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Infection Prevention

Effective Management of the Physical Environment
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▪ HVAC, impact on infection Prevention (IP)?
▪ Room pressure, Humidity, Filtration
▪ Evidence based compliance (HVAC)
▪ 3 part program to 100% compliance
▪ Building design & finish selection– eye on IP  
▪ Patient safety: construction & Building maintenance
▪ Water Hygiene (waterborne pathogens)

Presentation Objectives



The Center for Disease and Prevention (CDC) estimates that 1.7 million people contract a 
hospital acquired infection annually, and nearly 99,000 of them die (Klevens et al., 2007).

The Impact of Hospital Acquired Infections (HAI’s)…
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HAI Patient Treatment Costs

Money does get spent…
o Proactive Spend vs Reactive Spend



•Central Line-Associated Bloodstream Infection (CLABSI)
•Catheter-associated Urinary Tract Infection (CAUTI)
•Surgical Site Infections (SSIs)
•Methicillin-resistant Staphylococcus aureus Bacteremia (MRSA Bacteremia)
•Clostridium difficile Infection (CDI)

• Hospital Acquired Infections (HAI’s)
o Reducing the risk of HAI’s
o Hospitals focus attention on clinical procedures/treatment
o Infection Control hospital program

• Data analysis
• Process Improvement
• Infection Control leadership/program

IP Management-Clinical 
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Things “they” do Clinical environment  

CMS 5-Star Quality Rating process-includes Hospital-acquired infection rates

https://www.cdc.gov/hai/surveillance/data-reports/data-summary-assessing-progress.html
https://www.cdc.gov/hai/surveillance/data-reports/data-summary-assessing-progress.html
https://www.cdc.gov/hai/surveillance/data-reports/data-summary-assessing-progress.html
https://www.cdc.gov/hai/surveillance/data-reports/data-summary-assessing-progress.html
https://www.cdc.gov/hai/surveillance/data-reports/data-summary-assessing-progress.html


▪ HVCA (Heating, Ventilation & the Conditioning of Air)
▪ Air quality-via air filtration & exhaust
▪ Air pressurized rooms (creating an invisible barrier to airborne pathogens)
▪ Air humidification / De-humidification
▪ IP Cleaning (EVS)
▪ ICRA, building maintenance
▪ Building material selection
▪ Water Hygiene 
▪ UV light technologies

5

IP – Non Clinical

Tools in the Facility Managers toolbox

Things you can do (Non-clinical) The environment of care 

• The Environment of Care-Who manages the physical building space?
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Heating, Ventilation, Air Conditioning (HVAC)

▪ Cooling
▪ Heating
▪ Outside fresh air / recirculation
▪ Humidifying / dehumidifying air
▪ Creating positive pressure rooms

Roof Top Air handler

Roof Top Exhaust unit

▪ Removing micro-organisms
▪ Removing harmful gases
▪ Creating negatively pressured rooms 

▪ Isolation Rooms, dirty rooms, gas storage rooms, labs…



Humidification (in air handler)

Ultraviolet Light (UV) located in Air Handler
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Humification, Filtration, UV Cleaning

Filters

Ultraviolet light kills microorganisms by damaging their DNA. UV radiation disrupts the 
chemical bonds that hold the atoms of DNA together in the microorganism. If the damage is 
severe enough, the bacteria cannot repair the damage and the cells die.

• Humidification

• Air Filtration



Air/Air Quality 
Management

Regulatory Agencies
Accreditation Agencies

Standards/Guidelines Groups 
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▫ TJC findings (~700 hospital surveys) 

Outside Eyes-Evidence Based Compliance

Highest risk to 
patient safety

EP 15:
31% non-compliance rate 
(first 6-months of 2016)
From TJC’s Consistent Interpretations letter

Provided by American Society of Healthcare Engineers (ASHE)



Slide 
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• My own survey experience
o Focus on Infection Prevention, HVAC, physical environment

• 1 failed room pressure/humidity 
• Patient safety risk that can be avoided

Outside Eyes-Evidence Based Compliance

Why HVAC compliance matters…



When Rooms Fail To Meet Air Management requirements

▪ Ramifications 
▫ No. 1: patient-safety (“High likelihood to do harm”)
▫ Cost to healthcare organization
▫ High impact findings 
▫ Executive Leadership cited
▫ Ongoing evidence of compliance 
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Door mechanically held open (Sterile Core)
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The Joint Commission, Risk Based Model

