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Jeffrey M. Zirger

Information Collection Review Office
Centers for Disease Control and Prevention
1600 Clifton Road NE, MS H21-8

Atlanta, GA 30329

July 29, 2025

RE: Docket No. CDC-2025-0022

Dear Dr. Zirger,

| am writing to express my full support for the Centers for Disease Control and
Prevention (CDC) and the Department of Health and Human Services (HHS) in their
initiative to investigate waste anesthetic gas exposure in post-anesthesia care units
(PACUs), patrticularly its impact on healthcare professionals such as PACU nurses.
However, | believe it is imperative that Source Control measures be implemented
concurrently with this study. PACU nurses are currently exposed to the same risks for
which the CDC has already established guidelines for operating rooms (ORS). It is
illogical to consider this exposure any less hazardous simply because it occurs in a
different setting.

Delivery of anesthesia involves inhalation agents administered via a closed system.
Typically, 2—-3% sevoflurane is used, corresponding to concentrations of 20,000-30,000
ppm. As the patient nears spontaneous respiration, the concentration is around 0.6% or
6,000 ppm. Extubation usually occurs at 0.2%, or approximately 2,000 ppm, before the
patient is transferred to the PACU. At this point, the patient's lungs still contain
substantial amounts of unmetabolized gas. Over the next 30 minutes, PACU nurses are
exposed to these exhaled gases in the breathing zone, often at levels above the CDC'’s
recommended safety threshold of 2 ppm—standard for operating rooms.

Extensive research, including multiple peer-reviewed publications, the AHIA/ASPAN
white paper, and the NIOSH 2022 bulletin, have already documented these risks.
Mitigating exposure through Source Control or enhanced airflow designs is the only
effective method. No other intervention offers adequate protection.

While documenting the health impacts of waste anesthetic gases on PACU nurses is
necessary and commendable, conducting such research without concurrently
implementing protective measures poses a clear and unnecessary risk. For more than
25 years, operating rooms have maintained strict standards to reduce exposure. There
is no valid rationale for excluding PACUs from the same level of oversight and
protection.





Therefore, | strongly support the CDC’s commitment to further research. But to
safeguard the health of PACU nurses in the interim, Source Control must be mandated
and implemented immediately—ensuring consistent safety standards across all
perioperative environments.

Having researched this subject for over 20 years, | offer my unlimited assistance in any
way possible.

Sincerely,

John E. Moenning Jr. DDS, MSD
176 Ashbourne Dr.

Noblesville, In 46060
317-501-1168- cell
jmoenning@aol.com
jmoenning@iomsa.com

retired- www.iomsa.com
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ORIGINAL ARTICLE

Evaluation and Control of Waste Anesthetic

Gases in the Postanesthesia Care Unit
James D. McGlothlin, MPH, PhD, CPE, Jobn E. Moenning, DDS, MSD,

Sandra S. Cole, MS, PhD

Background: Few studies have addressed waste anestbetic gases (WAGs)
in the postanesthesia care unit (PACU) related to exhaled sevoflurane

and nitrous oxide.
Purpose: 10 evaluate the effectiveness of a new scavenging system to con-

trol WAGs in the PACU.
Design: Comparative and descriptive study.
Methods: This pilot study compared exposure to WAGs with and without a

scavenging system using infrared technology to visualize and quantify
exposure to these gases in the PACU.

Finding: The results showed a significant reduction (P < .05) in both
nitrous oxide and sevoflurane at botb six inches and three feet from
the patient’s breathing zone, as well as in the work area of the perianes-
thesia nurses in the PACU.

Conclusions: WAG exposure may be more easily managed through the use
of this new scavenging system to better control occupational exposures to
these gases among PACU personnel.

Keywords: waste anesthetic gases (WAGs), ISO-Gard mask, infrared
technology, PACU occupational exposure.
© 2014 by American Society of PeriAnestbesia Nurses

EVERY PROFESSIONAL ORGANIZATION and
governmental agency involved with anesthesia
recommends scavenging waste anesthetic gases
(WAGs) to reduce occupational exposure to
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health care personnel.' Exposure to unscavenged
WAGs in health care environments has been asso-
ciated with adverse health outcomes.””' As a
result, systems and work practices have been
developed for hospital operating rooms (ORs) and
dental treatment rooms to decrease occupational
exposure by scavenging WAGs, thus minimizing
potential health problems related to them. How-
ever, few studies have addressed exposure to WAGs
in the postanesthesia care unit (PACU).”**’” The
monitoring of WAGs, primarily nitrous oxide
(N;0), has been done using dosimetry badges,
handheld monitoring devices, and infrared (IR)
spectrophotometry.”**" Although these measuring
devices give readings in the parts per million (ppm)
range, they do not allow for the visualization of
the gas during or after administration of N,O to
a patient. Visualization can be important when
determining leaks or direct exposure from patients
exhaling residual levels of anesthetic gases. Recent
advances in IR videography technology (IR
technology) have made it possible to visualize N,O
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because it is part of the IR spectrum. The other
inhalation agents (sevoflurane, isoflurane, and
desflurane) are not. Because exhaled N,O gas can
be readily identified with IR imaging, WAGs can be
more easily monitored and leaks eliminated by
capturing patient exhalations using IR technology.
Additionally, the use of IR technology can evaluate
the effectiveness of scavenging systems used to
control and decrease occupational exposures to
personnel in the PACU.

Recommendations on WAGs and the
PACU

Both the National Institute for Occupational Safety
and Health (NIOSH) and the Occupational Safety
and Health Administration (OSHA) developed rec-
ommendations and regulations for occupational
exposure to WAGs. NIOSH recommends that
workers should be exposed to halogenated agent
concentrations of less than 2 ppm when used
alone or less than 0.5 ppm when used in combina-
tion with N,O over a sampling period of less than
1 hour.”' NIOSH also recommends that occupa-
tional exposure to N,O, when used as the sole
anesthetic agent, should not be greater than the
time-weighted average (ppm divided by time) of
25 (ppm) during the time of anesthetic administra-
tion (ie, from the time N,O is turned on until it is
turned off). Furthermore, NIOSH recommends
that all anesthetic gas machines, nonbreathing sys-
tems, and #tube devices should have an effective
scavenging device that collects all WAGs.”' Since
those early recommendations, several NIOSH
intervention studies that use scavenging systems
have been conducted to show how excessive
WAG exposure in dental treatment rooms and
health care facility ORs could be controlled.”*"?
Currentlyy, OSHA acknowledges the NIOSH
recommended exposure limits (RELs) to WAG
exposure, but at this time, OSHA has not set its
own standards for WAGs. However, OSHA cites,
under its General Duty Clause 5a(l) that “Each
employer shall furnish to each of his employees
employment and a place of employment, which
are free from recognized hazards that are causing
or are likely to cause death or serious physical
harm to his employees.””' > For a more detailed
discussion of the NIOSH recommendations and
OSHA regulations, please refer to the McGlothlin
and Moenning article.*®
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The American Society of Anesthesiologists, in its
Guidelines for Non-Operating Room Anesthesia
Locations, approved by their House of Delegates
in 1994,' and the American Dental Association
recommend scavenging all WAGs for all proce-
dures involving anesthetic gases in the dental
office.”” The American Conference of Govern-
mental Industrial Hygienists set a threshold level
limit value time-weighted average for N,O of
50 ppm for an 8-hour work day.’” Then in 1997,
the Joint Commission advised the establishment
of educational and orientation programs for all
personnel who have contact with hazardous
waste, including WAGs. In addition, other coun-
tries have set standards for occupational ex-
posure to N,O, which range from 25 ppm (The
Netherlands) to 100 ppm (Italy, Sweden, Norway,
Denmark, and Great Britain).”?****° Although
the occupational exposure standard regarding
ppms varies between some of these government
agencies and health care associations, the
agencies and associations unanimously agree that
the scavenging of WAGs should be performed.

In 1996, the American Society of PeriAnesthesia
Nurses (ASPAN) released a position statement
regarding air safety in the PACU.”® The position
statement maintained that necessary, suitable,
and protective engineering controls, technologies,
work practices, and personal protective equip-
ment should be applied in the PACU. ASPAN rec-
ommended that occupational exposure to WAGs,
as well as blood-borne and respiratory pathogens,
should be controlled by following the regulations
and guidelines established by nationally recog-
nized agencies, such as NIOSH; the Centers for Dis-
ease Control and Prevention (CDC); and OSHA’s
hierarchy of controls, which are based on the prin-
ciples of good industrial hygiene.

In seminal work in 1996, Badgwell’” documented
the need to monitor air safety source control tech-
nology (transmission of blood-borne and respira-
tory pathogens and occupational exposure to
WAGS) in the PACU. In 1998, Sessler and Badg-
well”” found supporting documentation related
to possible health concerns connected with expo-
sure to WAGs, including a host of health-related is-
sues, such as spontaneous abortions and infertility,
neuropathies, megablastic anemia, and more. A
2002 pilot study by Krenzischek et al* found
that N,O concentrations in the PACU approached
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300 ppm in a patient’s breathing zone. Addition-
ally, PR. Austin and PJ. Austin®’ simulated a
PACU environment to obtain an understanding of
how the concentration of N,O varies, depending
on the distance from the patient. They found that
the patient’s breathing escalates the amount of
N,O at the level of the nurse and that the respira-
tion of the nurses pulls the plume of N,O toward
them increasing the exposure.”’ Therefore, the
further the nurse is from the patient, the less expo-
sure from the patient’s respiration. Further
research findings by Cope et al’’ and Summer
et al’! also documented exhaled anesthetic agents
found in the breath analysis of PACU nurses. These
articles and more, as well as the results of air safety
control technology for the PACU, are discussed in a
2013 review article by McGlothlin and Moen-
ning’® in Clinical Foundations. Most recently,
NIOSH, in its Publication No. 2007—151,42 again
highlighted its recommendations to scavenge and
manage exposure to trace concentrations (ppm)
of WAGs, work practices to minimize WAG con-
centrations, conduct medical surveillance for
possible occupational exposure in the health
care environment, and monitor WAGs.

Methods

Patient Recruitment and Evaluation

Nineteen volunteer patients (9 controls using a
nasal cannula or face tent and 10 cases using the
ISO-Gard mask [Teleflex Medical, Triangle Park,
NC] were evaluated in this pilot study (Purdue
Institutional Review Board #0710006087 and
Community Health Network 2010-0374). All pa-
tients included in the study were healthy; older
than 18 years; required a general anesthetic with
sevoflurane and/or N,O; were 23-hour stay (same
day) surgeries; and, if female, had a negative preg-
nancy test within 7 days before enrollment. Pa-
tients excluded from the pilot study were
morbidly obese (body mass index >40), undergo-
ing pulmonary treatment, or had pulmonary dis-
ease. In addition, the investigator’s employees at
the pilot study site were excluded. These pilot
study patients were placed in the same section of
the PACU as the other patients and subsequently
positioned next to the second patient, continuing
toward the other end of the room as they arrived in
the PACU throughout the day. On day 1, nine pa-
tients in the control study were sampled by the

Miran wand at six inches above the patient’s
nose and mouth to capture the breathing zone of
the patient and at three feet from the side of the pa-
tient’s nose and mouth, averaging approximately
50 minutes for each patient, resulting in a cumula-
tive total of 450 minutes. Each patient arrived in
the PACU still intubated and, on extubation; a nasal
cannula was immediately applied and set at 4 L of
oxygen flow. Patients were extubated in the PACU
to establish a standardized start time for WAG mea-
surements. There were totally 25 patients in the
PACU on that day. On day 2 of the pilot study, 10
cases were sampled, also averaging approximately
50 minutes for each patient, resulting in a cumula-
tive total of 500 minutes. Once again, each patient
presented in the PACU intubated and, on extuba-
tion, an immediate reading was taken at six inches
and three feet as mentioned previously and the
ISO-Gard mask was placed on the patient’s face.
The mask was connected to oxygen at 4 L/M of
flow, and the scavenger tubing was connected to
the wall vacuum and set at 30 mm Hg suction
flow. There were 47 patients in the PACU on the
second day. On both days, the IR camera and an
IR spectrophotometer were used to perform qual-
itative (N,O) and quantitative (sevoflurane and
N,O) analysis of anesthetic gas levels among the
PACU pilot study patients after surgery. The IR
camera was placed at the foot of the patient’s
stretcher to visualize the patient’s fugitive emis-
sions of N,O. Figure 1 shows a screen-capture IR
image of a representative patient in the control
group without a scavenging mask. The IR spectro-
photometer was positioned near the head of the
patient between the first and second bed to quan-
tify fugitive emissions of N,O and sevoflurane. A
screen-capture IR image of a spectrophotometer
probe to sample for WAGs above the patient’s
head is shown in Figure 2. Measurements from
the IR spectrophotometer were recorded immedi-
ately at extubation and at 5, 10, 20, 30, and 40 mi-
nutes postextubation. Sevoflurane and N,O levels
were recorded immediately after extubation and
until 40 minutes postextubation. All patients
were awake, spontaneously breathing, and eventu-
ally discharged from the PACU per their normal
criteria. Gas samples were taken at 90-second in-
tervals using the MIRAN unit, a single-beam IR,
portable spectrophotometer that specifically and
accurately measures gases. Details on how both
instruments work and were used are documented
in the later section.
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Figure 1. Setup for measurements of the control group. Note the nitrous oxide escaping from the right side of the

patient’s breathing zone.

PACU Ventilation

Annual airflow and air-exchange evaluations are
required by the hospital and were conducted by
a certified outside contractor. Records of airflow
to the PACU were examined by the research
team on day 1 of the study and again 7 months
later. In both cases, the air supply and exhaust
data were similar. The size of the PACU is 1,627
square feet, with 8.5-foot ceilings; the total room
volume is 13,833 cubic feet. There are eight air
supply vents measuring 23 square inches and three
exhaust vents measuring 17.5 square inches. The
average total air supply to the PACU is 1,833 cubic
feet per hour, with a total air exhaust of 741 cubic

feet per minute. The air exchange rate is 7.54 air
exchanges per hour. The recommended air ex-
change rate for PACUs is 6 per hour.’**® The
PACU, therefore, is under slight positive pressure
relative to the outside hallways. There is no
evidence of outside fresh air being supplied to
the PACU.

Environmental Sampling

An IR camera (FLIR SC8303HS InSb [3 micrometers
(um)-5 um] 1344 X 784 Camera; FLIR Systems,
Inc. [1-866-477-3687], Nashua, NH) was used to
visualize the patient and the exhalation of N,O us-
ing a spectral notch filter centered around the

Figure 2. Setup for the Waste Anesthetic Gases (WAGs) scavenging system (Iso-Gard mask). The SapphIRe probe
is shown, the Iso-Gard mask is in place, and a nurse is in the background. No nitrous oxide can be seen coming from

around the mask.
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peak absorption band of N,O. This IR camera
helped researchers visualize the qualitative fugi-
tive emissions of N,O escaping from the patient
in the PACU. According to an engineer with FLIR
Commercial Systems—Advanced Thermal Solu-
tions, N,O gas can be made visible to the human
eye by tuning the instrument to wavelengths that
spike in the absorption spectrum. Therefore, spec-
tral filtering can be used to block all wavelengths
except the band where N,O absorbs at 4.45 um.
This wavelength allows the N,O gas to be seen
by absorbing energy from the warm background
and blocking the energy going to the IR camera.
This results in the N,O gas appearing as a lower
signal or cooler region on the IR camera image. Us-
ing this technology has made visualizing N,O
possible, thus enabling strategies to be developed
that include using scavenging systems to minimize
occupational exposure to personnel. Specifically,
this allows researchers to see where the WAGs
are escaping from the patient’s exhalation into
the environment, possibly exposing personnel car-
ing for these patients. The camera administration
and calibration was done by a senior scientific
segment engineer from FLIR Commercial Systems.

Quantitative Sampling for N,O and
Sevoflurane

A portable IR spectrophotometer (MIRAN 1B Sap-
phIRe Ambient Air Analyzer; Foxborough, MA)
was used to detect and quantify N,O and sevoflur-
ane in the PACU using NIOSH method 6600,"*

which may be used for the sequential determina-
tion of two or more analyses by changing the
analytical wavelength and path length. The Sap-
phlRe sampling device was placed on a cart next
to the patient in the PACU and operated at 1 L
per minute. The SapphlRe unit was connected to
a wand and four-foot Tygon flexible tubing. As
soon as the patient was extubated and positioned
in the PACU, the SapphIRe wand was manually
placed alternatively at approximately six inches
and then three feet away from the patient’s breath-
ing zone. Visual reference points of these distances
were used for consistency in the sampling. The
concentrations of N,O and sevoflurane were re-
corded by the SapphlIRe detector every 90 seconds.
These data were in the SapphlRe and later im-
ported by a USB coupling device to a portable com-
puter containing an Excel spreadsheet for detailed
analyses.

Data for N,O are shown only for eight of the nine
control subjects. This was because the IR spectro-
photometer used to quantify N,O and sevoflurane
can only sample once every 90 seconds. When
sampling for only one gas (in this case, sevoflur-
ane), however, the IR spectrophotometer can sam-
ple every second. Therefore, the ninth control
subject shows only sevoflurane results. The pur-
pose of the second-by-second evaluation was to
allow researchers to more closely examine the
decay of sevoflurane over time. The MIRAN unit
was calibrated and administrated by a certified in-
dustrial hygienist.

Table 1. Average Exposure From WAGs to Nurses at Specified Time Points When Using a Nasal
Cannula (Control) Versus Using an Iso-Gard Mask (Cases)

Patient age and Controls Cases

sampling probe Calculated

distance and ppm Mean SD Mean SD t-Statistic DF for

concentration (ppm) (ppm) n (ppm) (ppm) n Calculated t Test Significance

Age (y) 47.11 23.19 9 405 1234 10 0.7634 12 P = 04613

N,O: 6 inches 69.10 62.77 69 23.99 28.57 86 5.4516 91 P=313 X107
(ppm)

N,O: 3 feet 11.91 561 67 7.4 4601 71 5.1428 128 P=998 X107
(ppm)

Sevo: 6 inches 5.04 582 77 1.89 2.01 86 4.5144 93 P=188X10>
(ppm)

Sevo: 3 feet 092 033 72 069 03 64 42573 134 P=388X10 >
(ppm)

WAGS, waste anesthetic gases; SD, standard deviation; DE, degrees of freedom; N,O, nitrous oxide.

*a is set at 0.05.





Results

Table 1 shows a comparison between the controls
and cases in the case-control study of exposure to
nurses in a PACU to N,O and sevoflurane. The re-
sultsin Table 1 are found by using standard formulas
for mean and standard deviation. The means and
standard deviations for exposure to N,O and sevo-
flurane are determined from the data recorded on
the data collection sheets and from data collected
by the MIRAN SapphlIRe. Each mean and corre-
sponding standard deviation is an overall mean for
all patients and length of stay in the PACU for
each day that sampling occurred. The ¢ test with un-
equal variance is used to determine whether nurse
exposure to N,O and sevoflurane at both six inches
and three feet is significantly different under condi-
tions where the patient uses a nasal cannula or face
tent versus the ISO-Gard mask (case). The average
age of patients in the control group is 47.1; the
average age of patients who are cases in this pilot
study is 40.5. A t test using unequal variances shows
that the age of the patients in the control group is
not significantly different from the age of patients
in the case study.

The average exposure of nurses to N,O at six inches
for the control group versus cases is 69.10 = 62.77
and 23.99 * 28.57 ppm, respectively. Hence, expo-
sure is approximately 2.9 times greater than that of
nurses to the group of patients using the ISO-Gard
mask. The difference in exposure between the
two groups is significantly different at a significance
level of P =.05 when using a ¢ test of unequal vari-
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ances. At approximately three feet, the average
nurse exposure to N,O is 11.91 = 5.61 ppm when
the nasal cannula is used, whereas the average
nurse’s exposure to N,O is 7.40 = 4.61 ppm
when the ISO-Gard mask is used. Therefore, nurse
exposure when the nasal cannula is used is approx-
imately 1.6 times greater than that of nurses caring
for patients wearing the ISO-Gard mask. The expo-
sure nurses receive is significantly higher at a signif-
icance level of P =.05 when a nasal cannula is used
rather than the ISO-Gard mask.

Similar results are observed for sevoflurane at a dis-
tance of six inches and three feet. At both six
inches and three feet, nurse exposure is signifi-
cantly higher at a significance level of P = .05
when a nasal cannula is used rather than the ISO-
Gard mask. At six inches, the average nurse expo-
sure is 5.04 * 5.82 ppm for the controls, whereas
it is 1.89 = 2.01 ppm for cases. Exposure for
nurses caring for patients wearing the nasal can-
nula is approximately 2.7 times greater than that
of patients using the ISO-Gard mask at six inches.
At three feet, exposure to nurses from the controls
and cases is 0.92 *= 0.33 and 0.69 * 0.30 ppm,
respectively. Exposure of nurses to sevoflurane
from patients using the nasal cannula is 1.3 times
that obtained by nurses exposed to patients using
the ISO-Gard mask.

A comparison of nurses exposed to control pa-
tients at six inches versus three feet shows that
the difference in nurse exposure to N,O from pa-
tients at six inches is 5.8 times greater than at three
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Figure 3. Correlation of real-time exposure to nurses in the PACU to Waste Anesthetic Gases (WAGs) of nitrous
oxide and sevoflurane from the sequence of patients using a nasal cannula in the PACU for one day of surgical
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Figure 4. Correlation of real-time exposure to nurses in the PACU to Waste Anesthetic Gases (WAGS) of nitrous
oxide and sevoflurane to the sequence of the first eight patients using an Iso-Gard mask in the PACU for one day of

surgical procedures (500 minutes).

feet. For sevoflurane, nurse exposure to sevoflur-
ane from patients at six inches is 5.48 times greater
than that from patients at three feet. When pa-
tients use the ISO-Gard mask, nurses exposed to
N,O six inches from patients is 3.24 times greater
than their exposure from patients at three feet.
Nurses exposed to sevoflurane from patients at
six inches are 2.74 times greater than their expo-
sure at three feet. Data from the MIRAN SapphlRe
are plotted in Figures 3-6. Data collected from the
MIRAN SapphlRe was in 1.5-minute intervals. It
was then summed in 4.5-minute increments start-
ing at 9:53:45 (¢ = 0) for the control study and at
8:01:23 for the case study.

