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Nader Hammoud, BE, MBA, CHTM
John Muir Health 

Biomedical Engineering Manager

• Biomedical Engineer with 3 degrees in Biomedical 

Engineering and an MBA

• International Experience

• Active member of the HTM community

• Member of the Technology Management Council at AAMI

• ACCE Education Committee Co-Chair

• California HTM of the year for 2018

• Recognized by ECRI and FDA for efforts in the domain
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All attendees have their microphones muted during the presentation.

Questions to the panelists must be submitted via the “Q&A” feature in Zoom at any 

time. They will be addressed at the Q&A portion.

If there is any urgent issue, please use the “chat” feature to communicate with the 

panelists.

Please remember to complete the webinar evaluation after attending.  A link will be 

provided at the end.
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Seth Washispack is a supply chain analyst at HonorHealth, a 
hospital network with six medical centers in Arizona. At 
HonorHealth, he works on the Operations Excellence and 
Solutions team where he utilizes Design Thinking, Lean Six 
Sigma, and Project Management principles to improve the 
supply chain operations of the hospital. 

Seth Washispack earned his B.S. in Biomedical Engineering 
and M.B.A. from the University of Arkansas and a M.S. in 
Supply Chain from Arizona State University.
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Ben Lewis, MBA, CHTM, CHOP-A
HonorHealth

Associate Vice President, Support Services

Ben Lewis is the Associate Vice President of Support Services at 
HonorHealth. He is a Certified Healthcare Operations Professional 
through DNV-GL and a Certified Healthcare Technology Manager 
through AAMI. HonorHealth is a six-hospital independent delivery 
network in central Arizona. Ben leads the Support Services division in 
Supply Chain Shared Services, which includes the Facilities 
Management and Healthcare Technology Management departments. 

Ben Lewis previously held positions at Novant Health, Community 
Health Systems, and the U.S. Army. 

He earned his B.S. in Business Administration and Management from 
Austin Peay State University in Clarksville, TN and an MBA from 
Bethel University in McKenzie, TN.

About the panelist
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Based on a Det Norske Veritas (DNV) recommendation, HonorHealth performed a 
regression analysis to inform a risk assessment for operating in anesthetizing areas 
with a relative humidity environment between 20 and 60 percent. 

A deeper dive and the basics of the policy…

Learn the novel method for utilizing building automation system and medical 
equipment maintenance data for evaluating the risk of biomedical equipment and 
provides evidence for other facilities who choose to operate their anesthetizing areas 
in relative humidity ranges between 20 and 60 percent. The outcomes provide an 
approach to undergo a similar analysis and demonstrate a precedence for other 
organizations choosing to operate biomedical equipment within a similar relative 
humidity environment.
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Background
• CMS issued a memorandum on a categorical LSC waiver permitting new and 

existing ventilation systems in critical access hospital’s (CAH) anesthetizing 
locations to operate with a relative humidity between 20 and 60 percent.

• This decision was made to provide flexibility during construction and to save on 
operational costs incurred to meet the previous humidity standards of 30-60 
percent.

• A multidisciplinary group consisting of the American Hospital Association 
(AHA), American Society for Healthcare Engineering (ASHE), Association for the 
Advancement of Medical Instrumentation (AAMI), Association of Perioperative 
Registered Nurses (AORN), and others came together in January of 2015 to 
provide new guidance.

• CMS then communicated in Feb of 2015 that a risk assessment for operating in 
conditions between 20 and 30 percent relative humidity is required.
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FGI
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CMS
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CMS 
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Non-conformity 

In 2020, HonorHealth received an NC-1 from Det 
Norske Veritas (DNV) during a survey for lack of 
evidence of a risk assessment on medical devices in an 
anesthetizing area with a relative humidity (RH) 
between 20% to 30% RH. 
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Industry Response
Investigation into risk assessments by peer hospital systems with similar nonconformities 

demonstrated that these assessments were anecdotal. Many defined the OEM humidity 

recommendation by model, however, offered no solution for units that recommended an 

operating relative humidity below 30%.  Other systems simply collected the recommended 

specs for rH for each model, again, not offering a true risk assessment or mitigation strategy.  

