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ABSTRACT

Introduction: Obstructive sleep apnea (OSA) is a known risk factor for
venous thromboembolism (VTE), defined as pulmonary embolism (PE)
or deep vein thrombosis (DVT); however, little is known about its effect
on VTE rates after total joint arthroplasty (TJA). This study sought to
determine whether patients with OSA who undergo TJA are at greater
risk for developing VTE versus those without OSA.

Methods: A retrospective analysis was conducted on 12,963
consecutive primary TJA patients at a single institution from 2016 to
2019. Patient demographic data were collected through query of the
electronic medical record, and patients with a previous history of OSA
and VTE within a 90-day postoperative period were captured using the
International Classification of Disease, 10th revision diagnosis and
procedure codes.

Results: Nine hundred thirty-five patients with OSA were identified. PE
(0.6% versus 0.24%, P = 0.023) and DVT (0.1% versus 0.04%, P = 0.37)
rates were greater for patients with OSA. A multivariate logistic regression
revealed that patients with OSA had a higher odds of PE (odds ratio [OR]
3.821, P =0.023), but not DVT (OR 1.971, P = 0.563) when accounting
for significant demographic differences. Female sex and total knee
arthroplasty were also associated with a higher odds of PE (OR 3.453 for
sex, P = 0.05; OR 3.243 for surgery type, P = 0.041), but not DVT (OR
2.042 for sex, P = 0.534; OR 1.941 for surgery type, P = 0.565).
Conclusion: Female patients with OSA may be at greater risk for VTE,
specifically PE, after total knee arthroplasty. More attention toward
screening procedures, perioperative monitoring protocols, and VTE
prophylaxis may be warranted in populations at risk.

disorder that is characterized by recurrent episodes of partial or
complete obstruction of the upper airway during sleep.! Advanced
age, male sex, and obesity are known risk factors.* Many studies have

o bstructive sleep apnea (OSA) is a common sleep-related breathing
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estimated OSA to have a prevalence between 1% and 4%
in the general population.®>8 This prevalence is much higher
in patients undergoing elective surgery, especially primary
total joint arthroplasty (TJA), which has been estimated to
be between 6.7% and 8.7%.>%° However, the reported
prevalence of OSA has increased over time, in part, because
of the increasing rates of obesity and increasing life span,
both of which are known causes of osteoarthritis and
reflect the increased demand for TJA.2-%10-12

Many studies have demonstrated that patients with
OSA are at higher risk for perioperative and postoperative
complications after TJA; however, emphasis on venous
thromboembolism (VTE) has not been estab-
lished.>*7-9:13.14 VTE, defined as either pulmonary em-
bolism (PE) or deep vein thrombosis (DVT), is a rare, but
serious complication and a major cause of morbidity,
mortality, and healthcare costs after TJA.1>18 OSA is
believed to be an independent risk factor for VTE because
it induces rheological (ie, increasing hematocrit and blood
viscosity) and systemic changes (ie, hypertension and
hyperactivation of the sympathetic nervous system) that
favor the genesis of thrombotic events.'®22 Therefore,
from a pathophysiologic standpoint, patients with OSA
undergoing TJA are potentially at a greater risk for VTE.

Because there is a lack of studies that investigate OSA
asarisk factor for VTE in patients after TJA, the objective
of this study sought to determine whether patients with a
history of OSA who undergo primary TJA are at greater
risk for developing VTE versus those without OSA.

