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Brief Description: Prompt identification of those with active TB disease and
application of effective environmental controls to prevent exposure of others in a
healthcare facility is an ongoing challenge. This is especially true for low risk
facilities in addition to settings where environmental controls (EC) are limited or not
available, e.g. emergency departments, surgical suites, and home-based health
care. Unexpected, intraoperative identification of TB disease in a surgical suite in
a Midwestern, regional teaching health system prompted exploration of strategies

to improve EC in a strongly positive pressure environment such as an operating
room (OR).

Methods: Surrogate materials, smoke plume & submicron particles, were released
in an OR to assess effectiveness of containment using three different mobile high
efficiency particulate air (HEPA) units. Smoke plume allowed for observation of
impact on airflow patterns and submicron particles for efficiency of removal from

the OR. Two different models of freestanding HEPA units, MAP-800M &
HEPACARE 800-HCF and a novel portable anteroom system-HEPA (PAS-HEPA)
combination unit, lcoRoom [Mintie, Inc.] were deployed. The freestanding HEPA
units were place approximately 1 foot from the head of the OR table and the
PAS-HEPA was placed over the main OR door. Plume and a concentration of at
least 500,000 submicron particles were released from the middle of the OR table.
Sound levels were also measured.

Findings: Both freestanding HEPA units, despite close proximity to the plume, failed
to draw the plume towards the HEPA filters and instead forced it up vertically from
the OR table. These also added significantly to the background noise levels. The
PAS-HEPA, by contrast, evacuated the plumes down and towards the main OR
door and did not alter background noise level. After release of the submicron
particles the PAS-HEPA unit removed over 94% of these within 15 minutes.

Conclusion: In a highly pressurized environment like an OR, these findings suggest
freestanding portable HEPA units should be avoided during the surgical care. The
PAS-HEPA was found to enhance desired airflow patterns and was very effective in
removal of particles in the size of M. tuberculosis. The mobility of the PAS-HEPA
offers applications to other settings with limited or no airborne infection isolation
capabilities.

Introduction

Analysis of epidemiologic trends in the U.S. reveal:

e Following the resurgence of TB in the mid-1980s in the U.S. there has been a
14 year decline in total number of cases of TB through 2006. Since 2002
however the rate of decline has slowed.(see Figure 1)

* The proportion of TB cases among foreign-born persons has increased each
year since 1993. (see Figure 2|

e Support for public health programs to identify and treat TB in the community is
declining commensurate with public policy decisions affected by the drop in
incidence after the peak in early 1990s.

Therefore despite this decline in the U.S., occupational exposure of healthcare
personnel to TB remains not only a problem in the U.S. but also worldwide.2 An
unanticipated encounter of a case of active TB during lung surgery at a community
teaching hospital prompted a pilot investigation of containment of particles
comparable to the size of Mycobacterium tuberculosis in an operating room (OR).
There is prior published evidence that TB can be transmitted to perioperative

healthcare personnel.(3-5)

AT &5 Russell N. Olmsted, MPH, CIC

JOSEPH

MERCY Epidemiologist, Infection Control Services
o Saint Joseph Mercy Health System, Ann Arbor, MI

CDCTB Guidelines, 2005

In 2005 the Centers for Disease Control & Prevention (CDC) Division of TB
Elimination published Guidelines for Preventing the Transmission of
Mycobacterium tuberculosis in Health-Care Settings.(8) These outline tiers of
strategies for preventing transmission of TB within various care settings as
illustrated in Figure 4 (see powerpoint slides). Precautions for care of a patient
with TB who needs surgery are summarized in Table 1.

TB Treatment Facilities: These Guidelines provide the following
recommendations for TB Treatment Facilities such as those providing community TB
Control -

Engineering Controls -

e |f patients with TB disease are treated in the clinic, at least one room should
meet requirements for

an airborne infection isolation room (AlIR).

e Aircleaning technologies (e.g., HEPA filtration and UVGI) can be used to
increase the number of

equivalent air changes/hour (ACH]

e Perform all cough-inducing or aerosol-generating procedures by using
environmental controls (e.g.,

booth) or in an AlIR.

e Keep patients in the booth or AlIR until coughing subsides.