It was HonorHealth’s goal to create a data driven risk assessment and policy to address the 

non-conformity.
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Goal
To provide a rigorous and repeatable risk assessment, HonorHealth statistically 

measured the risk of operating biomedical equipment in anesthetizing areas with 

relative humidity levels between 20 and 60 percent (focusing on the 20-30 percent 

range since the risk of operating in this range has been debated). Using building 

automation system and corrective maintenance work order data, HonorHealth 

found an insignificant correlation between biomedical equipment failure and 

relative humidity between 20 and 30 percent.
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Analysis
This analysis focused on understanding the relationship between relative humidity and 
biomedical equipment failure.

Collection of the humidity percentage data from the building automation system took place 
at the beginning of each hour (e.g., humidity at 0:00, 1:00, 2:00) of the day. The humidity 
data was collected for 25 ORs at the HonorHealth Scottsdale Osborn campus and 27 ORs at 
the HonorHealth Shea campus over one year. Collection of corrective maintenance work 
orders from the computerized maintenance management system took place from the same 
one-year period as the humidity data for the OR departments at the respective campuses.

We are interested in understanding the effect of humidity on biomedical equipment failure. 

We operationalized the humidity as the minimum weekly median humidity percentage of 
the campus ORs. Additionally, we operationalized biomedical equipment failure as the count 
of corrective maintenance (CM) work orders. 
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Analysis
For statistical robustness, two tests were used: a negative binomial regression and a 
Wilcoxon rank-sum.
A regression estimates the probability of a relationship between variables. We used this 
test to determine the correlation (or interdependence) between humidity and CM work 
order counts.
A more well-known regression is a linear regression. Because of the type of variables 
(counts), we needed to use a different type of regression with a different distribution 
assumption. The negative binomial regression fits our type of data more accurately.
A two-sample test estimates the probability of there being a difference in the two 
populations. We used this test to determine if instances with humidity above 30% had more 
CM work order counts than instances with humidity between 20% and 30%.
A more well-known two-sample test is a two-sample t-test. For similar reasons for the 
regression analysis, the Wilcoxon rank-sum test fits our type of data more accurately.

15



ACCE – 2021-2022 Educational Webinar series

Analysis
The negative binomial regression results demonstrated an insignificant correlation 
between relative humidity and corrective maintenance work order counts when the 
humidity is between 20% and 60%. These results for Osborn are shown in Figure 1 and 
Table 1. Figure 1 allows for the visualization of the lack of fit between the corrective 
maintenance work order count and relative humidity through the random dispersion of 
the scatter plot. Table 1 corroborates the visualization of Figure 1 statistically with a large 
p-value (generally, a p-value of 0.05 and smaller are considered significant).
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Analysis
The Wilcoxon rank-sum results for the difference in corrective maintenance work 
order counts for relative humidity above 30% and between 20% and 30% also 
showed insignificance. Table 2 demonstrates the results of this test statistically with 
a high exact probability (0.54) showing the improbability of there being more 
corrective work orders in relative humidity areas above 30% and between 20% and 
30%.

17



ACCE – 2021-2022 Educational Webinar series

Limitations

Lack of data granularity
• The corrective maintenance (CM) work orders were compiled at the facility level 

while the OR humidity percentages were compiled at the facility and room level. 
• Due to assets’ regular travel throughout the OR department, assets are not tracked 

at room level, requiring the corrective maintenance data to be tracked at the 
facility level.
With these differences in data collection points, an assumption was made: the 

aggregate of the humidity at each facility affected all biomedical equipment. 
Data including asset location by room (with equipment assigned to specific 
locations) could allow for a more detailed study.
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Conclusion

The insignificant results of the relationship between humidity and biomedical failures 

informed HonorHealth’s risk evaluation conclusion: there is an improbable likelihood of 

biomedical equipment failure due to operating in relative humidity conditions between 20 

and 60 percent.

19



ACCE – 2021-2022 Educational Webinar series

Mitigation
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Questions
& 
Discussions

Enter your 
questions 
to the Q&A 
window
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Thank You

Please complete the online 
evaluation/attendance form
https://www.surveymonkey.com/
r/ACCE_Nov2021-webinar

or scan the QR code 

https://www.surveymonkey.com/r/ACCE_Oct2021-webinar
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