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ABSTRACT 
Introduction: Sleep apnea has been shown to affect cognition, immunity, 
and bone mineralization negatively. The effects of sleep apnea on 
unicompartmental knee arthroplasty outcomes are not well defined. The 
purpose of this study is to assess postoperative medical and implant-
related complications, and healthcare utilization in patients with and 
without sleep apnea undergoing unicompartmental knee arthroplasty.  
 
Methods: A retrospective review of a private insurance claims database 
was conducted from 2010 to 2021. All cases of unicompartmental knee 
arthroplasty and those with a prior diagnosis of sleep apnea were 
identified using their corresponding diagnosis and procedural codes. 
Patients undergoing unicompartmental knee arthroplasty with a diagnosis 
of sleep apnea were matched to control patients 1:2 based on 
demographic and comorbidity profiles. Outcomes assessed were 90-day 
medical complications, 2-year implant complications, cost of care, length 
of stay, and 90-day readmission rates.  
 
Results: A total of 16,080 sleep apnea patients were matched to 31,684 
control patients. The sleep apnea group had significantly higher rates of 
all 90-day medical complications when compared to the control group (all 
P<0.01). Sleep apnea patients also had significantly greater odds of falls 
(OR, 3.04; CI, 2.71-3.41, P<0.001). Likewise, the sleep apnea group had 
significantly greater odds of prosthetic joint infection, dislocation, 
mechanical loosening, and periprosthetic fracture than the control group 
(all P<0.01). There were no significant differences in the odds of 
arthrofibrosis (p=0.186). Additionally, mean cost ($3,141 vs. $2,895, 
P<0.001) and mean length of stay (3.9 vs. 1.9 days, P<0.001) were 
significantly greater in the study group.  
 
Conclusions: Sleep apnea in patients undergoing unicompartmental knee 
arthroplasty is associated with a significant risk of medical and implant-
related complications, especially pneumonia, thromboembolic 
complications, and falls. It is prudent for orthopedic surgeons to identify 
those with sleep apnea, with possible early intervention prior to surgery 
to improve outcomes. 
 
Level of evidence: III, retrospective case-control study. 
 
Keywords: sleep apnea; unicompartmental knee arthroplasty; outcomes; 
complications.  
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Introduction 
Sleep apnea (SA) is the most common sleep 
disturbance, characterized by repeated episodes 
of breathing cessation during sleep, that affects 
approximately 22 million in the United States alone1,2. 
People who are overweight, those who smoke, males, 
and those of advanced age are at an increased risk 
of developing SA1. This condition, however, can affect 
anyone regardless of age, gender, or body mass 
index. Repeated apneic events associated with SA 
and hypoxia have been shown to have drastic effects 
on cortisol, testosterone and blood pressure, as well 
as produce a proinflammatory state3. Untreated SA 
can lead to elevated blood pressure, cardiovascular 
disease, stroke, daytime sleepiness and fatigue, 
depression, and impaired cognitive function3.  
 

The reported prevalence of SA has continuously 
increased, in part due to longer life spans as well 
as increasing rates of obesity4. Similarly, advanced 
age and obesity are well-established causes of 
osteoarthritis (OA). The prevalence of SA in patients 
who are undergoing elective primary joint arthroplasty 
is estimated to be greater than in the general 
population5,6. Thus, SA is a common issue for 
surgeons treating patients with knee osteoarthritis 
and can result in uncharacteristic postoperative 
issues. Unicompartmental knee arthroplasty (UKA) 
partial knee replacement, is a less invasive surgery 
than total knee arthroplasty, with decreased bony 
and soft tissue resection7. Therefore, blood loss 
and operative times are generally decreased, 
reducing the risk of postoperative complications, 
including deep vein thrombosis, pulmonary 
embolism, and infection7-9. UKA is in an 
appropriate patient offers a less traumatic surgical 
option as compared to total joint arthroplasty.  
 