* Do not allow another patient to enter the booth or All room until sufficient time
has elapsed for adequate removal of M. tuberculosis-contaminated air

Administrative Controls

4. Environmental Controls

-

; » Respiratory Protection
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Case Study

TB Transmission Risk : The Unsuspected Case

® 50 y.o. Male, U.S.-born citizen. History of being a smoker; referred to thoracic
surgeon following free CXR screening fair at his employer

e CXR = nodule in right lower lobe suspicious for lung cancer

e Scheduled for surgery at a regional teaching hospital

e Intraoperatively during a right thoracotomy the surgeon found 2.5 cm nodule in
lung tissue

e Site of surgery irrigated with copious amount of normal saline and chest tube
inserted.

e Sample of nodule sent to pathology for STAT frozen section

e Findings: necrotizing granuloma; acid fast bacillus (AFB) +

e None of the 12 personnel in the OR were wearing a N95 respirator.

e The thoracic surgeon was in her 7th month of pregnancy

e No airborne infection isolation room available in post-anesthesia care unit.

Objectives

To compare the impact of freestanding HEPA filter units inside the OR to a novel
anteroom-HEPA combination unit and assess the efficiency of removal of
particulates from an OR.

Materials
Methods

Methods: Smoke plume and submicron particles were generated inside an OR.
Plume behavior was observed during deployment of three different configurations
of high efficiency particulate air (HEPA) filtration units. Two of these involvec
different models of freestanding HEPA filtration units inside the OR and the thirc
was the Portable Anteroom-System HEPA combination unit (PAS-HEPA) locatec
outside the OR. (figure 3) The concentration of submicron airborne particles was
quantified for each configuration of freestanding HEPA and PAS-HEPA units. In
addition to measurement of submicron airborne particulates, a high concentration
of these was generated in the OR and time for removal was quantified.

O.R. Set-up

A: Point of Release of Smoke Plume

& Submicron Particles
B1-B4: Particle Counter

R: Return Air Grill IcoRoom Portable Anteroom System

F: Freestanding HEPA Units
*Microcon MAP 800M
*Hepacare HCF 800F

Results

Observations of released plumes, using the PAS-HEPA revealed a downward
evacuation away towards the main entry door from the sterile field. By contrast,
when portable freestanding HEPA units were placed inside the OR plumes moved
vertically upward and directly in the breathing zone of where the surgical team
would be stationed during a procedure. The PAS-HEPA unit, working in tandem
with the OR heating, ventilation and air conditioning (HVAC) system, was
confirmed to have removed over 94% of an initial release of at least 500,000
submicron particles/ft3 within 20 minutes after release.

Conclusions

e Smoke plumes released with freestanding HEPA units inside the OR moved
vertically up from the OR table and were not pulled towards the HEPA air
scrubbers. This suggests there may be an increased potential for occupational
exposure fo an airborne infectious agent and possibly unwanted introduction of
contaminants into the patient’s surgical site. By contrast the PAS-HEPA unit pulled
the plume down away from the breathing zone of surgical personnel and the
patient’s surgical site towards the main OR door.

e These observations reinforce recommendations from the CDC that, if used, a
freestanding HEPA unit inside the OR should be limited only to those specific
intervals at which aerosols containing M tuberculosis might more likely be
generated — intubation and extubation.(8)

* |n a challenge using particles much smaller that M. tuberculosis (0.3-1.0 p),
the PAS-HEPA unit deployed outside the main OR door effectively cleared 94% of

over 500,000 particles within 20 minutes.

e The PAS-HEPA unit also offers unique flexibility as it can be deployed in the
OR, moved with the patient to post anesthesia care and to the patient’s
postoperative inpatient room.

e The PAS-HEPA may also be applied to other settings such as a
community-based TB treatment facility or even to expedite discharge from an
acute care hospital to the patient’s home during their DOTS regimen.
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