)

P valuey

Instability 5 (15.6) 6 (10.7) 2 (1.7) .005 13 (6.3) 7 (1.7) .002
Periprosthetic fracture 2 (6.3) 0 (0) 6 (5.1) .201 8 (3.9) 10 (2.4) .310
Intraoperative 1 (3.1) 0 (0) 3 (2.6) 4 (2.0) 3 (0.7)
Postoperative 1 (3.1) 0 (0) 3 (2.6) 4 (2.0) 7 (1.7)

Aseptic component loosening 0 (0) 1 (1.8) 3 (2.6) .646 4 (2.0) 4 (1.0) .314
Glenoid 0 (0) 1 (1.8) 1 (0.9) 2 (1.0) 4 (1.0)
Humerus 0 (0) 0 (0) 2 (1.7) 2 (1.0) 0 (0)

Deep infection 1 (3.1) 0 (0) 2 (1.7) .474 3 (1.5) 3 (0.7) .384
Acromial or scapular spine
fracture

0 (0) 0 (0) 2 (1.7) .468 2 (1.0) 5 (1.2) .788

Arthrofibrosis 0 (0) 1 (1.8) 1 (0.9) .700 2 (1.0) 0 (0) .050
Neural palsy or neuropathy 1 (3.1) 0 (0) 1 (0.9) .350 2 (1.0) 2 (0.5) .478
Superficial wound
complication

0 (0) 0 (0) 2 (1.7) .468 2 (1.0) 9 (2.2) .282

Progressive glenoid arthrosis 1 (3.1) 0 (0) 0 (0) .066 1 (0.5) 2 (0.0) .157
Rotator cuff failure 0 (0) 1 (1.8) 0 (0) .263 1 (0.5) 2 (0.5) .999
Total surgical complications 10 (31.3) 9 (16.1) 19 (16.2) .131 38 (18.5) 44 (10.7) .007

HA, hemiarthroplasty; aTSA, anatomic total shoulder arthroplasty; RSA, reverse total shoulder arthroplasty.

Data are presented as number (percentage).

Bold values represent statistical significance (P < .05)
* P values between implant types of stroke patients.
y P values between the stroke and matched cohorts.
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when categorized by implants within the stroke cohort, HA
had the highest rate of instability (15.6%) followed by
aTSA (10.7%) and RSA (1.7%) (P ¼ .005).

In review of the literature, the described incidence of
postoperative instability and dislocation after SA varies
widely from 1.4% to 38%.3,9,10,38 However, rates of post-
operative instability after RSA in our stroke cohort are
similar to the lower end of recently described values in the
literature between 0.5% and 5.0%.3,8,30 In aTSA, previous
studies have estimated rates of instability to range from 5%
historically to 1% in more contemporary investigations.8

Regardless, the instability rate among the stroke cohort
for aTSA in our study was substantially higher at 10.7%
compared with our controls and the recent literature.
Described etiologies for instability in aTSA are typically a
combination of factors including glenoid bone deficiency,
posterior capsular redundancy, axillary nerve injury,
component malposition, rotator cuff deficiency, and spe-
cifically failure of the subscapularis repair.8,46

Although all of these must be considered when per-
forming an aTSA, clinicians should also pay close attention
to the preoperative status of the shoulder in stroke patients
because of this elevated risk and in order to assess for
poststroke shoulder subluxation.22,34 Shoulder subluxation
in stroke patients has been described as one of the most
common secondary musculoskeletal problems and is
thought to occur from neurologic dysfunction of shoulder
girdle musculature leading to inferior glenohumeral joint
displacement.1,22,34 Over time, this can lead to capsular
redundancy and pain. In stroke patients presenting to sur-
geons with concerns of glenohumeral pathology, consider-
ation of specialized therapy and specific shoulder orthoses
to reduce subluxation can be considered in addition to
standard nonoperative modalities.1,22,34,39 With respect to
implant selection, perhaps these neurologic changes in the
shoulder girdle, in the form of increased muscle tone and
altered strength, are better tolerated in the setting of an
RSA as demonstrated by lower instability when compared
to an aTSA or HA.