Although It has been shown that patients who have 
SA are at increased risk for venous thromboembolism 
following total joint arthroplasty10,11; the risk of 
medical complications and prosthetic complications 
following UKA are not well defined in the literature. 
Therefore, the purpose of this study was to assess 
90-day medical complications, 2-year falls, 
implant-related complications, and healthcare 
utilization following UKA in patients who have SA 
and a matched-control cohort. 
 

Methods 
A retrospective query was conducted from January 
2010 to October 2021 of the 157Ortho dataset 

within the PearlDiver database (PearlDiver 
Technologies, Colorado Springs, CO, USA). This 
study period was chosen due to restrictions in the 
database at the time of data acquisition at the time 
of study (December, 2024). PearlDiver has been 
validated and has been used extensively in the 
orthopedic literature. This database contains over 
157 million patient records and is compliant with 
Health Insurance Portability and Affordability Act, 
data is acquired from patients throughout the 
United States of America. Patients were queried 
using Current Procedure Technology (CPT), as well 
as the International Classification of Disease (ICD) 
9th and 10th revision codes.  
 

Patients diagnosed with sleep apnea were 
identified using ICD-9-D-3720 through ICD-9-D-
3729, and ICD-10-D-G4730 through ICD-10-D-
G4739. Cases of UKA were queried using CPT-
27446, as well as ICD-10-P codes 0SRC0L, 0SRC0M, 
0SRD0L, and 0SRD0M. Patients undergoing UKA 
who had a prior diagnosis of SA were matched to 
a control cohort in a 1:5 fashion, controlling for 
age, gender, and comorbidity profiles (diabetes 
mellitus, tobacco use, obesity, hypertension, and 
chronic obstructive pulmonary disease). 
 

The primary outcomes assessed were 90-day 
medical complications {myocardial infarction], 
cerebrovascular accident [CVA], deep vein 
thrombosis [DVT], pulmonary embolism [PE], 
urinary tract infection [UTI], wound complication, 
acute kidney injury, pneumonia, sepsis, and 
transfusions), and 2-year falls and implant-related 
complications (prosthetic joint infection [PJI], 
dislocation, mechanical loosening, periprosthetic 
fracture, and arthrofibrosis). Secondary outcomes 
were medical utilization, including costs of care, 
readmission within 90-days, and length of stay. 
Reimbursement was utilized as a surrogate for 
costs of care, which is an accurate depiction of the 
actual cost of the surgical event and has been 
extensively used in literature12-14. 
 

All statistical analysis was performed with R, version 
4.2.1 software (R Foundation for Statistical 
Computation, Vienna, Austria). Categorical 
variables are described using frequencies and 
percentages, while continuous variables are 
presented using means and standard deviations. 
Student’s T-test was used to assess differences in 
age between groups. Welch’s T-tests were used to 
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evaluate differences in length of stay and costs of 
care between groups. Chi-squared or Fisher’s 
exact tests were used for categorical variables, 
where appropriate. Logistic regression was utilized 
to assess for significance in complication rates 
between the SA and control groups. Results are 
reported as odds ratios (ORs) and 95% confidence 
intervals (CIs). Statistical significance was set at an 
alpha of less than 0.05.  

Results 
Following the inclusion and matching process, 
16,080 SA patients were matched to 31,684 
control patients with no SA diagnosis. The results 
of the matching process were successful, with no 
differences seen between cohorts in regard to age, 
gender, or comorbidity burdens (Table 1).  

 

Table 1. Demographic and comorbidity characteristics of UKA patients with sleep apnea and a matched-
control cohort 
 

Patient Demographic 
Sleep Apnea 
N = 16,080 

n (%) 

Control 
N = 31,684 

n (%) 
p-Value 

Age* 60.8 ± 9.3 61.0 ± 9.1 0.103 

Gender 
    Female 
    Male 

 
7,712 (48.0) 
8,368 (52.0) 

 
15,258 (48.2) 
16,426 (51.8) 

0.692 

Comorbidity 
    COPD 
    Diabetes mellitus 
    Hypertension 
    Obesity 
    Tobacco use 

 
5,073 (31.5) 
6,908 (43.0) 

13,290 (82.6) 
9,007 (56.0) 
6,476 (40.3) 