Typical, critical environment 
Air Pressure/Humidity
finding found here

Risk to patient:
Moderate/widespread

Environment 
of Care

EC.02.05.01 15 MW In critical care areas designed to control airborne 
contaminants (such as biological agents, gases, fumes, dust), 
the ventilation system provides appropriate pressure 
relationships, air-exchange rates, filtration efficiencies, 
temperature and humidity.
Note: Areas designed for control of airborne contaminants 
include spaces such as operating rooms (all classes), special 
procedure rooms that require a sterile field, Caesarean 
delivery rooms, rooms for patients diagnosed with or 
suspected of having airborne communicable diseases (for 
example, airborne infection isolation rooms, pulmonary or 
laryngeal tuberculosis, bronchoscopy), patients in 
"protective environment" rooms (for example, those 
receiving bone marrow transplants), laboratories, 
pharmacies, sterile supply/processing rooms, and other 
sterile spaces. The basis for design compliance is the 
Guidelines for Design and Construction of Health Care 
Facilities, based on the edition used at the time of design (if 
available).

§482.42 - A-0747 - §482.42 Condition of 
Participation: Infection 
Control

Condition Observed in Building Tour at (Hospital name and address) site for the 
Hospital deemed service.
An air flow test performed in the central sterile processing departments 
decontamination room showed the air flowed from the decontamination 
room into the exit egress stairwell number (5). During the survey the 
facility engineers removed the entry door into the stairwell as it was not 
a required route of egress for this room and sealed the opening with a 2-
hour fire rated block construction barrier. This corrected the air pressure 
relationship. This observation was corrected during the survey.
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▪ 23 rooms checked for air pressure/Critical Access Hospital (CAH)
▪ Pharmacy “Suite” positive pressure to hospital corridor

The Joint Commission, Risk Based Model

Only a 25 bed hospital, 23 rooms checked



Why Rooms Fail To Meet Air Management requirements

▪ Number 1 reason rooms fail to meet requirements—We cannot see a rooms failed condition
▫ We can’t see air, humidity or air quality
▫ We need monitors and sensors to show us the “Affects” of air movement and humidity
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▪ Healthcare’s Complex HVAC Systems
▫ Large complex systems
▫ Seasonal changes
▫ Lack of clarity of air handler and exhaust area coverage
▫ Lack of visibility into real-time conditions (lack of BAS controls) 
▫ Abusive environments
▫ Lack of barriers, doors, door closers
▫ Staff practices 
▫ Quick-fixes (robbing Peter to pay Paul) 
▫ Critical environment rooms not on FM’s radar
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100% compliance - Solutions
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▪ Making the invisible visible
▪ 3-Step Plan

▫ Step 1: IP Floor Plan drawings
▫ Step 2:  ASHRAE Matrix by room type
▫ Step 3: Add local room monitors, add to B.A.S.



Visual Inventory of Rooms—2 Part process

▪ Create IP floor plan drawings
▫ Identify Critical and Non-Critical rooms by color

▪ Format
▫ Ideally: Auto-CAD drawings (layers to existing)
▫ Identify rooms with colored markers
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Step 1: Create IP Drawings
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What we can learn from the Life Safety Drawing Requirements



• Pressure, Temperature, Humidity, Air Changes

Creating an Inventory by Applying the ASHRAE Room Type Requirements

HVAC Compliance Management Tools
Room Inventory Slide 
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Visual Inventory of Rooms—2 Part process

Step 2: Create IP Matrix by room type



Electronic Analog

Clinician Awareness-Provide a means to see “out-of-range” conditions at the room

You contribute substantially to Infection Prevention
Be a patient safety partner

Clinicians need to know that air pressure, temperature and humidity are safe for their patients

“Best Practice” making a failed condition visible to clinicians

Air pressure monitor/alarm with signage 

Give them a voice into the solution

Step 3: Install local room monitors, tie to B.A.S.



Slide 
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20 ACH
3,280 Cu. Ft.

Supply 1,080 CFM
Return 720 CFM

0.01 w.c.P▲at door
RH: 30-60%

MERV 7 & 12
AHU # 12
Exh. # 13E

20 ACH
3,280 Cu. Ft

Supply 1,080 CFM
Return 720 CFM

0.01 w.c.P▲at door
RH: 30-60%

MERV 7 & 12
AHU # 12
Exh. # 13E

20 ACH
2,985 Cu. Ft.

Supply 980CFM
Return 695 CFM

0.01 w.c.P▲at door (pair)
RH: 30-60%

AHU # 12
Exh. # 13E

Room Minimum Air Requirements-Detailed…

4 ACH
2,320 Cu. Ft.

Supply 675 CFM
Return 428 CFM

0.01 w.c.P▲at door
RH: 30-60%

MERV 8 & 14
AHU # 8

Exh. # 11E

6 ACH
1,898 Cu. Ft.

Supply 501 CFM
Return 405 CFM

0.01 w.c.P▲at door
RH: =/<70%

MERV 7 & 12
AHU # 8

Exh. # 11E
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Visual “IP” Floor Plan-with requirement details