Methods

A retrospective chart analysis was done at a single academic
medical institution to identify all consecutive primary TJA
patients from July 2016 to November 2019 using Current
Procedural Terminology (CPT) codes. The CPT code used
for total hip arthroplasty (THA) was 27130, and the CPT
code for total knee arthroplasty (TKA) was 27447. All
patients with a history of OSA and VTE (defined as fatal
or nonfatal PE alone, symptomatic DVT alone, or PE and

DVT combined) were identified by the International
Classification of Disease, 10th revision (ICD-10) diagnosis
codes. The ICD-10 code used for OSA was G47.30, and
the ICD-10 codes for VIE were 126.99 (PE) and 182.40
and 182.90 (DVT). All VTE events recorded in this study
were confirmed to have occurred within a 90-day post-
operative period. The method of VTE chemoprophylaxis
for each patient was also recorded. Patients were non-
randomized to either 325 mg or 81 mg aspirin (American
Society of Anesthesiologists [ASA]) or non-ASA therapy
(ie, low—molecular-weight heparin, unfractionated hepa-
rin, direct oral anticoagulation, or warfarin). Patient
baseline demographics such as age, body mass index
(BMI), ASA score, sex, and race were collected as well.
Study groups were separated by the primary diagnosis of
OSA. Because this was a quality improvement study, it
was exempt from institutional review board approval.
Patients at our institution were not routinely screened
for VTE. PE was diagnosed using chest CT scans or
ventilation-perfusion studies as per the current American
College of Clinical Pharmacy and American Academy of
Orthopedic Surgeons recommendations.?3-?* Symptom-
atic DVT was diagnosed by physical examination and
confirmed by lower extremity ultrasonography.

Institutional Venous Thromboembolism
Prophylaxis Protocol

From January 2016 until September 2017, patients were
given 325 mg ASA to be taken orally (po) twice daily
(BID) for 28 days postoperatively. After September
2017, our institution decreased this dose to 81 mg ASA
po BID for patients at standard risk for VTE. Any other
chemical (nonaspirin) anticoagulation agent such as
enoxaparin or rivaroxaban was reserved for patients at
greater risk for VTE, such as those who had a BMI over
40 or had a history of DVT or active cancer. Further-
more, any patient on an anticoagulation treatment reg-
imen before surgery was kept on that regimen. Finally,
patients received sequential pneumatic compression
devices intraoperatively and postoperatively to use for at
least 18 hours per day for at least 14 days.
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Table 1. Venous Thromboembolism Rates in Patients Undergoing Total Joint Arthroplasty With or Without a History

of Sleep Apnea

Variables Sleep Apnea (n = 935)
6 (0.6%)
PE rate Male 0 (0%)
Female 6 (0.6%)
1 (0.1%)
DVT rate Male 0 (0%)
Female 1(0.1%)
6 (0.6%)
Combined VTE rate® Male 0 (0%)
Female 6 (0.6%)

Control (n = 12,028) P?
29 (0.24%)
Male 4 (0.03%) 0.023
Female 25 (0.21%)
5 (0.04%)
Male 1 (0.01%) 0.37
Female 4 (0.03%)
30 (0.25%)
Male 4 (0.03%) 0.028
Female 26 (0.22%)

DVT = deep vein thrombosis, PE = pulmonary embolism, VTE = venous thromboembolism
&P values determined by two-tailed, unpaired Student t-test or chi-squared tests.

PCombined VTE includes subjects with both PE and/or DVT rates.

Notably, a history of OSA was not a criterion for
different VTE chemoprophylaxis such that patients with
similar VTE risk profiles, regardless of whether they
had a history of OSA or not, received the same regimen
for VTE chemoprophylaxis.

Statistical Analysis

All statistical analyses were performed using SPSS v25
(IBM). Descriptive data were reported as means (=SD)
for continuous variables and as counts (%) for cate-
gorical data. Independent, two-tailed Student #-tests
were performed to compare continuous data between
cohorts, while chi-squared tests were used for categor-
ical data. Chi-squared tests were conducted to compare
differences in VTE rates between cohorts. A multivariate
logistic regression model was also used to compare PE,
DVT, and total VTE rates between cohorts to account
for the notable differences in demographic data and
VTE chemoprophylaxis found between the two cohorts.
Type of surgery, that is, THA or TKA, was also run
through the regression model to determine whether
either surgery type influenced VTE rates. These findings
were reported as an odds ratio (OR) with an associated
95% confidence interval (CI). The results with a P value
of < 0.05 were considered to be statistically significant.