Although there were higher complications, patients with
a previous stroke and neurologic sequelae experienced
reoperations (6.3% vs 4.6%; P ¼ .369) and revision surgery
(5.4% vs 3.4%; P ¼ .248) at rates overall similar to those of
the matched cohort. This was sustained even when death
between the cohorts was accounted for as a competing risk
in the cumulative incidence analysis (P ¼ .499). When
evaluating specific indications, instability was the most
frequent complication and indication for reoperation in the
stroke cohort. Although 6.3% of stroke patients presented
with instability after SA, only 2.0% underwent a reopera-
tion. Furthermore, when instability was compared to the
matched group as an indication for reoperation, it appeared
to occur at a similar rate (2.0% vs 1.5%; P ¼ .738). This
may suggest a possible benefit of nonoperative manage-
ment of instability in these stroke patients; however, this
treatment path could have been necessitated for a variety of
reasons. When compared by implant type, HA had the
highest rate of instability (15.6%) followed by aTSA



Table IV Postoperative medical complications of the stroke cohort by anticoagulation status at the time of surgery and comparison
between the stroke vs. matched cohort

Variable AC at surgery
(n ¼ 163)

No AC at surgery
(n ¼ 42)

P value Stroke cohort
(n ¼ 205)

Matched cohort
(n ¼ 410)

P value

Nonmortality complications 39 (23.9) 3 (7.1) .017 42 (20.5) 30 (7.3) <.001
Anemia requiring transfusion 14 (8.6) 1 (2.4) .315 15 (7.3) 19 (4.6) .170
Venous thromboembolism 6 (3.7) 1 (2.4) >.999 7 (3.4) 2 (0.5) .004
Pulmonary embolus 4 (2.5) 0 (0.0) .584 4 (2.0) 0 (0.0) .005
Deep venous thrombosis 2 (1.2) 1 (2.4) .499 3 (1.5) 2 (0.5) .204

Myocardial infarction 4 (2.5) 0 (0.0) .584 4 (2.0) 2 (0.5) .082
Healthcare-associated
pneumonia

3 (1.8) 1 (2.4) >.999 4 (2.0) 3 (0.7) .179

Acute heart failure 1 (0.6) 0 (0.0) >.999 1 (0.5) 0 (0.0) .157
Sepsis 1 (0.6) 0 (0.0) >.999 1 (0.5) 0 (0.0) .157
Seizures 1 (0.6) 0 (0.0) >.999 1 (0.5) 0 (0.0) .157
Cerebrovascular accident /
stroke

5 (3.1) 0 (0.0) .586 5 (2.4) 0 (0.0) .004

Respiratory failure / ARDS 2 (1.2) 0 (0.0) >.999 2 (1.0) 0 (0.0) .045
Arrhythmia 2 (1.2) 0 (0.0) >.999 2 (1.0) 4 (1.0) .999
90-d mortality 1 (0.5) 2 (0.5) .999
Total medical complications

(90-d mortality included)
40 (24.5) 3 (7.1) .011 43 (21.0) 32 (7.8) <.001

90-d readmissions 27 (16.6) 7 (16.7) >.999 34 (16.6) 20 (4.9) <.001

ARDS, acute respiratory distress syndrome; AC, anticoagulation.

Data are presented as number (percentage).

Bold values represent statistical significance (P < .05).
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(10.7%) and RSA (1.7%) (P ¼ .005). When comparing the
stroke and matched cohort, a higher rate of instability (6.3
% vs 1.7%; P ¼ .002). However, when analyzed by implant
type, the RSA stroke cohort did have a higher rate of both
reoperation (8.5% vs 2.6%; P ¼ .011) and revision surgery
(6.8% vs 1.7%; P ¼ .013) compared with controls. In
comparison to the literature, these rates are still within the
expected range for primary RSA with given estimates of
2.4%-8.5%.3,16,23,36 Medical complications in the general
SA population have been observed at rates ranging from
2.8% to 6.7%.6,14 In elderly patients >80 years old, the rate
of medical complications after revision SA rises to 8%.4 In
the present study, patients with a history of a stroke with
neurologic sequelae had a significantly higher medical
complication rate when compared to the matched cohort
(20.5% vs 7.8%; P < .001) and the general population
described in the literature.6,14 Likewise, a higher 90-day
readmission rate in the stroke cohort was observed when
compared to the matched cohort (16.6% vs 4.9%;
P < .001). When further compared to the literature, a 90-
day readmission rate has been estimated to occur between
4.5%-8.8% and 6%-11.2%.25,41 This is especially high in
the context of a previous publication from our institution
that found a 1.8% readmission rate for primary SAs.19

