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Importance of Air Environment in Hip and Knee Arthroplasty 
 

• The intraoperative airborne environment is an underestimated driver of clinical and economic outcomes in hip and knee 
arthroplasty: including infection rate, overhead, e�ciency, readmission, and patient satisfaction.  

 
• Surgical site infections (SSIs), occurring in 1.3 to 2.1% of knee and hip arthroplasties, are associated with a substantial 

burden, including extended length of stay, excess mortality, reduced quality of life, increased readmissions, and a 3-
fold increase in hospital costs.1,2 

 
• Clean air exchange is critical to room turnover, particularly in potentially infectious environments. Increasing O.R. air 

exchange by 25% will reduce overhead costs from turnover times by $148 per procedure.3, 44 
 

• Signi�cant costs are incurred by environmental interventions in hip and knee arthroplasty, and cost savings can be 
exacted by optimizing the usage of these interventions.4  

 

Unmet Need 
 

• Current environmental technologies used in hip and knee arthroplasty include surgical helmet systems, smoke 
evacuators, vertical laminar �ow systems, and surface ultraviolet units. These interventions represent a signi�cant clinical 
and economic burden in direct cost, time, pathogen exposure, personnel factors, and infection rates.5 

 
• There is a need for a deployable system to address the total operating room airborne environment in hip and knee 

arthroplasty. 
 

Clinical Value of the ILLUVIA® Ultraclean Air System 
 

• The ILLUVIA® Ultraclean Air System is the only UV air handling device developed speci�cally for operating room use, 
combining the proven e�ectiveness of ultraviolet germicidal irradiation (UVGI), HEPA �ltration, and electronic air 
monitoring to create ideal environments for hip and knee arthroplasty.6 

 
• Proven to signi�cantly reduce deep infection rates in hip and knee procedures, with published reduction in airborne 

bacteria levels, particulates, and bioaerosols.7 
• Develops a non-turbulent air�ow for safe use in controlled OR environments, and FDA labeled for O.R. use8 
• Provides improved infection prevention compared to surgical helmet systems and reduced ambient surgical smoke 

levels compared to room air exchange systems alone.9 
• Improved environment of care for both patients and sta�, including reduction in viable organic compounds (VOCs) 

arising from waste anesthetic gases and chemical contaminants.10 
• ILLUVIA®  is the only air handling system proven to eliminate airborne SARS-CoV-2 bioaerosols in direct testing.11  

  
Economic Value of the ILLUVIA® Ultraclean Air System 
 

• There are signi�cant costs associated with the airborne environment in hip and knee arthroplasty including surgical site 
infection, OR time to allow for air exchange between cases, and sta� costs related to use of decontamination devices.5 

 
• Suboptimal environmental practices in the OR will lead to increased sta� time, risk for introducing SSI-causing pathogens 

to the wound, and material costs, and potentiality reduced patient and sta� satisfaction.12 
 

• In hip and knee arthroplasty, the use of ILLUVIA®  system may be more cost e�ective than alternative technologies, such 
as smoke evacuation systems, helmet systems, and surface ultraviolet devices to create an optimal OR environment at a 
sustainable cost.  

 
• Given favorable outcomes observed, is anticipated that the ILLUVIA®  Ultraclean Air System will provide important cost 

savings within hip and knee arthroplasty. 
  

EXECUTIVE SUMMARY EXECUTIVE SUMMARY
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Air Contamination and Joint Arthroplasty 
 

• There is a strong correlation between the air contamination and the joint infection rate. 
By  far the largest proportion of bacteria found in the wound after the joint prosthesis 
had been inserted reached it by the airborne route, as much as 95 percent.13 

 

o The level of airborne contamination has been shown to correlate with 
subsequent infection of joint prostheses, even in the presence of perioperative 
antibiotics.14 

 

• Between 80 and 90% of bacterial contaminants found in the wound after surgery come 
from bacteria present in the air of the operating room. When the numbers of bacteria are 
reduced, there is a corresponding reduction in the incidence of wound infection.15 

 

o Each person in the operating room emits approximately 10,000 viable 
organisms per minute when at rest; with increased activity this can rise to 
50,000/min.15 
 

o Only 25 MRSA organisms can cause SSI in 50% of the patients in animal SSI 
model.16 

