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Codes & Standards

Facilities Guidelines Institute (FGI)

— Guidelines for Design and
Construction of Hospitals and
Outpatient Facilities (2014)

ASHRAE/ASHE Standard 170 — 2013
— Ventilation of Health Care
Facilities
— ANSI/ASHRAE/ASHE Approved
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Design Parameters of operating rooms
Facilities Guidelines Institute (FGI) 2014

All Reom
Pressure Air

Minimum
Function of || Relationship Outdoor Minimum Exhausted

Air
Recirculated
by Means of

Design
Relative
Humidity
(k). %

Design
Temperature

Total ach Directly to (), “F/°C

ach Outdiors Room Units
() (a)

SURGERY AND §RITICAL CAR

Operating room
(Class B and C) Paositive 20-60 68-75/20-24
(m}, (n), (o)

Operating/

surgical

cystoscopic Positive 20-60 68-75/20-24
rooms, (m), {nl
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Maintain positive pressure to all adjoining spaces at all times



In 2003
Something happened ...



Hospital 2
Hong Kong
4 HCW Index case
+2 from Canada
Guangdong 12 wa
+

Hotel M
Hong Kong

Hospital 1
Hong Kong
99 HCW

Hospital 4
Hong Kong

4 other
Hong Kong
hospitals
28 HCW

Source: WHOICDC
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Number of patients with SARS
worldwide on 7 Aug 2003 (WHO)

Canada, Singapaore,
251cases, 3% 238 cases. 3% Cther areas,
186 cases, 2%

China Provinees of
Tamran, 655
cases, 8%

Mainland China,
5327 cases, 63% |

China, Hong Keng
SAR,
1755 cazes  21%



Number of SARS Cases in HK

Infected Dead
Overall 1,755 299
Community (Amoy Gardens) 1,369 (329) 293 (42)
Healthcare workers 386 6
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8057MM - Enhancenment of Infection Control Facilities
In the Public Hospital System {Batch B)

For United Christian Hospital {UCH) (SARS Node}

L.ocations

Settings for Highest Standard
{(Fever Ward)

ol

Operating Theatre

Anazesthetic, Scurb

Pressure ~ -10 pa

low-level exhaust c/w central HEPA filter

100% fresh air supply

Temp. 20 deg. +/- 1 deg.

Humidity 55% +5%

Proprietary automatic air-tight sliding door with lead lining

Operation Room

Pressure ~ -15 pa
low-level exhaust c/fw central HEPA filter
100% fresh air supply

25 Air change

Temp. 20 deqg. +/- 1 deg.

Humidity 55% +5%

Proprietary automatic air-tight sliding door with lead lining

OT dor

Pressure ~10 pa

low-level exhaust c/w central HEPA filter
100% fresh air supply

Temp. 23 deg. +/ - 1deg.

Humidity 55% +/- 10%

Automatic swing door

August 2003




A Computer Evaluation of Ventilation Performance in a
Negative-Pressure Operating Theater

Tin-tai Chow, PhD*
Anne Kwan, FANZCATY
Zhang Lin, PhD*

Wei Bai, MSc*

BACKGROUND: A negative-pressure operating theater is required to limit the spread
of respiratory diseases in patients with severe acute respiratory syndrome, tuber-
culosis, avian influenza, or similar infectious diseases. In Hong Kong, we converted
a conventional operating theater into a negative-pressure operating theater that has
been in service for more than a year. In this article, we introduce its ventilation
design and evaluate the airflow performance in relation to different combinations
of medical lamp configurations and modes of launching infectious particles into the
room air.

METHODS: We used a computational fluid dynamics technique for the numerical

RESULTS: Our analyses showed that the airtlow performance in the negative-
pressure operating theater was satisfactory and comparable to the original positive-
pressure design. The airflow pattern effectively controlled the dispersion of

infectious particles. Our calculations demonstrated that the airflow contained the
dispersion of infectious particles released from the patient sufficiently to protect the
ical team, and vice versa.

uid dynamics can be used to assess airtlow in a
negatweupressure operating room and model the dispersion of infectious particles
from the patient.

(Anesth Analg 2006;103:913-8)




Design pressure and part plan of the negative pressure
operating theater (OT1) at the operating theater suite
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l Exhaust Control
duct

Note: [xx] - design pressure in “xx”" Pa



Routine air sampling on 30 Dec 2015,
after HEPA filter change

MICROBIOLOGICAL AIR SAMPLING REPORT
Infection Control Unit, UCH

Location of sampling: OT 1 Date / Time of Sampling: 30/12/2015
Temperature (°C): reading/ set point _ 19.8/20.3 Relative humidity (%): reading / set point: _ 57.7 5-1;.9
Method: SAS Super ISO 180 Air sampler Volume of air sampled: 2 m
~ . Acceptable
Sampling site No of p.ersous Medium used T‘m,'] ‘_:Ollng,t / Level# Comments
present in room (CFU/m’) (CFU / )
Control 1 TSA 0 £10 Satisfactory
E: 5 .
OT la ! TSA { B <10 Fail
cillinm species is
OT 1b 1 25
(1 colony of coagulase negative
staphylococcus isolated
TSA 1 colony of Micrococcus luteus 210 Fail
el
<23 colonies of Pencillium species >
lisolated) A
e o

Incubation condition: Tryptone Soya Agar (TSA) (35°C for 2 days)
#Total count in cfu/m’® includes the total bacterial counts
#Reference: HTM 03-01, 2007; DH, UK

Overall comments:

After changing HEPA Filters. the air sampling of OT room 1 was done on 30 Dec 2015. All the results of air sampling were not satisfactory and

were regarded as fail. ICT will repeat the air sampling in the noon of 3 Jan 2016. after the completion of comprehensive checking and air duct
cleansing. followed by 24 hours air out 1n OT 1.