The exposure data in Figures 3 and 4 are the
amount of each gas in the 4.5-minute interval at
six inches, three feet and the average in this interval
(average concentration measured during the data
logging interval for the gas). Figures 5 and 6 show
the cumulative exposure, which is an approxima-
tion determined by adding the exposure from
each 4.5-minute increment to the previous total.

Figures 3 and 4 show the correlation of exposure
from N,O and sevoflurane to nurses in real time.
These figures show how exposure to WAGs
changes as time in the PACU increases. Addition-
ally, Figures 3 and 4 show increasing the distance
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Cumulative Exposure to Waste Anesthetic Gases Using the Iso-
Gard Mask
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Figure 6. Cumulative exposure to nurses from nitrous oxide (N20) and sevoflurane when the patient uses an Iso-
Gard mask in the PACU for the first eight patients during a time of exposure of 500 minutes.

between WAGs, and the MIRAN detector de-
creases the amount of WAGs detected. Therefore,
nurses will be exposed to less WAGs if they are
further away from the patient.

A comparison of Figures 3 and 4 shows that the
amount of WAGs detected is much greater when
using a nasal cannula than the ISO-Gard mask.
The pattern of peaks is similar for the controls
and cases for both N,O and sevoflurane, although
the height of the peaks differs. Specifically, for the
control study, many peaks at six inches for N,O are
approximately three times the height of peaks in
the case study. At three feet, however, the differ-
ence between the peaks for the controls versus
cases appears to be less. Similar observations are
obtained when examining the sevoflurane data in
Figures 3 and 4.

An examination of Figures 5 and 6 shows that the
cumulative exposure is greater when using the
nasal cannula than when using the ISO-Gard
mask. The difference in exposure time (control:
427 minutes, cases: 577 minutes) for the 2 days
was accounted for by normalizing exposure of
the control using the following formula:

The relationship between exposure of the control
and cases at distance “r” for gas “x” is defined as
the ratio of the case to control, which is calculated
by dividing normalized exposure of gas “x” at dis-
tance “r” for the control group of patients by the
exposure of gas "x” at a distance “r” of the case
group of patients. Therefore, the cumulative expo-
sure to N,O and sevoflurane for nurses in the con-
trol condition at six inches is approximately three
times greater than that obtained when using the
ISO-Gard mask. The cumulative exposure to N,O
and sevoflurane for nurses in the control condition
at a distance of three feet is approximately 1.5
times greater than that of cases. The average cumu-
lative exposure to N,O and sevoflurane for nurses
in the control study is approximately 2.4 times
greater than that for nurses in the case study.
Furthermore, the relationship of exposure for a
specific gas “x” as a case or control, depending
on the distance, is defined by a ratio in which the
exposure at six inches is divided by the exposure
at three feet for each gas “x” for the control group
and for the case group of patients.

Using these ratios, Figure 5 shows that the cumula-
tive exposure of nurses to N,O when using a nasal

Time for cases

Normalized exposure ... =

577 minutes
427 minutes

* Cumulative control exposure

Time of control exposure

) * Cumulative control exposure
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cannula or face tent at six inches is 4.82 times
greater than exposure at three feet. The cumula-
tive exposure of nurses to sevoflurane when using
a nasal cannula or face tent at six inches is 4.32
times greater than exposure at three feet.

Figure 6 indicates that nurses’ cumulative exposure
from N,O when using the ISO-Gard mask at six in-
ches is 2.2 times greater than exposure obtained
at three feet. Additionally, nurses’ cumulative ex-
posure to sevoflurane when using the ISO-Gard
mask at six inches is approximately twice the expo-
sure at three feet. The results from cumulative expo-
sure for the case-control study are generally in
accordance with those observed from evaluating
and comparing the overall means in Table 1.

Discussion

When a patient is given an inhalation anesthetic,
the agent is usually delivered as a percentage. An
agent representing 100% would be the same as
1,000,000 ppm. Thus, delivering 100% N,O is
1,000,000 ppm, and 2% sevoflurane would repre-
sent 20,000 ppm of sevoflurane. A patient waking
from a general anesthetic and beginning to sponta-
neously breathe at 0.2% sevoflurane would still be
outgassing 2,000 ppm when extubated. If the pa-
tient is extubated in the PACU and the gas analyzer
states 0.1% or less, the patient would still be expel-
ling WAGs at 1,000 ppm or less. WAGs ppm can be
high when the patient presents to the PACU, and it
takes time for the inhalation agent to be expelled
from his or her lungs and decrease to the NIOSH
recommended level of less than 2 ppm. The decay

curve of WAGs to decrease to NIOSH recommen-
dations has not been studied. Examination of the
overall trend for each patient indicates that, for
both the controls and cases, a decrease in outgas-
sing of WAGs (N,O and sevoflurane) progresses
with time in the PACU, as shown in Figures 7-10.
These figures show that for both N,O and
sevoflurane the highest exposure was in the first
5 minutes when the patient was brought into the
PACU. Although the concentrations fluctuated
slightly after initial exposure, there was generally
a downward trend over the 40 minutes of nurse
exposure to the WAGs. Although there were
large standard deviations for the WAGs, there
was a significant difference between the cases
and controls. Figure 3 shows the peak levels of
nitrous for each nasal cannula case. These peaks
where highest in the first few time intervals. This
is important because this is when PACU nurses
deliver the most patient care, are closest to their
patients’ breathing zones, and when patients are
arousing from general anesthesia and rapidly out-
gassing their anesthetic gases. Also, this is typically
when nurses state they can smell the WAG from a
patient. In the 2007 CDC/NIOSH update on WAGs,
it stated, “Anesthetic gases cannot be detected by
their odor until concentrations are very high. For
example, halothane cannot be detected by 50%
of the general population until the concentration
is more than 125 times the NIOSH recommended
exposure limit”** The current pilot study did not
perform measurements to see how quickly and
for how long anesthetics are outgassed, but it
does show a trend that the first 15 minutes will
produce the highest quantitative readings of

500.00 TTime Course of Exposure of Nurses to N,O while Patient 7

400.00

300.00

Exposure (ppm)

(Control) is in PACU

= N20 (6 inches)
= « =N20 (3 feet)

Elapsed Time (minutes)

Figure 7. Representative patient N,O results without the ISO-Gard system. This image is available in color online

at www.jopan.org.
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Time Course of Exposure of Nurses to Sevoflurane while Patient
7 (Control) is in PACU

Sevo (6 inches)

= « =Sevo (3 Feet)

s 4

Elapsed Time (minutes)

Figure 8. Representative patient sevoflurane results without the ISO-Gard system.. This image is available in color

online at www.jopan.org.

‘WAGs in the breathing zone. The first 15 minutes is
also when the IR camera would capture the most
profound visual amounts of N,O being exhaled.
The IR technology images were also impressive
when PACU nurses asked patients to deep breathe
and cough. The N,O gases could be seen spraying
out at a rapid rate and as a plume from the cough.

All patients still had WAG readings at the end of the
40-minute recording period. The use of the ISO-
Gard mask significantly reduced WAG levels in the
breathing zone in the first few minutes because it
is directly connected to the wall vacuum set at
30 mm Hg to scavenge the WAGs and connected
to oxygen at 4 L/M. The ISO-Gard mask has a unidi-
rectional flow that allows oxygen to enter the mask
in the nasal area, while the WAGs are being
removed in the oral area. This is a direct result of

the ISO-Gard mask system and shows how control-
ling the source of the WAG (source control) is most
important. Room air exchanges were determined to
be 7.5 air changes per hour but did not seem to have
as great an influence on the breathing zone area.

On day 1, nine patients were admitted to the PACU
and served as controls; the other 16 patients
admitted to the PACU that day may have had inha-
lation agents other than nitrous and/or sevoflurane
anesthetic. It is difficult to control extraneous in-
fluences such as this in an active PACU, but it illus-
trates the potential for all types of gases to increase
as a day progresses. In poorly ventilated rooms
and/or those with poor air exchanges, the PACU’s
accumulation can be significant. The potential for
chronic and low-level exposure in the PACU, there-
fore, increases the risk for health concerns.

Time Course of Exposure of Nurses to N,O while Patient 2
(Case) is in PACU

e N20 (6 inches)
= + =N20 (3 Feet)

Elapsed Time (Minutes)

Figure 9. Representative patient N,O results with the ISO-Gard system.. This image is available in color online at

WWW.jopan.org.



http://www.jopan.org

http://www.jopan.org



EVALUATION AND CONTROL OF WASTE ANESTHETIC GASES 11

4.00 «
3.50 o
3.00 o

Exposure (ppm)
N
8

- o . . -

Time Course of Exposure of Nurses to Sevoflurane while Patient
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Figure 10. Representative patient sevoflurane results with the ISO-Gard system.. This image is available in color

online at www.jopan.org.

In looking at the day 2 results, significant changes
were noted. The overall peak levels in the first
few minutes at the six-inch measurement were
significantly reduced for the ISO-Gard group.
These reductions illustrated how important
source control measures are. Reductions at three
feet were also noted and are influenced by the
PACU physical design ventilation and air ex-
changes. The accumulation measurement was
also significantly reduced when compared with
the control group on day 1. These readings
were more than 50% reduced on the second
day, when there were eight patients in the same
room as the other 39 PACU patients. Remarkably,

with 47 PACU patients, the ISO-Gard mask was
still able to reduce the accumulation of WAGs
by more than 50%. The WAG levels in the PACU
and the accumulative exposure could have been
even lower on the second day of the pilot study
if only 25 patients were recovered in the PACU,
as was the case on the first day. Another factor
influencing total exposure was the exposure
time for the cases and controls. There were a total
of 450 and 500 minutes of exposure on day 1 and
2, respectively. If the exposure data were
compared just on exposure time (ie, cumulative
WAG levels measure only to 450 minutes for
both days), the impact of the ISO-Gard scavenging

N -

Figure 11. Nitrous oxide is expelled from a talking patient. The nasal canuula is in place and the gas is seen com-

ing from the oral area.



http://www.jopan.org



12

MCGLOTHLIN, MOENNING, AND COLE

Figure 12. The close working proximity between the PACU nurse and the patient’s breathing zone. Use of the
scavenging system (Iso-Gard mask) helps to minimize exposure to Waste Anesthetic Gases (WAGS).

system reducing the accumulative exposure
would have been even greater.

There are no studies of WAGs in the PACU that are
completely comparable with this pilot study.
Other studies have looked at ppm in the breathing
zone, but no one has used IR technology to visu-
alize WAGs in the PACU. In one somewhat compa-
rable study of PACU nurses’ exposure to WAGs in
1998, Sessler and Badgvvell25 reported that 68%of
the patients serviced by PACU nurses were found
to be in noncompliance of NIOSH RELs for isoflur-
ane, desflurane, and N,O (levels of WAGS were
greater than NIOSH RELS). Among those in
noncompliance for the NIOSH REL, their expo-
sure was more than 35% of the 1-hour average re-
covery time. In the study by Rademaker et al,*” the
authors were able to qualitatively and quantita-
tively measure N,O in the dental treatment
room.”

In addition, the authors stressed the importance of
good work practices to control WAGs. These
include good source control, good air exchanges
in the room, and minimizing patient conversation.
Additional best work practices would be fresh air
exchanges without recirculating airflow. As noted
in Rademaker’s study,4's as WAGs accumulate
throughout the day, levels can increase and spread
throughout the environment if fresh outside air is
not circulated. The CDC/NIOSH bulletin®® in
2007 stated that a ventilation system that circulates
and replenishes air in the OR should have at least

15 air changes per hour and a minimum of three
air changes of fresh air per hour. In addition, the
PACU should have at least six air changes per
hour and have a minimum of two fresh outside
air changes per hour to prevent exposure to
WAGs exhaled by patients.

Air movement (ventilation) of 7.5 air changes/
hour in the study’s PACU is adequate when
compared with the recommended six air
changes/hour recommended for the PACU by
the American Society of Refrigeration, Heating
and Air Conditioning Engineers“/"5 and the NIOSH
bulletin in 2007.** However, issues of proper air
mixing, fresh air, close proximity between the pa-
tient and nurse along with peak WAG exposures
at the beginning of patient treatment in the
PACU need to be addressed.

Best work practices can be performed in the
PACU. For example, when possible, the nurse
should avoid getting close to the patient’s breath-
ing zone (12~ or less), especially when he or she
is active and talking (Figure 11). WAG volumes
and concentrations are found to be higher with
talking and active coughing. This can lead to
direct exposure to WAGs coming from the pa-
tient’s nose and mouth. When possible, the
PACU nurse could make the patient as comfort-
able as possible and ask him or her to relax and
minimize talking. The nurse could consider up-
dating patient records at the foot of the bed,
not near the head, to minimize exposure to
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WAGs. When it is necessary to provide care close
to the patient’s head, such as to more clearly hear
him or her speak, it is prudent to use a scav-
enging system (as shown in the IR image in
Figure 12) to capture any fugitive emission of
WAGs. The scavenging system parts should al-
ways be repaired or replaced so that the equip-
ment is working efficiently and properly.

This pilot study could have been improved by
limiting the PACU to only patients included in
this study as control or cases. This would have
created an environment that was more closely
controlled. In the future, a study where all patients
either wear a nasal cannula or the ISO-Gard mask
would be beneficial. Also, a larger sample size for
each group, recording the amount of time of the
delivered anesthetic, quantitative measurements
with the MIRAN unit for a longer time to measure
the WAGs until they are below the NIOSH recom-
mendations, patient age, and patient weight would
all help to control variables. Even with these
variables not recorded or controlled, this pilot
study was still able to confirm that WAGs in the
PACU can and do exceed NIOSH RELs and that
scavenging systems, such as the ISO-Gard, are
helpful in significantly reducing WAGs with
health-related benefits for nurses and other health
care personnel.

Conclusions

By using an IR camera to visualize N,O and the
SapphlRe camera to quantify N>O and sevoflurane,
the authors of this pilot study were able to docu-
ment occupational exposure to WAGs in the
PACU. The peer-reviewed literature presents a
compelling case that exposure to fugitive emis-
sions of WAGs is a concern to health care
personnel.”*" The aim of this pilot study was to
determine the level of exhaled gases in the room.
This pilot study did not focus on potential health
risks from patients outgassing, including how the
nurse was affected. Step 2 of this issue is to
determine health risks. Even more important, in
terms of potential adverse health effects, is the
accumulation of WAGs in the PACU throughout
the work shift. The ISO-Gard mask demonstrated
significant reductions in WAGs, while at the same
time delivering oxygen to the patient when
compared with the nasal cannula for the controls.
Control of WAGs in the PACU environment can

be accomplished by using engineering controls,
best work practices, and personal protective
equipment (such as an effective scavenging system
positioned close to the patient). ASPAN further as-
serts in a position statement that all members
should be familiar with perianesthesia air safety is-
sues.”® Furthermore, ASPAN’s position statement
strongly advocates that perianesthesia nurses
seek opportunities to educate others involved in
the decision-making process regarding the PACU
environment. Additionally, guidelines have been
instituted by governing agencies to inform em-
ployees of the potential adverse effects of WAGs
exposure and to use all methods to help control
exposure to these gases.

From past studies, the authors were able to use IR
technology in the visualization and quantification
of N,O in dental treatment rooms.”>>>% In this
pilot study, the authors were able to replicate
using IR technology not only to visualize and
quantify exposure to WAGs but also to
demonstrate the need for and efficacy of using
scavenging systems in the PACU. Furthermore,
researchers were able to use the results from this
study to emphasize other control sources in the
PACU, such as ventilation exchange rates, fresh
air exchanges, and wall vacuum scavenging
systems. Additional best work practices, such as
using the ISO-Gard mask in the PACU and adminis-
trative controls, such as routine maintenance of the
scavenging systems and information to educate
health care personnel on the potential hazards of
WAGs, are significant measures to control them.
All these sources and factors need to be taken
into account when protecting health care workers
in the PACU. Creating a safer environment in the
PACU for both the patient and health care workers
is the ultimate goal as is reducing the potential for
unforeseen health problems. This pilot study
showed that WAGs in the PACU can be controlled
in the breathing zone. More importantly, the accu-
mulation of WAGs in the PACU can be reduced
through a cost-effective means that also promotes
and protects health care personnel.
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Potential health hazards from waste anesthetic gases (WAGs) have been a concern since the introduction of inhalational anesthetics
into clinical practice. The potential to exceed recommended exposure levels (RELs) in the postanesthesia care unit (PACU) exists.
The aim of this pilot study was to assess sevoflurane WAG levels while accounting for factors that affect inhalational anesthetic
elimination. In this pilot study, 20 adult day surgery patients were enrolled with anesthesia maintained with sevoflurane. Following
extubation, exhaled WAG from the patient breathing zone was measured 8 inches from the patient’s mouth in the PACU. Maximum
sevoflurane WAG levels in the patient breathing zone exceeded National Institute for Occupational Safety and Health (NIOSH) RELs
for every 5-minute time interval measured during PACU Phase I. Observed WAGs in our study were explained by inhalational
anesthetic pharmacokinetics. Further analysis suggests that the rate of washout of sevoflurane was dependent on the duration of
anesthetic exposure. This study demonstrated that clinically relevant inhalational anesthetic concentrations result in sevoflurane
WAG levels that exceed current RELs. Evaluating peak and cumulative sevoflurane WAG levels in the breathing zone of PACU

Phase I and Phase II providers is warranted to quantify the extent and duration of exposure.

1. Introduction

Potential health hazards from waste anesthetic gases (WAGs)
have been a concern since the introduction of inhalational
anesthetics into clinical practice. In 1977 the National Insti-
tute for Occupational Safety and Health (NIOSH) estab-
lished a recommended relative exposure limit (REL) for
halogenated anesthetic agents (without concomitant nitrous
oxide) of 2 parts per million (ppm) for a period of time
not to exceed 1 hour [1]. Standards vary in other countries.
Great Britain, for example, has established an 8-hour time-
weighted average exposure limit of 50 ppm for isoflurane.
NIOSH recommends and The Joint Commission requires
[2] active WAG scavenging systems in all anaesthetizing
locations. In other locations, the Occupational Safety and
Health Administration (OSHA), which is the relevant federal

regulatory agency in the United States, recommends that
WAG exposure be kept “to the lowest practical level” [3].

Reducing WAG exposure via active scavenging in all
anaesthetizing locations is considered standard practice.
Extensive research has failed to identify adverse health
effects of trace anesthetic exposure commonly experienced
in modern, scavenged operating rooms [4, 5]. However,
recent studies observed an increased risk of spontaneous
abortion and infertility in female veterinarians working in
operating rooms without scavenging devices [6, 7]. The
risks of preterm delivery (odds ratio 2.80) and spontaneous
abortion (odds ratio 2.49) were significantly higher in women
exposed to anesthetic gases working without scavenging
devices compared to unexposed women or women protected
by scavenging equipment [6, 7].
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TABLE 1: Morphometric characteristics (n = 20).

Age (years) 48 +15
Height (cm) 173 £10
Weight (kg) 83+13
BMI (kg/m?*) 28+ 4
Temporal artery temperature (°C) on PACU arrival 36+1
Anesthetic duration (min), median (Ql, Q3) 100 (75, 165)
Minimum alveolar concentration (MAC) hours 21+04
Supplemental O, administration time in PACU (min) 23+18
Phase I PACU time (hours) 1.6 + 0.6

Unless otherwise noted, data are presented as means + SD. Ql, st quartile; Q3, 3rd quartile.

Although the PACU has not traditionally been considered
a location that requires active scavenging, the potential to
exceed recommended NIOSH WAG RELs exists. In 1998,
Sessler and Badgwell found that WAG concentrations within
the nurse breathing zone (described as a zone 8 inches
directly in front of the mouth) exceeded RELs in 37% and
87% of patients given isoflurane and desflurane, respectively
[8]. More than half of these patients received nitrous oxide
in addition to inhalational agent and remained intubated on
arrival to the PACU.

The aim of this pilot study is to assess sevoflurane WAG
levels while taking into account factors that affect inhalational
anesthetic elimination. This study measures WAG levels in
the breathing zone of patients who (1) received sevoflurane
without nitrous oxide, (2) were extubated in the operating
room, and (3) recovered in a PACU that meets NIOSH
engineering standards.

2. Methods

This observational pilot study was conducted in the PACU
at Memorial Hermann Hospital-Texas Medical Centre, Hous-
ton, TX, USA. NIOSH-mandated engineering requirements
for ventilation in the PACU are 6 air exchanges per hour, of
which 2 must be fresh air [1] (air exchange requirements for
the operating room are higher). Hospital engineers verified
PACU ventilation to be a minimum of 10 air exchanges
per hour, of which 4 are fresh air. Relative humidity was
maintained within required parameters. After obtaining
Institutional Review Board (IRB) approval and participant
consent, 20 adult day surgery patients meeting study criteria
which require them to remain in PACU for at least l hour were
enrolled.

In the operating room, anesthesia was induced intra-
venously with propofol and maintained with a mixture of
sevoflurane, oxygen, and air. Forced air warmers were used
for all patients. Intraoperative temperature was measured by
a nasopharyngeal temperature probe. Opiates were titrated to
spontaneous respiratory rate toward the end of the anesthetic,
the sevoflurane was turned off (rather than tapered), and
patients were extubated at an end-tidal sevoflurane concen-
tration of 0.2%. Intraoperative temperature and end-tidal
sevoflurane concentration were recorded every 10 minutes
from anesthetic induction through tracheal extubation in
the operating room. Patients were transported to the PACU

within <20 minutes with supplemental oxygen by simple face
mask at a flow rate of 8 liters per minute.