 
• Surgical-site infections (SSIs) due to intra-operative contamination are chie�y ascribable 

to airborne particles carrying microorganisms, mainly Staphylococcus aureus, which settle 
on the surgeon’s hands and instruments. SSI prevention therefore rests on minimization 
of airborne contaminated particle counts.17 

 
Clinical and Economic Burden of Surgical Site Infections 
   

• The mean THA cost in a specialized tertiary care center was signi�cantly higher in the 
infected group when compared to the matched cohort: $88,623 vs $25,659, 7.6 vs 3.29 
days, and 2 vs 0, respectively.18 

 
• The incidence of PJI ranges between 2.0% and 2.4% of total hip arthroplasties and knee 

arthroplasties. The annual cost of infected revisions to US hospitals was projected to 
exceed $1.62 billion by 2020.19 

 
• PJI increased average costs by $1,029 for each TKA performed and $1,057 for each THA 

performed.20 
 

Burden of SSIs in Hip and Knee Arthroplasty 1,2 
Extended LOS 2 to 3 fold increase in LOS 
Readmissions 2 fold increased readmission rate 

Mortality 25.9% at �ve years 
Total costs 3 fold increase in hospital costs 

Patient Experience Decreased satisfaction scores 
 

• Some factors reported to be predictive for the risk of SSIs in hip and knee arthroplasty 
include osteoarthritis, diabetes, obesity, increasing age, wound dehiscence, duration of 
surgery, transfusions, wound drainage, length of stay, and bladder catheter.21-23 

 
• A recent meta-analysis has shown several risk factors to signi�cantly increase the risk of 

SSI, for example:21 
 

Diabetes Mellitus odds ratio = 1.26; (p < 0.001) 
Prolonged Operative Time odds ratio = 2.18; (p = 0.001) 

Obesity (BMI > 40) odds ratio = 3.74; (p < 0.001) 
Wound Dehiscence odds ratio = 8.08; (p < 0.001) 

 

 

“Analysis clearly 
showed that the 
most important 
and consistent 
route of 
contamination 
was airborne.“ 13  

“There remains a 
group of patients 
who despite 
enduring multiple 
surgeries continue 
to be a�icted by 
PJI, requiring 
salvage procedures 
such as fusion, 
resection 
arthroplasty, or 
amputation.” 19 

AIRBORNE BIOBURDEN AIRBORNE BIOBURDEN
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Limitations of Current Technologies and Procedures 
 

• Facemasks alone do not prevent microbial shedding and contribute to  an increased risk 
of perioperative contamination of biomedical implants, especially in procedures lasting 
longer than 90 minutes.24 
 

• Central laminar �ow: systems neglect to address areas outside the central zone, with 
these areas having bacterial air contamination ten times greater than in the ultraclean 
zone.26 

 

• Compared with conventional surgical attire, the use of helmet systems has not proven to 
provide protection against microbial contamination or infection rates in joint 
arthroplasty, and may in fact lead to increased contamination and infection rates.27-29 

 

• Positive pressure operating rooms reduce the migration of infectious air from outside 
into OR across the open doorway. However, the positive-pressure gradient is temporarily 
reversed during door opening. This results in exposure of the susceptible patient to 
pathogen-containing particles from the corridor.30 

 
o Filtration of the operating room with devices that intake the air and remove the 

micro-organisms, such as ILLUVIA®,  may be preferable to the positive pressure 
laminar �ow settings.31 

 
• Increasing O.R. air exchange rate does not increase ventilation e�ectiveness. The 

dominant factor that a�ects the transmission and control of contaminants is the path 
between the contaminant source and exhaust.32 
 

• Surface ultraviolet systems, including pulsed xenon systems, cannot be used in occupied 
rooms, require supervised operation and take signi�cant time to achieve surface 
disinfection, negatively a�ecting work�ow.4 

 

 

 
• There is strong evidence correlating aerosolized bacteria and surgical site infections, 

along with the advent of air decontamination technologies that make reduction in 
airborne bioburden both technically and economically feasible, institutions should have 
increasing reason to revisit air quality management beginning with the operating room.33 

 
• Microbial contamination of air in the OR remains an underappreciated factor in the 

etiology of PJIs and infection after implantation of other selective biomedical devices.9 
 