Results

A total of 12,963 consecutive primary TJA patients
(6,039 THA and 6,924 TKA) were identified and
included in this study. Nine hundred thirty-five (7.2%
rate of OSA in the study population) patients had a his-

tory of OSA, whereas the remaining number of patients
did not have OSA. Chi-squared analyses revealed that
total combined VTE rates were greater for the OSA
group than those in the non-OSA group (6 cases [0.6%)
versus 30 cases (0.25%], P = 0.028]. Similar trends were
observed toward higher PE rates (6 cases [0.6%] versus
29 cases [0.24%], P = 0.023) and DVT rates (1 case
[0.1%] versus S5 cases [0.04%], P = 0.37) in patients
with OSA. When stratified by sex, a greater proportion
of female patients experienced PE, DVT, and combined
VTE compared with male patients (Table 1).

Patient demographic data were also compared
between the two cohorts. On average, patients with OSA
were younger than patients without OSA (64.7 = 9.13
years versus 65.9 = 10.7 years, P < 0.001), had higher
BMI (35.3 = 6.35 versus 30.5 = 6.2, P < 0.001) and
ASA scores (2.7 = 0.58 versus 2.4 = 0.6, P < 0.001),
and were more often male (52% versus 37%, P < 0.001).
No difference was observed in race between the two
cohorts (P = 0.61). When classified by surgery type, 377
of 6,039 patients undergoing THA had a history of OSA,
while 558 of 6,924 patients undergoing TKA had a
history of OSA (6% versus 8%, P < 0.0001). Further-
more, a greater proportion of patients in the OSA group
were placed on non-ASA therapy than patients without
OSA (20% versus 13%, P < 0.0001) (Table 2).

To account for these differences between the two co-
horts, multivariate logistic regressions were used to
measure the association between OSA history and PE,
DVT, and total VTE rates (Table 3). When looking at a
history of OSA alone, the model predicted that patients
with OSA have a significantly higher odds of acquiring
PE {OR 2.672 (95% CI: [1.107 to 6.453]), P = 0.029}
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Table 2. patient Demographics and Characteristics

Variables Sleep Apnea (n = 935) Control (n = 12,028) P?
Age 64.7 + 9.13 65.9 + 10.7 <0.001
BMI 35.3 + 6.35 30.5 £ 6.2 <0.001
ASA 2.7 =+ 0.58 24 +0.6 <0.001
Sex
Male 482 (52%) 4,282 (37%) <0.001
Female 453 (48%) 7,746 (64%)
Race
White 608 (65%) 7,721 (64%)
African American (Black) 156 (17%) 1,949 (16%) 0.1
Other race (including Asian) 171 (18%) 2,357 (20%)
Surgery type
THA (n = 6,039) 377 (6%) 5,662 (94%) <0.0001
TKA (n = 6,924) 558 (8%) 6,366 (92%)
Anticoagulation medication
Aspirin 678 (72%) 9,713 (81%)
193 (20%) 1,610 (13%)
LMWH 126 (13%) LMWH 1,014 (8%) ~0.0001
Nonaspirin therapy Unfractionated heparin 2 (1%) Unfractionated heparin 16 (0%)
DOAC 59 (5%) DOAC 501 (4%)
Warfarin 6 (1%) Warfarin 63 (1%)
Unknown 74 (8%) 721 (6%)

2denotes that P values determined by two-tailed, unpaired Student t-test or chi-squared tests. ASA = American Society of Anesthesiologists,
BMI = body mass index, DOAC = direct oral anticoagulant, LMWH = low-molecular-weight heparin, TKA = total knee arthroplasty