Supplemental oxygen was continued at the same flow rate
in the PACU. Exhaled WAG from the patient breathing zone
was measured with a portable, calibrated Miran 1B infrared
spectrophotometer (Thermal Fisher Scientific, Waltham,
Massachusetts). Its accuracy is +10% of the measured value
with a usable range of 0.03-100 ppm. The response time for
a single wavelength is 20 seconds. A wand attached to the
Miran analyzer was positioned 8 inches directly in front
of the mouths of patients when scanning during the first
hour of the PACU Phase I recovery period. Patient age,
gender, height, weight, body mass index (BMI), surgical
procedure, procedure length, and intraoperative fluids given
were documented. Blood pressure, heart rate, respiratory
rate, and time of supplemental oxygen administration were
recorded throughout Phase I recovery period.

2.1. Statistical Methods. Continuous variables with a normal
distribution were reported as mean + standard deviation
(SD) and continuous variables with skewed distribution
were summarized as median and interquartile range. For
longitudinal maximum WAG value, we applied a generalized
estimating equation method to evaluate its change over time.
We included the covariates of time and its quadratic term in
the regression model. All statistical analyses were performed
using SAS 9.3 (SAS Institute Inc., Cary, NC), and a p value
<0.05 was considered significant.

3. Results

Table 1 illustrates the age, height, weight, BMI, and tem-
perature data collected from included patients. The median
anesthetic duration and minimum alveolar concentration
(MAC) hours were 100 minutes and 2.1, respectively. A
MAC hour reflects the calculation of total volatile anesthetic
consumption between patients and is calculated by dividing
the mL of volatile anesthetic consumed by the duration of 1
MAC anesthesia, as described by Sessler and Badgwell and
Tyagietal. [8, 9]. Figure 1 shows minimal differences between
preoperative vital signs (e.g., systolic blood pressure, diastolic
blood pressure, heart rate, and respiratory rate) and their
corresponding median PACU Phase I values.

Figure 2 shows that maximum sevoflurane WAG levels
in the patient breathing zone exceeded RELs for every
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FIGURE 1: Preoperative vital signs (P) plotted beside boxplots of vital signs collected at 15min time intervals in the PACU. There were no

significant differences between preoperative and postoperative values.

5-minute time interval measurement during PACU Phase I
recovery in all patients. WAG values in the first 23 minutes
reflect simultaneous administration of supplemental oxygen
by simple face mask. During this time period, our data likely
underestimated the actual exhaled WAG values since they
were diluted by 8 liters per minute oxygen flow. As reported in
Figure 2, no statistically significant changes were detectable
in the maximum WAG values over time.

4. Discussion

WAG levels in the patient breathing zone exceed RELs
for healthcare workers throughout the entire measured
time period. These nonexponential WAG changes can be
explained by context-sensitive decrement times for inhala-
tional anesthetics [10]. The majority of sevoflurane elimi-
nation occurs through the lungs since only 2-5% under-
goes metabolism [11]. Eger and Shafer (2005) demonstrated

that anesthetic solubility in blood and tissue, duration of
anesthesia, and cardiac output can predict decrements from
vessel rich group (VRG) anesthetic concentrations [10]. The
authors showed that less soluble agents have the quickest
washout, though the effect is less pronounced as anesthetic
duration increases [10]. Behne et al. (1999) demonstrated
in a pharmacokinetic study that the longer the duration of
anesthesia, the greater its accumulation in muscle and fat
[11]. This is reflected clinically as increased time requirement
to achieve a desired decrement in VRG concentration [10,
12]. Eger and Shafer (2005) also illustrated the effect of
cardiac output on sevoflurane washout; increasing cardiac
output decreased the time for sevoflurane washout from
the VRG [10]. If ventilation, cardiac output, and tissue
perfusion remain constant (which can be inferred in our
study since preoperative and postoperative vital signs are
comparable, Figure 1), then the rate of washout and clinical
recovery (MAC-Awake) [13] would be determined by the
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blood solubility of the volatile agent and the duration of
exposure, that is, the “context” in context-sensitive decrement
[10]. The rate of washout of sevoflurane for a given patient
in our study became dependent solely on the duration of
anesthetic exposure.

WAGs are expressed in ppm. Anesthetic gas is delivered
as percent concentration; for example, 100% concentration
of inhalational agent is 1,000,000 ppm. Patients in our study
were extubated at an end-tidal sevoflurane concentration of
0.2%, which is 2000 ppm. Assuming a constant cardiac output
of 6 liters per minute, 92% of sevoflurane would be eliminated
from the VRG after 25 minutes [10]. Elimination of 92% of
2000 ppm would leave 184 ppm in the VRG. Elimination of
95% of sevoflurane under equivalent conditions would take
75 minutes and leave 100 ppm. The current WAG REL of
2 ppm corresponds to an end-tidal concentration of 0.002%,
a criterion that requires a decrement in inhaled anesthetic of
99.998%.

Sessler and Badgwell (1998) attributed elevated WAG
levels in the nurse breathing zone to insufficient fresh air
ventilation [8]. Our current knowledge of inhaled anesthetic
pharmacokinetics provides an alternate explanation for their
nonexponential WAG decrease. These pharmacokinetic prin-
ciples also predict that WAG levels in the patient breathing
zone will exceed RELs extending into the PACU Phase IT time
period in our study, which is what we observed. Maximum
WAG levels were utilized for the purposes of measurement
and discussion as NIOSH guidelines specifically limit max-
imum WAG exposure while not addressing minimum or
average values [1].

There were some important limitations in our pilot study.
First, we did not measure WAG levels in the nurse breathing
zone. In contrast to Sessler and Badgwell [8], our study
controlled for variables that affect elimination of volatile
agent: (1) administering sevoflurane without nitrous oxide to
avoid the second gas effect during emergence [14], (2) observ-
ing respiratory and cardiovascular vital signs as indirect

Anesthesiology Research and Practice

measures of ventilation and cardiac output, (3) accounting for
supplemental oxygen delivery, (4) extubating all patients in
the operating room, and (5) ensuring that recirculating venti-
lation in the PACU meets NIOSH standards. Even with these
limitations, WAG of desflurane exceeded nurse breathing
zone RELs in 87% of patients in their study [8]. In addition to
the modifications described above, the duration of anesthesia
(100 versus 60 min) and MAC hours (2.1 versus 1.5) was
significantly higher in our study than in Sessler and Badgwell
[8]. Taking into account all of these factors, inhalational agent
pharmacokinetics predict that an even greater percentage of
sevoflurane WAG measurements in the nurse breathing zone
would exceed RELs in our study compared to theirs [10]. A
second limitation of our study is that sevoflurane was not
tapered toward the end of the anesthetic. Tapering would
decrease the time required to achieve a desired decrement
in VRG concentration and result in lower measured WAG
levels [10]. Finally, WAG levels can be expected to fall off with
greater distance from the patient secondary to factors such as
PACU air flow, PACU bed layout, and proximity of patients
one to another. Further study measuring WAG level in the
patient breathing zone while simultaneously measuring WAG
level in the caregiver breathing zone could serve to clarify the
expected relationship between the two said levels if PACU air
turnout is set to meet US standards.

5. Conclusions

Our study fills a knowledge gap in the existing literature by
documenting elevated sevoflurane WAG levels in the patient
breathing zone in the PACU.

Developing cogent risk mitigation strategies will require
additional study. Evaluating peak and cumulative WAG levels
in the patient breathing zone while simultaneously measuring
WAG levels in the breathing zone of healthcare providers is
warranted to quantify exposure risk relative to the duration
of anesthesia.In the meantime, it may be prudent to minimize
healthcare worker exposure to the patient breathing zone
when practical.

Abbreviations

WAGs:
PACU:

Waste anesthetic gases
Postanesthesia care unit

RELs: Recommended exposure levels

NIOSH: National Institute for Occupational Safety
and Health

OSHA: Occupational Safety and Health
Administration

IRB: Institutional Review Board

SD: Standard deviation

VRG:  Vessel rich group

Minimum alveolar concentration
Body mass index.

MAC:
BMI:

Conflict of Interests

The authors declare that they have no competing interests.





Anesthesiology Research and Practice

Authors’ Contribution

George W. Williams was involved in concept creation, study
design, and protocol writing, Kenneth N. Hiller contributed
to writing the paper, Stephanie F. Tran was involved with
data collection and poster presentation and contributed to
initial concept input, Alfonso V. Altamirano was involved
with initial data collection, and Chunyan Cai performed the
statistical analysis.

Acknowledgments

The authors would like to acknowledge Dr. Hagberg in the
Department of Anesthesiology for their extensive support
in making it possible. The authors would also like to thank
Memorial Hermann Hospital Texas Medical Center and the
PACU nurses for their cooperation in carrying out the study.
The authors acknowledge work attributed to and financial
support provided by Teleflex, Inc. (Raleigh, NC), and The
University of Texas Medical School at Houston, Department
of Anesthesiology. Dr. Cai’s research was supported by the
National Institutes of Health’s Clinical and Translational Sci-
ence Award Grant (UL1 TR000371), awarded to the University
of Texas Health Science Center at Houston in 2012 by the
National Center for Clinical and Translational Sciences.

References

[1] National Institute for Occupational Safety and Health, Occupa-
tional Exposure to Waste Anesthetic Gases and Vapors: Criteria
for a Recommended Standard, US Department of Health, Edu-
cation, and Welfare, Public Health Service, Centre for Disease
Control, National Institute for Occupational Safety and Health,
Cincinnati, Ohio, USA, 1977.

[2] Occupational Safety and Health Administration, Anesthetic
Gases: Guidelines for Workplace Exposures, US Department of
Labor, 2000.

[3] The Joint Commission standards related to hazardous mate-
rials and waste, EC.02.02.01, http://www.jointcommission.org/
standards_information/standards.aspx.

[4] D. G. Mcgregor, “Occupational exposure to trace concentra-
tions of waste anesthetic gases,” Mayo Clinic Proceedings, vol.
75, no. 3, pp. 273-277, 2000.

[5] R. Quansah and J. J. Jaakkola, “Occupational exposures and
adverse pregnancy outcomes among nurses: a systematic review
and meta-analysis,” Journal of Women’s Health, vol. 19, no. 10, pp.
1851-1862, 2010.

[6] A. Shirangi, L. Fritschi, and C. D. J. Holman, “Associations
of unscavenged anesthetic gases and long working hours with
preterm delivery in female veterinarians,” Obstetrics and Gyne-
cology, vol. 113, no. 5, pp. 1008-1017, 2009.

[7] A. Shirangi, L. Fritschi, and C. D. J. Holman, “Maternal
occupational exposures and risk of spontaneous abortion in
veterinary practice,” Occupational and Environmental Medicine,
vol. 65, no. 11, pp. 719-725, 2008.

[8] D. L. Sessler and J. M. Badgwell, “Exposure of postoperative
nurses to exhaled anesthetic gases,” Anesthesia ¢ Analgesia, vol.
87, no. 5, pp. 1083-1088, 1998.

[9] A. Tyagi, V. Venkateswaran, A. K. Jain, and U. C. Verma, “Cost
analysis of three techniques of administering sevoflurane;

(10]

(11]

(12]

(14]

Anesthesiology Research and Practice, vol. 2014, Article ID
459432, 6 pages, 2014.

E. I Eger II and S. L. Shafer, “Tutorial: context-sensitive decre-
ment times for inhaled anesthetics,” Anesthesia and Analgesia,
vol. 101, no. 3, pp. 688-696, 2005.

M. Behne, H.-J. Wilke, and S. Harder, “Clinical pharmacokinet-
ics of sevoflurane,” Clinical Pharmacokinetics, vol. 36, no. 1, pp.
13-26, 1999.

S. Leeson, R. S. Roberson, and J. H. Philip, “Hypoventilation
after inhaled anesthesia results in reanesthetization,” Anesthesia
and Analgesia, vol. 119, no. 4, pp. 829-835, 2014.

E. I. Eger II, “Age, minimum alveolar anesthetic concentration,
and minimum alveolar anesthetic concentration-awake,” Anes-
thesia and Analgesia, vol. 93, no. 4, pp. 947-953, 2001.

P. J. Peyton, I. Chao, L. Weinberg, G. J. B. Robinson, and B. R.
Thompson, “Nitrous oxide diffusion and the second gas effect
on emergence from anesthesia,” Anesthesiology, vol. 114, no. 3,
pp. 596-602, 2011.






Anaesthesia 2018, 73, 59-64

Original Article

doi:10.1111/anae. 14100

Evaluation of a novel waste anaesthetic gas scavenger device for
use during recovery from anaesthesia
R. Tallent,' J. Corcoran® and J. Sebastian®

I Medical Student, University of Manchester, Manchester, UK
2 Consultant, Department of Anaesthesia, Salford Royal NHS Foundation Trust, Salford, UK

Summary

Volatile anaesthetic agents are a potential occupational health hazard to theatre and recovery staff. Operating theatres
and anaesthetic rooms are required to be equipped with scavenging systems, but recovery units often are not. We
compared exhaled, spectrophotometric sevoflurane and desflurane concentrations 15 cm from the mouth (‘patient
breathing zone’) and 91 cm laterally to the patient (‘nurse work zone’) in 120 patients after tracheal extubation who
were consecutively allocated to either ISO-Gard mask oxygen/scavenging or standard oxygen mask, 0 min, 10 min
and 20 min after arrival in the theatre recovery unit. Median (IQR [range]) duration of anaesthesia was similar
between groups (control 76 (44-119 [15-484]) min vs. study group 90 (64-130 [15-390]) min, p = 0.136). Using
the ISO-Gard mask, the 20-min mean patient breathing zone and nurse work zone exhaled anaesthetic levels were
~90% and 78% lower than those recorded in the control group, respectively, and were within the recommended
2 ppm maximum environmental exposure limit in the patient breathing zone of 53 out of 60 (88%) and the nurse
work zone of all 60 (100%) patients on first measurement in the recovery room (vs. 10 out of 60 (17%) and 40 out
of 60 (67%) in the control group). Our study indicates that the ISO-Gard oxygen/scavenging mask reduces the level
of exhaled sevoflurane and desflurane below recommended maximum exposure limits near > 85% of extubated
patients within ~ 20 s of application in the recovery unit after surgery. We encourage the use of this mask to min-
imise the occupational exposure of recovery staff to exhaled volatile agents.
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Introduction
Volatile anaesthetic agents are potentially hazardous to
theatre and recovery staff [1]. Short-term effects
include drowsiness and headaches, and genetic abnor-
malities have been associated with some agents [2].
Control of Substances Hazardous to Health
(COSHH) regulations dictate that exposure to occupa-
tional pollutants should be minimised [3]. The National

© 2017 The Association of Anaesthetists of Great Britain and Ireland

Institute for Occupational Safety and Health (NIOSH) in
the USA recommends that exposure to halogenated
agents should not exceed two parts per million (ppm) [4].

To date, observational studies have measured
occupational waste anaesthetic agents exposure only in
operating theatres [5-10], where scavenging is avail-
able. Traditionally, scavenging devices have not been
used in the theatre recovery unit, exposing staff and
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patients to relatively high inspired levels of waste
anaesthetic agents [11].

A device for scavenging waste anaesthetic agents in
the recovery unit has been available since 2013. The ISO-
Gard® Mask (Teleflex, Morrisville, NC, USA) delivers
oxygen via nasal prongs at up to 10 Lmin™, whilst
scavenging waste anaesthetic agents from the lower mask
by applying suction of up to 50 mmHg (Fig. 1). One-way
valves allow entrainment of supplemental room air, but
prevent the escape of exhaled gases into the atmosphere.
The manufacturer claims this device scavenges waste
anaesthetic agents effectively, based on data from a small
pilot study undertaken by investigators with a financial
conflict of interest [12].

We tested the manufacturer’s claims quantitatively,
by comparing waste sevoflurane and desflurane levels

FERAAGRREETARTLENERARRAL AR

Figure 1 ISO-Gard® scavenging mask. (a) oxygen inlet
scavenger, (b) tubing, (c) one-way inhalation valves,
(d) CO, monitoring port.
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using an infrared spectrophotometer near patients
wearing either an ISO-Gard scavenger mask (study
group) or a standard oxygen mask (control group).

Methods

Formal ethical approval was not sought for this
licensed product evaluation. The project was registered
on the Integrated Research Application System.

Patients emerging from inhalational anaesthesia
who arrived in the recovery unit without airway
devices in situ were non-randomly and consecutively
allocated to either the control group or the study
group. All patients were transferred from theatre
receiving 6 Lmin~' cylinder oxygen via a standard
oxygen mask (adult medium concentration mask, pro-
duct no. 1104000, Intersurgical Ltd., Wokingham,
UK).

Two control groups were evaluated, both before
and after the study group evaluation, to account for
any temporal change in staff practices during the study
group evaluation period.

In control groups 1 and 2, the oxygen tubing was
transferred from the trolley oxygen cylinder to wall-
mounted oxygen on arrival in the recovery unit.
Patients in control groups 1 and 2 continued to receive
6 L.min~" wall-mounted oxygen via the standard oxy-
gen mask.

In the study group, the standard oxygen mask was
replaced with the ISO-Gard mask on arrival in the
recovery unit, and patients received 6 L.min~' wall-
mounted oxygen via this mask, with wall-mounted
scavenging connected and limited to 40 mmHg dis-
placement pressure.

There was no blinding of patients, staff or the pri-
mary investigator as to which mask was being studied.
Patients were not studied if they could not tolerate
either mask or required therapeutic suction.

Sevoflurane and desflurane levels were recorded on
arrival and 10 min and 20 min after arrival, from the
‘patient breathing zone’ (PBZ) and the ‘nurse work
zone’ (NWZ). A portable MIRAN SapphIRe XL Ambi-
ent Air Analyser (Thermo Fisher, Foxborough, MA,
USA) was used to measure exhaled waste anaesthetic
agent levels by infrared spectrophotometry, from the
PBZ (15 cm from the mouth) and the NWZ (91 cm
laterally to patient) on arrival in the recovery unit. We
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defined ‘time zero’ as the first sample measurement
time after the oxygen tubing was switched from the
trolley cylinder to a wall-mounted source for both con-
trol groups, and the ISO-Gard mask was applied for
the study group; further PBZ and NWZ measures were
taken in the recovery unit 10 min and 20 min after
time zero. The analyser samples air at a rate of

14 Lmin™*

and takes 20 s to analyse the sample. For
atmospheric sevoflurane and desflurane levels, the pub-
lished accuracy is & 10%, and the detection range is
0.03-100 ppm, and 0.04-100 ppm, respectively [13].

Data were recorded for atmospheric anaesthetic
agent levels (ppm), and time from start of anaesthetic
to arrival in the recovery unit (minutes). We analysed
data using SPSS v.22 for Windows (IBM, Chicago, IL,
USA). Time from anaesthetic start to arrival in the
recovery unit was compared between groups using a
Mann-Whitney U-test. Atmospheric volatile agent
levels were compared using Student’s t-test. Variance
in anaesthetic agent levels at each time horizon was
compared between groups using a two-way MANOVA
test. A convenience sample of patients was determined
by the availability of the primary investigator (RT).

Results

Atmospheric volatile agent levels were measured from
144 patients; 24 (12 control, 12 study) patients did not
complete the study period (removed mask, required
suction), and were not included in further analysis.
Data were analysed for 120 patients (60 control, 60
study).

Median (IQR [range]) time from anaesthetic start
to arrival in the recovery unit was not significantly dif-
ferent between groups (control 76 (44-119 [15-
484]) min vs. study group 90 (64-130 [15-390]) min,
p = 0.136. Seventy-one (59%) patients receiving desflu-
rane had significantly longer median (IQR [range])
operations than those receiving sevoflurane (113 (70—
177 [19-484]) min vs. 61 (31-89 [15-249]) min,
respectively, p < 0.001).

Twenty-minute mean (SD) levels (ppm) of
sevoflurane and desflurane in the PBZ and NWZ are
shown in Table 1.

Median (IQR [range]) time from anaesthetic start
to arrival in the recovery unit was not significantly dif-
ferent between control groups 1 and 2 patients

© 2017 The Association of Anaesthetists of Great Britain and Ireland

Table 1 Twenty-minute levels (ppm) of sevoflurane
and desflurane, in the patient breathing zone (PBZ)
and nurse work zone (NWZ), in control and study
groups. Values are mean (SD).

Anaesthetic  Control Study

Zone agent group group p

PBZ Sevoflurane 3.52 (2.26) 0.41 (0.22) < 0.001
Desflurane 9.06 (5.97) 0.74 (0.41) < 0.001

NWZ Sevoflurane 1.12 (1.11)  0.26 (0.13) < 0.001
Desflurane 1.96 (1.24) 0.39 (0.17) < 0.001

receiving either sevoflurane (50 (25-90 [15-128]) min
vs. 59 (27-76 [20-249]) min, respectively, p = 0.736)
or desflurane (106 (74-166 [38—428]) min vs. 85 (42—
169[19-484]) min, respectively, p = 0.288).

Twenty-minute mean (SD) levels (ppm) of
sevoflurane and desflurane in the PBZ and NWZ in
control groups 1 and 2 are shown in Table 2. There
was a significant difference in recorded sevoflurane
and desflurane concentrations between control groups
at the NWZ.

Median (IQR [range]) volatile agent concentra-
tions in the PBZ and NWZ on arrival, and at 10 min
and 20 min after arrival, in the recovery room are
shown in Figs. 2 and 3, respectively.

