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V enous thromboembolism (VTE) after shoul-
der arthroplasty (SA) is relatively uncom-
mon. Reported rates of VTE development 

are highly variable, ranging from 0.2% to 13% 
(pulmonary embolism [PE], 0.2%-10.8%; deep 
venous thrombosis [DVT], 0.1%-13%).1-4 Sourc-
es of this variability include different methods 
of capturing cases (small clinical series vs large 
database studies, which capture mainly hospital 
readmissions), differences in defining or detecting 
VTE, and different patient populations (fracture 
vs osteoarthritis).1-3 Most studies have also tried 

to identify factors associated with increased risk 
for VTE. Risk factors associated with develop-
ment of VTE after SA include history of VTE, 
advanced age, prolonged operating room time, 
higher body mass index (BMI), trauma, history of 
cancer, female sex, and raised Charlson Comor-
bidity Index (CCI).1-7 Limitations of clinical series 
include the smaller number of reporting institu-
tions—a potential source of bias given regional 
variability.1,3,4,7 Limitations of large state or national 
databases include capturing only events coded 
during inpatient admission and capturing readmis-

Abstract
Reported rates of venous thromboembolism 
(VTE) after shoulder arthroplasty (SA) range 
from 0.2% to 13%. Few studies have evalu-
ated the incidence of VTE in a large patient 
population from a single institution.

We conducted a study to determine the inci-
dence of VTE (deep venous thrombosis [DVT] 
and pulmonary embolism [PE]) in a large 
series of SAs. Cases of SAs performed at our 
institution between January 1999 and May 
2012 were retrospectively reviewed for devel-
opment of symptomatic VTE within the first 
90 days after surgery. During the study period, 
533 SAs (245 anatomical total SAs [TSAs], 112 
reverse TSAs, 92 hemiarthroplasties, 84 revi-
sion SAs) were performed. Logistic regression 
analyses were used to evaluate the associa-
tion of various risk factors with VTE. 

For the 533 SAs, the symptomatic VTE rate 
was 2.6% (14 patients), the DVT rate was 0.9% 
(5), and the PE rate was 2.3% (12). Risk factors 
significantly correlated with a thrombotic 
event included raised Charlson Comorbidity 
Index, preoperative thrombotic event, lower 
preoperative hemoglobin and hematocrit lev-
els, diabetes, lower postoperative hemoglobin 
level, use of general endotracheal anesthesia 
without interscalene nerve block, higher body 
mass index, and revision SA (P < .05).

Our rates of symptomatic VTE events 
(DVT, PE) after SA are relatively low, though 
they are higher than the rates in studies that 
have used large state or national databases. 
Risk factors associated with thrombosis can 
be useful in identifying patients at risk for 
clotting after SA.
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sions for complications at the same institution. 
This underreporting may lead to very conservative 
estimates of VTE incidence.2,5,6,8

In this study, we retrospectively identified all the 
SAs performed at a single institution over a 13-year 
period and evaluated the cases for development of 
VTE (DVT, PE). We hypothesized that the VTE rate 
would be lower than the very high rates reported 
by Hoxie and colleagues1 and Willis and colleagues4 
but higher than those reported for large state or 
national databases.2,3 We also evaluated clotting 
risk factors, including many never analyzed before.

Materials and Methods
After obtaining Institutional Review Board approval 
for this study, we searched our database for all 
SAs performed at our institution between Janu-
ary 1999 and May 2012 and identified cases in 
which symptomatic VTE developed within the first 
90 days after surgery. Charts were reviewed for 
information on medical history, surgical procedure, 
and in-hospital and out-of-hospital care within the 
90-day postoperative period. We recorded data 
on symptomatic VTE (DVT, PE) as documented 
by lower or upper extremity duplex ultrasonog-
raphy (US) or chest computed tomography (CT) 
angiography. There had been no routine screening 
of patients; duplex US or CT angiography was per-
formed only if a patient was clinically symptomatic 
(leg swelling, leg pain, shortness of breath, tachy-
cardia, chest pain) for a potential DVT or PE. For a 
patient who had repeat SAs on the same shoulder 
or bilateral SAs at different times, only the first pro-
cedure was included in the analysis. Arthroplasties 
performed for fracture were excluded.

