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OVERVIEW

* What are room pressure relationships?

= Why are room pressure relationships required?
= Code requirements

= Space requirements

= Construction & Architectural impacts

= Testing & Balancing

= Other Considerations




ROOM PRESSURE RELATIONSHIPS

What is a room pressure relationship?

- Difference in pressure between one space and
the adjacent spaces around it.

How are room pressure relationships
accomplished? —

- Pressure differentials are created by airflow | Negative Air L -
. q areq q Pressure <
differentials within the space. Airflow always Q Maintained |
Positive Air

moves from higher pressure to lower pressure

Pressura
Maintainad

Image Source: sonicu.com



ROOM PRESSURE RELATIONSHIPS

Three Types
* Neutral
- Equal air in and out

= Positive
- More air in than out ’

» Negative
- More air out than in




ROOM PRESSURE EXAMPLES




WHY PRESSURE RELATIONSHIPS?

= Contaminant Control
- Infection Control
- Odor Control |_APPENDIX N

H d C trol A1.2-3.2.2.1 (2) Airborne contamination can result when HVAC
- Aazar oniro systems are improperly designed, built, or maintained, In addition to
providing comfort and minimizing exposure to chemical pollution,

. ventilation systems are an important means for preventing infection. An
* Neutral (No Requirement)

HVAC system expert, whether an independent engineer or an employee
_ Where Coniaminanis are not GnﬁCipGied to pose a riSk of the governing body, should determine which of the following HVAC
° design considerations should be covered in the ICRA
a. Characteristics of overall HVAC system design as well as design for
ore specific sensitive areas, including components, capacity, filtration, air
- POSI"IVG changes, pressure relationships, and directional flow

- To keep contaminants from entering the space. . Epse o accem ke INICoplem matsicnance

¢, Ease of general maintenance activities and system cleaning

d. Selection of air distribution devices that allew for minimal or easy

o d
- Negative s

¢, Location of air intakes and exhaust outlets to prevent cross-contam-

- To keep contaminants from leaving the space. Wi




WHY PRESSURE RELATIONSHIPS?

= Create Air Movement from Cleanest Spaces to Dirtiest Spaces




CODE REQUIREMENTS

= State of Wisconsin SPS 364.0300 Health care facilities.

(1) This is a department rule in addition to the requirements in IMC
chapter 3: In addition to the requirements in chs. SPS 361 to 366,

, except as provided in sub. (2).

(2)

(a) The requirements in parts 1 and 5 of FGI guidelines are not included as part of this chapter.

(b) This is a department rule in addition to the requirements in part 6 of the FGI guidelines: Addenda a, b,
d, e and f for ASHRAE 170 are included as part of this chapter, except as provided in sub. 2.

(c) Substitute the following definition for the corresponding definition listed in ASHRAE 170 section 3:
“Alteration”, has the meaning as givein in IEBC section 202.

Note: |[EBC section 202 defines “alteration” as “any consfruction or renovation to an existing structure other
than a repair or addition. Alterations are listed as Level 1, Level 2, and Level 3.”



https://docs.legis.wisconsin.gov/document/administrativecode/ch.%20SPS%20361
https://docs.legis.wisconsin.gov/document/administrativecode/ch.%20SPS%20366
https://docs.legis.wisconsin.gov/document/administrativecode/SPS%20364.0300(2)

CODE REQUIREMENTS

= ANSI/ASHRAE/ASHE 170-2013 - Ventilation for Healthcare Facilities S

wn ANTARPOAL B sosomrha e Agguende C

- Included as part of 2014 FGI, as adopted by the State of Ventilation of Health
Wisconsin. Care Facilities

- Most detailed HVAC information is located in this standard.