Using ISO-Gard after sevoflurane anaesthesia, the
20-min mean PBZ and NWZ levels were 88% and
77% lower than recorded in the control group, respec-
tively. Using ISO-Gard after desflurane anaesthesia,
the 20-min mean PBZ and NWZ levels were 92%
and 80% lower than recorded in the control group,
respectively.

Mean waste anaesthetic gas levels in the PBZ
exceeded the NIOSH-recommended 2 ppm exposure
limit in 50 out of 60 (83%) control group patients and 7

Table 2 Twenty-minute levels (ppm) of sevoflurane
and desflurane, in the patient breathing zone (PBZ)
and nurse work zone (NWZ), in control groups 1 and
2. Values are mean (SD).

Anaesthetic Control Control
Zone agent group 1 group 2 p
PBZ Sevoflurane 3.03 (1.53) 3.87 (2.67) 0.356
Desflurane 8.31 (5.88) 10.43 (6.14) 0.339
NWZ Sevoflurane 0.61 (0.23) 0.49 (1.35) 0.043
Desflurane 1.59 (0.92) 2.62 (1.50) 0.045
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Figure 2 Median (IQR [range]) volatile concentrations in the patient breathing zone on arrival, and at 10 min and
20 min after arrival, in the recovery room. Asterisks denote outliers.
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Figure 3 Median (IQR [range]) volatile concentrations in the nurse work zone on arrival, and at 10 min and 20
min after arrival, in the recovery room. Asterisks denote outliers.

out of 60 (12%) study group patients on first measure- Mean waste anaesthetic gas levels in the NWZ
ment in the recovery room, and in 38 out of 60 (63%) exceeded the NIOSH-recommended 2 ppm exposure
and 0 out of 60 (0%) patients after 20 min, respectively. limit in 20 out 60 (33%) control group patients and 0
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out of 60 (0%) study group patients on first measure-
ment in the recovery room, and in 14 out of 60 (23%)
and 0 out of 60 (0%) patients after 20 min, respec-
tively.

Discussion

Our results indicate that the ISO-Gard mask is effec-
tive at reducing environmental exposure among
healthcare workers to exhaled sevoflurane and desflu-
rane in the recovery unit, compared with standard use
of a non-scavenging oxygen mask. The ISO-Gard mask
reduces the level of these agents below the recom-
mended maximum exposure limit in > 85% of patients
within ~ 20 s of application, as shown by the minimal
concentrations of volatile measured at time zero for
the study group.

Our findings are broadly similar to those of
McGlothlin et al.’s. [12], but demonstrate an increased
scavenging effect with the ISO-Gard mask, possibly due
to either our use of higher oxygen flow rates (6 Lmin "
vs. 4 lmin~") and suction pressures (40 mmHg vs.
30 mmHg), and/or our practice of extubating patients’
trachea in theatre rather than in the recovery unit. Tran-
sition of the extubated patient may have diluted the
exhaled anaesthetic agents we recorded en route.
McGlothlin et al. did not specify median operation dura-
tion, which is an independent predictor of volatile anaes-
thetic washout, complicating any further comparison.

Desflurane levels were higher than sevoflurane.
Pharmacokinetically, desflurane undergoes more rapid
washout owing to its lower blood/gas partition coeffi-
cient (0.42 for desflurane, 0.65 for sevoflurane). How-
ever, because of its higher minimum alveolar
concentration (MAC) (5.8% for desflurane, 2.0% for
sevoflurane), there are more desflurane particles than
sevoflurane particles required for a given level of
anaesthesia. Ambient air analysers measure numbers
of particles, so higher desflurane levels may not corre-
late with an increased potential for harm. If exposure
limits are deemed necessary, it should be determined
which agents at what levels cause which effects, and
limits for specific agents should be set.

We noted that the ISO-Gard mask was as well tol-
erated as standard oxygen masks, with similar number
of exclusions in both groups for reasons of mask
removal or application of suction.

© 2017 The Association of Anaesthetists of Great Britain and Ireland

We did not randomly allocate patients to either the
study or control groups, which is a potential limitation
of our study. Sequential cohort allocation (control
group 1, study group, control group 2) was chosen as
the most practical methodology because staff required
specific training for the ISO-Gard mask, and we
expected compliance and compliance to remain highest
early after training. Our use of a second control group
(reporting similar results to the first control group)
appears to confirm that the ISO-Gard mask achieved
results similar to those that we have reported, rather
than any change in practice as a result of the additional
training. Furthermore, the relatively long duration of
each study phase reduced the likelihood of bias due to
casemix, personnel and/or practice changes.

In conclusion, our study indicates that the ISO-Gard
mask reduces the level of exhaled sevoflurane and des-
flurane below recommended maximum exposure limits
near > 85% of patients after tracheal extubation within
~ 20 s of application in the recovery unit after surgery.
Based on these findings, we would encourage the use of
an ISO-Gard mask to minimise the occupational expo-
sure of recovery staff to exhaled volatile agents.

Acknowledgements

The spectrophotometer rental was paid for by Teleflex,
the manufacturer of the ISO-Gard mask. The ISO-
Gard masks used in the study were provided free of
charge. To ensure there was no potential conflict of
interest beyond the MIRAN hire, a medical student
employed by neither Teleflex nor Salford Royal NHS
Foundation Trust performed the measurements. The
study protocol was devised independently from Tele-
flex, after careful appraisal of the previous pilot study
[12]. No other external funding or competing interests
declared.

References

1. Waste Anaesthetic Gases. Department of Health and Human
Services, Centre for Disease Control, National Institute for
Occupational Safety and Health. 2007. https://www.cdc.gov/
niosh/docs/2007-151/pdfs/2007-151.pdf (accessed 10/09/
2017).

2. Schifilliti D, Mondello S, D’Arrigo MG, Chille G, Fodale V. Geno-
toxic effects of anesthetic agents: an update. Expert Opinion
on Drug Safety 2011; 10: 891-9.

3. Health and Safety Executive. Working with substances hazar-
dous to health: A brief guide to COSHH. 2012. http://www.
hse.gov.uk/pubns/indg136.pdf (accessed 10/10/2017).

63



https://www.cdc.gov/niosh/docs/2007-151/pdfs/2007-151.pdf

https://www.cdc.gov/niosh/docs/2007-151/pdfs/2007-151.pdf

http://www.hse.gov.uk/pubns/indg136.pdf

http://www.hse.gov.uk/pubns/indg136.pdf



Anaesthesia 2018, 73, 59-64

Tallent et al. | Waste gas scavenger

64

National Institute for Occupational Safety and Health. Criteria
for a recommended standard: occupational exposure to
waste anesthetic gases and vapors. 1977. https://
www.cdc.gov/niosh/docs/1970/77-140.html (accessed 10/
09/2017).

. Schebesta K, Lorenz V, Schebesta EM, et al. Exposure to

anaesthetic trace gases during general anaesthesia: CobraPLA
vs LMA classic. Acta Anaesthesiologica Scandinavica 2010;
54: 848-54.

. Mierdl S, Byhahn C, Abdel-Rahman U, Matheis G, Westphal K.

Occupational exposure to inhalational anesthetics during car-
diac surgery on cardiopulmonary bypass. Annals of Thoracic
Surgery 2003; 75: 1924-7.

. Hoerauf KH, Koller C, Taeger K, Hobbhahn J. Occupational

exposure to sevoflurane and nitrous oxide in operating room
personnel. International Archives of Occupational and Envi-
ronmental Health 1997; 69: 134-8.

. Byhahn C, Wilke H), Strouhal U, Westphal K. Occupational

exposure to the inhalational anesthetic agents nitrous oxide

10.

11.

12.

13.

and deflurane during pediatric strabism surgery. Klinische
Monatsblatter Fur Augenheilkunde 1999; 215: 367-9.

Byhahn C, Heller K, Lischke V, Westphal K. Surgeon’s occupa-
tional exposure to nitrous oxide and sevoflurane during pedi-
atric surgery. World Journal of Surgery 2001; 25: 1109-12.
Herzog-Niescery ], Gude P, Gahlen F, et al. Surgeons’ exposure
to sevoflurane during paediatric adenoidectomy: a compar-
ison of three airway devices. Anaesthesia 2016; 71: 915-20.
Hiller KN, Altamirano AV, Cai CY, Tran SF, Williams GW. Evalua-
tion of waste anesthetic gas in the postanesthesia care unit
within the patient breathing zone. Anesthesiology Research
and Practice 2015; 354184.

McGlothlin JD, Moenning JE, Cole SS. Evaluation and control of
waste anesthetic gases in the postanesthesia care unit. Jour-
nal of Perianesthesia Nursing 2014; 29: 298-312.

Thermo Fisher Scientific, Inc. Thermo Scientific MIRAN SapphiRe
Ambient Analyzer: Product Specifications. 2010. https://tools.
thermofisher.com/content/sfs/brochures/D00876~.pdf (ac-
cessed 10/09/2017).

© 2017 The Association of Anaesthetists of Great Britain and Ireland



https://www.cdc.gov/niosh/docs/1970/77-140.html

https://www.cdc.gov/niosh/docs/1970/77-140.html

https://tools.thermofisher.com/content/sfs/brochures/D00876~.pdf

https://tools.thermofisher.com/content/sfs/brochures/D00876~.pdf




<> AIHA

HEALTHIER WORKPLACES | A HEALTHIER WORLD

Recognition, Evaluation
and Control of Waste
Anesthetic Gases in the
Post-Anesthesia Care Unit

Cosponsored with

aiha.org &0 ASPAN

American Society of PeriAnesthesia Nurses

Version 2 | September 12, 2024



https://www.aiha.org



Recognition, Evaluation and Control of Waste Anesthetic
Gases in the Post-Anesthesia Care Unit

Authored by: AIHA: James D. McGlothlin, MPH, PhD, CPE, FAIHA; Stephanie Caler, MPH, CIH, CSP, REHS;

Paul H. Lilley, CIH; Michelle C. Rosales, MPH, CIH

ASPAN: Elizabeth Card, MSN, APRN, FNP-BC, CPAN, CCRP, FASPAN; Dina A. Krenzischek, PhD, RN, MAS, CPAN, CFRE, FASPAN, FAAN;
Linda Wilson, PhD, RN, CPAN, CAPA, NPD-BC, CNE, CNEcl, CHSE-A, FASPAN, ANEF, FAAN

Recently, it was discovered that patients expire a significant concentration of residual anesthetic gas, such
as sevoflurane, in the breathing zones of nurses and associated healthcare personnel in the Post-Anesthesia
Care Unit (PACU). These exhaled gases from the patient are defined as Waste Anesthetic Gases (WAGS).
The anesthetic gases originate in the surgical suite, where patients are administered these gases by an
anesthesiologist to induce anesthesia for surgery. WAGs include nitrous oxide and halogenated anesthetics
such as halothane, enflurane, isoflurane, desflurane, sevoflurane, and methoxyflurane. It has been observed
in the PACU that general dilution ventilation, at current air exchange rates, may not be enough to reduce
WAG exposures below the National Institute for Occupational Safety and Health (NIOSH) Recommended
Exposure Limits (RELs), or the American Conference of Governmental Industrial Hygienists (ACGIH),
Threshold Limit Limits/Time-Weighted Averages (TLVs/TWAs). Because of this deficiency, market available
source control scavenging systems that control WAGs at the patient’s breathing zone may be more effective
in reducing and containing these emissions in the PACU.

To obtain the desired level of anesthesia of the patients during surgery, the anesthesia provider administers
the anesthetic gases in percentages. In doing so, the patient’s body becomes saturated with the administered
agent and carries a significant amount of the gas in their bodies, including from their respiratory system
into the PACU. When the patient is wheeled into the PACU following surgery, they can outgas a significant
concentration of WAGs exceeding the NIOSH RELs for the above-mentioned gases into the breathing zone
of nurses. Patients emitting WAGs can cross-contaminate the environment for patients at risk for anesthetic
gas exposure.

The nurse's job is to help the patients recover before moving them to another clinical unit in the hospital or
discharging them. Recovering patients lack coordination, awareness, and the ability to protect their own
airways. This vulnerable state of consciousness requires that PACU nurses must work within close proximity
to the patients’ breathing zone to ensure safe emergence from anesthesia. For example, nurses encourage
patients to take deep breaths and exhale, asking them to describe any discomfort. Also, the nurses have to
be close at hand to monitor for post-operative nausea and vomiting, common side effects from anesthetic
agents and surgery. Semi-conscious patients recovering from anesthesia lack the ability to protect their
airway and if vomiting occurs without the nurse being very close by, aspiration (accidental inhaling) of
stomach contents could occur resulting in pneumonia, serious lung infection, brain injury from reduced
oxygen, or even death from blocked airways. These vomiting events can occur quickly and without warning,
requiring a vigilant nurse for rapid rescue to ensure patient safety. Pruritus, or itching, is another common
side effect resulting in accidental self-inflicted corneal abrasions (scratched surface of the eye from patients
rubbing too vigorously with their hands). This is more likely to occur if nurses are not close by, again requiring
the nurse to be in the breathing zone of these patients to prevent adverse events.

There are no federal Occupational Safety and Health Administration (OSHA) standards for WAGs. However,
the NIOSH has RELs for these potent anesthetic agents, which are measured in parts per million (ppm).
Despite OSHA's lack of standards for WAGs, OSHA (1970b) may issue citations under the General Duty
Clause (5a1), which states that employers “shall furnish to each of his employees employment and a place
of employment which are free from recognized hazards that are causing or are likely to cause death or
serious physical harm to his employees” (osha.gov/laws-regs/oshact/section5-duties).
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White Paper

Recognition, Evaluation and Control of Waste Anesthetic
Gases in the Post-Anesthesia Care Unit

There are usually four conditions that OSHA may use in its decision-making for issuing a 5(a) 1 citation:

1. The employer failed to keep the workplace free of a hazard to which employees of that employer were
exposed;

2. The hazard was recognized;
3. The hazard was causing or was likely to cause death or serious physical harm; and
4. There was a feasible and useful method to correct the hazard.

In general, the Occupational Safety and Health Review Commission (OSHRC) and court precedent have
established that these elements are necessary to prove a violation of the General Duty Clause.

Because it was discovered that nurses can be exposed to WAGs from the expired breath of patients
recovering in the PACU, localized scavenging systems were developed to capture and control patient WAGs
at their source. Figures 1 and 2 are examples of current market-available scavenging systems placed on
patients. Seldom in the profession of industrial hygiene is there a control that is invented, developed, and
manufactured to contain and control a problem before it is generally understood that a problem exists.

The motivation of this white paper is to:

1. raise awareness that WAGs are a significant health hazard to nurses from patient outgassing WAGs
following surgery in the PACU/recovery room (RR), Intensive Care Unit (ICU) or other recovery areas
receiving patients directly from operating room suites,

2. understand that other high-risk patients in the PACU may be at risk from exposure to WAGs,
3. acknowledge there are market-available scavenging systems to control WAGs at their source,

4. encourage the healthcare industry to implement these source control scavenging systems and prevent
WAG exposures among nurses in the PACU,

5. perform periodic monitoring of WAG levels near the patient’s breathing zone to assure these controls are
working, and

6. develop a reporting system of nurse adverse health symptoms and trends due to exposure to WAGs.

In as much as there are no federal standards to control WAGSs, healthcare administrators may be hesitant to
implement such controls related to costs. Educating and raising awareness about source control solutions
to control and prevent WAG exposures in the PACU is a critical step toward improving patient and nurse
health and safety. Patients may have allergic reactions to trace amounts of WAGs from other patients, while
nurses may experience headaches and fatigue, resulting in potential medical errors from WAG exposure.
The remainder of this white paper outlines the scope of the problem and highlights the challenges and
opportunities of controlling WAGs in the PACU.

HEALTHIER WORKPLACES | A HEALTHIER WORLD

AIHA | 3120 Fairview Park Dr., Suite 360 | Falls Church, VA 22042 | aiha.org
©aiha 2024 Page 3 of 21



https://www.aiha.org



White Paper

Recognition, Evaluation and Control of Waste Anesthetic
Gases in the Post-Anesthesia Care Unit

The AIHA Partner and Advocacy Organization: The American Society of
PeriAnesthesia Nurses

The American Society of PeriAnesthesia Nurses (ASPAN) is the premier organization for peri-anesthesia
nursing excellence whose purpose is to empower and advance the unique specialty of peri-anesthesia
nursing. Peri-anesthesia nurses work in any space before or after patients receive anesthesia, primarily in
the post-anesthesia care unit, assisting recovering patients from surgery.

PACU nurses have an advocacy society in ASPAN. It represents the interests of over 60,000 nurses who
specialize in peri-anesthesia and post-anesthesia care, ambulatory surgery, and pain management. ASPAN
provides its members with the latest in peri-anesthesia education, research, clinical practice expertise,
standards, and advocacy. In parallel with this white paper, ASPAN is developing a position statement to
gain support for control of WAGs in the PACU among many of its sister organizations (ASPAN, 2021).

Figure 1. The ISO-Gard®! Scavenging Mask on a Figure 2. The FELIX-1? Negative Pressure Scavenger Kit
Volunteer Patient on a Volunteer Patient
Source: Teleflex.com. Source: Vopotherm.com.

! The ISO-Gard® scavenging mask is manufactured by Teleflex.
2 The FELIX-1 Negative Pressure Scavenger Kit by Vapotherm
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Guidelines and Recommended Exposure Limits for WAGs

Reduction of occupational exposure to WAGs for healthcare personnel by the scavenging of WAGs is
recommended by every professional organization and government agency involved with anesthesia
(McGregor, 1999). Adverse health outcomes from WAGs in unscavenged healthcare environments have
been documented for decades (Cohen et al.,1971; Rosenberg & Kirves, 1973; Cohen, 1974; Corbett et al.,
1974; Cohen et al., 1980; Ericson & Kallen, 1979; Axelsson & Rylander, 1982; Tannenbaum & Goldberg, 1985;
Guirguis, et al., 1990; Rowland, et al., 1992; Rowland et al., 1995). However, there are methods to significantly
decrease and prevent occupational exposure by scavenging WAGs to minimize potential adverse health
outcomes, particularly in operating rooms and in the PACU (Mazze et al., 1981; ADA, 1997).

The Occupational Safety and Health Act of 1970, Public Law 91-596 (Act, A. 1970) was created to ensure
that employers provide safe working conditions for employees. This act created OSHA under the United
States Department of Labor, and NIOSH under the United States Department of Health and Human Services
(DHHS). OSHA and NIOSH are federal agencies focused on enforcing OSHA and protecting employees from
safety and health hazards, including exposure to WAGs.

ACGIH, the American Society of Anesthesiology (ASA), the American Dental Association (ADA), and The
Joint Commission (formerly the Joint Commission on Accreditation of Healthcare Organizations, or JCAHO)
are four other recommending organizations that publish occupational exposure information related to WAGs.

Table 1 shows the NIOSH RELs for selected WAGs that result from commonly administered anesthetic
agents that are inhaled by the patient during surgery. Nitrous oxide, once commonly used as an analgesic
agent during surgery, is less commonly used today. Sevoflurane is one of the most used anesthetic agents for
patients undergoing surgery. While there are no NIOSH RELs for the three most currently used anesthetics
(isoflurane, desflurane, and sevoflurane), NIOSH recommends that no halogenated agent, including the
three analgesic agents listed above, should exceed a ceiling value of 2 ppm, not to exceed 1 hour. OSHA
does not have WAG standards for nitrous oxide, nor any patient-inhaled anesthetic agents, including the
halogenated agents listed in Table 1.

The American Conference of Governmental Industrial Hygienists (ACGIH) has recommended Isoflurane have
a Threshold Limit Value of 50 ppm/8-hours. However, it is important to note that the volatility and variability
of exposure to WAGs can easily exceed the ACGIH guidelines that would restrict exposure to a Short-Term
Exposure Limit of 15 minutes. In addition, ACGIH (2023) has added Sevoflurane to the list of anesthetic
agents to be studied recommending 50 ppm/8-hrs of exposure. Recently, California OSHA (2019) has man-
dated that Isoflurane should not exceed 50 ppm/8-hrs of exposure.
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Table 1. List of Commonly Used Analgesics (Nitrous Oxide) and Anesthetics (Halogenated) Administered
to Patients During Surgical Procedures

Anesthetic Agent (trade name)* NIOSH REL

Nitrous oxide 25 ppm during the time of administration

Halogenated agents
Halothane (Fluothane®) 2 ppm ceiling not to exceed 1 hour
Enflurane (Ethrane®) 2 ppm ceiling not to exceed 1 hour
Isoflurane (Forane®) 2 ppm ceiling not to exceed 1 hour**
Desflurane (Suprane®) 2 ppm ceiling not to exceed 1 hour**
Sevoflurane (Ultane®) 2 ppm ceiling not to exceed 1 hour**

* Common trade name for the halogenated agents listed in this table.

** Isoflurane, desflurane, and sevoflurane came to market after the NIOSH Criteria for a Recommended Standard: Occupational Exposure to Waste
Anesthetic Gases and Vapors was published (CDC, 1977). To date, NIOSH has not indicated whether the toxicology or epidemiology of this class of
halogenated agents should be changed for a higher or lower REL. As such, the RELs for this class of compounds applies to the criteria established
by NIOSH.

Sources: CDC (1977a), Dexter & Epstein (2023), and NIH (2024).

Historical Perspective of the U.S. Government’s Role in the Control of WAGs

The Centers for Disease Control and Prevention (CDC, 1977b) promoted research on the effects of occupa-
tional exposure, the means for preventing occupational injuries, and the recommended occupational safety
standards. It made recommendations in four areas of occupational health:

e scavenging and exposure to trace concentrations of WAGs,

e work practices to minimize WAG concentrations,

» medical surveillance for possible occupational exposure in the healthcare environment, and
e monitoring of WAGs.

NIOSH recommended that workers should not be exposed to halogenated agents at concentrations of >2
ppm when used alone, or >0.5 ppm when used in combination with nitrous oxide, over a sampling period
not to exceed 1 hour.