Study data were collected and managed with 
REDCap (Research Electronic Data Capture) tools 
hosted at the University of Utah School of Medi-
cine.9 Continuous and discrete data collected on 
medical history and postoperative course included 
BMI, age at surgery, preoperative hemoglobin 
(Hb) and hematocrit (Hct) levels, days in hospital, 
days until out of bed and days until ambulation 
(both documented in nursing and physical therapy 
notes), postoperative Hb and Hct levels, and CCI. 
Categorical data included sex, diagnosis (primary 
osteoarthritis, rotator cuff arthropathy, rheumatoid 
arthritis, failed hemiarthroplasty [HA], failed total 
SA [TSA], others), attending surgeon, procedure 
(TSA, HA, reverse TSA, revision SA), anesthesia 
(general endotracheal anesthesia [GETA] alone, 
interscalene nerve block alone, GETA plus block), 
prophylactic use of aspirin after surgery, pres-

ence of various medical comorbidities (diabetes, 
hypertension, cardiac disease, clotting disorders, 
cancer), hormone replacement therapy, family his-
tory of a clotting disorder, and VTE consequences 
(cardiac events, death).

Statistical Analysis

Descriptive statistics were calculated to summa-
rize aspects of the surgical procedures, the study 
cohort’s demographics and medical histories, and 
the incidence of VTE. Logistic regression analysis 
was performed to explore the association between 
development of VTE (DVT, PE) and potential risk fac-
tors. Unadjusted odds ratios (ORs) were estimated 
for the risk factors of age, BMI, revision SA, CCI, 
prophylactic use of aspirin after surgery, preopera-
tive history of VTE, preoperative and postoperative 
Hb and Hct levels, diabetes, anesthesia (GETA with 
and without interscalene nerve block), family history 
of a clotting disorder, days until out of bed, hor-
mone replacement therapy, race, discharge home 
or to rehabilitation, distance traveled for surgery, 
hypertension, cardiac disease, cement use, and 
history of cancer. In addition, ORs were adjusted for 
age, BMI, and revision SA. For all statistical tests, 
significance was set at P < .05. All analyses were 
performed with SAS Version 9.3 (SAS Institute). 

Results
We identified 533 SAs: 245 anatomical TSAs, 112 
reverse TSAs, 92 HAs, and 84 revision SAs. Three 
different surgeons performed the procedures, 
and no patients were lost to follow-up within the 
first 90 days after surgery. Although SAs were 
performed for various diagnoses, more than 50% 
(274) of the SAs were for primary osteoarthritis; 97 
were performed for rotator cuff arthropathy, 16 for 
rheumatoid arthritis, 43 for failed HA, 23 for failed 
TSA, and 79 for other diagnoses.

Of the 533 patients, 288 were female and 245 
were male. Mean age at surgery was 65.2 years 
(range, 16-93 years). Mean (SD) BMI was 29.2 
(6.4) kg/m2. Mean (SD) preoperative Hb level was 
13.7 (1.8) g/dL, and mean preoperative Hct level 
was 40.1% (4.8%). Mean (SD) length of hospital 
stay was 2.6 (1.5) days. Mean (SD) time before 
patients were out of bed was 1.1 (0.7) days. On 
postoperative day 1, mean Hb level was 11.1 (1.7) 
g/dL, and mean (SD) Hct level was 33.2% (4.8%). 
Mean (SD) CCI was 1.1 (0.9).