• Current engineering controls and practice requirements for limiting tra�c during cases 
have thus far resulted in failure to reduce the risk of microbial aerosols or intraoperative 
contamination of implantable devices during arthroplasty surgery.9 

 
 
 

 

 

CURRENT TECHNOLOGIES 

“The rate of revision 
for early deep 
infection has not 
been reduced by 
using laminar �ow 
and space suits. Our 
results question the 
rationale for their 
increasing use in 
routine joint 
replacement, where 
the added cost to the 
health system seems 
to be unjusti�ed.”25 

“It is truly 
confounding that 
rigorous air quality 
standards are 
applied to the drug 
and computer chip 
manufacturing 
industries, whereas 
the same rigor has 
not been embraced 
to provide a safe 
and e�ective OR 
environment for 
surgical patients.”9 

UNMET NEED 

CURRENT TECHNOLOGIES

UNMET NEED
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Features of the ILLUVIA®  Ultraclean Air System  
 

• The ILLUVIA®  ultraclean air system uses multiple components to decontaminate air in 
orthopedic joint arthroplasty procedures and provides a zone of decontaminated air to 
reduce risk of infection in the patient. 
 

o The ILLUVIA®  system combines advanced UV-C photolysis with mechanical 
�ltration to provide ultraclean air, free of bacteria, spores non-biological 
contaminants, and viruses including SARS-CoV-2. 

o Provides 450 cubic feet per minute of nonturbulent, ultraclean air to the 
orthopedic operating room. 

o Carbon pre-�ltration and HEPA �ltration to address volatile organic compounds 
such as waste anesthetic gases (WAGs), electrocautery smoke and acrylic bone 
cement fumes 

 
• Unlike surface UV systems, ILLUVIA®  provides continuous UV decontamination in occupied 

rooms, with no release of UV radiation.  
 

• Room environmental sensing continuously records air contamination levels, supporting 
data-driven quality objectives.34 
 

• The ILLUVIA®  system has been demonstrated to remove >99.9% of aerosolized Bacillus 
atropheus, Staphylococcus epidermitis, MS2 virus and SARS-CoV-2 virus in single pass 
testing.35 

 
Clinical studies of the Ultraclean Air System  
 

• The ILLUVIA®  System has been studied in 4 peer-reviewed clinical trials with a total of 680 
patients evaluated. These studies have demonstrated: 

o Reduction in joint infection rates in hip and knee arthroplasty procedures (p<0.04)7 
o Less operating room viable particulate contamination in hip and knee arthroplasty 

procedures (p=0.001)6 
o Reduced  airborne bacterial levels in episodes of care  (p<0.001)36 
o Reduced surface bacterial contamination in episodes of care (p<0.001), with 

correlation between air and surface contamination levels (p=.0045)37 
 

• No adverse events or interruptions to work�ow were encountered with use of ILLUVIA®  in 
all clinical studies to date.   

 
• The active technologies in ILLUVIA® , including ultraviolet germicidal irradiation and 

ultraclean non-turbulent air exchange are supported by multiple prospective randomized 
trials.38,39 
 

Bene�ts of the ILLUVIA®  Ultraclean Air System  
 
The ILLUVIA®  ultraclean air system, supported with peer-reviewed clinical data, contributes to 
multiple bene�ts in patient and sta� safety, comfort, and risk reduction including: 
 

o Reduced risk of airborne infection transmission, including surgical site infection.7 
o Reduction in aerosols generated by orthopedic power equipment.40 
o An alternative to bulky helmet systems, particularly for nursing and technical sta�.9 
o Continuous monitoring display and recording of room contamination levels for 

quality control.34 
o Improved air exchange for reduced OR clearance and turnover times.3 

 

 

CLIINCAL VALUE 

“The rate of PJI was 
documented 
to be 1.9% in the 
turbulent air group, 
and no infections 
were documented in 
the cohorts operated 
under Aerobiotix  
decontamination, 
which was 
statistically signi�cant 
(P < .044)” 7 

“Inside the unit the 
air is directed to a 
chamber with a 
crystalline structure 
in which UV-C light 
has germicidal 
e�ect, extruded from 
the device in the 
room passing a 
HEPA �lter which 
retain particulate 
matter.” 8 

“Consideration 
should be given 
to institutional 
investment in 
innovative air 
puri�cation 
technologies as an 
adjunctive strategy 
to enhance current 
engineering 
controls” 9 

CLINICAL VALUE

55
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Air Contamination Reduction with the ILLUVIA® System    
 

• The ILLUVIA®  Ultraclean air system, has demonstrated the following bene�ts 
pertaining to air particle contamination in the orthopedic operating room 
setting.  