In addition, NIOSH recommended that occupational exposure to nitrous oxide, when used as the sole
anesthetic agent, should not exceed a TWA of 25 ppm during the time of anesthetic administration. It
further stated that all anesthetic gas machines, non-rebreathing systems, and tympanostomy tube (t-tube)
devices should have an effective scavenging device that collects all WAGs. Also, they provide best practice
recommendations such as turning on the scavenging system before administering anesthetic gases to the
patient to minimize WAG exposure to medical staff.
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In 1989, ACGIH adopted a 50-ppm TLV/TWA for nitrous oxide. This TLV/TWA concentration is for a normal
8-hour workday and a 40-hour workweek. However, excursions above the TLV/TWA should be controlled
when the 8-hour limit is within these limits. ACGIH (2021) recommends that short-term exposures should
not exceed three times the TLV/TWA (150 ppm) for no more than a total of 30 minutes during a workday.
Further, they recommend that under no circumstances should they exceed five times the TLV/TWA (250 ppm),
provided that the TLV/TWA is not exceeded. A recent overview article on the Guidelines for Non-Operating
Room Anesthesia Locations agreed with the ASA and recommended that in any location where inhalation
agents are administered, there should be adequate and reliable systems for scavenging WAGs (Kilic, 2020).
ADA recommends the scavenging of all WAGs for all procedures involving anesthetic gases in the dental office.
(ADA, 2021). The Joint Commission recommended that educational programs and orientation be established
for all personnel who have contact with hazardous materials and waste (TJC, 2021)

1967 1980 1992 1996
Vaisman Cohen et al. Rowland et al.

1985 1998
NIOSH Buring et al. NIOSH Sessler &
Badgwell

2002
Krenzischek 2008 2009
etal. Fodale McGlothlin

2007 2008 2012
NIOSH Sanders Smart Tots
and CDC
2014 JOPAN 2016 ASPAN
and ISO-Gard® Position 2021
mask launch Statement Varughese

2014 2017 2021 ASPAN
McGlothlin NIOSH Study Position
Pathogen Statement
Research

Figure 3. Timeline for Discovering WAGs as an Occupational Health Exposure
Note. From J. Moenning, as presented by ].D. McGlothlin at American Society of Peri-Anesthetic Nurses
2021 National Conference (McGlothlin, 2021).
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Other countries have established guidelines for occupational exposure standards, ranging from 25 ppm (the
Netherlands) to 100 ppm (Italy, Sweden, Norway, Denmark, Great Britain) (Gardner, 1989; HSAC, 1995).
While these occupational exposure standards vary, they all agree that the process of scavenging WAGs
should be utilized.

OSHA is well known for its responsibilities to adopt and mandate job safety and health standards, establish
the rights and responsibilities of employers and employees for safe occupational conditions, establish
recordkeeping and reporting procedures of injuries, and evaluate work-related safety practices. However, it
also is responsible for considering and carrying out NIOSH recommendations. Currently, OSHA recognizes
NIOSH-recommended exposure limits (RELs) to WAG exposure, but to date, it has not set its own standards
for WAGs. Like many hazards that do not have OSHA standards, OSHA (1970b) can issue citations under the
General Duty Clause 5a(1), which states, “each employer shall furnish to each of his employees employment
and a place of employment which are free from recognized hazards that are causing or are likely to cause
death or serious physical harm to his employees.”

In 2007, NIOSH reemphasized these recommendations to control WAGs (CDC, 2007). This publication
helped to increase awareness and remind those in the healthcare profession of the adverse health effects of
WAGs. Steege et al., in their 2014 NIOSH funded survey, found that 56% of workers dealing with anesthetic
gases were unaware if their employer had standard procedures for the handling and minimizing of exposure
to these gases. A timeline highlighting the discovery of WAGs being an occupational health hazard and its
associated health effects is shown in Figure 3. (See also Appendix A.)

Brief Overview of Toxicology and Mechanisms from WAG exposure

As far back as 1956, Lassen et al. found that severe bone marrow depression could occur after prolonged
nitrous oxide anesthesia in some patients who were being treated for tetanus. Later, Vaisman et al. (1967)
found that anesthetic gases could be a problem for humans. They reported that female anesthesiologists
had had problems with fatigue, nausea, and headaches, and that 18 of 31 of their pregnancies ended in
spontaneous abortion. Banks et al. (1974) and Amess (1978) reported that nitrous oxide can inactivate
vitamin B-12 and thus cause biochemical derangements such as those seen in pernicious anemia. Bruce
et al. (1974) reported health effects of audiovisual impairment when exposed to nitrous oxide. Three years
later, NIOSH (1977) reported that levels of 50 ppm were the lowest level at which human effects had been
reported.

Cohen et al. (1980) published an article reporting on health problems experienced by dentists and chairside
assistants who had been exposed to nitrous oxide in their jobs. They considered dentists to have light
exposure if they used nitrous oxide 1 to 8 hours a week, or heavy exposure if they were >8 hours a week. They
found that nitrous oxide use doubled the likelihood for congenital abnormalities or spontaneous abortions.
Moreover, nitrous oxide was shown to have an increased effect on neurological problems, as well as liver
and renal problems for male dentists and assistants. Lastly, nitrous oxide exposure doubled the likelihood
for cervical cancer in the female study group.
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Buring et al. (1985) reviewed 17 published studies, and after evaluating these studies for the best statistical
controls, concluded that there was a 30% increased risk of spontaneous abortion for women working in
operating rooms and a similar, but less consistent increase in congenital abnormities among offspring of
exposed physicians (Greenberg & Colton, 1985).

Rowland et al. (1992) reported that fertility problems occurred in women exposed to high levels of
unscavenged nitrous oxide. These researchers also found a 2.5-fold increase in spontaneous abortions
experienced by women who worked in dental operatories that did not scavenge nitrous oxide, and they
found no increase in infertility or spontaneous abortion in women who worked in dental operatories that
scavenged waste nitrous oxide.

In a government technical report, OSHA (1991) reported similar findings from a review of the literature,
where the effects of acute and chronic occupational exposure had been shown to cause bone-marrow
depression (primary granulocytopenia), paranesthesia, difficulty concentrating, equilibrium disturbances,
and impaired visual effects. NIOSH updated this report in 2007 (CDC, 2007).

A study by Krajewski et al. (2007) examined alterations in the vitamin B12 metabolic status of 95 operating
room nurses with a history of exposure to nitrous oxide and compared them to 90 nurses who were not
exposed to nitrous oxide. They found significantly lower vitamin B12 status in personnel exposed to nitrous
oxide with higher total homocysteine levels. The changes in vitamin B12 status were found to be primarily
in subjects who were exposed to nitrous oxide in concentrations substantially exceeding occupational
exposure limits.

Sanders et al. (2008) published a thorough review of the biological effects of nitrous oxide, including how
nitrous oxide affects methionine synthase function. They found that, because of the interaction of vitamin
B12 with nitrous oxide, methionine synthase is inactivated, resulting in alterations to one carbon and a
methyl group transferred. Methionine synthase is important for DNA, purine, and thymidylate synthesis.
These alterations are potentially a pathway to adverse health effects: they result in increased risk for
reproductive consequences, megaloblastic bone-marrow depression, neurologic symptoms, and increased
levels of homocysteine, which can cause cardiovascular changes.

Although the anesthetic use of nitrous oxide with halogenated agents may be decreasing, the use of
halogenated agents has not gone down. These agents—sevoflurane, isoflurane, and desflurane—comprise
most inhalation anesthetic gases for modern surgical procedures. Fodale et al. (2008) reviewed 54 articles
on the health effects of nitrous oxide and halogenated gases and found that these agents were associated
with general health and genotoxic risks. They stressed the need for further studies. Recently, studies on
humans and rodents have shown that low-dose anesthetic gases can cause changes in liver blood chemistry,
DNA damage and antioxidant status. (Casale, et al., 2014; Paes et al., 2014; Rocha, 2015; Deng, 2018).
These possible health changes become even more concerning in the developing brains of children and the
elderly, and these neurocognitive issues are being investigated by the U.S. Food and Drug Administration
(FDA, 2021). There is consensus that good scavenger systems are needed to decrease these possible health
consequences from exposure to WAGs with halogenated agents and nitrous oxide gas.
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In addition to WAG exposure issues, a recently published article by Varughese and Ahmed (2021) discussed
the impact of these anesthetic agents on global warming. They estimated that 266 million surgeries were
performed worldwide in 2015. These authors note that the volatile anesthetics such as nitrous oxide and the
highly fluorinated gases sevoflurane, desflurane, and isoflurane are greenhouse gases and ozone-depleting
agents. They point out that these anesthetic agents undergo minimal metabolism in the body during clinical
use and are primarily (=95%) eliminated unchanged via exhalation in the form of waste anesthetic gases
(WAGS) in operating rooms and PACUs (Kharasch, E.D., 1995; Sherman J. et al., 2012)

Because these agents are relatively unchanged, they pose challenges for occupational exposure as well as
environmental elimination. Based on the chemical properties of these gases, global warming impacts can
vary. The authors report that atmospheric lifetimes of 1 to 5 years for sevoflurane, 3 to 6 years for isoflurane,
9 to 21 years for desflurane, and 114 years for nitrous oxide. This is in addition to unscavenged WAGs that
result in chronic occupational exposure of healthcare workers to potential associated adverse health effects
(Varughese & Ahmed, 2021).

WAGs in the PACU

In 1996, ASPAN issued a position statement regarding air safety in the post-anesthesia environment (ASPAN,
1996). It recommended that necessary, appropriate, and protective engineering controls, technologies,
work practices, and personal protective equipment be utilized in the peri-anesthesia environment. ASPAN
recommended that occupational exposure to WAGs and bloodborne and respiratory pathogens be controlled
by adherence to regulations and guidelines, as set forth both by nationally recognized agencies, such as
NIOSH, and by OSHA's hierarchy of controls, based on principles of good industrial hygiene.

Badgwell et al. (1997) discussed air safety source control technology for the PACU. They also reviewed
literature related to exposure of PACU personnel to WAGs and concluded that WAGs levels in the breathing
zone of personnel in the PACU appeared to exceed NIOSH RELs. Over the last 10 years, more articles are
appearing on WAG levels in the PACU.

Prospective studies have looked at exposure levels in the PACU. Sessler (1998) summarized several papers
on healthcare personnel exposed to WAGs and possible health concerns from this exposure. They reported
that most of these studies concluded that there is a correlation between reproductive toxicity and exposure
to WAGs. Sessler’s team of researchers found that postoperative nurses were frequently exposed to exhaled
anesthetic gas concentrations exceeding NIOSH-recommended exposure levels. Interestingly, they found
that volatile anesthetic curves did not demonstrate the expected exponential decrease over time. They
found that one-fourth of the nurses demonstrated time-weighted averages that exceeded the 25 ppm
NIOSH recommendations, even though they had been caring for patients who had received nitrous oxide
free anesthesia. The researchers point out that this could have been due to limitations in ventilation air
exchanges in the PACU design. Their data suggested that PACU nurses were exposed to exhaled anesthetic
gases that exceeded the NIOSH RELs.

Krenzischek et al. (2002) found that concentrations of nitrous oxide were close to 300 ppm in a patient’s
breathing zone. Their pilot study identified the potential for staff exposure to WAGs in the PACU setting.
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A simulated PACU environment was constructed to obtain an understanding of how the concentration of
nitrous oxide varies with distance from the patient. Austin (1996) found that the concentration of nitrous
oxide decreases with distance from the patient, and the patient’s respiration increases the level of nitrous
oxide based on the location of the nurse. Also, the respiration of the nurses pulls the nitrous oxide plume
toward the patient, increasing the patient’s exposure to the gas. Austin questioned the inadequacy of
attempting to measure levels of gas exposure at random points in a room. Other articles have examined
breath analysis to determine whether PACU personnel or operating room personnel are inhaling the gases
and then exhaling them at a measurable limit.
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Figure 4. Scavenging System and Sampling Wand Figure 5. Patient Outgassing Sevoflurane
Note. Photo taken while nurses prepare the patient for
recovery in the PACU.

Sevoflurane WAG from
patient outgassing in the
PACU following surgery.

Figure 6. Proximity of Nurse to Patient Who Is Outgassing Sevoflurane
Note. Nurses in the PACU must get very close to the patient to get their attention, to assure their safety as they
transcend from sedation to consciousness.
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In a field study at an Indianapolis, Indiana-based hospital PACU, Purdue University researchers (McGlothlin
et al.,, 2014) found nitrous oxide and sevoflurane levels 3 to 4 times higher than NIOSH recommended RELs,
but also reported that the accumulated exposure over an 8-hour day was 4 to 5 times higher when patients
did not wear a scavenging mask, compared to when patients did wear a scavenging mask. During this
same study, many nurses reported that they could smell WAGs coming from the patients’ nose and mouth,
indicating that the amount was 125 times higher than the NIOSH REL (CDC, 2007). Real-time plots of
the WAG data showed that the concentrations of WAG were highest during the first 5 to 10 minutes the
patients were brought into the PACU. As mentioned earlier, this is the same time when the nurses are most
engaged with the patient and very close to their breathing zone for WAG.

Cope et al. (2002) and Summer et al. (2003) have found that exhaled anesthetic agents are present in
the breath of personnel. In 2015, Cheung et al. found that WAG concentrations are higher in the patients
breathing zone when patients’ airway devices are removed in the PACU vs. in the OR. (Cheung et al., 2015).
As a result of these studies, it shows that PACU personnel may be exposed to WAGs that can be well above
NIOSH RELs.

Figure 7. Scavenging Mask Suspended in a Figure 8. Image of Pathogens Collected in the
Photo Light Box Scavenging Mask
Note. Light box is approximately 16 in. x 16 in. Note. Complementing Figure 7, this bioluminescent

image shows bacteria and bacteriophage (viruses)
collected inside the scavenging mask. Proof-of-concept
laboratory study using bioluminescent techniques to
demonstrate efficacy of scavenging systems to capture
pathogens to protect nurses in the PACU.
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Appendix A shows a brief timeline for the reporting of WAGSs in healthcare settings and recommendations for
controlling and preventing such exposures using market-available scavenging systems to protect healthcare
personnel from adverse health effects.

Figures 4, 5, and 6 show research conducted at a Midwest hospital to measure nitrous oxide and sevoflurane
WAGs outgassing from patients recovering in the PACU (McGlothlin et al., 2014). These patients were
administered these anesthetic agents during surgery and recovery in the PACU. The WAG concentrations
were measured using the MIRAN SapphlRe Portable Ambient Analyzer (ThermoFischer.com), and pictures
and video of these PACU patients were documented using infrared imaging with a specialized wavelength
lens to visualize these WAGs. Most nurses in the PACU engage the patient as soon as they are transported
into their bay area by getting very close to the patient’s breathing zone to ensure the safety of the patient
and speedy recovery from the anesthetics. Patients outgas the highest concentrations of WAGs in the PACU
in two situations: just after they are brought in and when the nurses are actively engaged (often within 6 to
12 inches) with them.

Figure 7 shows the image of a scavenging mask that was used in a laboratory setting to determine how
and where the colonies of bacteria and viruses collected on the mask. Figure 8, using a specialized camera
and bioluminescent bacteria and viruses, shows the efficacy of the scavenging mask to collect and measure
the density of the pathogens (Horton, 2014). This research followed the work done on WAG exposure
conducted in the Midwest hospital as shown in figures 4, 5, and 6.

Summary

Most of the PACU nurses and other nurses from the RR, ICU labor and delivery units or procedural areas
(such as cardiac catheter laboratories, interventional radiology, or endoscopic areas) receiving patients
directly from the operating room suite or procedure area that had anesthetic gases may not be aware of the
WAG exposure and health and safety risk in their workplace environment.

Understanding the evidence and putting it into practice is a start, especially toward increasing awareness.
However, evidence and awareness are only meaningful when translated into practice. The assessment of
potential risk in the clinical area and collaboration with the appropriate resources (clinical chain of command
and health and safety professionals) are necessary steps in the implementation process.

The professionals in the health and safety department are responsible for monitoring and controlling
potential WAGSs in the operating room or theater. In the PACU, WAG assessment within the breathing zone
of the patient can be monitored by health and safety professionals using appropriate monitoring devices.
Monitoring of WAGs in the PACU must be done on a routine basis whenever patients with anesthetic gas
are admitted to the unit.

Controlling the source of WAGs (typically from a patient’s exhalation in the PACU), protects not only the
nurses but other health-compromised patients. The role of a peri-anesthesia nurse in the PACU, RR, or
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radiology post-recovery phase is to provide safe and quality care to their patients, and to advocate for a
safe workplace environment. Protecting nurses and other healthcare staff from any risk of exposure—be it
WAGS, airborne pathogens, infection, or any adverse outcome—is a responsibility of the entire health care
team.

Recommendations
Engineering Controls

1. Use market-available scavenging systems on the patient in the PACU to capture WAGs at their source:
patient outgassing of the anesthetic agent administered to them during surgery.

Assure adequately designed PACU room ventilation in general area.

3. Upgrade general ventilation in the PACU to the same recommended levels as those in operating rooms.
Include a minimum of 6 air changes per hour, with a minimum of 2 air changes of fresh air per hour.

4. Design supply air register louvers located in the ceiling in a way that directs the fresh air toward the floor
and toward the healthcare workers, to provide dilution and removal of the contaminated air from the
operatory or PACU.

5. Locate exhaust register louvers properly (low on the wall, near the floor level) to provide adequate air
distribution. They should not be located near the supply air vents, because this will short-circuit the
airflow and prevent proper air mixing and flushing of the contaminants from the room.

Administrative Controls

1. Increase evidence-based awareness and educate professionals in organizations such as AIHA and
ASPAN regarding nurse and healthcare worker exposure to hazardous levels of WAGs in the PACU.

2. Assure periodic measurement of WAG exposure in the PACU (such as twice per year) during high-use
periods, to evaluate nurse exposure to WAGs.

Ad(ditional Administrative Controls

(adapted from NIOSH and OSHA)

1. Establish a hazard communication program. Develop and implement a safety and health plan that
includes information about exposure hazards and methods to control them.

2. Train all PACU nurses in hazard awareness, prevention, reporting and control of exposures to waste
anesthetic gases.

3. Develop a monitoring program supervised by a knowledgeable person in every operating facility. Such a
program should include, at least quarterly:

e quantitatively evaluating the effectiveness of a waste-gas control system, and
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e repeatedly measuring concentrations of anesthetic gas in the breathing zones of the most heavily
exposed workers while they perform their usual procedures.

Keep records of all collected air sample results for at least 30 years.

Keep medical records of a PACU nurse’s exposure for 30 years after their employment has ended and
include any event reports. (See Access to Employee Exposure and Medical Records, 29 CFR 1910.1020).

Record medical histories for workers and their families, including occupational histories and outcomes of
all pregnancies of female workers as well as wives or partners of male workers.

Best Practices for Nurses

If a nurse can smell WAGs coming from a patient in the PACU, this means that the concentration of these
anesthetic gases, like sevoflurane, is likely 125 times the NIOSH REL.

To reduce potential exposures to the high levels of WAGS, the nurse should:

1.

Determine the safest and most expedient way to use a source control scavenging to capture WAGs from
the patient. Note that the highest concentration of WAGs will occur when the patient first comes into the
PACU and when the patient is also the most vulnerable requiring close proximity and increased vigilance
by the PACU nurse.

Assure that the scavenging system hose from the patient's mask is attached to the wall regulator and
the vacuum setting is to the appropriate 45 liters per minute (Ilpm), of exhaust.
Assure that the patient is getting the proper amount of oxygen through the mask.

Make sure the mask is placed over the mouth and nose of the patient and is secured to the head of the
patient by using the elastic bands fastened to the scavenging mask. Proper fit and size for the patient is
warranted, especially for children recovering from surgery.

When possible, maintain at least 24 to 36 inches of space between them and the breathing zones of the
patient for less direct exposure.
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Appendix A.
Timeline for the Discovery of WAGs as a Source of Exposure to the Development
of Source Control Scavenging Systems for Post-Anesthesia Care Unit Nurses

¢ 2001-2005:Dr. John Moenning, an oral maxillofacial surgeon, researches and develops a unique scavenging
device for waste anesthetic gases (WAGS) in a dental office.

— King Systems partners with Dr. Moenning to manufacture a pediatric anesthesia mask featuring a nasal
cannula that goes through the mask and can be placed into the patient’s nose.

— Real-time sampling of this dental scavenging system shows a significant reduction in WAGs.

¢ 2005-2007: Dr. Jim McGlothlin from Purdue University assists in a study by using infrared techniques to
“visualize” WAG exposure from dental patients.

— As a result of this published research, King Systems introduces the Safe Sedate mask, which receives
510(k) approval from the FDA. (The 510(k)-approval process requires manufacturers to demonstrate
“substantial equivalence” to a legally marketed device. Premarket notification requires companies to
report their intents to the FDA at least 90 days before marketing.)

e 2007: Results of Dr. McGlothlin’s research are presented to the American Association of Oral and
Maxillofacial Surgeons.

e 2007: In the conduct of this research, it is discovered that even after the anesthetic gas is turned off, the
patient is still outgassing the nitrous oxide 20 minutes later, as visualized with the infrared (IR) lenses.

e 2007: Based on this observation, Dr. Moenning takes the IR camera to a hospital recovery setting to
see whether patients are outgassing nitrous oxide after their inhalation general anesthesia. This leads to
significant surprise by the anesthesiologist, as everyone thought that these WAG levels were not present
after a general anesthetic.

¢ 2008: Dr. McGlothlin’s research in the dental setting is completed and accepted by the Journal of the
American Dental Association (February 2009).