CODE REQUIREMENTS

= ASHRAE 170 - Table 7.1 Design Parameters

TABLE 7.1 Dewgn Paramsters

SLMGERY AND CRITICAL Camt




CODE REQUIREMENTS

Spaces Requiring Negative Pressure per ASHRAE 170-2013
Medical/anesthesia gas storage
ER waiting rooms

Triage

ER decontamination

Radiology waiting rooms

Toilet rooms

All room (Airborne infectious isolation)

Physical therapy

Bathing room

Darkroom (Radiology)

Bronchoscopy, sputum collection, and pentamidine administration
Laboratory (general, bacteriology, biochemistry, cytology, glasswashing,
histology, microbiology, nuclear medicine, pathology, serology, sterilizing)
Nonrefrigerated body-holding room

Autopsy room

Endoscope cleaning

Hydrotherapy

Dialyzer reprocessing room
Nuclear medicine hot lab
Nuclear medicine treatment room
Sterilizer equipment room

Soiled or decontamination room
Warewashing

Laundry

Soiled linen sorting and storage
Linen & trash chute room
Bedpanroom

Bathroom

Janitor’s closet

Soiled workroom or soiled holding
Hazardous material storage




CODE REQUIREMENTS

. Spaces Requiring Positive Pressure per ASHRAE 170-2013
Operating room (Class B & C)
Operating/surgical cystoscopic rooms
Delivery room (Caesarean)
Newborn intensive care (NICU)
Trauma Room (crisis or shock)

Laser eye room

Procedure room (Class A surgery)
Protective environmentroom (PE Room)
Combination All/PE room

X-ray (surgery/critical care and catheterization)
Laboratory (media transfer)

Pharmacy

Clean workroom

Sterile storage

Clean linen storage

Clean workroom or clean holding




OTHER REQUIREMENTS

* Pharmacies
- USP 797 - Pharmaceutical Compounding ek P o
— Sterile Preparations e

USSP General Chapter <797>

USP 800 - Hazardous Drugs — Handling in
Healthcare Settings S

Hazaroous Dnugs -
Hanahing in Mealthcare Settviags




SPACE REQUIREMENTS

= 7.2.1 Airborne Infection Isolation
(All) Rooms

7.2 Additional Room-Specific Requirements

7.2.1 Airborne Infection Isolation (All) Rooms. Ventila-
tion for All rooms shall meet the following requirements

whenever an infectious patient occupies the room

» Sometimes referred to as .
“negative pressure rooms”

Each All room shall comply with requirements of Tables
64, 6.72
installed device and/or mechanism to constantly monitor
the differential air pressure between the room (when occu-

,and 7.10 All rooms shall have a permanently

pied by patients with a suspected airborne infectious dis-
case) and the corridor, whether or not an
unteroom, A local visunl means shall be provided to indi-

there is

cate whenever negative differential pressure is not main-

» Keep contaminants from infected
patients away from all other areas §

tained

All air from the All room shall be exhausted directly to

the outdoors

¢

4

All exhaust air from the All rooms, associated anterooms,
and associated toilet rooms shall be discharged directly to
the outdoors without mixing with exhaust air from any
other non-All room or exhaust system

Exhaust air grilles or registers in the patient room shall be
located directly above the patient bed on the ceiling or on
the wall near the head of the bed unless it can be demon-
strated that such a location is not practical

The room envelope shall be sealed to limit leakage airflow
at 0,01 in. we (2.5 Pa) differential pressure across the
envelope

Differential pressure between All rooms and adjacent
spaces that are not All rooms shall be a minimum of -0.01
in, we (-2.5 Pa). Spaces such as the toilet room and the
anteroom (if present) that are directly associated with the
All room and open directly mnto the All room are not
required to be destgned with & minimum pressure differ-
ence from the All room but are still required to maintain
the pressure relationships to adjacent areas specified in
Table 7.1

When an anteroom is provided, the pressure relationships
shall be as follows: (1) the All room shall be at a negative

pressure with respect to the anteroom, and (2) the ante

= Room Pressure Monitor required.

TOOM SNAll DE A1 @ NCEANVE Pressurc Wi respect o ue

comidor.