 
9,873 (31.2) 
13,548 (42.8) 
26,255 (82.9) 
17,659 (55.7) 
12,724 (40.2) 

 
0.394 
0.683 
0.563 
0.568 
0.817 

 

UKA, unicompartmental knee arthroplasty; COPD, chronic obstructive pulmonary disease 
* given as mean ± standard deviation 
 

NINETY-DAY MEDICAL COMPLICATIONS 
The SA cohort had significantly greater rates of all 
medical complications assessed (all P < 0.001). The 
greatest increase in odds was that of pneumonia 
(OR: 6.79; 95% CI: 5.47 - 8.42; P < 0.001), 

cerebrovascular accident (OR: 5.86; 95% CI: 3.75 - 
9.14; P < 0.001), myocardial infarction (OR: 4.61; 
95% CI: 3.30 - 6.45; P < 0.001), and urinary tract 
infection (OR: 4.59; 95% CI: 4.00 - 5.27; P < 0.001) 
(Table 2). 

 

Table 2. 90-day medical complications and utilization between UKA patients with sleep apnea and a 
matched-control cohort 
 

Complication Sleep Apnea (%) Control (%) OR 95% CI p-Value 

Pneumonia 2.27 0.34 6.79 5.47 - 8.42 < 0.001 

CVA 0.48 0.08 5.86 3.75 - 9.14 < 0.001 

MI 0.71 0.15 4.61 3.30 - 6.45 < 0.001 

UTI 4.15 0.93 4.59 4.00 - 5.27 < 0.001 

Sepsis 0.90 0.23 3.94 1.97 - 5.22 < 0.001 

AKI 1.60 0.44 3.66 2.98 - 4.50 < 0.001 

PE 0.45 0.16 2.83 1.98 - 4.05 < 0.001 

DVT 2.20 0.97 2.29 1.97 - 2.67 < 0.001 

Transfusion 0.36 0.16 2.20 1.51 - 3.20 < 0.001 

Wound 0.98 0.58 1.69 1.37 - 2.09 < 0.001 
 

UKA, unicompartmental knee arthroplasty; OR, odds ratio; CI, confidence interval; MI, myocardial infarction; CVA, cerebrovascular accident; DVT, 
deep vein thrombosis; PE, pulmonary embolism; UTI, urinary tract infection; AKI, acute kidney injury 
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TWO-YEAR FALLS AND IMPLANT RELATED 
COMPLICATIONS 
Falls and implant-related complications within 2-
years postoperatively are summarized in Table 3. 
UKA patients who had SA had significantly greater 
odds of falls than the control group (OR: 3.04; 95% 
CI: 2.71 - 3.41; P < 0.001). The SA group had 
significantly greater odds of periprosthetic fracture 
(OR: 1.69; 95% CI: 1.15 - 2.49; P = 0.008), 

dislocation (OR: 1.52; 95% CI: 1.22 - 1.91; P < 
0.001), prosthetic joint infection (OR: 1.45; 95% CI: 
1.27 - 1.65; P < 0.001), and mechanical loosening 
(OR: 1.35; 95% CI: 1.15 - 1.67; P < 0.001). There 
were no significant differences in rates of 
arthrofibrosis between cohorts (P = 0.229) (Figure 1). 
 
 

 
Table 3. Two-year falls and implant related complications between UKA patients with sleep apnea and a 
matched-control cohort 
 

Complication Sleep Apnea (%) Control (%) OR 95% CI p-Value 

 Falls 4.65 1.58 3.04 2.71 - 3.41 < 0.001 

PFx 0.30 0.18 1.69 1.15 - 2.49 0.008 

DL 0.84 0.55 1.52 1.22 - 1.91 < 0.001 

PJI 2.50 1.74 1.45 1.27 - 1.65 < 0.001 

ML 1.75 1.31 1.35 1.16 - 1.57 < 0.001 

Fibrosis 0.27 0.21 1.27 0.86 - 1.86 0.229 
 

UKA, unicompartmental knee arthroplasty; OR, odds ratio; CI, confidence interval; PJI, periprosthetic joint infection; DL, dislocation; ML, mechanical 
loosening; PFx, periprosthetic fracture 

 

 
 

Figure 1. Two-year falls implant-related complication rate following unicompartmental knee arthroplasty between patients with sleep 
apnea and matched-control patients. 
 