Anesthesia for the 533 patients consisted of 
GETA (209 patients, 39.0%), interscalene nerve 
block (2, 0.4%), or GETA with nerve block (314, 
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59.0%). After surgery, 125 patients (24.3%) 
received aspirin as prophylaxis. Diabetes was re-
ported by 83 patients, hypertension by 286, cardiac 
disease by 74, a history of a clotting disorder by 2, 
a family history of a clotting disorder by 8, ongoing 
cancer by 4, a history of cancer by 67, and hor-
mone replacement therapy by 104.

For the entire cohort of 533 patients, the 
symptomatic VTE rate was 2.6% (14 patients), the 
DVT rate was 0.9% (5), and the PE rate was 2.3% 
(12). Although VTE did not cause any deaths, there 
were 3 cardiac events. Risk factors significantly 
associated with increased risk for VTE were raised 
CCI (OR, 1.858; 95% confidence interval [CI], 
1.295–2.665), preoperative thrombotic event (OR, 
5.532; 95% CI, 1.651–18.535), lower preoperative 
Hb level (OR, 0.705; 95% CI, 0.486–1.022), lower 
preoperative Hct level (OR, 0.877; 95% CI, 0.763–
1.007), lower postoperative Hb level (OR, 0.720; 
95% CI, 0.506–1.026), diabetes (OR, 5.646; 95% 
CI, 1.926–16.554), use of GETA without intersca-
lene nerve block (OR, 0.111; 95% CI, 0.014–0.857), 
higher BMI (OR, 1.148; 95% CI, 1.062–1.241), and 
revision SA (OR, 5.777; 95% CI, 1.664–20.057). All 
factors had significant adjusted ORs, whereas only 
BMI, revision SA, CCI, diabetes, and use of GETA 
without nerve block had significant unadjusted 
ORs (Tables 1, 2).

Discussion
VTE after SA is rare. We report an overall VTE inci-
dence of 2.6%, with DVT at 0.9% and PE at 2.3%. 
These rates are similar to those reported in clinical 
series and significantly higher than those reported 
for large institutional or national databases.2-7 Our 
results also support a previously reported trend: 
The ratio of PE to DVT for SA is significantly higher 
than historically reported ratios for lower extremity 
arthroplasty.2,6-8 We have identified many VTE risk 
factors: raised CCI, preoperative thrombotic event, 
lower preoperative Hb and Hct levels, lower post-
operative Hb level, diabetes, use of GETA without 
interscalene nerve block, higher BMI, and revision 
SA. Results of other studies support 3 findings 
(higher BMI, raised CCI, preoperative thrombotic 
event); new findings include correlation with Hb 
and Hct levels, diabetes, type of anesthesia, and 
revision SA.6,7 Identification of these other factors 
may be useful in making treatment decisions in 
patients symptomatic after SA and in lowering the 
threshold for performing diagnostic tests in these 
patients at risk for VTE.

Reported rates of VTE after SA are highly vari-

able, ranging from 0.2% to 13%.10 Our rationale for 
investigating VTE rates at a single institution was 
to estimate the rates that can be expected in a 
university-based practice and to determine wheth-
er these rates are high enough to warrant routine 
thromboprophylaxis. The rate variability seems to 
result in part from variability in the data sources. 
Most studies that have reported very low VTE 
rates typically used large state or national databas-
es, which likely were subject to underreporting.

Lyman and colleagues6 found 0.5% DVT and 
0.2% PE rates in a New York state hospital data-
base, but only in-hospital immediate postoperative 
symptomatic complications were included; slightly 
delayed complications may have been missed. 
Farng and colleagues5 reported a 0.6% VTE rate, 
but only inpatient (immediate postoperative or 
readmission) events were included; all outpatient 
events were missed. Jameson and colleagues,2 
using a national database that included only cases 

Table 1. Summary of Patient Demographics, Surgery Type, 
and Diagnosis for Study Cohort and Patients With Venous 
Thromboembolism (VTE) After Surgery

Entire Cohort 
(N = 533)

VTE Cases 
(n = 14)