= 7.2.2 Protective Environment
(PE) Rooms

= Sometimes referred to as
“positive pressure rooms”

= Keep contaminants away from
immunocompromised patients

SPACE REQUIREMENTS

.2.2 Protective Environment (PE) Rooms. Ventilation
for PE rooms shall meet the following requirements

The room envelope shall be sealed to limit leakage airflow
at 0.01 in. we (2.5 Pa) differential pressure across the
envelope.
Each PE
Tables 6.4, 6.7.2, and 7.1. PE rooms shall have a perma-
nently installed device and/or mechanism to constantly
monitor the differential air pressure between the room and
the corridor when occupied by patients requiring a protec-
tive environment regardiess of whether there is an ante-
room. A local visual means shall be provided to indicate
whenever positive differential pressure is not maintained

room shall comply with the requirements of

Air distribution patterns within the protective environment
room shall conform to the following:

1. Supply air diffusers shall be above the patient bed
unless it can be demonstrated that such a location is
not practical. Diffuser design shall limit air velocity at
the patient bed to reduce patient discomfort. (See
ASHRAE Standard 55 [2010a) in Informative Appen
dix B.)

Return/exhaust grilles or registers shall be located near

the patient room door

d

corridor

Differential pressure between PE rooms and adjacent
spaces that are not PE rooms shall be a minimum of +0.01
in. we (+2.5 Pa). Spaces such as the toilet room and the
anteroom (if present) that are directly associated with the
PE room and open directly into the PE room are not
required to be designed with a minimum pressure differ-
ence from the PE room bat are still required to maintain

the pressure relationships to adjacent areas specified in
Table 7.1.

PE rooms retrofitted from standard patient rooms may be
ventilated with recirculated air, provided that air first
passes through a HEPA filter and the room complies with

‘a” through “d” of Section 7.2.2

parts
When an anteroom 1s provided, the pressure relationships
shall be as follows: (1) the PE room shall be at a positive
pressure with respect to the anteroom and (2) the ante

room shall be at a positive pressure with respect to the




SPACE REQUIREMENTS

= 7.2.3 Combination Airborne Infectious
Isolation/Protective Environment (All/PE) Rooms

» These are NOT “switchable” rooms

= Keep contaminants away from the public
produced by immunocompromised patients

7.2.3 Combination Airborne Infectious Isolation/Pro-
tective Environment (AII/PE) Rooms, Ventilation for All
PE rooms shall meet the following requirements

Supply air diffusers shall be located above the patient bed
b. Exhaust grilles or registers shall be located near the

[‘.HIL‘YH room (]1!\11’

The pressure relationship to adjacent areas for the required

unteroom shall be one of the following

1. The anteroom shall be at a positive pressure with
respect to both the AIVPE room and the corridor or
common space,

The antervom shall be af & negat _

respect to bath the AILPE room and the comdor or

oo
ANLPE  nex two  permanently  insvalled
devices and or mechanis [ stamtly momsor the (W
ferentinl adr prossre Oy o and'or mechanivm shall
monitor the pressure differcntial between the AIPE room
and the amteroom. The second device and'or mechaniun
shall monisor the pres differential oom 1 ane-
room and e carmdar or comuman s For each &
and'or mechanmm, a loe meuns shall be provided
1o Indicase whenever differenrial pressure s not -
lained




SPACE REQUIREMENTS

= 7.4.1 Operating Rooms (Class B and C),
Operating/Surgical Cystopic Rooms, and
Caesarean Delivery Rooms

= Typically provided with Room Pressure Monitor for

frending in the Building Automation System, and to
alert users if there is an HVAC issue.