and VTE {OR 2.583 (95% CI: [1.072 to 6.221]),
P = 0.034}). A higher odds of having DVT was also
observed in patients with OSA {OR 2.575 (95% CI: [0.3
t0 22.059])}; however, these results were not statistically
significant (P = 0.388). When accounting for a history of
OSA and the significant differences seen in our demo-
graphic data (eg, age, BMI, ASA score, and sex) and
anticoagulation medication, patients with a history of
OSA were still predicted to have a significantly increased
odds of having a PE {OR 3.821 (95% CI: [1.206 to
12.107]) P = 0.023} and combined VTE {OR 3.594
(95% CI: [1.144 to 11.284]), P = 0.028}. Again, there
was an increased odds of having DVT in patients with
OSA {OR 1.971 (95% CI: [0.197 to 19.705])}; however,
these results were not statistically significant (P = 0.563).
Female sex with or without OSA was also associated
with a higher odds of PE {OR 3.453 (95% CI: [1.001 to
11.910]), P = 0.050} and combined VTE {OR 3.600
(95% CI: [1.050 to 12.346]), P = 0.042} and trended
toward higher odds of DVT, although not significant
{OR 2.042 (95% CI: [0.215 to 19.392]), P = 0.534}.
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Furthermore, patients undergoing TKA with or without
OSA were found to have a higher odds of PE {OR 3.243
(95% CI: [1.052 to 9.994]), P = 0.041} and combined
VTE {OR 3.392 (95% CI: [1.111 to 10.357]), P = 0.032},
but not DVT {OR 1.941 (95% CI: [0.202 to 18.632]),
P =0.565}. Other demographic data, such as age, BMI,
ASA score, and anticoagulation therapy with or without
OSA, did not increase the risk of VTE outcomes.

Discussion

The results of our study suggest that OSA is an inde-
pendent risk factor for increased PE and combined VTE
rates, but not DVT. A multivariate logistic regression
model isolating OSA’s effect revealed that OSA mark-
edly increases the odds of PE and combined VTE in
patients undergoing primary TJA by twofold. These
findings are further corroborated by the results of
numerous studies that have highlighted the increased
risk of postoperative pulmonary complications in

|  © American Academy of Orthopaedic Surgeons
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Adjusted model: VTE = constant + sleep apnea + age + BMI + ASA + gender + anticoagulation medication + surgery type.

Alex Tang, MD, et al

surgical patients with OSA.%%1425-27 Vakharia et al
conducted a retrospective review from 2005 to 2014
using Medicare Standard Analytical Files to compare
90-day complications in demographically matched pa-
tients with or without OSA undergoing primary TJA.
Like our study results, they found that patients with
OSA had a greater odds of developing PE after TKA
{OR 1.51 (95% CI: [1.11 to 2.04]), P = 0.007}, but not
THA {OR 1.30 (95% CI: [0.78 to 2.17]), P = 0.303}.2
Similarly, Naqvi et al'# studied a total of 4,984 patients
with and without OSA after TJA who were matched
using a 1:3 ratio and reported an increased rate of
pulmonary complications, which included PE, in pa-
tients with OSA {1.7% versus 0.6%, OR 2.91 (95% CI:
[1.58 to 5.36]), P < 0.001}. Furthermore, D’Apuzzo and
Browne® reviewed a National Inpatient Sample data-
base from 2006 to 2008 comparing in-hospital post-
operative complications in a total of 258,455 patients
with or without OSA undergoing revision TJA and
determined that OSA was associated with increased PE
(OR 2.1, P = 0.001). Even when accounting for any
demographic differences between the two groups,
including age, BMI, and ASA score, our model still
found a significant threefold increase in odds of having
PE in patients with a history of OSA alone (P = 0.028).
These odds are also independently increased threefold in
female patients (P = 0.042) and threefold in patients
undergoing TKA (P = 0.032). Although previous studies
have identified a higher prevalence of OSA and severity
in males than in females, other studies argue that female
patients are less frequently diagnosed and treated for
OSA than male patients.2**?8 More importantly, these
studies report that the consequences of the disease are at
least the same in female patients, if not worse for
comparable degrees of severity.?® This suggests that
female patients presenting with OSA, despite other risk
factors, have a clinically notable increased risk of
having a PE after TKA and may require greater attention
toward management and treatment.