¢ 2008: Because there appears to be a WAG exposure problem in the post-anesthesia care unit (PACU), Dr.
Moenning invents a prototype scavenging system to capture WAGs that are outgassing from patients in
the PACU.

¢ 2009: Dr. Moenning partners with Teleflex to make a scavenging system to protect nurses and related
healthcare personnel in the PACU.

¢ 2010: Dr. Moenning works with Community Health Network (CHN) in Indianapolis, Indiana, to obtain
Institutional Review Board (IRB) approval for research of WAGs in the PACU. The IRB is concerned with
protecting the welfare, rights, and privacy of human subjects.

¢ 2011 and 2012: Research is conducted at the Indiana Surgery Center PACU, using the IRB from CHN.
¢ 2012: A presentation on WAGs in the PACU is given to the American Society of Anesthesia.
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¢ 2013: A research article is submitted to the Journal of PeriAnesthesia Nursing (JOPAN).

e 2014: A scavenging system (called ISO-Gard® mask system) from Teleflex Medical product is launched after
gaining 510K approval. (See Figure 1 showing patient with scavenging mask and use of Miran real-time
sampling probe to detecting nitrous oxide, sevoflurane, and related halogenated compounds administered
as sedative agents to patients during surgery.)

¢ 2014: JOPAN publishes the research.

e 2014: Drs. James D. McGlothlin and Bruce Applegate, at Purdue University, begin research on the capture
of pathogens (bacteria and viruses).

¢ 2015: A new IRB study is approved by CHN to research the capture of sevoflurane and visualization
with new IR lenses to see the wavelength of sevoflurane. (See Figures 4-6 showing sevoflurane, using
infrared imaging and a lens calibrated to show the wavelength of the sevoflurane outgassing from a
patient following surgery and recovering in the PACU.)

e 2015, April: WAG research is presented to NIOSH in Washington, DC.
e 2016: Drs. McGlothlin and Applegate complete their research on the capture of pathogens.

e 2016: The American Society of PeriAnesthesia Nurses (ASPAN) finalizes and publishes a new position
statement, Air Quality and Occupational Hazard Exposure Prevention.

e 2017: NIOSH funds a four-year research project to evaluate the PACU environment for WAGs.

¢ 2018 and 2019: NIOSH conducts an industrial hygiene study on WAGs in 3 different hospital PACUs in
Indianapolis.

¢ 2020: The year of COVID-19. An ISO-Gard® mask is submitted to the FDA for emergency use authorization
to help capture COVID-19. The FDA decides it is not an emergency need.

e 2021: The executive committee of the AIHA Healthcare Workgroup Committee and ASPAN Action Coalition
develops this white paper on WAGs.
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American Society of PeriAnesthesia Nurses
A Position Statement on Waste Anesthesia Gases

Outside of the Operating Rooms

Developed by ASPAN and supported by the American Industrial Hygiene Association

The American Society of PeriAnesthesia Nurses (ASPAN) is the premier
organization for perianesthesia nursing excellence. The purpose of ASPAN is
to empower and advance the unique specialty of perianesthesia nursing.
Perianesthesia registered nurses work in any space before or after patients
receive anesthesia, primarily in the postanesthesia care unit (PACU)
recovering patients from procedures and surgeries.

Background

Established in 1939, the American Industrial Hygiene Association (AIHA) is
the association for scientists and professionals committed to preserving and
ensuring occupational and environmental health and safety in the workplace
and community. More than half of AIHA’s 8,500 members are certified
industrial hygienists. This organization supports members and those
employed in private or public sectors through expertise support,
comprehensive education programs, and service as a resource to help
maintain the highest workplace and professional standards and for working
communities.

The AIHA is composed primarily of industrial hygienists who are trained to
anticipate, recognize, evaluate, and recommend controls for environmental
and physical hazards that can impact the health and well-being of workers.

ASPAN practice experts believe waste anesthesia gases (WAGs) are an
occupational hazard. The National Institute for Occupational Safety and
Health (NIOSH) and the Occupational Safety and Health Administration
(OSHA) have identified health effects from WAG exposure including nausea,
dizziness, headaches, infertility, miscarriages, birth defects, cancer, liver, and
kidney diseases.!® The immediate postoperative patient is the source of
exposure to WAGs outside of the operating rooms (ORs). Volatile anesthetic
gases (e.g., nitrous oxide), and the fluorinated gases (e.g., sevoflurane,
desflurane, isoflurane) undergo minimal metabolism in the body during
clinical use and are primarily eliminated unchanged via exhalation
(estimated equal or greater than 95%).%° Few adverse effects associated
with WAGs have been documented when workplace exposure limits are
implemented by using measures to reduce occupational exposure.b The AIHA
supports this ASPAN position statement and stands behind enhancing
knowledge and protections to guard nurses from potential occupational
hazards faced in the workplace.’





Position

The goals for controlling WAG exposure in hospitals are:

To increase awareness that all areas of the hospital can have
potential occupational exposure to WAGs in concentrations higher
than in the operating rooms

To prevent exposure to WAGs as an occupational hazard for nurses,
patients, and their families in all areas of the institution

WAGs should be regulated with engineering controls® in the PACU including
(see Figure 1):

Application of commercially available source-control scavenging
systems to patients recovering in the PACU following surgery,
following the administration of inhalation anesthetic agents. Total
intravenous anesthesia (TIVA) patients would only require
scavenging systems for pathogens

Increased air-exchanges to provide adequate ventilation similar to
operating room air-exchanges, so that WAG levels do not increase
as a result of expanding patient volumes

Provision of fresh air exchanges in the PACU, similar to operating
room air recommendations, to reduce and prevent nurse exposure
to WAGs

Administrative controls for the PACU should include:

Implementing an industrial hygiene program including routine
monitoring of WAGs in the perianesthesia registered nurses’
breathing zone and regular maintenance of ventilation and source-
control scavenging systems at least twice per year®8

Developing and administering an education and training program
for perianesthesia registered nurses exposed to WAGs that comply
with NIOSH Recommended Exposure Limits (RELs), and with OSHA's
Hazard Communication Standard®

Defining and implementing best work practices to help reduce
perianesthesia registered nurse exposure to WAGs

Executing a medical surveillance program for all perianesthesia
registered nurses exposed to WAGs

Complying with existing federal, state, and local regulations and
guidelines developed to minimize hospital personnel exposure to
WAGs

Currently, these controls are not present in the PACUs in which the patients
are the source of the WAG as they exhale unmetabolized anesthetic gases
into the unregulated environment of the PACU and intensive care areas.

3Engineering controls are
applied at the source of the
hazard and are generally the
preferred and most effective
means to control and minimize
occupational exposures.
Administrative controls are the
next best means and include
implementation of best
practices.?

bOSHA’s Hazard Communication
Standard requires that
healthcare workers are
provided information related to
workplace chemical hazards.?





Relatively recent findings have shown that patients in the PACU can be
significant sources of WAG exposure to nurses.>1?

w Hierarchy of Controls

effective

Physically remove
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Rep\ace
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Protect the worker with
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Least

effective

Figure 1. Hierarchy of Controls. Reprinted with permission from the National Institute of
Occupational Safety & Health (NIOSH).
https.//www.cdc.gov/niosh/topics/hierarchy/default.html

This position statement serves as the basis for ASPAN’s action on behalf
of industrial hygienists, perianesthesia registered nurses, healthcare
providers in the perianesthesia environment, and those whom the
organizations serve.

Comments
1. Health Outcomes Related to Waste Anesthesia Gases (WAG)

For more than 50 years, the evidence presented in the peer-reviewed
literature, and by government entities such as NIOSH and OSHA, have
shown that adverse occupational health outcomes are associated with
WAG exposures. A recent systematic review confirmed a scarce and
inconsistent evidence related to adverse effects of volatile anesthetics
on exposed personnel. In addition, there is no evidence of adverse
effects when environmental levels are kept within legal threshold
values.B3 It is recognized that further epidemiologic and exposure
assessment studies are needed to improve our knowledge and
understanding of the effects of occupational exposure to WAGs. New
surveillance methods that include systematic data collection, clinical
signs, and biomarkers of exposure, may be helpful to formulate
consistent and reproducible surveillance criteria for exposed personnel.

Based on a review of the literature, ASPAN presents the following list of
potential effects.

= Health effects of exposure to WAGs may cause the following:
e Headacheb141>



https://www.cdc.gov/niosh/topics/hierarchy/default.html



e Irritabilityt41>

e Fatigue!#?>

e Nauseal 41

e Drowsiness?

e Depression?!

o Difficulties with judgment, audiovisual processing, and
coordination®16-19

e Liver disease®16:20

e Kidney disease!/16:20

e Malignancies of the lymph or immune system¥2%22

e Impaired B12 metabolic status or pernicious anemia?3-?>

e Miscarriages?182026-30

e Congenital abnormalities?*>:2%.27

e Low birth weights”20:29:30

e Exposed spouse’s miscarriages and birth defects>2927

e Reduced fertility?®3!

e Genetic, DNA damage?032-3>

° Cancer1,11,30,36

e Bone marrow depressiont’/1820

e Increased homocysteine levels'®

e General health and genotoxic risks3’

e Changes in antioxidant status3%343>38

In addition, health effects of surgical anesthetic gases in the elderly
contribute to postoperative cognitive decline/dysfunction.3®*2 Health
effects of repeated surgical anesthetic exposure in the very young (less
than 36 months) are currently being investigated to determine if the
exposure may contribute to learning disabilities and autism.*3->

2. Regulatory Approach

ASPAN and AIHA support the development of engineering controls to
decrease exposure to WAGs reduced to the lowest feasible level in the
PACU. While the use of prospective studies and carefully designed
research protocols is encouraged to elucidate areas of controversy, a
responsible approach to worker health and safety dictates that any
exposure to waste and trace gases should be kept to the lowest practical
level.? OSHA states, “the preferred and most effective means of
protecting workers is to prevent hazards entering their breathing zone in
the first place.”?® When workplace exposure limits are implemented by
using measures to reduce occupational exposure, few adverse health
effects from un-scavenged WAGs have been documented.?

Proposed engineering controls to include:

e Market-available source-control scavenging systems which can
contain and control WAGs from the exhaled breath of patients in





the PACU. In addition, these scavenging systems may help contain
and control capture pathogens, such as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), the pathogen that causes
COVID-19, in addition to WAGs1217,55-62

e Controls for the exhaled breath of immediate postoperative patients
on ventilators®11,5563

e Increased heating, ventilation, and air conditioning (HVAC) air
exchanges in the PACUs from 6 air changes per hour to 15, similar to
the operating rooms911,19,55

e Regular HVAC monitoring of air quality to be preferably completed
during the peak of daily patient activity in the PACU and within the
patient breathing zone where the nurses work closely with
patient51°'11'55'57'64'68

e Following OSHA’s General Duty Clause® for WAGs in PACU until such
time as federal standards are established and enacted

e Adherence to NIOSH Recommended Exposure Limits (RELs) for
WAGSS,11,19

e Provision of negative airflow rooms for bi-pap and aerosol-generating
procedures that induce expired and aerosolized breath/air31011,5°

e Routine maintenance of these systems>1?

3. Continued Research

There is a significant and growing body of knowledge on the relationship
between the air quality in the PACU and poor health outcomes for
healthcare providers in this environment. There may be moderating or
predisposing factors that interact with occupational exposure. 1434659
Although exposure to WAGs in the OR has been well documented, there
lacks a large body of work for the PACU. This includes the fact that there is
little to no surveillance or measurement of air quality (and WAGs source)
during peak times of patients’ presence in the PACU.! The provision of
information to healthcare providers to increase awareness of these risks can
lead to a responsible approach for worker health and safety that keeps any
exposure to WAGs to the lowest possible practical level.

Approval of Statement

This statement was endorsed by a vote of the ASPAN Board of Directors on
April 6, 2022, in Philadelphia, Pennsylvania, and approved by a vote of the
ASPAN Representative Assembly on April 7, 2022.

Developed by ASPAN and supported by the American Industrial Hygiene Association
(AIHA).

¢The General Duty Clause is the
portion of the OSHA Act, section
5(a)(1) indicating the
requirement of employers to
provide a safe workplace
environment that is free from
hazards.?
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Sites Surveyed:

Community Health Surgery Center North
8040 Clearvista Dr.
Indianapolis, IN 46256

Community Surgery Center Hamilton
9700 E 146th St.
Noblesville, IN 46060

NAICS Code:

622110 - General Medical and Surgical Hospitals

Survey Dates:

May 15, 2019

June 12, 2019

August 20 and 21, 2019
September 10, 2019
November 13, 2019
January 14 and 15, 2020

Surveys Conducted By:

Alberto Garcia, NIOSH/DFSE/EPHB
Gabriel Merk, NIOSH/DFSE/EPHB
Sara Garner, NIOSH/DFSE/EPHB

Employer Representatives Contacted:

Jessica Garibay RN

PACU Nurse Manager

Community Health Surgery Center North
8040 Clearvista Dr.

Indianapolis, IN 46256
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Analytical Work Performed by:

All data was collected with real-time instrumentation
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Disclaimer

Mention of any company or product does not constitute endorsement by the
National Institute for Occupational Safety and Health (NIOSH), Centers for Disease

Control and Prevention (CDC).

In addition, citations to websites external to NIOSH do not constitute NIOSH
endorsement of the sponsoring organizations or their programs or products.
Furthermore, NIOSH is not responsible for the content of these websites. All Web
addresses referenced in this document were accessible as of the publication date.

The findings and conclusions in this report are those of the authors and do not
necessarily represent the official position of the NIOSH, CDC.
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Abstract

Waste anesthetic gases (WAGs) are small releases of anesthetic gases that leak
from the patient’s anesthetic breathing circuit into the air of operating rooms (OR)
during delivery of anesthesia as well as during recovery from anesthesia in the Post
Anesthesia Care Unit (PACU). Waste anesthetic gases include nitrous oxide and
halogenated anesthetics such as halothane, enflurane, isoflurane, desflurane,
sevoflurane, and methoxyflurane.

WAGs pose a significant health hazard in the hospital setting and must be
controlled to protect health care workers in the OR, PACU, and other applications
where anesthetic gases are used. Exposure to uncontrolled WAGs in health care
environments has been associated with adverse health outcomes such as liver and
kidney disease, fatigue, irritability, drowsiness, headaches, miscarriages, genetic
damage, birth defects, and cancer. As a result, systems and work practices have
been developed for hospital OR and dental treatment rooms to decrease
occupational exposure by scavenging WAGs. However, few studies have addressed
exposure to WAGs in the PACU.

Between May 2019 and January 2020, National Institute for Occupational Safety
and Health (NIOSH) investigators conducted field assessments of three different
PACUs that included collecting baseline WAG’s data along with physical descriptions
and ventilation parameters. Two of the PACUs evaluated were considered open
concept units, one had a 12-patient capacity and about 1500 ft? of floor space and
the other one had a 6-patient capacity and about 800 ft? floor space. The third
PACU unit evaluated was considered a closed concept PACU. It had a 7-patient
capacity and an approximate floor space of 2800 ft2. A closed concept PACU is a
room where each patient has an independent, three-sided recovery area with an
open front. Area WAG concentrations were measured using a Fourier transform
infrared (FTIR) spectrometer analyzer. The FTIR analyzer simultaneously collected
real-time data for multiple gases, including sevoflurane, isoflurane, and nitrous
oxide. Additionally, ventilation airflow measurements in the PACUs were collected.
The number of air changes per hour (ACH) for each unit was calculated and
compared to ANSI/ASHRAE Standards. ASHRAE Standard 170-2017 prescribes a
minimum of 6 ACH of total ventilation air that includes a minimum of 2 ACH of
outdoor air. PACUs 2 and 3 were above the ASHRAE recommendations. PACU 1 was
slightly below ASHRAE recommendations at 5.75 ACH.

The WAG concentration measurements collected were area samples and not
exposure concentrations measured from workers’ breathing zones, however
comparison of the observed results with occupational exposure limits can provide
some context. Measurements in a patient’s breathing zone are expected to give
higher values of WAG concentrations. The five halogenated anesthetics currently
used in the United States are halothane, isoflurane, enflurane, desflurane, and
sevoflurane. No NIOSH recommended exposure limit (REL) exists for the three
most currently used anesthetics (isoflurane, desflurane, and sevoflurane). In 1977,
NIOSH recommended that occupational exposure to halogenated anesthetic agents,
when used as the sole anesthetic, should be controlled so that no worker would be
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exposed to time-weighted average concentrations greater than 2 ppm during
anesthetic administration over a sampling period of less than 1-hour. When
halogenated anesthetics are associated with nitrous oxide, NIOSH recommends that
the limit value should not exceed 0.5 ppm over the same sampling period. This
occupational exposure limit was recommended by NIOSH for the type of anesthetic
gas to which isoflurane and sevoflurane belong, but before they effectively came
into use. NIOSH also recommends that occupational exposure to nitrous oxide
should not be greater than 25 ppm. Other standard setting bodies, like the
Occupational Safety and Health Administration (OSHA) and the American
Conference of Governmental Industrial Hygienists (ACGIH), don’t have limits for
many of the halogenated gases. However, ACGIH included a Threshold Limit Value
(TLV) of 50 ppm for isoflurane over an 8-hour shift in the 2022 updates to its
Threshold Limit Values for Chemical Substances and Physical Agents and Biological
Exposure Indices.

The 1-minute maximum concentration of nitrous oxide in PACU 1 was 2.6 ppm
which was well below the NIOSH REL. The maximum 1-minute average
concentration of isoflurane was 4.6 ppm, and for sevoflurane the maximum was 34
ppm. PACU 1 routinely extubated patients in the PACU. The maximum 1-minute
average concentration of nitrous oxide in PACU 2 was 0.3 ppm which was well
below the NIOSH REL. The maximum concentration of isoflurane and sevoflurane
were recorded at 11.2 ppm and 10.2 ppm respectively. The maximum 1-minute
concentration of nitrous oxide in PACU 3 was recorded at 17.5 ppm and was caused
by an instantaneous spike that was quickly diluted and dissipated by the PACU
ventilation system. The 1-hour average nitrous oxide concentration for PACU 3 was
consistently below the NIOSH REL. For the same PACU unit, the maximum 1-minute
average concentrations of isoflurane and sevoflurane were recorded at 6.1 ppm and
46.2 ppm respectively which were both above the NIOSH recommendations for
halogenated gases.

Collectively, these field assessment surveys reinforce the opportunity for
engineering control approaches to reduce WAG concentrations within the PACU
working environment. Although the observed concentrations were area samples and
not worker breathing exposures, NIOSH recommendations were exceeded within all
of the evaluated PACU units. Each PACU experienced at least 1-hour of cumulative
time over the NIOSH recommendations for halogenated gases. These observations
indicate that general dilution ventilation, at the current air exchange rates, was not
enough to keep WAG concentrations near the patient below the NIOSH
recommendations. Other engineering control techniques that control the emissions
closer to the source might be required to reduce WAG emissions into the PACU
environment. Additional research is needed to identify an effective approach to
control WAG concentrations within the PACU.
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Introduction

Background for Control Technology Studies

The National Institute for Occupational Safety and Health (NIOSH) is the primary
Federal agency engaged in occupational safety and health research. Located in the
Department of Health and Human Services, it was established by the Occupational
Safety and Health Act of 1970. This legislation mandated NIOSH to conduct
research and education programs separate from the standard setting and
enforcement functions carried out by the Occupational Safety and Health
Administration (OSHA) in the Department of Labor. An important area of NIOSH
research deals with methods for controlling occupational exposure to potential
chemical and physical hazards. The Engineering and Physical Hazards Branch
(EPHB) of the Division of Field Studies and Engineering has been given the lead
within NIOSH to study the engineering aspects of health hazard prevention and
control.

Since 1976, EPHB has conducted many assessments of health hazard control
technologies on the basis of industry, common industrial process, or specific control
techniques. Examples of these completed studies include the foundry industry;
various chemical manufacturing or processing operations; spray painting; and the
recirculation of exhaust air. The objective of each of these studies has been to
document and evaluate effective control techniques for potential health hazards in
the industry or process of interest, and to create a more general awareness of the
need for or availability of an effective system of hazard control measures.

These studies involve several steps or phases. Initially, a series of walk-through
surveys is conducted to select plants or processes with effective and potentially
transferable control concept techniques. Next, in-depth surveys are conducted to
determine both the control parameters and the effectiveness of these controls. The
reports from these in-depth surveys are then used as a basis for preparing technical
reports and journal articles on effective hazard control measures. Ultimately, the
information from these research activities builds the data base of publicly available
information on hazard control techniques for use by health professionals who are
responsible for preventing occupational illness and injury.

Background for this Study

Waste anesthetic gases (WAGs) are small releases of anesthetic gases that leak
from a patient’s anesthetic breathing circuit during delivery of or recovery from
anesthesia. Waste anesthetic gases include nitrous oxide and halogenated
anesthetics such as halothane, enflurane, isoflurane, desflurane, sevoflurane, and
methoxyflurane (which is no longer used in the United States). The halogenated
anesthetics are often administered in combination with nitrous oxide and may pose
a hazard to hospital workers. The anesthetic breathing circuit includes the mask,
endotracheal tube, anesthetic gas machine, ventilator, pumps, scavenging devices
that limit WAG releases, plus connecting tubing and other elements, depending on
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the delivery system, and are typically only used in the operating room (OR) [NIOSH
2007]. In the OR, the anesthesia gas scavenging system collects and removes
waste gases from the patient ventilation circuit. Once the gas delivery is
discontinued and the patient becomes the primary source of the WAG, the
protective controls offered by the scavenging system are lost as the patient
progresses into the post-anesthesia care unit (PACU).