Mean SD Mean SD

Age, y 65.2 12.6 61.4 10.1

Body mass index, kg/m2 29.2 6.4 35.2 8.9

n % n %

Race
White
Others

415
118

77.9
22.1

13
1

92.9
7.1

Sex
Male
Female

245
288

46.0
21.0

6
8

42.9
57.1

Procedure
Total shoulder arthroplasty
Reverse total shoulder arthroplasty
Hemiarthroplasty
Revision shoulder arthroplasty

245
112
92
84

46.0
21.0
17.3
15.8

6
3
0
5

42.9
21.4

0
35.7

Shoulder diagnosis
Primary osteoarthritis
Rotator cuff arthropathy
Rheumatoid arthritis
Failed hemiarthroplasty

274
97
16
43

51.5
18.2
3.0
8.1

3
2
0
1

21.4
14.3

0
7.1

Failed total shoulder arthroplasty 23 4.3 3 21.4

Others 79 14.8 5 35.7
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Table 2. Summary of Potential Risk Factors in Study Cohort and Their Estimated Association With Risk of Venous 
Thromboembolism After Shoulder Arthroplastya

Continuous Factors Mean SD Adjusted OR 95% CI

Charlson Comorbidity Index 1.1 0.9 1.990 1.340–2.956

Preoperative hemoglobin level, g/dL 13.7 1.8 0.594 0.386–0.914

Preoperative hematocrit level, % 40.1 4.8 0.840 0.722–0.977

Postoperative hemoglobin level, g/dL 11.1 1.7 0.635 0.432–0.936

Postoperative hematocrit level, % 33.2 4.8 0.888 0.783–1.006

Days until ambulation 1.2 0.8 1.496 0.981–2.282

Days until out of bed 1.1 0.7 1.486 0.959–2.302

Categorical Factors n % Adjusted OR 95% CI

History of preoperative VTE
No
Yes

494
39

92.7
7.3

—
6.122

—
1.585–23.642

Diabetes
No
Yes

436
83

84.0
16.0

—
3.697

—
1.191–11.472

Anesthesia
GETA plus block
GETA alone

314
209

59.0
39.0

—
0.173

—
0.034–0.878

Family history of clotting disorder
No
Yes

301
8

97.4
2.6

—
9.201

—
0.922–91.837

Hormone replacement therapy
No
Yes

370
104

78.1
21.9

—
0.417

—
0.095–1.822

Discharge to rehabilitation
No
Yes

287
51

84.9
15.1

—
1.924

—
0.410–9.029

Cardiac disease
No
Yes

451
74

85.9
14.1

—
1.658

—
0.404–6.802

Bone cement
No
Yes

87
442

16.4
83.6

—
1.049

—
0.230–4.787

Aspirin after surgery
No
Yes

389
125

75.7
24.3

—
0.856

—
0.244–3.001

Hypertension
No
Yes

240
286

45.6
54.4

—
1.303

—
0.397–4.273

History of cancer
No
Yes

450
67

87.0
13.0

—
1.003

—
0.186–5.405

aORs with P values evaluating association between various risk factors and development of VTE. Each model was adjusted for age, BMI, and revision shoulder arthroplasty: OR >1, 
not protective; OR <1, protective. P < .05 is statistically significant.
Abbreviations: BMI, body mass index; CI, confidence interval; GETA, general endotracheal anesthesia; OR, odds ratio; VTE, venous thromboembolism.
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involving inpatient treatment, reported 0% DVT 
and 0.2% PE rates, again missing outpatient 
events, and relying on appropriate coding to cap-
ture events. Using electronic health records from a 
large healthcare system, Navarro and colleagues8 

queried for VTE cases and reported 0.5% DVT 
and 0.5% PE rates. The inclusiveness of their data 
source for the outcome of interest was potentially 
improved relative to national or statewide databas-
es—and the resulting data reported in their study 
should reflect that improvement. However, the 
authors relied on ICD–9 (International Classification 
of Diseases, Ninth Revision) coding to screen for 
VTE events and excluded patients with prior VTE, 
preoperative prophylaxis (enoxaparin or warfarin), 
or follow-up of <90 days. As patients with prior 
VTE are those most at risk (present study OR, 6-7), 
excluding them significantly reduces the overall 
incidence of clotting reported. 