 

• Compared to controls, the cases with the ILLUVIA®  unit had signi�cantly lower 
particle levels.  
 

o Overall total and viable particles, were all signi�cantly lower (P < .05) in 
the ILLUVIA® unit (4 m) group compared to the controls (table). 6 

 

                                

 
 
 
 

 
• Studies have further demonstrated that when the ILLUVIA®  unit is turned o�, 

contamination rapidly returns.8 
 

o Due to the device, the air classi�cation level, as de�ned by the 
International Organization of Standardization (ISO), is improved from 
ISO 7 to ISO 6.8 

 
Airborne SARS-CoV-2 Elimination with the ILLUVIA® System 
 

• The ILLUVIA® system removed live SARS-CoV-2 bioaerosols in direct single-pass 
testing performed by the Battelle Biomedical Research Institute.11 
 

o ILLUVIA® is the only air decontamination technology to date directly 
validated against live airborne SARS-CoV-2. 

 
Airborne Bacteria Reduction with the ILLUVIA® System 
 

• The ILLUVIA®  Ultraclean air system, has demonstrated the following bene�ts 
pertaining to airborne bacterial contamination in the episode of care setting.36 

 

o A signi�cant reduction of 41% in mean CFU was observed from 
baseline to ILLUVIA® use at all locations, with a maximum decrease 
seen at the foot of the bed (43%), followed by the exit (42%), and the 
head of the bed (39%). 

o Analysis of the 6 sampler stages con�rmed a signi�cant reduction 
owing to Aerobiotix use for all sizes (P < .05)  

 
 

CLIINCAL VALUE 

“Our data were collected 
during routine care, with 
constant in�ux of bacterial 
contaminants from patients 
and caregivers. This may 
provide a more 
realistic assessment of the 
expected reductions in 
bacterial burden 
achievable by Aerobiotix.” 37 

“The Aerobiotix test unit 
(ATU) was successful in 
removing viable SARS-CoV-
2 bioaerosols when 
compared to controls.” 11 

“The Aerobiotix  
unit was found to 
signi�cantly reduce the 
amount of overall 
total and viable particle 
count following sta� 
walkthroughs.” 6 

CLINICAL VALUE
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Opportunities for Cost Savings in Hip and Knee Arthroplasty 
 

• Resources and costs are associated with environment of care  in hip and knee 
arthroplasties include the following: 

 
Resource Unit costs 

Surgical Helmet Systems $160-320 per procedure41 
Smoke Evacuators $20-80K acquisition, $12-24K 

disposables42 
Surface UV Cleaning $93-107K acquisition, $10-12K 

maintenance, $50,000 operation4  
Laminar �ow system, per room $140,000 acquisition, $5500 annual 

operating (Davis, 2020)43 
Operative time $37 per minute44 
Hospital Stay $2212 per inpatient day45 

Surgical Site Infection $36,651 per case ($11,224 to $88,134)1 
CMS/Medicaid Penalties Readmission 3% of total payments, HAC 

2% of total payments46 
 

• Reduction in operating room turnover time: 
o  ILLUVIA®  provides an additional 5 air exchanges/hour (ACH), which 

reduces CDC-recommended turnover time from 28 to 21 minutes at 15 
ACH baseline. This is a potential $196-721 direct savings in OR overhead 
per procedure.45 

 

• Reduced reliance on surgical helmet systems, which may have a high cost/bene�t. 
These are commonly used in joint replacement procedures, including support 
personnel not exposed to the surgical �eld.41 

o Helmet systems, at $120-$320 per procedure, counterproductively 
increase contamination and surgical site infection risk. ILLUVIA®  reduces 
contamination and infection risk, at approximately $30 per procedure.  