TA Surgery Roomn
741 Operating Rooms (Class It and C), Operating/Sur
peal Cystosonpic Rooms, ant Cavsarcan Delivery Reoms,
These rooms shall be maintaned ot o postiv
sect o all audjuend
vitial shall be mummined » a vadoe of




SPACE REQUIREMENTS

= Other Space Requirements with Pressurization

7.4.3 Imaging Procedure Rooms. If invasive procedures

7.5 Support Spaces
occur in this type of room, ventilation shall be provided in

I Morgee and Autopsy Roomas, Ventilstion foe nx
accordance with the ventilation requirements for procedure fopsy rooms shall meet the following requwsements
rooms (Class A surgery), If anesthetic gases are administered,

exhaust grifles sball be §
ventilation shall be provided in accordance with the ventila-

tion requirements for operating rooms (Class B or C surgery) for th -I'“'lf‘ gaice ’
All exhaast air from astopsy ed body-hold
g, wwl maorgue rooms S rgod directly o the
mitdoars without miximg with ar from any other room «
S b

Differential pe NTWeen mongue and sutopsy

axd any adjacent spaces that have omber funcricas

& oy of <000 o wed-2.5 Pa)
5.2 Hennchoscopy

Differential pressure betwoen bronchascopy i
d sparmum isduction roonss and any adacent sps

cor functions shall be o minimen of 0,01

whed for st




SPACE REQUIREMENTS

= Pharmacy Space Requirements
- Most stringent for pharmacevutical
requirements.

- USP 797 & 800 Requirements

- Both negative (Hazardous Drugs Mixing) and
positive (Sterile Compounding) spaces,
interacting in close proximity with temperature,
filtration, and humidity requirements.

- Airlocks & interlocking doors.
- Room Pressure Monitor requirements.

- Certified by 3 party certifier every 6 months
or if pressure relationships are lost for 60 mins.

ESTABLISHING AND MAINTAINNG PRESSURE DIFFFRENTIALS

Continucus difererisl posive pressune is reguined to minkmize airfiow from a0 ares with lower ab-guality daaslicaton (o
an ares ol hagher secuaty cisfivation. In & deantotam wile, & mnimun diferentisl padtive gresssrs of 0/020-nch wiler
columm o requered Detween epch 150 clanibed ares (=.q., Detvween = Duther room snd ante-mam), The pressure titeremntiel
batween the antemom ad the unciraifiod aed mutt oot be leg than 0 020:nch water column, No presvure difierential o
reguired botwern the SCA and the durrcuoding ares. Ses (R00] Tor preswry tecpdreeents for compaundng HD G5

Whers pressure ditlerentishe are regueed, » presiore differsalsl monitonng device st be uind %o contirwoudy monitor
the presure differentialy. The guantitative results fetem the pressure monitonng device mint be reviewed and documented at
loau daily on 1w days when Compounding & Gccumng,

Table 2 Engimarring Controls for Monterile ND Compaunding

onc CIRC empirermraty

v Latmmady verind (pewTeel o seduedart SRPA et 1 e
o Dravpber CVE Oo Tow £ 10C, €AC)




SPACE REQUIREMENTS

= Pharmacy Space Requirements

8 |mage Source; sonicu.com




COVID-19 RECOMMENDATIONS

= ASHE ON COVID-19

- ASHE Temporary COVID-19 Facilities
within a Healthcare Facility.

- Common requirement is negative
pressure.

- No regulatory requirements. For how
long?

- ASHRAE has COVID-19
recommendations and statements
for most other facilities

Negative pressure has become a hot button fopic for all those in the front lines
working with patients afflicted with the SARS-CoV-2 (COVID-19) virus.

. Specifically,
the CDC recommends placing COVID-19 positive patients in a single patient
room and keep the door closed. Additionally, the CDC recommends:

Limiting fransport and movement of the patient outside of the room
to medically essential purposes.

*Housing patients in the same room for the duration of their stay.
*Whenever possible, perform procedures/tests in the patient’s room.

Even with these recommendations, the risk of aerosol propagation of COVID-
19 within the patient room increases.