WAGSs pose a significant health hazard in the hospital setting and must be
controlled to protect health care workers in the OR, the PACU, and other
applications where anesthetic gases are used (such as dental operatories)
[McGlothlin 2013]. Occupational exposure to WAGs in health care environments has
been associated with adverse health outcomes such as liver and kidney disease,
fatigue, irritability, drowsiness, headaches, miscarriages, genetic damage, birth
defects, and cancer [NIOSH 2007]. As a result, systems and work practices have
been developed for hospital OR and dental treatment rooms to decrease
occupational exposure by scavenging WAGs. However, few studies have addressed
exposure to WAGs in the PACU. The monitoring of WAGs, primarily nitrous oxide
(N20), has been done using tracer gas, dosimetry badges, handheld monitoring
devices, and visualized with infrared (IR) thermography [Crouch 2000, Krenzischek
2002, McGlothlin 2013].

In 2016 and 1996, the American Society of PeriAnesthesia Nurses (ASPAN) released
position statements regarding air quality and safety in the PACU [ASPAN 2016,
1996]. The position statement maintained that necessary, suitable, and protective
engineering controls, technologies, work practices, and personal protective
equipment (PPE) should be applied in the PACU. ASPAN recommended that
occupational exposure to WAGSs, as well as blood-borne and respiratory pathogens,
should be controlled by following the regulations and guidelines established by
nationally recognized agencies, such as NIOSH, and OSHA. These approaches
should also consider the hierarchy of controls, which are principles of good
industrial hygiene.

In dental applications, studies have shown that WAGs can be controlled in the
breathing zone by effective engineering controls such as scavenging systems
[Crouch 2000] yet the use of scavenging systems has not been widely adopted into
the PACU working environment. The accumulation of WAGs in the PACU should be
reduced through cost-effective means that are compatible with established work
practices and also promote and protect healthcare personnel.

The overall goal of this project is to identify and assess effective engineering control
solutions that protect workers while meeting feasibility and operational
requirements of the hospitals and clinics. Through observations during field studies,
such as those described here, and interactions with healthcare personnel, the
researchers seek to gain a better understanding of the barriers to adopting
potential engineering control solutions for WAGs. These field studies will inform the
next phase of this project, which will assess engineering control solutions in a
controlled laboratory setting.
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Survey Site and Process Description

Introduction

A post-anesthesia care unit (PACU) is a vital part of hospitals, ambulatory care
centers, and other medical facilities. It is an area normally attached or in close
physical proximity to an operating room and is designed to provide care for patients
recovering after surgery or any procedure requiring anesthesia. The PACU is a
critical care unit where the patient's vital signs are closely observed, pain
management begins, and fluids are given. Patients are admitted to the PACU
immediately after surgery or a procedure involving anesthesia.

Once surgery or procedure is finished, the patient is moved to the PACU where they
breathe in fresh air and breathe out a mix of air and anesthetic gases residual in
their respiratory system. The highest WAG emission rate is upon patient arrival to
the PACU, and the emissions decrease as the patient continues to inhale anesthetic-
free air. Thus, the patients themselves are the sources of WAGs that enter the
PACU environment and potentially expose PACU staff. While variations occurred due
to PACU size and patient volume, about 4 or 5 nurses staffed the PACU in the
locations where this study was conducted. PACU nurses spend the majority of their
time doing patient care activities at the patient bedside (in close proximity to the
patient breathing area where the highest concentrations are expected to be
measured), and the rest of the time at the nurse’s station where they can oversee
all the patient beds and conduct data entry on the hospital’s computer system.

Occupational Exposure Limits and Health Effects

In the U.S., occupational exposure limits (OELs) have been established by Federal
agencies, professional organizations, state and local governments, and other
entities. The U.S. Department of Labor OSHA Permissible Exposure Limits (PELS)
[29 CFR 1910.1000 2003] are OELs that are legally enforceable in covered
workplaces under the Occupational Safety and Health Act. NIOSH recommended
exposure limits (RELs) are based on a critical review of the scientific and technical
information available on the prevalence of health effects, the existence of safety
and health risks, and the adequacy of methods to identify and control hazards
[NIOSH 1992]. They have been developed using a weight of evidence approach and
formal peer review process. Other OELs that are commonly used and cited in the
U.S. include the Threshold Limit Values (TLVs®) recommended by American
Conference of Governmental Industrial Hygienists (ACGIH®), a professional
organization [ACGIH 2022]. ACGIH® TLVs are considered voluntary guidelines for
use by industrial hygienists and others trained in this discipline “to assist in the
control of health hazards.” Most OELs are expressed as a time weighted average
(TWA) exposure. A TWA exposure refers to the average airborne concentration of a
substance over a designated time period, usually a normal 8- to 10-hour workday.
Some substances have a recommended Short-Term Exposure Limit (STEL) or
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ceiling values which are intended to supplement the TWA where there are
recognized toxic effects from higher exposures over the short-term.

The five halogenated anesthetics currently used in the United States are halothane,
isoflurane, enflurane, desflurane, and sevoflurane. No NIOSH RELs exist for the
three most currently used anesthetics (isoflurane, desflurane, and sevoflurane)
[OSHA 2000]. In 1977, NIOSH recommended that occupational exposure to
halogenated anesthetic agents, when used as the sole anesthetic, should be
controlled so that no worker would be exposed to time-weighted average
concentrations greater than 2 ppm over a sampling period not to exceed 1-hour.
When halogenated anesthetics are associated with nitrous oxide, NIOSH
recommends that the limit value should not exceed 0.5 ppm over the same
sampling period. This occupational exposure limit was recommended by NIOSH for
the type of anesthetic gas to which isoflurane and sevoflurane belong, but before
they effectively came into use. NIOSH also recommends that occupational exposure
to nitrous oxide should not be greater than 25 ppm [NIOSH 1977]. ACGIH included
a Threshold Limit Value (TLV) of 50 ppm for isoflurane over an 8-hour shift in the
2022 updates to its Threshold Limit Values for Chemical Substances and Physical
Agents and Biological Exposure Indices [ACGIH 2022].

Table 1 - Occupational Exposure Limits

Anesthesia Gas NIOSH REL* ACGIH TLV OSHA PEL
Nitrous Oxide 25 ppm 50 ppm None
Isoflurane None * 50 ppm None
Sevoflurane None * None None

+ The 1977 NIOSH REL for halogenated gases is 2 ppm, established over a sampling period not to exceed 1-hour,
but it does not explicitly include isoflurane or sevoflurane.

* When used in combination with nitrous oxide, NIOSH recommends exposures to halogenated gases to be kept
below 0.5 ppm over a sampling period not to exceed 1-hour

Methodology

This report summarizes the results of three surveys conducted between May 2019
and January 2020 that ranged from one to three days in length, depending on the
size of the hospital or clinic PACU. At each field site, clinic/hospital staff provided
information about the day-to-day activities and the frequency of patient flow in the
PACU and OR units. Discussions also included the use of personal protective
equipment (including surgical masks, goggles, and other hospital required
equipment), engineering controls (especially those using ventilation), and work
practices. Initial characterization of each PACU included documentation of the
number of patients during the evaluation, the anesthetic gases in use during
surgery, the length of anesthesia, measurement of room ventilation and calculation
of air change rates, characterizing area WAG concentrations and the capabilities of
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the PACU/OR room ventilation system to dilute/remove observed concentrations. In
addition to ventilation measurements, a smoke tracer was used to evaluate the
direction of the airflow and to assess the control performance. Unlike in the OR,
where doors are intended to remain closed, the PACU doors are constantly opened
and closed for patient flow. The smoke tracer evaluations sought to determine the
extent to which this movement potentially impacted protective ventilation airflows.

Sampling Strategy and Procedures

Hospital and PACU access were coordinated through research partners, including
staff from ASPAN and Indiana Oral and Maxillofacial Surgery. Three PACU units
were evaluated:

1. PACU 1: was an open-concept PACU with soft fabric curtain dividers between
patients to provide patient privacy when needed or requested. This PACU
had an approximate capacity for 12 patients at any given time. During the
evaluation, only half of the unit was being used for patient care activities.
The other half was used as bed storage/preparation for additional patient
flow. Patient care in this PACU included the use of an engineering control
device that scavenged the WAG once the patients arrived in the PACU and
were responsive and extubated. However, pre-extubation times, before the
scavenging device could be placed, could be up to 15 to 20 minutes after
entering the PACU. The engineering control was a mask that delivered
oxygen to the patient while providing suction to remove the exhaled gases.
The floor plan of this PACU was of two irregular rectangles with an
approximate floor area of 1500 ft2 and 9 ft ceilings, resulting in a total
volume of 13500 ft3. See Figure Al in the Appendix Section.

2. PACU 2: was a closed-concept PACU with 3 solid walls per bay and a soft
fabric curtain on the front of the bay for patient privacy. This PACU consisted
of 7 bays (7-patient capacity) with 2 bays rated as negative pressure rooms.
The two negative pressure rooms had a glass sliding door to allow the room
to seal with respect to the rest of the PACU. The PACU unit is part of a larger
wing of the hospital with an approximate PACU floor area of 2800 ft2 and 9 ft
ceilings for a total volume of 25200 ft3. See Figure A2 in the Appendix
section.

3. PACU 3: was an open-concept PACU with soft fabric curtain dividers between
patients to provide patient privacy when needed or requested. This PACU
had capacity for 6 patients, including a private examination room adjacent
to the PACU. The floor plan of this PACU was of three irregular rectangles
with an approximate floor area of 800 ft? and 9 ft ceilings for a total volume
of 7200 ft3. See Figure A3 in the Appendix section.

Area concentrations of WAGs were evaluated with up to three GASMET DX4040
Fourier transform infrared (FTIR) spectrometer analyzers (GASMET Technologies,
Helsinki, Finland). The GASMET can collect real time data for multiple gases
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simultaneously, including sevoflurane, isoflurane, nitrous oxide, water vapor,
carbon dioxide, carbon monoxide, methane, nitrogen monoxide, and nitrogen
dioxide. The analog output signal from the GASMET was displayed and logged at
six-second intervals in real-time on a portable computer. Area measurements were
collected at the nurses’ station, and in close proximity to two patient beds. No
personal or breathing zone samples were collected in this portion of the study.
When more than one patient bed was sampled, the instruments were positioned so
there was at least one bed/patient in-between the two samples. A zero offset error
was observed in some datasets, so a correction was made for all data based on an
average background in the first 5 minutes of the data collection for each sampling
session.

As indicated in the Occupational Exposure Limits section of this report, NIOSH
recommends that occupational exposure to halogenated anesthetic agents, when
used as the sole anesthetic, should be controlled so that no worker is exposed to
time-weighted average concentrations greater than 2 ppm during anesthetic
administration over a sampling period of less than 1-hour. When halogenated
anesthetics are associated and used with nitrous oxide, NIOSH recommends that
the limit value of the halogenated anesthetic not exceed 0.5 ppm over the same
sampling period. This occupational exposure limit was recommended by NIOSH for
the type of anesthetic gas to which isoflurane and sevoflurane belongs, but before
they effectively came into use. No specific NIOSH RELs exist for isoflurane,
desflurane, and sevoflurane. NIOSH also recommends that occupational exposure
to nitrous oxide should not be greater than 25 ppm. For these reasons, the
concentration data for each WAG was averaged over 1-minute and then a 1-hour
rolling average was calculated for each of the collected datasets (sevoflurane,
isoflurane, and nitrous oxide). Excursions over the NIOSH recommendations for
halogenated gases were quantified based on the following two conditions:

1. When no nitrous oxide was detected, excursions above the NIOSH
recommendations were considered as the number of minutes that the 1-hour
rolling average was over 2 ppm

2. When nitrous oxide was detected, excursions above the NIOSH
recommendations were considered as the number of minutes that the 1-hour
rolling average of halogenated anesthetic concentration was over 0.5 ppm

A TSI Accubalance® Plus Air Capture Hood Model 8373 (TSI Incorporated, St. Paul,
MN) was used to measure airflow for the room supply and return ventilation in the
evaluated PACUs. The instrument was setup according to the manual and using the
2 ft x 2 ft flow hood to match the geometry of the supply and exhaust louvers. The
measured airflow was displayed in cubic feet per minute (cfm). This information
was used to calculate the number of air changes per hour (ACH) and compared to
the prescribed values within ANSI/ASHRAE Standard 170-2017 Ventilation for
Health Care Facilities.

A Wizard Stick (Zero Toys, Inc., Concord, MA) handheld “smoke” generator was
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used to visualize air movement inside the PACU and around the periphery of the
door openings. The wizard stick produces a stream of condensed

vapor droplets that result in a visual tracer whose flow path reveals flow patterns
within the PACU. The tracer released around the periphery of the PACU door
openings provided a visual indication of room pressurization. If the smoke escaped
the PACU, then the PACU was under positive pressure relative to adjacent rooms
and hallways. If the smoke was pulled into the PACU, then the PACU was under
negative pressure. This was done to assess the potential for WAG migration to
other sections of the hospital. ASHRAE Standard 170-2017 does not include PACU
requirements for pressure relationship to adjacent areas [ASHRAE 2020].

Results

The aim of this series of surveys was to collect baseline area concentrations of
WAGs from different PACU configurations. The GASMET instruments provided data
for multiple gases. Table 2 below presents general sample information and the
maximum 1 minute average value for each of the sampled gases expressed in ppm.
Sample times varied based on PACU access and patient flow throughout the day.

Table 2 — General Sample Information

Maximum Concentration (ppm)

Sample
Date Time PACU Nitrous Isoflurane Sevoflurane
(min) Oxide

15-May Bed 2 159 1 0 N/A 16.1

12-Jun Bed 2 498 1 0.01 4.6 27.5
Bed 4 510 1 2.6 0.55 34.3

20-Aug Bed 2 542 1 0.10 N/A 19.3
Bed 4 470 1 2.0 1.1 17.7
Nurse 487 1 0 0.50 0.65
Station

21-Aug Bed 2 211 1 0.06 0.25 2.9
Bed 4 271 1 0.07 0.18 13.9

10-Sep Bed 17 755 2 0 0.53 8.9
Nurse 698 0.33 0.94 10.2
Station

13-Nov | Bed 21 651 2 0.3 7.9 9.1
Nurse 612 2 0.05 11.2 8.2
Station

14-Jan Beds 1 424 3 3.9 6.0 9.2

&2
Beds 2 477 3 17.5 6.1 46.2
&3
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15-Jan Beds 2 179 3 2.6 2.1 5.6
&3
Nurse 3 0.6 0 0.3
Station

Table 3 below includes the number of minutes, reported for each of the GASMET
sample positions, where the 1-hour rolling average area sample concentration of

halogenated WAG’s were above 2 ppm (when no nitrous was present) or above 0.5
ppm (when nitrous gas was present).
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Table 3 — Time (minutes) when area sample concentrations were above the NIOSH recommendations for
halogenated anesthetics

Monitor Nurse'’s station Near patient bed A Near patient bed B

Location

Date PACU No With No With Number No nitrous With Number
nitrous nitrous nitrous nitrous of oxide nitrous of
oxide oxide oxide oxide patients oxide patients

15- 1 N/A N/A 59 0 3 N/A N/A N/A

May

12- 1 N/A N/A 13 133 5 0 69 6

Jun

20- 1 0 0 109 6 7 0 25 6

Aug

21- 1 N/A N/A 0 2 4 0 7 3

Aug

10- 2 86 22 0 0 5 N/A N/A N/A

Sep

13- 2 158 0 92 189 4 N/A N/A N/A

Nov

14-Jan 3 N/A N/A 0 302 4 0 236 7

15-Jan 3 0 0 0 2 4 N/A N/A N/A

Note: NIOSH recommendations with no nitrous oxide: 2 ppm NIOSH recommendations with nitrous oxide: 0.5 ppm. N/A means no measurements were
collected at these locations.

For PACU 1:

For PACU 2:

For PACU 3:

On May 15, June 12, and Aug 20 and 21: Monitor A was placed near bed 2 and monitor B near bed 4 except for May 15 when monitor B
was not used.

On Sept 10: Monitor A was placed near bed 17.

On Nov 13: Monitor A was placed near beds 21 & 20.

On Jan 14: Monitor A was placed near beds 1 & 2 and monitor B near beds 3 & 2.

On Jan 15: Monitor A was placed near beds 2 & 3.

Page 9





EPHB Report No. 2022-DFSE-822

Plots were developed for each instrument used during the multiple days of sampling
for analysis. Additionally, plots were generated for each gas and the calculated
rolling average was included to visualize those excursions where the rolling average
was above the NIOSH recommendations for halogenated anesthesia gases. Figures
1 - 3 below are provided to illustrate the 1-minute and 1-hour rolling average WAG
concentrations over various sampling days and locations.

Figure 1 - Plot of 1-minute average nitrous oxide concentration and 1-hour rolling
average on 01/14/2020 at beds 2 and 3
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Figure 2 — - Plot of 1-minute average isoflurane concentration and 1-hour rolling
average on 11/13/2019 at bed 21
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Figure 3 - Plot of Real Time Sevoflurane Concentration and Calculated 1-hour
Rolling Average 01/14/2020
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The TSI Accubalance® Plus Air Capture Hood was used to measure PACU supply and
exhaust airflows. Table 4 reports the measured supply and exhaust flow rates, the
calculated number of ACH, and the room pressurization status as observed using
the tracer smoke method previously described. Each PACU’s room volume and
exhaust airflow were used to calculate the ventilation rate in ACH.

Table 4 - Ventilation Summary

PACU Volume (ft3) Supply Return ACH Pressurization
(cfm) (cfm)

1 13331 1278 421 5.75 Positive

2 24878 3227 2498 7.78 Positive

3 7128 952 674 8.01 Positive
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Discussion

This series of field surveys reinforces the need for engineering control approaches
to reduce area concentrations of WAGs such as nitrous oxide and halogenated
anesthetic agents that can contribute to potential overexposures. Since the patient
becomes the source of the WAG, the protective controls offered by the scavenging
system in the OR are lost as the patient progresses into the post-anesthesia care
unit (PACU). In PACU units, because there are limited engineering source controls,
dilution ventilation is typically the only strategy used to reduce the concentrations
of WAGs. ASHRAE Standard 170-2017 prescribes a minimum of 6 ACH of total
ventilation air that includes a minimum of 2 ACH of outdoor air [ASHRAE 2020].

While they did not directly represent actual occupational exposures, the observed
area sample WAG concentrations were compared against NIOSH recommendations
for halogenated anesthesia gases for relative interpretation. All of the evaluated
PACU units had area sample concentrations that exceeded one or more of the
NIOSH recommendations for halogenated gases. As mentioned in the occupational
exposures section, no NIOSH REL exists for sevoflurane and isoflurane. In 1977 an
occupational exposure limit was recommended by NIOSH for the type of anesthetic
gas to which isoflurane and sevoflurane belong, but this occurred before they
effectively came into use. NIOSH recommends limiting exposure for halogenated
waste anesthetic gas to 2 ppm in a 1-hour time period when used as the sole
anesthetic. When halogenated anesthetics are associated with nitrous oxide, the
NIOSH recommendation is 0.5 ppm over the same sampling period.

The maximum 1-minute average concentration of nitrous oxide in PACU 1 was
recorded at 2.6 ppm which was well below the 25 ppm NIOSH REL for nitrous oxide
(see Table 2). The maximum 1-minute average concentrations of isoflurane and
sevoflurane were recorded at 4.6 ppm and 34 ppm respectively. There were
excursions over the NIOSH recommendations which indicates that the PACU
ventilation system was not always able to effectively remove and/or sufficiently
dilute contaminants below the applicable 0.5 ppm recommendation. For PACU 1,
cumulative excursions above the NIOSH recommendations lasted between 1 and 2
hours depending on the day. PACU 1’'s HVAC ventilation rate was 5.75 ACH which is
slightly below the 6 ACH total air requirement prescribed by ASHRAE.

The maximum 1-minute average concentration of nitrous oxide in PACU 2 was
recorded at 0.3 ppm which is well below the NIOSH recommendations for
halogenated gases (see Table 2). The maximum 1-minute average concentrations
of isoflurane and sevoflurane were recorded at 11.2 ppm and 10.2 ppm
respectively. PACU 2 also had multiple excursions where the rolling average
concentration exceeded the NIOSH recommendations. The length of these
excursions over the NIOSH recommendations ranged from approximately 1.5- 3
hours, which indicates that the PACU ventilation was unable to provide adequate
airflow to keep concentrations below the recommended limits at all times
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throughout the shift. Total air ventilation rates for PACU 2 were measured to be
7.78 ACH, which were above the 6 ACH prescribed by ASHRAE.

The maximum 1-minute average concentration of nitrous oxide in PACU 3 was 17.5
ppm (see Table 2). An instantaneous spike of nitrous oxide occurred during this
sampling session but it was quickly diluted and dissipated by the PACU ventilation
system. The average nitrous oxide concentration for that specific unit was
consistently below the NIOSH recommendations for halogenated gases. The
maximum 1-minute average concentrations of isoflurane and sevoflurane were 6
ppm and 46 ppm respectively. Though the spikes observed in isoflurane and
sevoflurane were instantaneous, they were sufficiently large that they caused the
rolling average to exceed, in certain cases, the applicable NIOSH recommendations.
When there was no nitrous oxide present in the room, the ventilation system in
PACU 3 maintained isoflurane and sevoflurane area concentrations below the
applicable 2 ppm recommendation. However, when nitrous was present, the rolling
average area concentration exceeded the 0.5 ppm recommendation on several
occasions. These excursions lasted between 4 and 5 hours in the patient room
areas. The total air ventilation rate for PACU 3 was measured to be 8.0 ACH, which
was above the 6 ACH prescribed by ASHRAE.

When matched with the patient flow and activity data, the generated plots for each
of the sampled halogenated gases revealed that most peaks occurred when multiple
patients were moved into the PACU or when patients were extubated. In addition,
these plots provide visual feedback on how the calculated 1-hour rolling average
compares to the NIOSH recommendations. The generated plots indicate that all
three PACU’s experienced several excursions where the 1-hour rolling average
exceeded the NIOSH recommendations. Additionally, all PACU’s were under positive
pressure when compared to adjacent hallways and rooms, which indicates the
potential for migration of the WAGs into other sections of the healthcare facility.