Additionally, the authors observed that 68% of their 90-
day readmissions were attributed to medical conditions.19

Similarly, the present study observed that 83.3% of the
90-day readmissions were related to medical conditions,
with 91.2% of those attributed to the stroke cohort. Thus,
care teams should continue to provide adequate post-
operative care instructions and be aware of the higher
propensity of medical readmissions in stroke patients.

With respect to specific perioperative medical diagnoses,
a 0.2% rate of perioperative strokes have been reported in
an observational study of 18,745 patients undergoing pri-
mary or revision total hip or knee arthroplasty at a mean
follow-up of 62 months.32 Although the present study had a
0% rate of perioperative strokes in our matched cohort of
primary shoulders, the stroke cohort had a significantly
higher rate at 2.4% (P ¼ .004). All of these cases had
anticoagulation held and were restarted in preparation of
the SA after a dedicated preoperative evaluation. Regard-
less, 3 of the 5 cases occurred within the 90-day post-
operative period. Venous thromboembolic events, including
pulmonary embolus, also occurred at a significantly higher
rate in the stroke cohort compared with matched controls
(3.4% vs 0.5%; P ¼ .004). When compared by anti-
coagulation status at surgery, we also observed a higher rate
of medical complications in patients with perioperative
anticoagulation compared with those without anti-
coagulation (23.9% vs 7.1%; P ¼ .017). In a review of the
literature, Bohsali et al8 observed a 0.3% venous throm-
boembolism rate in 19,262 SAs and Kolz et al21 reported a
0.41% rate in 5906 shoulders. Hence in stroke patients,



Table VI Postoperative surgical complications and reoperations inclusive of revisions by stroke sequelae laterality

Variable Bilateral (n ¼ 12) Contralateral (n ¼ 70) Ipsilateral (n ¼ 85) Unspecified (n ¼ 38) P value

Surgical complications 2 (16.7) 13 (18.6) 19 (22.4) 6 (15.8) .876
Instability 1 (8.3) 0 (0.0) 3 (3.5) 0 (0.0) .111
Periprosthetic fracture 0 (0.0) 1 (1.4) 0 (0.0) 0 (0.0) .585
Aseptic component loosening 0 (0.0) 0 (0.0) 3 (3.5) 0 (0.0) .423
Deep infection 0 (0.0) 0 (0.0) 1 (1.2) 2 (5.3) .237
Acromial or scapular spine fracture* 0 (0.0) 1 (2.7) 0 (0.0) 0 (0.0) .590
Superficial wound complication 0 (0.0) 0 (0.0) 1 (1.2) 0 (0.0) >.999
Progressive glenoid arthrosisy 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) N/A
Rotator cuff failurez 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) N/A
All-cause reoperations 1 (8.3) 2 (2.9) 8 (9.4) 2 (5.3) .328
All-cause revisions 1 (8.3) 2 (2.9) 7 (8.2) 1 (2.6) .388

N/A, not applicable.

Data are presented as number (percentage).
* Proportions calculated based on reverse total shoulder arthroplasty alone.
y Proportions calculated based on hemiarthroplasty alone.
z Proportions calculated based on hemiarthroplasty and anatomic total shoulders.