How to achieve temporary negative
pressure in a room will significantly depend on the design of the patient room
and the ventilation system serving the patient room. The ASHE COVID-19
Negative Pressure webpage offers different negative pressure room concepts.

As frontline clinical staff continue fo be at the forefront of this
bafttle with the virus, it is important that facilities leaders weigh the impacts of
temporary negative pressure; what impact is it having on the building and how
fo confinue to provide a safe environment while maintaining regulatory
compliance if temporary negative pressure was implemented.



https://www.ashe.org/negative-pressure-rooms

COVID-19 RECOMMENDATIONS

= ASHRAE ON COVID-19
- “Layered Approach - A Variety of Options”

- Eight (8) options for temporary COVID-19
patient rooms in hospitals

- Common requirement is negative pressure

- No regulatory requirements. For how long?

AL RooM oPTIoN

PATUBNT W COG  Asiirae

Option 7. HEPA Unit to Retum with protective
tent

Option 8. HEPA Filters @ each return grille



https://www.ashrae.org/technical-resources/healthcare

ROOM PRESSURE MONITORS

= Where required & where typically provided

* Types
- Past & current technologies
- Time Delays (30-45 seconds)

= Locations
- Inside room vs outside room
- Staff/Facility preference

= Uses
- Visual/audial notifications
- Logging

- Typically not used to control HVAC




DESIGN REQUIREMENTS

= Airflow calculations to meet room air change requirements + heating/
cooling loads

» Estimating room construction leakage

- Standard Practice: 100-150 CFM offset per door

- Is the space existing and leaks?
- We have seen as much as 700 CFM offset to maintain pressures.
- We have seen as little as 25 CFM offset to maintain pressures in clean
room/pharmacy spaces

- Take our best estimate based on anticipated room construction




HVAC REQUIREMENTS

What devices are utilized to maintain
pressure relationships via airflow?
= Supply Air
-Air Terminal Unit (CAV,VAV Box or Air Valve)
-Balance dampers w/ reheat coils

= Return/Exhaust Air
-Air Terminal Unit (CAV,VAV Box or Air Valve)
-Balance dampers

Image Source: triatek.com



CONSTRUCTION/ARCHITECTURAL
REQUIREMENTS

» Sealing of Room
- Ceiling type (ACT, gasketed ACT, sum wall board)
- Gasketed/sealed light fixtures
- Sedling of back boxes and wall penetrations
- Door sweeps
- Epoxy Paint (especially in humidified spaces)

- Anywhere air can escape
- More critical in rooms where pressure is being monitored and
required to be maintained at a certain level (+0.01"W.C.)




FIELD CONDITION ALTERATIONS

 Testing & Balancing
- Values shown on drawings vs. balanced data
- Offset of supply vs. return/exhaust
- Additional sealing required

 DHS Compliance Statement - HVAC
- Need TAB Report
- Need Room Pressure Monitors to be functioning




ROOM PRESSURE DESIGN &

CONSTRUCTION
»

Design Assumptions Made
& Construction Documents
Produced by Engineer

Balance back return in
positive spaces and
increase exhaust (or
decrease supply) in

negative spaces, if
required

»

-

Construction

\ 4

Test & Balance




TROUBLESHOOTING

» Why is my pressure relationship not being maintained?

- Supply air issue

- Return/exhaust air issue

- Doors held open too long

- VAV box actuator issue

- Sealing degradation

- Access panel leakage

- Room pressure monitor out of calibration

- Ongoing Maintenance

- Testing of rooms (monthly)
- Calibration of room pressure monitors (annually)




OTHER CONSIDERATIONS

= Zone pressurization
= Building pressurization impacts

» Maintaining pressure relationships

= Indoor Air Quality (IAQ) importance




QUESTIONS/
ANSWERS

v BISGHATEA

YOUR PARTNERS IN HEALTHCARE MEPT DESIGN
BROOKFIELD: 414.778.1700
MADISON: 608.733.5800