Although multiple studies concur that patients with
OSA undergoing TJA experience greater pulmonary
complications than patients without OSA, some studies
did not report such findings.”-8:13 Berend et al” retro-
spectively reviewed 1,255 consecutive patients under-
going TJA at a single hospital between 2005 and 2006
and found no in-hospital DVT or PE in any of their
patients with or without OSA. One possible explanation
for this finding, aside from the fact that in-hospital VTE
is a rare occurrence in itself, could be due to the im-
plementation of their institution’s postoperative OSA
protocol, which they credit to have lowered their rate of

April 2022, Vol 6, No 4 | © American Academy of Orthopaedic Surgeons 5

JPIIY YOIBISIY .



The Effect of Obstructive Sleep Apnea on Venous Thromboembolism Risk in Patients Undergoing Total Joint Arthroplasty

notable in-hospital complications. This protocol in-
cludes continuous pulse oximetry monitoring 24/7 until
discharge, immediate use of continuous positive airway
pressure or bilevel positive airway pressure in the
postoperative period, cardiac monitoring/telemetry for
24 hours after arrival to in-patient unit, promotion of
rapid advancement to oral pain medications with
avoidance of narcotic drugs if possible, head of bed
elevation to 30° to 40° if not contraindicated, and OSA
educational material distribution to patients before
hospital discharge.” Moreover, our study does not solely
focus on in-hospital VTE rates, but rather VIE events
that occur within a 90-day postoperative period. Parikh
et al® studied a small cohort of 19 TJA patients with a
preoperative diagnosis of moderate or severe OSA and
did not report any VTE events in their patients.
Although they did report serious postoperative pulmo-
nary complications such as respiratory arrest and
respiratory depression, they only reported a small
number of cases and within a 3-day postoperative phase
in hospital. Thus, it is likely that they did not detect any
VTE events because of the size and length of scope of
their study and its design. Cashman et al'3 identified
TJA patients with OSA between 1998 and 2008 at a
single institution and found no differences between OSA
and control patients in cardiovascular and respiratory
complications after TJA. However, the authors gave a
broad definition of what they considered as a respira-
tory complication, which does not entirely encompass
the scope of VTE to the degree that our study does. In
addition, like Berend et al, they credit their institution’s
postoperative monitoring protocols to successfully
reduce postoperative complications commonly caused
by OSA, which may include VTE.

The need for screening procedures and perioperative
and/or postoperative interventions to identify undiag-
nosed OSA and minimize VTE risk in patients undergo-
ing TJA is the main concern for practicing arthroplasty
surgeons. Harrison et al* reported the incidence rate of
undiagnosed OSA in patients scheduled for elective TJA
at their institution to be 4%. This literature identifies
advanced age, male sex, and obesity or high BMI as risk
factors and strong predictors of OSA.2# In concordance
with previous studies, patients with OSA reported in our
study were markedly more likely to be male with higher
BMI and ASA. Preoperative questionnaires such as the
Berlin Questionnaire, ASA checklist, and the STOP-
BANG (Snoring, Tiredness during daytime, Observed
apnea, high blood Pressure, BMI, Age, Neck circum-
ference, and Gender) questionnaire have been used to
identify OSA in the surgical population and are believed

6 Journal of the AAOS Global Research & Reviews® |

to prevent perioperative complications in patients at
risk.3* In fact, patients undergoing elective surgery at
our institution are identified with OSA using the STOP-
BANG questionnaire during preoperative evaluation by
anesthesiology. Other preoperative methods of identi-
fying surgical patients who are at risk of OSA that have
also been implemented include nocturnal pulse oximetry
and home sleep testing. Intraoperative management for
patients with OSA mainly focuses on surgical measures
and type of anesthesia. Orthopedic surgeons should seek
to minimize the surgical stress and duration of surgery
because both factors have been shown to increase
perioperative complications.> Moreover, regional or
local anesthesia is preferred in patients with OSA
because it has been shown to reduce rates of pulmonary
and gastrointestinal complications, acute anemia, and
mortality when compared with OSA patients using
general anesthesia.3-14 It is suggested that patients with
OSA who undergo general anesthesia should receive
greater attention and monitoring in the postoperative
period to ensure upper-airway patency.>* In the post-
operative period, hospital systems should encourage the
use of continuous positive airway pressure, continuous
use of pulse oxygenation with pulse oximetry, and
avoidance of opioids and sedative drugs for pain con-
trol.2-3-8 Utilization of these protocols has been shown
to reduce the many perioperative and postoperative
complications that patients with OSA experience,
including those related to VTE.