 

• Reduced risk of surgical site infection, HAC and readmission.7 
o ILLUVIA®  has statistical infection reduction of 8 per 1000 total joint 

procedures based upon published results.  
o Represents a savings of $293,200 per year, plus readmission/HAC 

penalties up to 5% of total CMS payment. Increasing bundled care 
arrangements increase this exposure risk.1 

 

• Resumption of elective procedures in post COVID-19 environment.  
o The AHA estimated a $323 billion cost due to deferred  care from COVID-

19.47 
o ILLUVIA®  is validated to remove airborne SARS-CoV-2 virus, can facilitate 

critical resumption of elective care by improving environments for 
prospective patients and sta�.11 

 

• Patient marketing and satisfaction  
o A recent survey of 312 prospective surgical patients  indicated that 

ILLUVIA®  technology was valued higher than other new technologies, 
including surgical robotics.48 

o Hospital  cleanliness and the environment of care are critical to patient 
satisfaction scores, such as HCAHPS, which can generate an additional 1% 
CMS penalty.49 
 

 

 

ECONOMIC VALUE 

“For prevention of PJI in 
particular where 
procedural volume is 
high and growing and 
the clinical and 
economic costs of 
infection are also high, 
supplemental strategies 
that can further reduce 
infection risk should be 
on every infection 
preventionist’s radar.” 33 

“The greatest fear of 
prospective patients for 
hip and knee arthroplasty 
was getting a surgical site 
infection.” 49 

Chart: Prospective patient 
technology preference48 

ECONOMIC VALUE

Surgical
Robot

ILLUVIA

Custom
Implant

Argon
Coagulator
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Current Healthcare Performance Metrics  
• U.S. healthcare reform goals are to improve quality of care, patient outcomes and 

satisfaction, and performance scores while reducing hospital acquired conditions 
(HAC) and episode of care costs.50-53 Reimbursement implications associated with 
hip and knee replacement surgery: 
 

o CMS will reduce payment to hospitals in top 25% of HAC rates.52 
o Patient satisfaction scores: penalties for low HCAHPS. 
o Readmissions program: penalties for readmissions.51 
o Value Based Purchasing and potential impact to patient experience.51 
o Bundled payment incentivize coordination across care continuum.53,54 

 

• The CMS comprehensive care for Joint Replacement model (CJR)  bundle was 
implemented in 67 U.S. regions (~800 hospitals).53 This program established one 
price to compensate total joint providers for an entire episode of care, rather than 
the individual components of care:56 
 

o Providers accountable for quality and cost to 90 days 
o Hospitals must manage total bundle cost to meet price established by 

CMS 
o Hospitals will also be rated on two quality metrics (complication rate and 

patient satisfaction) which will a�ect net payment reconciliation amount 
o Medicare target episode prices to inform penalties or rewards 
o Bundled payments increasingly used with private insurers 

 

Current Healthcare Performance Metrics and the ILLUVIA®  
Ultraclean Air System  
 

• The ILLUVIA®  ultraclean air system has the following advantages that may 
translate into less healthcare resources and avoided costs: 

o Shorter turnover time due to increased air exchange rate3 
o Reduced risk for SSI in joint arthroplasty procedures by reducing bacterial 

bioburden7,36 
o Alternative to surgical helmet systems and other interventions to create a 

protective environment9 
o Reduces need  for costly cleaning technologies in the OR, such as surface 

UV systems.4  
 

• The advantages with the ILLUVIA® Ultraclean air system are particularly important 
for managing surgical site infection, readmission, and patient satisfaction, which 
are key  considerations with recent health reform and bundled payments.54 

 

• The resumption of elective hip and knee arthroplasty, while controlling infectious 
complications and reducing costs represents a substantial challenge and 
opportunity to hospitals, surgery centers, and the health care system. The ILLUVIA®  
Ultraclean Air system provides multifactorial bene�ts in clinical e�ectiveness, cost 
bene�t, and resumption of care. 