Only 4 studies specifically used information 
drawn directly from physicians’ clinic notes, vs 
data retrieved (using code-based queries) from 
databases.1,3,4,7 These studies may provide a better 
representation of the rate of VTE after SA, as they 
were not reliant on codes, included both inpatient 
and outpatient events, and were inclusive of out-
patient follow-up of at least 3 months.

Three of the 4 studies used the Mayo Clinic Total 
Joint Registry.1,3,4 Hoxie and colleagues1 reported 
an 11% rate of PE after HA performed for fracture 
(we excluded SA for fracture). As several other in-
vestigators have reported an association between 
trauma and increased risk for VTE, postoperative 
anticoagulation should be considered in this pa-
tient population (though it was not the focus of the 
present study).6-8 Sperling and Cofield3 and Singh 
and colleagues7 reported on the risk for PE among 
SA patients at the Mayo Clinic. Sperling and 
Cofield3 included only those events that occurred 
within the first 7 days after surgery; Singh and 
colleagues7 included events out to 90 days after 
surgery. Sperling and Cofield3 reported a 0.17% PE 
rate; Singh and colleagues7 reported 0.6% PE and 
0.1% DVT rates. Sperling and Cofield3 reported 
on 2885 SAs; Singh and colleagues7 reported on 
4019 SAs from the same database. As it is unclear 
whether these 2 studies had complete information 
on all patients, underreporting may be an issue. 
Information was obtained through “clinic visits, 
medical records and/or standardized mailed and 
telephone-administered questionnaires.”7

The fourth study, a prospective study of 100 pa-
tients by Willis and colleagues,4 had the best data 

on development of symptomatic PE after SA. The 
authors reported a 2% PE rate and a high (13%) 
DVT rate. Because US was not performed before 
the surgical procedures, the number of patients 
with new and existing DVT cases could not be 
determined. However, all PEs were new, and the 
2% rate found there is similar to the 2.3% in our 
study. Therefore, we think these rates capture the 
data most accurately and avoid the underreporting 
that marks large databases.4

Studies have identified various factors that 
increase the risk for VTE after SA. Singh and col-
leagues7 identified the risk factors of age over 70 
years, female sex, higher BMI (25-29.9 kg/m2), CCI 
above 1, traumatic etiology, prior history of VTE, 
and HA. However, their use of univariate regres-
sion analysis may have confounded the effects—
one factor may have become a surrogate for an-
other (ie, trauma and HA, as most fractures treated 
with SA during the study period were treated with 
HA). Lyman and colleagues6 also found advanced 
age and trauma were associated with higher VTE 
risk, and reported prior history of cancer as a risk 
factor as well. Navarro and colleagues8 identified 
trauma as a risk factor, as in the other 2 studies.6,7 
Our data support prior history of VTE, higher BMI, 
and raised CCI as increasing the risk for VTE.