Finally, the use of VTE prophylaxis in patients with
OSA may require greater attention. The current Ameri-
can College of Clinical Pharmacy and American Acad-
emy of Orthopedic Surgeons guidelines recommend the
use of pharmacologic agents (grade 1B recommendation)
and/or mechanical devices (grade 1C) in patients under-
going elective THA or TKA who are not at elevated risk
for VTE or bleeding beyond the surgery itself.23-* For
most patients undergoing TJA, the use of low—
molecular-weight heparin or direct oral anticoagulant,
such as rivaroxaban or apixaban, is suggested in pref-
erence to the other recommended agents (grade 2B).23-29
The guidelines at our institution reserve the use of these
agents for patients at high risk of VTE including those
with a BMI over 40 that may also be at risk of OSA
because low-dose aspirin has been shown to be safe and
effective for VIE prophylaxis in patients at standard
risk of VTE.2%-3% With our study’s current findings, it
would not be unreasonable to classify female patients
with OSA undergoing TKA at high or moderate risk for
VTE and thus recommend consideration of stronger
VTE chemoprophylaxis agents. For instance, although a

April 2022, Vol 6,No 4 | © American Academy of Orthopaedic Surgeons



greater percentage of patients with OSA in our study
were treated with stronger VTE chemoprophylaxis
agents than patients without OSA (20% non-ASA
therapy in the OSA group versus 13% non-ASA ther-
apy in the control group, P < 0.0001), our study still
found higher VTE rates in patients with OSA, which
strengthens our findings in support for more aggressive
VTE treatment in patients with OSA. A subanalysis
including only patients at standard risk for VTE pre-
scribed ASA because VTE chemoprophylaxis revealed
the exact same trends as this study (ie, higher PE rates in
female patients with OSA undergoing TKA), which
further increases the validity of these findings. However,
we cannot comment on which nonaspirin anticoagulant
agent would be the most optimal nor can we recom-
mend how aggressively surgeons should escalate che-
moprophylaxis therapy based on these data alone.
Future studies may wish to investigate the optimal VTE
prophylaxis treatment regimen and risk stratification
protocol for this unique population.

The limitations of this study are mainly inherent to its
retrospective study design which increases the suscepti-
bility of our data to selection bias that may have con-
tributed to the differences in demographic data seen in
our study population. In response, we ran a multivariate
logistic regression to study their effect on our reported
VTE rate and found no such correlation. Moreover,
because our retrospective data collection spans over 3
years and only includes a cohort of prospective, consec-
utive TJA cases, we believe that these factors may further
limit the possible selection bias that may influence the
results of our study. Future studies, however, may wish to
conduct a prospective approach to confirm these results,
especially for DVT rates. Although our study’s retro-
spective period of 3 years may be considered a strength,
this long study period may also expose our study to
confounding variables such as institutional changes and
deviations in our institution’s VTE prophylaxis guide-
lines, which may bias the results of our reported VTE
rates in patients with OSA. Future studies may wish to
investigate the effect of different VTE prophylaxis
protocol changes on VTE rates in patients with OSA to
confirm this limitation. Finally, we acknowledge that
our results show very low VTE rates (ie, =30 total
cases), and therefore very small differences, which call
into question our study’s statistical and clinical rele-
vance. However, our reported rates follow the
decreasing trend of VTE rates as reported in the
orthopedic literature. These low rates are likely due to a
combination of factors such as improvements in surgical
technique and perioperative care, faster postoperative

Alex Tang, MD, et al

mobilization protocols, shorter duration of hospitali-
zation, and more consistent use and/or longer duration
of VTE prophylaxis.3! Although our small numbers
may suggest questionable statistical and clinical rele-
vance, it is still important to identify independent factors
that increase the risk of VTE to minimize morbidity and
mortality in patients undergoing TJA. To the best of our
best knowledge, our study is the first to identify OSA as
an independent risk factor for VTE in combination with
female sex and TKA procedures. This provides impor-
tant information relevant to practicing orthopaedic
surgeons to heighten awareness of patients presenting
with OSA, especially those who are female and under-
going TKA, as a risk category for VTE disease.