Infection Control Team




Follow up actions

Date of Fungal count Actions
sampling (cfu/m3)
30/12/15 19 HEPA filter checking, surface
cleansing & disinfection
3/1/16 4, Leak test for | Review HEPA filter fitting + remedial
HEPA filter failed | measures
Comprehensive environment
31/1/16 27 cleansing, attention to inner layer of
false ceiling
Persistent presence of mold requires
7/2/16 8 further corrective measures

Repeat ceiling cleaning




Some findings

Watermarks observed on cover of false ceiling

The ceiling covers were cleaned on 5 Feb 2016

Watermarks observed in ceiling

HEPA filtersin OT 1

0ld model New model
Aluminum edge




Result of air samples collected onh 13 Feb 2016

Total fungal
count :30

Total fungal
g count :1
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To map the distribution of fungal spores,
environmental sampling performed (16 Feb)
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14 fungal colonies: door frame
of the Day Surgery
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Other findings

Dusted hood in the day surgery room Ceiling over Anaes Room

waste | left on the false ceiling of scrub room Waste cloths left on the false ceiling Screws & cigarette left on the false ceiling

L




Air sampling extended to day surgery area
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@ Sabouraud plates without
fungal counts

0 Digit in the circle

indicates the total number of
fungal counts in the Sabouraud
plate
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Remove and clean ceilings in green area on 27 Feb

Space enclosed by the green ] '
line = structural wall seen Ben W

Above the clock = Near the hood

above false ceiling, except
the red dots

Towards AHU

INATSTEETIC
-----

Waste (insulation foam & |5
cap) found upon removal

of false ceiling above the
D3 door exit




@ Sabouraud plates
without fungal counts

o Digit in the circle
indicates the total number
of fungal counts in the
Sabouraud plate

Air sampling results
(collected on 28 Feb)




Environmental swabs
Around the auto door between OT1 & Day Surgery




Environmental swabs
Around the auto door between OT1 & Day Surgery




Environmental swabs
Around the auto door between OT1 & Day Surgery

Massive leakage from
ceiling water pipe a
few months ago




Fungal colonies cultured from the wooden/plaster
structures/gaps around the auto door




Around/inside the louver

Pieces of wooden
/plaster boards



Ceiling of surrounding office corridor




Environmental swabs
Ceiling of auto door between OT1 & Day Surgery




Environmental swabs
Ceiling of auto door between OT1 & Day Surgery




Actions taken

Remove all seals of the auto door

Remove the wooden/plaster structure in the false ceiling and
louver where possible

For those parts that could not be removed, coated with anti-
mold painting and erect barriers to seal them from
surrounding areas

Comprehensive cleaning and disinfection

— The ceiling and all surfaces in linkage area of day surgery and clean
corridor outside OT1

— All surfaces in scrub room, anesthetic room, OT1 and dirty corridor
— All cleanable parts around auto door and louver

Air-out 24 hours, repeat air and environmental sampling






Repeat environmental sampling

(6) swabs on 1 Mar
(6) swabs on 3 Mar




Environmental sampling on 3 Mar
Ceiling of auto door between OT1 & the Day Surgery




Results of air sampling
collected on 4 Mar 16



Short term measures

Limited service in OT1, procedures requiring OT
setting not recommended

Enhance cleaning & maintenance to “hot zone”
Close monitoring by settle plates

Particular attention to incidence of water
leakage



Summary

Likely source of fungal contamination

— Wooden & plaster boards after soaking of water leaked
from ceiling pipes a few months ago

— Contaminated air moved into -ve pressure OT1 via
corridor & scrub/anesthetic rooms

Principles of control
— Remove sources
— Measures to prevent air movement into OT1



Long term measures

e Remove sources: wooden/ plaster boards

e Measures to prevent air movement into OT1
— Convert OT1 to positive pressure with +25 Pa
— Air exhaust from scrub/anaes room
— Build air tight doors at corridor to stop air leak

 Implications on future contract
— Ensure absence of waste & proper cleaning/ sealing after
completion of work
— Ensure proper fitting of HEPA filters (no air leakage)
— Do not use organic materials (e.g. wood/ plaster) above
ceiling in OT or high risk setting
— Avoid negative pressure OT



@ TSA (bacterial count)
Q TSA (fungal count) D5 result
@ Sabouraud (fungal count)

Results of air sampling
(collected on 14 Mar 2016)
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After removal of wooden / plaster boards

(6) swabs on 1 Mar () swabs on 15 Mar
(6) swabs on 3 Mar




After removal of wooden / plaster boards




After removal of wooden / plaster boards
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@ TSA (bacterial count)

0 TSA (fungal count) D2 result

Results of air samples collected
on 17 Mar 2016

Service of OT1 resumed on 22
Mar 2016




United Christian Hospital Expansion Project




KEY DESIGN ISSUES - INFECTION CONTROL

GENERAL PRINCIPLES

Room air-tightness

Airflow from clean zone to dirty zone

Separate air handling system (prevent air mixing)

Adequate air change rate

Power supply from essential power generator
Mechanical standby equipment
Pressure monitoring device

Exhaust Air Discharge via HEPA filter




Ventilation Design for Isolation OT

OT Room — same as normal OT
(laminar flow HEPA ceiling, 100%

Fresh Air Supply, +25Pa, min : ; : '4{;] o
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Thank You
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