 

 

 

 

ECONOMIC VALUE 

CJR “aims to reduce 
expenditures while 
preserving or 
enhancing quality of 
care by supporting 
better and more 
e�cient care for 
bene�ciaries 
undergoing the most 
common inpatient 
surgeries for Medicare 
bene�ciaries: hip and 
knee replacements.” 55  

The ILLUVIA system 
provides the potential 
for signi�cant  
improvement in 
outcomes, e�ciencies 
and cost savings in hip 
& knee arthroplasty 

The adoption of ILLUVIA® in hip and knee arthroplasty is supported by strong clinical, technical and 
economic criteria, bolstered by peer-reviewed data, and represents a practical approach to the surgical 
environment. Decision-makers must target clinical excellence, managing healthcare reform, reduction of 
complications, increasing e�ciency, and resuming elective care following the SARS-CoV-2 pandemic. 
Adoption of ILLUVIA® in hip and knee arthroplasty is supportive of these goals. 

ECONOMIC VALUE

8



9 
 

 
 
1. Patel H, Khoury H, Girgenti D, Welner S, Yu H Burden of Surgical Site Infections Associated with Arthroplasty and the Contribution of Staphylococcus 
aureus. Surg Infect (Larchmt) 2016; 17 (1): 78-88. 
2.  Whitehouse JD, Friedman ND, Kirkland KB, Richardson WJ, Sexton DJ The impact of surgical-site infections following orthopedic surgery at a 
community hospital and a university hospital: adverse quality of life, excess length of stay, and extra cost. Infect Control Hosp Epidemiol 2002; 23 (4): 
183-189. 
3. Centers for Disease Control and Prevention. Infection control guidelines, Appendix B. Air, Section 1, Air containment removal. 
https://www.cdc.gov/infectioncontrol/guidelines/environmental/appendix/air.html, accessed October 12, 2020. 
4. Health Quality Ontario, Portable Ultraviolet Light Surface-Disinfecting Devices for Prevention of Hospital-Acquired Infections: A Health Technology 
Assessment 2018; 18(1) 
5. DeMase K, Ed. Environment of Care Risk Assessment, Joint Commission Resources 2nd Ed. 2016. 
6. Curtis GL, et al. Reduction of Particles in the Operating Room Using Ultraviolet Air Disinfection and Recirculation Units. J  Arthroplasty. 2018 
Jul;33(7S):S196-S200 
7. Cook TM, Piatt CJ Edmiston CE, Share The Impact of Supplemental Intraoperative Air Decontamination on the Outcome of Total Joint Arthroplasty: A 
Pilot Analysis. J Arthroplasty. 2019 Mar;34(3):549-553 
8. Messina G, Spataro G, Catarsi L, De Marco MF, Grasso A, Cevenini G. A mobile device reducing airborne particulate can improve air quality. AIMS 
Public Health. 2020 Jul 2;7(3):469-477. 
9. Parvizi J, Barnes S, Shohat N, Edmiston CE. Environment of care: Is it time to reassess microbial contamination of the operating room air as a risk 
factor for surgical site infection in total joint arthroplasty Am J Infect Control 2017 Nov 1;45(11):1267-1272 
10. OSHA. Anesthetic Gases: Guidelines for Workplace Exposures, May 2000.   
11. Aerobiotix, Inc. and Battelle Biomedical Research Center, Report on File, SARS-CoV-2 Bioaerosol Removal by the Aerobiotix Ultraviolet Filtration 
System, Aug. 2020.  
12. LaVela SL, Etingen B, Hill JN. Patient perceptions of the Environment of Care in which their Healthcare is Delivered. Health Environments Research 
& Design J. Nov. 2015. 
13. Lidwell OM, Lowbury EJ, Whyte W, Blowers R, Stanley SJ, Lowe D. Airborne contamination of wounds in joint replacement operations: the 
relationship to sepsis rates. J Hosp Infect. 1983 Jun;4(2):111-31. 
14. Lidwell OM. Air, antibiotics and sepsis in replacement joints. J Hosp Infect. 1988 May;11 Suppl C:18-40.  
15. Howorth FH.Prevention of airborne infection during surgery. Lancet. 1985 Feb 16;1(8425):386-8 
16. Kaiser AB, Kernodle DS, Parker RA. Low Inoculum Model of Surgical Wound Infection. J Infectious Diseases 1992 Aug; 166(2): 393-399. 
17. Chauveaux D. Preventing surgical-site infections: measures other than antibiotics. Orthop Traumatol Surg Res. 2015 Feb;101(1 Suppl):S77-83. 