Other factors identified in the present study are 
use of GETA without interscalene nerve block, 
lower preoperative and postoperative Hb levels, 
diabetes, and revision SA. Because of the limited 
number of events, only ORs with and without 
limited control of confounders were performed. 
Just as in the study by Singh and colleagues,7 
uncontrolled confounding could have occurred. A 
nerve block may be protective, as less postoper-
ative pain may allow patients quicker mobilization 
and therapy. Diabetes may be a surrogate for other 
medical comorbidities, as reflected by the higher 
overall risk with raised CCI. Lower preoperative 
and postoperative Hb levels were associated with 
clotting and may be representative of patients with 
poorer overall health and more complicated surgi-
cal procedures (eg, revision SA). In an earlier study, 
we found increased risk for transfusions in revision 
SA relative to primary SA.11 Lower preoperative 
Hb level correlated with development of VTE after 
lower extremity arthroplasty.12 Postoperative use 
of aspirin was not found to significantly reduce the 
incidence of clotting, though this finding may have 
resulted from lack of power. Therefore, from the 
present data, there is nothing to conclude about 
the efficacy of aspirin in preventing thrombosis.
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Our findings can be placed in the context of 
the Virchow triad. Specifically, 3 categories of 
factors are thought to contribute to thrombosis: 
hypercoagulability, hemodynamic stasis, and 
endothelial injury. In grouping factors, we identified 
prior thrombotic event and obesity as increasing 
hypercoagulability; revision SA, more comorbidities, 
lower Hb and Hct levels, diabetes, and GETA as 
increasing hemodynamic stasis; and revision SA 
(longer operating room times) as leading to stasis. 
More comorbidities can be associated with delayed 
postoperative ambulation, and diabetes and lower 
Hb and Hct levels can be surrogates for more 
comorbidities. Surgery performed with the patient 
under GETA without interscalene nerve block can 
lead to higher levels of pain and less early mobility.

The present findings have made us more aware 
of patients at risk for VTE, and we have lowered our 
threshold for evaluating them for potential clots. 
Before this study, we used warfarin or enoxaparin 
for anticoagulation in patients with a history of VTE 
or active cancer. We are continuing this protocol, 
but not with other patients. Patients with many 
comorbidities, lower preoperative Hb level, revision 
SA, high BMI, or diabetes are carefully monitored 
for clots early in the postoperative course. Our 
new threshold for these high-risk patients is to 
order diagnostic testing, including duplex US or CT 
angiography. Now, even mild oxygen requirements 
or mild tachycardia within postoperative week 1 
typically prompt a study in these patients. We hope 
this increased awareness will limit the potential 
negative consequences associated with develop-
ment of VTE. Given the present data, we do not 
think the simple presence of increased comorbidi-
ties, lower preoperative Hb, revision SA, high BMI 
or diabetes should rule out performing SA; rather, it 
should increase surgeons’ postoperative vigilance 
in evaluating for potential clots.

Limitations of our study include its retrospective 
nature and reliance on clinic chart review. Pa-
tients were not directly questioned about venous 
thrombus at follow-up, so all events may not have 
been captured. Although retrospective review has 
its drawbacks, it allows for accurate identification 
of events, even uncoded events. Therefore, more 
events are likely to be captured with this technique 
than with large database analyses using only cod-
ing information. We tried to identify as many cases 
as possible by reviewing all outpatient records 
(orthopedic, nonorthopedic), inpatient records, 
radiologic studies, and scanned outside records. 
Another limitation is that having a small number of 

VTE events limited our ability to perform a multivar-
iate analysis, and uncontrolled confounding likely 
resulted. Only a very large multi-institutional study 
can capture enough events to allow a multivariate 
analysis. A third limitation is that the small num-
ber of events may have underpowered the study. 
Having more patients would have allowed other po-
tential factors to be identified as being significantly 
associated with VTE. Last, as the study captured 
only symptomatic VTE events, it may have under-
reported VTE events. Given our complete review 
of the medical records, however, most clinically 
significant events likely were captured.

Conclusion
VTE after SA is rare. In our single-institution study, 
the symptomatic DVT rate was 0.9%, and the 
symptomatic PE rate was 2.3%. Risk factors asso-
ciated with clotting included prior VTE, higher BMI, 
lower preoperative and postoperative Hb levels, 
raised CCI, diabetes, use of GETA without intersca-
lene nerve block, and revision SA. Risk factors can 
be used to identify patients who may benefit from 
a more scrutinized postoperative evaluation and 
from increased surgeon awareness of the potential 
for VTE development. Rates of VTE can be used to 
counsel SA patients regarding overall surgical risks.
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