HEALTHCARE UTILIZATION 
Episode-of-care costs were significantly higher in 
patients with SA undergoing UKA ($3,141 vs. 
$2,895; P < 0.001). There were no significant 
differences in 90-day readmissions between 

cohorts (2.83% vs. 2.75%, P = 0.877). Length of 
stay was significantly longer in the SA group than 
in the control group (3.9 vs. 1.9 days, P < 0.001) 
(Table 4). 
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Table 4. Medical and healthcare utilization between UKA patients with sleep apnea and a matched-control 
cohort 
 

Utilization Sleep Apnea Control OR 95% CI p-Value 

Cost of Care ($)* 3,141 ± 5,349 2,895 ± 4,852   < 0.001 

Readmission  2.83% 2.75% 1.01 0.90 - 1.13 0.877 

Length of Stay (d)* 3.9 ± 5.9 1.9 ± 1.9   < 0.001 
 

* Given as mean ± standard deviation 
UKA, unicompartmental knee arthroplasty; OR, odds ratio; CI, confidence interval 

 

Discussion 
Our study demonstrated that patients with SA were 
at significantly greater risk of developing medical 
complications and prosthetic complications 
following a UKA compared to those without SA. 
We found a significantly heightened risk among 
patients with SA for developing the following 
medical complications: nearly 7-fold increased 
likelihood of developing pneumonia, 6-fold for 
CVA, approximately 4.6-fold for MI and UTI, 
around 4-fold for sepsis, 3.66-fold for AKI, 2.83-
fold for PE, and 2.29- fold for DVT. We also found 
that patients with SA were over 3 times more likely 
to experience falls, over 1.5 times more likely to 
develop periprosthetic fractures and dislocations, 
and about 1.4 times likely to have periprosthetic 
joint infection and mechanical loosening. Finally, 
the results showed a significant increase in the cost 
of care and length of stay in patients with SA 
compared to those without. 
 

The results in this study were consistent with the 
literature that showed patients who have SA 
experience increased postoperative medical 
complications after orthopedic procedures11,15. 
Studies have shown SA to be a risk factor for 
pneumonia, sepsis, and various infections16. SA is 
characterized by hypercapnia, which induces 
systemic inflammation due to elevated 
proinflammatory molecules and compromised 
immunity arising from impaired neutrophil and 
macrophage function, which increase susceptibility 
to pneumonia and sepsis17-21. Additionally, apneic 
episodes stimulate inspiration against a collapsed 
airway, creating a buildup of negative intrathoracic 
pressure and producing a vacuum effect through 
the upper airway, predisposing the lower respiratory 
tract to increased aspiration of pathogen-
containing upper airway contents and leading to 
pneumonia22. In individuals with SA, the risk of 
cardiorespiratory events is heightened 24 hours 

post joint arthroplasty23. This is attributed to 
patients being predominantly supine coupled with 
the interaction between opioids, the basis of postop 
analgesia, and anesthetic agents, which increase 
pharyngeal collapse and decrease ventilator 
response, exacerbating SA and respiratory failure15,23.  
 