18. Kapadia BH et al. The Economic Impact of Periprosthetic Infections After Total Hip Arthroplasty at a Specialized Tertiary-Care Center. J Arthroplasty. 
2016 Jul;31(7):1422-6. 
19. Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J.Economic burden of periprosthetic joint infection in the United States. J Arthroplasty. 2012 
Sep;27(8 Suppl):61-5.e1. 
20. Mabrey JD. The $1000 Infection Tax. Orthopedics This Week. 2017 Mar 21.   
21. Zhu Y, Zhang F, Chen W, Liu S, Zhang Q et al. Risk factors for periprosthetic joint infection after total joint arthroplasty: a systematic review and 
metaanalysis. J Hosp Infect 2015;  89 (2): 82-89. 
22.  Kunutsor SK, Whitehouse MR, Blom AW, Beswick AD, Patient-Related Risk Factors for Periprosthetic Joint Infection after Total Joint Arthroplasty: A 
Systematic Review and Meta-Analysis. PLoS One 2016; 11 (3): e0150866. 
23. Gibbons C, Bruce J, Carpenter J, Wilson AP, Wilson J et al. Identification of risk factors by systematic review and development of risk-adjusted 
models for surgical site infection. Health Technol Assess 2011; 15 (30): 1-156, iii-iv. 
24. Edmiston CE et al. Molecular epidemiology of microbial contamination in the operating room environment: Is there a risk for infection? Surgery. 2005 
Oct;138(4):573-9 
25. Hooper GJ Rothwell AG, Frampton C, Wyatt MC. Does the use of laminar flow and space suits reduce early deep infection after total hip and knee 
replacement? J Bone Joint Surg Br 2011; 93-B:85-90. 
26. Taylor GJ and Bannister GC. Infection and interposition between ultraclean air source and wound. J Bone Joint Surg Br. 1993 May;75(3):503-4.  
27. Pasquarella C.et al. Lack of influence of body exhaust gowns on aerobic bacterial surface counts in a mixed-ventilation operating theatre. A study of 
62 hip arthroplasties. J Hosp Infect. 2003 May; 54(1):2-9. 
28. Young SW et al. Do 'Surgical Helmet Systems' or 'Body Exhaust Suits' Affect Contamination and Deep Infection Rates in Arthroplasty? A Systematic 
Review. Journal of Arthroplasty 2016; 31 225–233. 
29. Praveen V et al. Surgical Space Suits Increase Particle and Microbiological Emission Rates in a Simulated Surgical Environment. The Journal of 
Arthroplasty 2018; 33, 1524-1529. 
30. Sadrizadeh S. et al. Airborne particle dispersion to an operating room environment during sliding and hinged door opening. J Infect Public Health. 
Sep-Oct 2018;11(5):631-635 
31. Chisari E et al. Prevention of Infection and Disruption of the Pathogen Transfer Chain in Elective Surgery. J Arthroplasty. 2020 Jul;35(7S):S28-S31. 
32. Memearzadeh F, Xu W. Role of air changes per hour (ACH) in possible transmission of airborne infections. Build Simul 
. 2012;5(1):15-28. 
33. Nassof R, Warye K, Spencer M. Developing the Case for Implementation of Operating Room Air Decontamination Technology for Orthopedic 
Surgery. Infection Control Today Sept 2018.  
34. Leung M, Chan AH, Control and management of hospital indoor air quality. Med Sci Monit. 2006 Mar;12(3):SR17-23 
35. Evans, A. Tests to determine the efficiency of microorganism inactivation by the Aerobiotix air cleaner. Research Triangle Institute. 2013 Apr. Data 
on file, Aerobiotix, Inc.  
36. Bischoff W, Russell, G, Willard E, Stehle, J. Impact of a novel mobile high-efficiency particulate air−ultraviolet air 
recirculation system on the bacterial air burden during routine care. American Journal of Infection Control 2019; 47 1025−1027. 
37. Bischoff W, Russell, G. Correlation of the air–surface nexus of bacterial burden during routine patient care. Infection Control & Hospital Epidemiology 
2020; 1–2. 
38. Carlsson A, Nilsson B, Walder M, Osterberg K. Ultraviolet radiation and air contamination during total hip replacement. J Hosp Infect. 1986 
Mar;7(2):176-84 
39. Whyte, W. The effect of mechanical ventilation and clothing on airborne microbes and wound sepsis in hospital operating rooms, Part 1. Clean Air 
and Containment Review, 2015; 22, 4-11. 