Routinely, a large percentage of patients (if not all) arriving to the PACU are still
sedated and intubated. This appears to adversely impact occupational WAG
exposures in the PACU since the amount of WAG’s emitted by a patient is highest
immediately following disconnection from the anesthesia delivery and scavenging
systems. The WAG concentration in patient-exhaled breath slowly decreases as
time elapses and the patient inhales anesthetic-free air that clears the respiratory
system. The presence of the intubation tube also interferes with some local source
control interventions. The increase in intubated patients coming into the PACU
might require modifications to work practices (e.g. extubations in highly ventilated
OR), design standards, and occupational protections to better control higher
emission rates within the PACU. Additionally, engineered source control solutions
may be necessary to capture emissions and control exposures more effectively
below applicable recommended exposure limits.
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Conclusions and Recommendations

Controlling exposures to occupational hazards is the fundamental method of
protecting workers. Traditionally, a hierarchy of controls is used to determine how
to implement feasible and effective controls [NIOSH 2015]. One representation of
the hierarchy of controls can be summarized as follows:

Elimination

Substitution

Engineering Controls (e.g. ventilation)

Administrative Controls (e.g. managed work schedules)
PPE (e.g. respirators)

The idea behind this hierarchy is that the control methods at the top of the list are
potentially more effective, protective, and economical (in the long run) than those
at the bottom. Following the hierarchy normally leads to the implementation of
inherently safer systems, ones where the risk of illness or injury has been
substantially reduced.

Although the observed concentrations were area samples and not worker breathing
exposures, all three evaluated PACU’s experienced area concentration excursions
above the NIOSH recommendations for halogenated gases. All of them on any
given day experienced at least 1-hour over the NIOSH recommendations. These
observations showed that the room dilution ventilation, at the current air exchange
rates, was insufficient to keep WAG area concentrations below the NIOSH
recommendations for halogenated gases. Work practice changes regarding patient
intubation and anesthesia status may be contributing to elevated WAG
concentrations in the PACU environment. ASHRAE Design Standard 170, Ventilation
for Health Care Facilities, may or may not reflect this changing practice. In
addition, engineered source control techniques might provide a more efficient way
to control these emissions and exposures prior to their wider release into the
overall PACU environment. Effective source control is a proven way to minimize
WAG exposure and prevent the release of WAGs into the PACU environment.

As mentioned in the methodology section, PACU 1 used an engineering control
device that scavenged the WAG once the patients arrived in the PACU and were
responsive and extubated. This provided PACU staff with a tool to control WAG
emissions for the post-extubation time period, which could be up to 15-20 minutes
after entering the PACU. However, field study observations and healthcare worker
feedback revealed some limitations that could prevent it from being fully effective.
Potential limitations included:

1. The scavenging device can only be used once the patient is extubated, which
leaves the period when patients are off gassing the highest WAG
concentrations unprotected by local source control. Once the patients are
extubated, an engineered source control may effectively help minimize
exposure to WAGs.
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There is no pediatric alternative for this engineering control solution.

. Some patients wake up combative and remove the engineering control
device for a brief period of time, until the source control device can be
reapplied.

4. Patients that had facial procedures are not able to use the engineering

control solution.

W N

The following considerations associated with hospital work practices as well as the
PACU design itself could reduce unintentional exposures to WAG:

e Ensure that all PACU staff are aware of the presence and potential health
effects associated with exposures to WAGs.

e Industrial hygiene evaluations should be conducted to document WAG
exposures within the breathing zones of PACU healthcare workers.

e ASPAN and/or NIOSH should continue research and engage with healthcare
facility design professionals such as ASHRAE to investigate if the prescribed
ventilation rates for PACUs are sufficient given current patient flow and
anesthesia practices that impact the WAG emissions/loads experienced within
the modern-day PACU.

e ASPAN, possibly in conjunction with the American Industrial Hygienists
Association, might consider publishing a best practices document that
addresses OR/PACU work practices with the potential to reduce worker
exposures to WAGs.

e Continue research to identify engineered local source controls that reduce
dependence on dilution ventilation to control WAG exposures in the PACU.
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Appendices
Figure Al: Floor Plan of PACU 1.
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Figure A2: Floor Plan of PACU 2
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Figure A3: Floor Plan of PACU 3
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TECHNICAL FEATURE

It evaluates the impact of
various HVAC layouts including
supply and return locations Lights
on the airflow patterns,
temperature distribution

and the concentration of
sevoflurane in the breathing
zone of occupants. In addition,
the impact of the supply airflow
rate is also evaluated. A newly
developed metric of the Spread

Caretakers (3)

Index is used to compare the Ceiling Returns (10)
spread of sevoflurane under
different HVAC layouts and
supply airflow rates.

The waste anesthetic gases
(WAGs) include nitrous oxide
(N,0) and halogenated agents
(vapors) such as halothane,

sevoflurane, enflurane,

Case 3: Ceiling Returns

isoflurane and desflurane.
Exposure to waste anesthetic
gases can potentially cause GASE
nausea, dizziness, headaches, 1
fatigue and irritability, as well
as sterility, miscarriages, birth
defects, cancer and liver and
kidney disease.!

The National Institute for
Occupational Safety and Health (NIOSH) recommends
that workers should not be exposed to halogenated
agent concentrations of more than 2 ppm when used

[, BN — R R -]

alone or more than 0.5 ppm when used in combination
with N,O over a sampling period of less than 1 hour.3#
Currently, NIOSH does not have specific recommended
exposure limits (RELs) for the three most used
anesthetics (isoflurane, desflurane and sevoflurane).?

The primary objective of the PACU ventilation system
is to reduce the concentration of WAGs in the breathing
zone of occupants, and thereby minimize the workers’
exposure to hazardous gases. Airflow patterns and the
resulting flow path of WAGs can affect its distribution
and spread in the PACU.

Several factors related to the design and operation of
the ventilation system can affect the occupant exposure
levels. These factors include the number, location and
type of supply diffusers; supply airflow volume or air
24 ASHRAE JOURNAL
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Case 1: Overhead Mixing

Schematic diagram of CFD models for four different HVAC layouts.

Returns (4)

puters

<

Low Wall Retums
(13)

Headwall Returns
(10)

Case 4: Headwall Returns

Description of HVAG layouts analyzed.

HVAC CONFIGURATIONS ANALYZED

Four-way supply diffusers close to the patient beds and returns in the core region - 6 ach
Laminar supply diffusers over each bed and low wall returns in the headwall - 6 ach
Laminar supply diffusers over each bed and ceiling returns adjacent to the laminar diffuser - 6 ach
Laminar supply diffusers over each bed and headwall returns behind the bed - 6 ach
Laminar supply diffusers over each bed and headwall returns behind the bed -4 ach

changes per hour (ach) and associated diffuser throw;
supply air temperature; number, size and locations of
return/exhaust grilles; the location and strengths of
various heat sources; arrangement of furniture and
other obstructions to airflow; and the layout of patient
beds. Physical testing of all these parameters under
controlled conditions for various operating conditions is
time and labor-intensive, if not impossible. CFD analysis
provides a feasible alternative for systematic evaluation
of these parameters.57

Description of the CFD Model

A three-dimensional, steady-state, non-isothermal
CFD model of a PACU was developed for this study. The
total floor area of the model PACU space is 3,026 ft?
(281 m?)—68 ft x 44.5 ft (20.7 m = 13.6 m) with 9 ft (2.7 m)
ceiling height. Figure I shows that the PACU model
has a total of 10 patient beds and three caretakers.
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Case 3: Ceiling Returns

The patient beds are located at three perimeter walls,
and the caretakers are positioned at three arbitrary

locations. The PACU has a total of four doors. The nurses’

station is located close to the two entry doors. The three
perimeter walls are equipped with headwall systems

to accommodate medical gas and electrical functions.
Figure 1 shows that an equipment cart and a computer
are placed alongside each patient’s bed.

The analysis includes two types of supply diffusers
and four locations of returns, as presented in Table 1
(page 24) and Figure 1. Case 1 represents a traditional
overhead mixing HVAC layout, which features four-
way supply diffusers and ceiling returns. This layout
is commonly observed in PACUs during field studies.?
Case 2 to Case 5, on the other hand, involve laminar
diffusers placed over each patient bed and two laminar
diffusers located above the nurses’ station, along with
three different return locations. In Case 2, 13 returns
are placed on the wall at a low level between the patient
beds. In Case 3, 10 returns are placed in the ceiling close
to the back wall, adjacent to the laminar diffusers. As
for Case 4 and Case 5, 10 returns are placed over the
headwall behind each patient bed.

The non-isothermal CFD analysis was performed
for a total cooling load of 11,877 Btu/h (3.5 kW), which
includes the heat rejected from 13 persons (3,250 Btu/h
[0.95 kW]), 10 computers (3,850 Btu/h [1.13 kW]) and
14 lights (4,777 Btu/h [1.4 kW]). The supply airflow
26 ASHRAE JOURNAL
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Case 4: Headwall Returns

Airflow patterns in the PACU for four different HVAC layouts. rate was set at 2,723 cfm

(1285 L/s), which corresponds
to 6 total ach (h!). The PACU
was assumed to be at positive
pressure, and thus, an offset
airflow of 200 cfm (94.4 L/s)
was allowed to exit through the
undercuts of the four doors.

To meet the setpoint
temperature of 72°F (22.2°C)
in the space, the supply air
temperature was set to 68°F
(20°C). In addition, Case 5
with the headwall returns was
analyzed for 4 ach (h™) for the
supply airflow rate of 1,800 cfm
(850 L/s) with an offset airflow
0f 200 cfm (94.4 1/s). The
sevoflurane was used as a
surrogate for WAGs and released from the mouth of a
patient at 2,000 ppmv concentration at the temperature
of 90°F (32.2°C). The breathing rate of patients is
assumed to be 0.18 cfm (5 L/min).8

Spread Index (Sl)y,

Spread Index (SI); is a CFD-based metric developed
to analyze and quantify the spread of contaminants in
indoor spaces. It is the ratio of the volume of the space
occupied by the contaminants above a certain target
concentration (TC) to the total volume of the space.
Ideally, the ventilation and air cleaning for indoor
spaces should reduce the contaminant concentrations
below the acceptable levels everywhere in the space and
limit the spread of contaminants. Spread Index (SI);
is a ventilation effectiveness metric for analyzing and
quantifying the extent of the spread of contaminants
above a certain threshold level in a space. The Spread
Index provides three-dimensional visualization in
identifying the contaminated zones at or above certain
target concentrations.?

Assuming the target concentration is a safe
exposure limit, the WAG concentration levels should
remain below the target value at all times and
everywhere in the space. It means the (SI); should
always be close to zero in the entire PACU space. Note
that the safe level of concentrations can depend on
several risk factors including the type and quantities
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of WAGs released in the
PACU. High values of (SI)
can indicate the spread and
build-up of contaminants
above the target levels of
concentration. The design of
a ventilation system and the
resulting airflow patterns
play an important role in
determining the (SI); levels
in the space.? For this study,
the target concentration of
sevoflurane is assumed to

be 2 ppmv. Additionally,

the Spread Index values for
various target concentrations
are also presented.

Case 3: Ceiling Returns

Results and Discussion
Airflow Patterns

Figure 2 (page 26) shows airflow patterns in the PACU
for various HVAC layouts. The flow path lines are
colored by the sevoflurane concentration. This CFD
analysis confirms that the traditional overhead mixing
layout (Case 1) with four-way supply diffusers and
ceiling returns forms mixing airflow patterns. Once
the supply air is released from the four-way diffusers it
moves along the ceiling and then flows downward after
encountering another supply airstream or a wall. Such
flow patterns in turn create several air recirculation
zones, which promote the entrainment of WAG plumes
into the supply airstreams. The mixing airflow patterns
spread and accumulate the contaminated air in the
PACU and form zones of high concentration before
exiting through the returns in the ceiling.

In other cases (Case 2 to Case 5), downward flow
patterns are formed once the supply air is released from
the laminar diffusers. Such high-velocity downward
flow also entrains the surrounding air into the supply
stream. However, the locations of returns play a crucial
role in determining the flow path of the contaminated
plumes. In the case of low wall returns (Case 2), the
exhaled plume from the patient’s face gets entrained
into the adjacent recirculation zone formed by the
downward airstreams. The contaminated plume
moves toward the back wall, gets lifted upward, and
then mixes with the downward flow. Due to the high
28 ASHRAE JOURNAL
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Distribution of sevoflurane concentration in the breathing plane at a 4 ft (1.2 m) elevation.

Case 4: Headwall Returns

downward momentum of the supply air, only part of this
contaminated air can exit through the low wall returns,
while the rest spreads into the PACU that eventually
exits through other returns.

In Case 3 a part of the clean air supplied through the
laminar diffusers escapes through the adjacent ceiling
return without reaching the PACU space. Such a short-
circuiting is not desirable. In this case, the airflow
exhibits similar flow patterns as in the previous case.
However, unlike the previous case, the exhaled plume
from the patient’s face moves sideward along the wall,
gets lifted upward toward the ceiling returns where it
exits the space. Note that in this case also the supply air
streams get contaminated due to the entrainment of the
exhaled plumes.

The airflow patterns for the headwall return layout
(Case 4) are similar to the low wall return layout
(Case 2). However, the exhaled plume containing
sevoflurane moves toward the back wall and gets readily
captured by the headwall return, which is located
right behind the patient’s bed. Such capture of the
exhaled plume close to the source (patient’s face) avoids
contamination of the supply air and the eventual spread
into the PACU space. In contrast to the other layouts, the
lower concentration of sevoflurane in Case 4 as depicted
by the blue color of flow path lines indicates that the
supply air streams are not contaminated by the exhaled
plumes from the patients.





Distribution of Sevoflurane Concentration
Figure 3 shows the
distribution of sevoflurane
concentration in a horizontal
plane in the breathing
zone of occupants at a
4 ft (1.2 m) elevation. These
figures indicate that the
layout of Case 4 with the
laminar diffusers and
headwall return shows the
most promise in reducing
the WAG concentration in
the breathing zone. The
Case 2 layout with the
laminar diffusers and low
wall returns shows poor
ventilation performance with
the highest concentration in
the breathing plane. The Case

1 traditional layout and the
Case 3 layout with the laminar 1
diffusers and ceiling returns 9

show similar performance in 3
controlling the concentration 5

of sevoflurane in the

breathing zone. However, the placement of laminar
diffusers over the nurses’ station helps in reducing
the sevoflurane concentration in the vicinity.

In all the cases the highest concentration of
sevoflurane is shown to be around the patients’ heads,
indicating that the highest exposure will occur when
the health-care workers are close to the patient’s face,
whereas those at the nurses’ station will experience
significantly lower exposure. Placing the return behind
the patient’s head can be the most desirable layout for
significantly lowering the WAG exposure everywhere in
the PACU.

Analysis of Spread Index

Figure 4 shows the Spread Index (SI)2ppmv plots for
all four HVAC layouts for the target concentration of
2 ppmv. The Spread Index values show the percentage
of the PACU volume occupied by the sevoflurane
concentration at or above 2 ppmv. Unlike the contour
plots in Figure 3, the Spread Index plots depict a three-
dimensional spread of the sevoflurane in the PACU.

Case 3: Ceiling Returns

TECHNICAL FEATURE

Spread Index plots showing zones of high concentration in the PACU.

Spread Index: 42%
(2 ppmv)

Spread Index: 17.3%
(2 ppmv)

Spread Index: 4.1% Spread Index: 0.07%

Spread Index values (percent) for various target concentrations.
TARGET GONGENTRATION (PPMV)

(2 ppmy) (2 ppmv)
Case 4: Headwall Returns
CGASE 1 CASE 2 CASE 3 CASE 4 CASE S
87.6 84.8 219 0.11 0.15
42 17.3 41 0.07 0.11
06 42 1.6 0.06 0.08
01 11 04 0.04 0.05

As per the figure, the HVAC layout with laminar
diffusers and headwall returns (Case 4) has a Spread
Index value of 0.07%. This indicates that such a layout
can significantly limit the spread of WAGs by keeping
the zone of high WAG concentration close to the patient’s
face. Such a high concentration zone forms below the
breathing zone of caretakers, which is below 4 ft to 6 ft
(1.2 m to 1.8 m) elevation.

On the other hand, the Case 2 HVAC layout with the
laminar diffusers and low wall returns shows the highest
values of the Spread Index of 17.3%. Case 1 with overhead
mixing and Case 3 with laminar diffusers and ceiling
returns layouts show similar values of (SDprmv of about
4%. As explained before, the vertical movement of the
sevoflurane plume as in Case 1 to Case 3 can potentially
increase the caretakers’ exposure in the breathing zone,
whereas in the Case 4 layout, the horizontal movement
of a sevoflurane plume below the breathing zone of
occupants combined with an immediate exit through
the headwall returns can significantly limit the spread of
‘WAGs and keep the exposure levels low.
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Table 2 (page 29) displays the Distribution of temperature at central plane in the PACU.

Spread Index values for various
target concentrations ranging
from 1 ppmv to 5 ppmv. These
values confirm that among

all the layouts the Case 2

layout shows the relatively

Temperature (°F)

higher spread of sevoflurane 750
for all target concentrations. ?gg I
In the cases of Case 1 and 79
Case 2, the Spread Index %é

values range from 85% to 88%
for the target concentration of
1 ppmv, indicating potentially
widespread WAGs in the PACU,
whereas in Case 3 with ceiling
returns it reduces to 22%.

Consistent with the previous
results, the Case 4 HVAC layout
shows the lowest values of the
Spread Index for all target
concentrations.

Temperature Distribution

Figure 5 shows the
temperature distribution on a
vertical plane passing through
the center of the PACU space.
The figures show that thermal
stratification occurs in all A comparison of Spread Index (SI)prmv for 6 ach and 4 ach (h").
HVAC layouts. In cases with the
laminar supply diffusers, this

Case b: Headwall Returns (4 ach) U:U

Case 4: Headwall Returns (6 ach)

stratification is particularly
notable. As explained before,
the downward supply of cold

air reaches the floor first and

Spread Index: 0.07% Spread Index: 0.11%

then rises due to the circulating (2 ppmy) (2 ppmy)

flow patterns. However, as Case 4: Headwall Returns (8 ach) Case b: Headwall Returns (4 ach)

the air moves upward, it

becomes warmer as it passes around and through the Impact of Supply Airflow Rates

heat sources. The hot air then rises toward the ceiling Figure 6 displays the distribution of sevoflurane

and moves along it. This is similar to the displacement concentration in the breathing plane while Figure 7 shows
ventilation systems where cold air is introduced at the the Spread Index (SI)prmv plots for 6 ach and 4 ach
floor level, creating a temperature stratification. The corresponding to the supply airflow rates of 2,723 cfm
high-concentration zones near the ceiling, as indicated (1285 L/s) and 1,800 cfm (850 L/s), respectively. Both

by the Spread Index plots (Figure 4), can be partly analyses were performed for the same HVAC layout with
attributed to this thermal stratification. laminar diffusers and headwall returns.
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This analysis indicates that a reduction in the supply
airflow rate from 6 ach to 4 ach does not significantly
affect the ventilation performance of the PACU. In
both cases, the high concentration zones are limited
only to the vicinity of the sevoflurane source. Table 2
shows a slight increase in the Spread Index values for
the reduced airflow rate (Case 5) for various target
concentrations. This can be attributed more to the
reduced dilution than to the airflow patterns.

As demonstrated in the previous studies, the airflow
patterns depend only on the space HVAC layout and
not on the supply airflow rate.%10 Therefore, these
analyses show that optimized airflow patterns with
proper locations for air supply and return can reduce
the supply airflow rate, leading to a reduction in
energy consumption, first costs and operating costs of
HVAC equipment.

Summary and Conclusions

The postoperative patients in the PACU of a hospital
are the sources of WAGs. The health-care workers
there can potentially be exposed to hazardous WAGs.
To protect them, it’s important to design a ventilation
system that effectively removes these gases and
reduces exposure. By improving airflow patterns,
the concentration of WAGs in the occupant breathing
zone can be reduced. To evaluate the impact of various
HVAC layouts on the ventilation performance of the
PACU, a study was conducted using non-isothermal
CFD simulations. The study used a Spread Index
metric to compare sevoflurane’s spread for various
HVAC layouts.

The traditional HVAC layout with four-way supply
diffusers and ceiling returns was found to create
mixing airflow patterns. These patterns can potentially
distribute WAGs throughout the entire PACU, increasing
the risk of exposure for health-care workers. Similarly,
the low wall and ceiling returns layouts with ceiling
laminar diffusers also create recirculating airflow
patterns, which can bring sevoflurane plumes from the
patient’s face into the breathing zone of occupants.

The HVAC layout with laminar diffusers and headwall
returns showed the most promise in reducing the
concentration of WAGs in the breathing zone. This
layout uses horizontal movement of a sevoflurane
plume below the breathing zone of occupants combined
with immediate exit of the contaminated air through

TECHNICAL FEATURE

the headwall returns. This significantly reduces the
concentration of sevoflurane in the breathing zone and
limits the spread of WAGs in the PACU.

The study also indicates that the PACU with such an
optimized HVAC layout can be operated at reduced
dilution airflow rates without significantly affecting
the ventilation performance. This confirms that it’s not
the air change rates but the airflow patterns that play
a crucial role in improving ventilation effectiveness.

By using CFD to analyze and optimize airflow patterns
in indoor spaces, it’s possible to limit the spread of
contaminants and reduce the exposure of occupants.
Such optimized ventilation designs can further reduce
energy consumption, first costs and the operating costs
of the HVAC system.
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