These increased episodes of hypoxia also activate 
the sympathetic stress response, therefore 
elevating blood pressure and cardiac work. This 
then triggers an inflammatory response that 
promotes endothelial dysfunction, oxidative stress, 
and blood coagulability increasing the risk of 
thromboembolic complications like venous 
thromboembolisms, CVA, and MI24. Studies have 
shown the hypercoagulable state seen in SA is 
created by the inflammatory response to 
hypoxemia, which amplifies the levels of D-dimers, 
plasminogen activator inhibitor-1, and coagulation 
factors XIIa, VIIa, and thrombin25. These mechanisms 
combine with the increase in sympathetic surges 
due to surgical stress and the increase in blood 
stasis due to supine positioning to account for 
Gupta’s 22% incidence of cardiovascular 
complications post joint arthroplasty in patients 
with SA compared to the 9% incidence seen in the 
control group23,26. It is worth noting that patients 
who receive continuous positive airway pressure 
achieve a reversal of these hematologic and 
pulmonary irregularities as soon as two weeks25. SA 
has also been shown to induce acute kidney injury 
and chronic kidney disease because of the 
subsequent hypertension, free radical production, 
endothelial injury, and hypoxemia-related initiation 
of the renin-angiotensin-aldosterone system27. 
While AKIs are one of the most common medical 
complications post joint arthroplasty28, it has been 
shown SA significantly amplifies these risks11. 
 

Besides medical complications, multiple studies 
have linked SA to impaired cognition, which may 
contribute to patient falls, and bone metabolism 
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and integrity leading to fractures and implant 
complications11,29-32. SA was identified as a 
predisposing factor for postoperative delirium in 
patients without dementia undergoing elective 
total joint replacement11,33; increasing risk of falls 
and accidents34, which may explain the 3-fold 
increase in odds of falls we observed in SA 
patients. Nocturnal hypoxia, a prominent 
characteristic of SA, exhibits catabolic effects on 
bone through the accumulation of hypoxia-
inducible factor 1𝛼, present on osteoblasts, which 
directly stimulates osteoclast activity and inhibits 
anabolic effects of parathyroid hormone on bone35-

38. Hypoxia also induces persistent ischemic injury, 
creating an inflammatory, acidotic, and 
antioxidant-deprived environment in bone which 
has been associated with osteoclast stimulation, 
inhibition of mineral deposition by osteoblasts, and 
altered collagen structure. These mechanisms 
contribute to heightened bone resorption, 
reduced bone mass, and increased risk of 
fractures29. This negative impact on bone integrity 
and metabolism could potentially compromise 
implant fixation and explain the increase in early 
implant-related complications like periprosthetic 
fractures, mechanical loosening, and dislocation as 
seen in this study and others11.  
 

Finally, as physicians aim to enhance patient 
outcomes and curtail costs, the literature illustrates 
that SA was responsible for billions of dollars in 
healthcare costs in 201539. This present study 
shows that episode-of-care costs were significantly 
higher in patients who had SA compared to 
patients without SA, and stay an average of 2 full 
days longer in the hospital. Studies have shown 
that individuals with SA post total joint arthroplasty 
incur heightened costs because of complications 
requiring ICU level of care, increased length of 
stay, and increased resource utilization such as 
need for intubation/mechanical ventilation, CPAP 
machines, and antibiotics15,23. For example, 
Vakharia et al. also found increased risk of DVT and 
PE in patients with SA following total joint 
arthroplasty, which incurred additional costs of 
$17,114 and $9,345, respectively11. This data is 
consistent with other orthopedic procedures that 
saw a higher cost of care in patients with SA 
compared to patients without SA11. 
 

While the study boasts numerous strengths, such 
as a large sample size with strong statistical power 

that controlled for other major comorbidities, it is 
not without several limitations. First, the validity of 
the results relies on the data quality and accuracy 
of the procedural and diagnostic coding of the 
database40. Second, diagnosing SA poses a specific 
challenge as reports indicate 40-60% of surgical 
patients have undiagnosed obstructive SA41-43. 
Third, there was no way to stratify the SA group 
according to the severity of their condition or their 
treatment status, which could have elicited 
insightful data. Lastly, as there were restrictions 
within the database on when data could be 
curated, the time period of January 2010 to 
October 20, although vast, could have time points 
in which techniques and protocols for performing 
UKAs and treating SA could have changed. 
 

Conclusion 
This study demonstrates that patients who have SA 
undergoing primary UKA face a heightened risk of 
medical complications, early implant-related 
complications as well as increased costs and LOS. 
Appropriate risk stratification, patient education, 
and postoperative management should be a 
priority to mitigate potential complications in 
patients with SA undergoing UKA. 
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