REFERENCES REFERENCES

9



10 
 

40. Anis HK, Curtis GL, Klika AK, Piuzzi NS, Otiso J, Richter SS, Barsoum WK, Higuera CA. In-Room Ultraviolet Air Filtration Units Reduce Airborne 
Particles During Total Joint Arthroplasty. J Orthop Res. 2020 Feb;38(2):431-437. 
41. Surgical space suits and Helmet systems: Market Research 2020, Data on file. Aerobiotix, Inc.  
42. Surgical smoke evaluation: Market Research 2020, Data on file. Aerobiotix, Inc. 
43. Davis DE, at al. Cost Effectiveness of Laminar Flow Systems for Total Shoulder Arthroplasty: Filtering Money from the OR? Arch Bone Jt Surg. 2020 
Jan;8(1):38-43 
44. Childers CP, Gibbons MM. Understanding costs of care in the operating room. JAMA Surg. 2018 Apr 18;153(4):e176233 
45. The Henry J Kaiser Family Foundation (Web Page) Hospital Adjusted Expenses per Inpatient Day. Updated Available online at: 
http://kff.org/other/stateindicator/expenses-per-inpatient-day/. Accessed: Oct 12, 2020.. 
46. Center for Medicare and Medicaid Services. Medicare Hospital Compare: Linking Quality to Payment. 
https://www.medicare.gov/hospitalcompare/linking-quality-to-payment.html. Accessed Oct 12, 2020.  
47. American Hospital Association. Hospitals and Health Systems Continue to Face Unprecedented Financial Challenges due to COVID-19. 
https://www.aha.org/system/files/media/file/2020/06/aha-covid19-financial-impact-report.pdf. Accessed Oct 12, 2020.  
48. Survey Monkey, Inc. Prospective patient technology Survey. Aerobiotix, Inc. Data on file, 2018.  
49. Center for Medicare and Medicaid Services. Consumer Assessment of Healthcare Providers & Systems (CAHPS). https://www.cms.gov/Research-
Statistics-Data-and-Systems/Research/CAHPS/HCAHPS1 Accessed October 12,2020.  
50. Kandilov AM, Coomer NM, Dalton K. The Impact of Hospital-Acquired Conditions on Medicare Program Payments. Medicare Medicaid Res Rev. 
2014; 4(4) 
51. Clement RC et al. Will Medicare Readmission Penalties Motivate Hospitals to Reduce Arthroplasty Readmissions? Journal of Arthroplasty 2017 Mar; 
32 (4),709-713 
52. Bosko T, Dubow M, Koenig T. Understanding Value-Based Incentive Models and Using Performance as a Strategic Advantage. Journal of 
Healthcare Management, 2016 Jan; 61(1),11-14 
53. Froimson MI, Rana A, White RE, Jr., Marshall A, Schutzer SF et al. (2013) Bundled payments for care improvement initiative: the next evolution of 
payment formulations: AAHKS Bundled Payment Task Force. J Arthroplasty 28 (8 Suppl): 157-165. 
54. Bozic KJ, Ward L, Vail TP, Maze M (2014) Bundled payments in total joint arthroplasty: targeting opportunities for quality improvement and cost 
reduction. Clin Orthop Relat Res 472 (1): 188-193. 
55. Center for Medicare and Medicaid Services. Comprehensive Care for Joint Replacement Model Three Year Extension and Changes to Episode 
Definition and Pricing. CMS.gov Fact Sheet 5529P Feb 2020. 
56. Gray CF. Prieto HA, Duncan AT, et al. Arthroplasty care redesign related to the Comprehensive Care for Joint Replacement model: results at a 
tertiary academic medical center. Arthroplasty Today 2018 June; 4(2) 221-226 
 
 

     2020 Aerobiotix, Inc.
US Patents 9,457,119, 10,549,007
Other US and International Patents Pending.
MI 159-A  10/20

www.aerobiotix.com

c

10



11

NOTES