Conclusion

The findings of our study identify a trend that a history of
OSA markedly increases the odds of a patient having a PE
after their total joint arthroplasty surgery, especially in
female patients undergoing TKA. Greater attention toward
screening procedures, perioperative and postoperative
monitoring protocols, and VTE prophylaxis may be war-
ranted in populations at risk to prevent future complications.

References

1. Senaratna CV, Perret JL, Lodge CJ, et al: Prevalence of obstructive
sleep apnea in the general population: A systematic review. Sleep Med Rev
2017;34:70-81.

2. Vakharia RM, Cohen-Levy WB, Vakharia AM, Donnally CJ, Law TY,
Roche MW: Sleep apnea increases ninety-day complications and
cost following primary total joint arthroplasty. J Arthroplasty 2019;34:
959-964, el.

3. Vasu TS, Grewal R, Doghramji K: Obstructive sleep apnea syndrome
and perioperative complications: A systematic review of the literature.
J Clin Sleep Med 2012;8:199-207.

4. Harrison MM, Childs A, Carson PE: Incidence of undiagnosed sleep
apnea in patients scheduled for elective total joint arthroplasty. J
Arthroplasty 2003;18:1044-1047.

5. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S: The
occurrence of sleep-disordered breathing among middle-aged adults. N
Engl J Med 1993;328:1230-1235.

6. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM:
Increased prevalence of sleep-disordered breathing in adults. Am J
Epidemiol 2013;177:1006-1014.

7. Berend KR, Ajluni AF, Nunez-Garcia LA, Lombardi AV, Adams JB:
Prevalence and management of obstructive sleep apnea in patients
undergoing total joint arthroplasty. J Arthroplasty 2010;25:54-57.

8. Parikh SN, Stuchin SA, Maca C, Fallar E, Steiger D: Sleep apnea
syndrome in patients undergoing total joint arthroplasty. J Arthroplasty
2002;17:635-642.

9. D’Apuzzo MR, Browne JA: Obstructive sleep apnea as a risk factor for
postoperative complications after revision joint arthroplasty. J Arthroplasty
2012;27:95-98.

Journal of the AAOS Global Research & Reviews® | April 2022, Vol 6,No4 | © American Academy of Orthopaedic Surgeons 7

JPIIY YOIBISIY .



The Effect of Obstructive Sleep Apnea on Venous Thromboembolism Risk in Patients Undergoing Total Joint Arthroplasty

10. Obesity: Preventing and managing the global epidemic. Report of a
WHO consultation. World Health Organ Tech Rep Ser 2000;894:1-12.

11. Kurtz S, Ong K, Lau E, Mowat F, Halpern M: Projections of primary and
revision hip and knee arthroplasty in the United States from 2005 to 2030.
J Bone Joint Surg Am 2007;89:780-785.

12. Allen KD, Golightly YM: State of the evidence. Curr Opin Rheumatol
2015;27:276-283.

13. Cashman J, Bican O, Patel R, Jacovides C, Dalsey C, Parvizi J: Total
joint arthroplasty in patients with obstructive sleep apnea: Strategies for
reduction of perioperative complications. Surg Technol Int 2011;21:
261-266.

14. Naqgvi SY, Rabiei AH, Maltenfort MG, et al: Perioperative complications
in patients with sleep apnea undergoing total joint arthroplasty.
J Arthroplasty 2017;32:2680-2683.