Table V Postoperative surgical reoperations inclusive of revisions by implant type and across cohorts

Variable HA
(n ¼ 32)

aTSA
(n ¼ 56)

RSA
(n ¼ 117)

P value* Stroke cohort
(n ¼ 205)

Matched cohort
(n ¼ 410)

P valuey

Instability 0 (0.0) 2 (3.6) 2 (1.7) .626 4 (2.0) 6 (1.5) .738
Periprosthetic fracture 0 (0.0) 0 (0.0) 1 (0.9) >.999 1 (0.5) 2 (0.5) >.999
Aseptic component loosening 0 (0.0) 0 (0.0) 3 (2.6) .731 3 (1.5) 2 (0.5) .340
Deep infection 1 (3.1) 0 (0.0) 2 (1.7) .548 3 (1.5) 3 (0.7) .406
Acromial or scapular spine
fracturez

N/A N/A 1 (0.9) N/A 1 (0.9) 0 (0.0) .333

Superficial wound
complication

0 (0.0) 0 (0.0) 1 (0.9) >.999 1 (0.5) 1 (0.2) >.999

Progressive glenoid arthrosisx 0 (0.0) N/A N/A N/A 0 (0.0) 2 (3.1) .551
Rotator cuff failurek 0 (0.0) 0 (0.0) N/A 0 (0.0) 3 (1.7) .553
All-cause reoperations 1 (3.1) 2 (3.6) 10 (8.5) .433 13 (6.3) 19 (4.6) .369
All-cause revisions 1 (3.1) 2 (3.6) 8 (6.8) .685 11 (5.4) 14 (3.4) .248

HA, hemiarthroplasty; N/A, not applicable; aTSA, anatomic total shoulder arthroplasty; RSA, reverse total shoulder arthroplasty.

Data are presented as number (percentage).
* P values between implant types of stroke patients.
y P values between the stroke and matched cohorts.
z Proportions calculated based on RTSA alone.
x Proportions calculated based on HA alone.
k Proportions calculated based on HA and aTSAs.
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special attention should be placed on the anticoagulation
status of patients to mitigate the risks of venous thrombo-
embolic events and postoperative strokes. Furthermore,
stroke patients with perioperative anticoagulation may be at
a higher risk for medical complications and therefore would
benefit from careful perioperative medical monitoring.

Mortality following SA has become an increasingly
researched topic, with most data focusing on the short
term.5,12,17 One year postoperatively, mortality rates after
SA in the general population have been reported between
1.0% and 3.8%.5,12,17 However, in certain populations such
as trauma, malignancy, PJI, or conditions like pulmonary
hypertension, elevated rates have been observed.7,28,35

Similarly, the present study observed an elevated rate of
mortality at all time points when compared to controls. At
the 1-year mark, the stroke cohort experienced a mortality
rate of 4.4%, which was within the reported range of
mortality in stroke patients.7,28,35,42 These results seem to
indicate that strokes with neurologic sequelae are a po-
tential risk factor for mortality within the first year after



Figure 1 Kaplan-Meier curve demonstrating the cumulative mortality of the Stroke and Matched cohorts.
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primary SA when compared to controls, thus highlighting
the importance of thorough medical perioperative man-
agement in these patients.

The findings of this study should be interpreted with
consideration of the following limitations. First, this is a
retrospective review of an institutional database that pro-
spectively collects data over an extended time frame, which
limits inclusion into our study and allows for selection bias.
This may potentially lead to an underestimation of the
severity of disease because of reporting only on the patients
who were deemed medically fit for surgery despite being
candidates. Additionally, because of limitation in docu-
mentation, there may have been patients who sustained a
stroke with subsequent neurologic sequelae that may have
been excluded. Finally, approximately 2.8% of the SAs
performed at our institution were performed in patients
with a prior stroke, resulting in a relatively smaller sample
size. Therefore, a power analysis was not performed, but a
matched cohort was created to provide better group com-
parisons. Regardless, because of the smaller cohort sizes of
subanalyses, the analysis may be underpowered and the
observed differences between groups may not be valid.
Moreover, matching was not performed on the basis of
associated medical comorbidities (ie, history of myocardial
infarction, heart failure, chronic kidney disease); therefore,
there remains potentially confounding variables in the
medical analysis of our stroke patients and matched group.
Conclusion
A preoperative diagnosis of a stroke with subsequent
neurologic sequelae undergoing primary SA is associ-
ated with elevated rates of perioperative complications
and mortality when compared to a matched cohort of
arthroplasty patients with no prior stroke. This infor-
mation should be considered to counsel patients and
surgeons to optimize care and help mitigate risks asso-
ciated with a perioperative period.
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