Building Automation System
Setting control limits

i.e., the OR room alarms when Out Of Range…
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▪ Advantages in managing HVAC systems via B.A.S
▫ Historical Data History
▫ Manage complex system from remote location
▫ Auto-call or auto-page technician

Expanding BAS coverage

Step 3: Install local room monitors, tie to B.A.S.



Infection Control in the Pharmacy
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Environmental and Engineering Controls for Pharmacy Compounding

High demand area
o Complex clean room (primary & secondary engineering controls)
o Air Pressure, Temperature, Humidity
o Suite/Room/Hood Air changes per hour
o HEPA air, prefilters, air returns
o Exhaust to roof for some Hazardous Drug areas
o Comprehensive semi-annual testing/certification
o Coming changes may require monthly testing



Pharmacy Compounding
o Hazardous Chemical Compounding
o Sterile Chemical Processing
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Company Name: Air Balance Executive Summary
Testing Criteria:
Example: ASHRAE 170, 2008' Attached to report: ASHRAE 170, 2008' Table 7-1

Hospital Name: Technician Name: Testing Tech's Professional Credentials:

Date
Date 

Tested 
Last

Room/Area Room Type
Required 

Air 
Changes

Actual Air 
Changes

Room 
Pressure 

P/N

Exhausted 
directly to 
outdoors 

(Y/N)

CFM 
Supply

CFM 
Exhaust

Req'd 
pressure 

Diff. 
(w.c.)

Actual 
pressure 

Diff. 
(w.c.)

AHU # Exhaust 
Fan #

Pass/Fail 
P/F
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HVAC Testing, Adjusting, Balancing to Design Parameters

Testing-How often is it required?
What rooms should be tested?



Air Quality-Filtration
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Facilities Management/Construction

Other IP/IC Opportunities
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Antimicrobial Coatings

New products made to combat HAI’s 
o Latex paint 
o Floor covering
o Medical equipment
o Furnishings



Protecting Patients-Products Made With Inherent Antimicrobial Properties 
-Specifying Safer Products

-Purchasing Safer Finishes
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Construction/Renovations - Building Maintenance
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Protecting patients – Environment of care

Contractors/Vendors

-Renovations
-IT / Communications wiring
-HVAC
-Electricians

-Plumbing

-Fire alarm/suppression

In-house facility technicians
-HVAC

-Electricians

-Plumbing
-Carpenter



“IP-EVS” Cleaning—The First Line of Defense

How good is your quality assurance program?
-Hands-on training-see one, do one, teach one
-Regular supervisor inspections (documented)

-Plan, Do, Check, Act (PDCA)
--Cleaning process, Create ordered practice

-Include checklists
-Reward excellence

-Terminal Cleaning (Daily in OR’s, between patients)

How much control do YOU have over IP Cleaning?
-EVS report structure
-IP Cleaning and process of your own FM staff
-FM Technician training
-Vendor staff training
-Hand washing
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Process-Common touch areas Terminal Cleaning-thorough process



Slide 
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Using new weapons in the war against HAI’s



CMS Requires Water Management Plans (6-2-17)  

• 286% increase in Legionellosis (2000’-2014’)

• ”CMS expects Medicare certified healthcare facilities to have water management policies and 
procedures to reduce the risk of growth and spread of Legionella and other opportunistic 
pathogens…”

The Joint Commission
EC.02.05.01
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HVCA, In Summary
3-Part plan toward 100% compliance



• Forge partnership with your Infection Control team
• Create 3-Part visual room inventory

o Part 1: IP Floor Plans
o Part 2: IP Room Matrix
o Part 3: Add local monitoring, expand B.A.S. monitoring

The Gold Standard Model

Slide 
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Part 1

Part 2

Part 3
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Construction/Renovation Safety-Signs say a lot

Safety made visual
o Daily/weekly safety-walk checklist
o Daily filter change-air scrubber
o Negative pressure daily checklist
o Project Supervisor 24/7 contact
o Posting of ICRA
o Posting of ILSM’s
o Visual monitor evidencing negative pressure
o Daily checklist of “tack” mat change
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Q & A