15. Warren JA, Sundaram K, Anis HK, Kamath AF, Higuera CA, Piuzzi
NS: Have venous thromboembolism rates decreased in total hip and
knee arthroplasty? J Arthroplasty 2020;35:259-264.

16. Shahi A, Bradbury TL, Guild GN, Saleh UH, Ghanem E, Oliashirazi
A: What are the incidence and risk factors of in-hospital mortality after
venous thromboembolism events in total hip and knee arthroplasty
patients? Arthroplast Today 2018;4:343-347.

17. Ruppert A, Steinle T, Lees M: Economic burden of venous
thromboembolism: A systematic review. J Med Econ 2011;14:65-74.

18. Warren JA, Sundaram K, Kamath AF, et al: Venous
thromboembolism rates did not decrease in lower extremity revision
total joint arthroplasty from 2008 to 2016. J Arthroplasty 2019;34:
2774-2779.

19. Zhang J, Gu J, Kuang Y, Zhu Y, Tang K, Guo Y: Prevalence of
obstructive sleep apnea in venous thromboembolism: A systematic
review and meta-analysis. Sleep Breath 2019;23:1283-1289.

20. Lippi G, Mattiuzzi C, Franchini M: Sleep apnea and venous
thromboembolism. A systematic review. Thromb Haemost 2015;114:
958-963.

21. Deflandre E, Degey S, Opsomer N, Brichant JF, Joris J: Obstructive
sleep apnea and smoking as a risk factor for venous thromboembolism

8 Journal of the AAOS Global Research & Reviews® |

events: Review of the literature on the common pathophysiological
mechanisms. Obes Surg 2016;26:640-648.

22. Peng YH, Liao WC, Chung WS, et al: Association between obstructive
sleep apnea and deep vein thrombosis/pulmonary embolism: A population-
based retrospective cohort study. Thromb Res 2014;134:340-345.

23. Flevas DA, Megaloikonomos PD, Dimopoulos L, Mitsiokapa E,
Koulouvaris P, Mavrogenis AF: Thromboembolism prophylaxis in
orthopaedics: An update. EFORT Open Rev 2018;3:136-148.

24. Mont M, Jacobs J, Lieberman J, et al: Preventing venous
thromboembolic disease in patients undergoing elective total hip and knee
arthroplasty. J Bone Joint Surg Ser A 2012;94:673-674.

25. Liao P, Yegneswaran B, Vairavanathan S, Zilberman P, Chung F:
Postoperative complications in patients with obstructive sleep apnea: A
retrospective matched cohort study. Can J Anaesth 2009;56:819-828.

26. Memtsoudis S, Liu SS, Ma Y, et al: Perioperative pulmonary outcomes
in patients with sleep apnea after noncardiac surgery. Anesth Analg 2011;
112:113-121.

27. Sloan M, Sheth N, Lee GC: Is obesity associated with increased
risk of deep vein thrombosis or pulmonary embolism after hip and
knee arthroplasty? A large database study. Clin Orthop Relat Res
2019;477:523-532.

28. Wimms A, Woehrle H, Ketheeswaran S, Ramanan D, Armitstead J:
Obstructive sleep apnea in women: Specific issues and interventions.
Biomed Res Int 2016;2016:1764837.

29. Falck-Ytter Y, Francis CW, Johanson NA, et al: Prevention of VTE in
orthopedic surgery patients. Antithrombotic therapy and prevention of
thrombosis, 9th ed: American College of Chest Physicians evidence-based
clinical practice guidelines. Chest 2012;141:e278S-e325S.

30. Parvizi J, Huang R, Restrepo C, et al: Low-dose aspirin is effective
chemoprophylaxis against clinically important venous thromboembolism
following total joint arthroplasty: A preliminary analysis. J Bone Joint Surg
Am 2017;99:91-98.

31. Kahn SR, Shivakumar S: What’s new in VTE risk and prevention in
orthopedic surgery. Res Pract Thromb Haemost 2020;4:366-376.

April 2022, Vol 6,No 4 | © American Academy of Orthopaedic Surgeons



