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Analysis of Environmental Conditions in the
Operating Room for Latex-Allergic
Patients’ Safety

Cati Méndez, BSN, Eva Martinez, BS, Eva Lopez, BS, Inma Garcon, BSN,
Carmen Carrion, BSN, Nuria Prats, BSN, Blanca Baldellou, BSN

Purpose: Most current protocols agree that latex-sensitive patients should
be scheduled for elective surgery as the first case of the day with a 12-bour

activity-free interval before surgically treating latex-allergic patients.
Design: 70 understand the kinetics of decontamination of airborne particles

in the operating room (OR) after a surgical procedure to determine the ac-

tivityfree interval necessary between surgeries for latex-allergic patients.
Methods: This observational study included 12 ORs in four bospitals.

Baseline levels of airborne particles were established before surgery.
Findings: Mean recovery time of ORs was 18.9 = 6.5 minutes. To guar-

antee an efficacy of 99.9%, two standard deviations were added to the

maximum time (28 minutes). Total recovery time: 32 minutes.
Conclusions: ORs that complied with the requirements of our study before

performing surgery on latex-allergic patients obtained the same environ-
mental conditions as first thing in the morning after thorough cleaning of
the OR and a 32-minute activity-free interval and staff traffic restriction.

Keywords: allergic patients, latex, operating room, anaphylaxis, kinetics
of particles.
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MOST CURRENT PROTOCOLS in surgical areas
recommend a 12-hour activity-free interval before
surgically treating patients who are hypersensitive
to latex.'” The interest for air quality in the
operating room (OR) to avoid infections started
at the beginning of the 20th century. The first
studies on this issue published in 1946 are
attributed to Bourdillon-Colebrook, who recom-
mended improved ventilation systems because
surgical rooms were only equipped with exhaust
fans, but no clean air inlet. Such improvements

achieved adequate environmental conditions but
did not prevent ingress of contaminated air into
the operating theater from other contaminated
areas. Recommendations regarding the assurance
of air quality, the control of airborne particles in
different procedures and spaces, and the number
of air renovations (between 20 and 30 per hour)
were later incorporated. It was not until 1960
that Blowers and Crew established the principles
of an effective ventilation system for operating
theaters.”
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Latex is the substance obtained from the sap of the
Hevea brasiliensis tree. Its protein content is be-
tween 1% and 1.8% and 13 allergens have been
identified. These proteins can also be found in
some foods, and cross-reactions may occur be-
tween latex-allergic individuals and the ingestion
of such food items.” References about hypersensi-
tivity to latex were found in 1927 and later in 1979,
but the number of individuals with latex hypersen-
sitivity rose in the 1990s. This increase was the
result of the greatly increased use of latex gloves
and products made of raw latex, following interna-
tional guidelines that recommend the use of gloves
since the appearance of the human immunodefi-
ciency virus as a measure for preventing the prop-
agation of infectious diseases.’

In the past years, latex allergy has become a major
health concern that affects health care workers™"’
and the general population. Other risk groups include
individuals allergic to tropical fruit (eg, banana, kiwi)
or other types of fresh or dried fruits, patients
diagnosed of atopy, dermatitis, asthma, allergies, and
exposed workers such as kitchen and cleaning staff.

Latex allergen (latex proteins) contact and/or
exposure may occur via cutaneous, percutaneous,
mucosal, or parenteral routes. Inhalation of latex
particles occurs when the proteins combine with
the powder from the gloves and form aerosolized
particles that become airborne. Reactions caused
by hypersensitivity to latex can range from contact
urticaria, angioedema, rhinoconjunctivitis, bron-
chial asthma, and even anaphylactic shock.

The prevalence of latex allergy according to a report
by the Catalan Society of Allergy and Clinical Immu-
nology is estimated at 1% for the general population.
This figure increases in risk groups: 3% to 11% in
health care professionals, 8% to 10% in surgical staff
and dentists, and 30% to 50% in patients with uro-
genital disorders and with multiple surgery.”"'

Latex is used to manufacture medical gloves, mate-
rial, equipment, and devices. As gloves are the first
barrier used by health care professionals, their use
is indispensable in surgical areas and is closely
correlated with the high levels of airborne aller-
gens. The studies performed on the use of
powdered and powder-free gloves have shown
that latex protein concentrations are lower when
powder-free gloves are used.'”

Several studies have demonstrated that the risk of
developing hypersensitivity to latex is higher when
powdered gloves are used.”'” Related factors are
glove protein and lubricating powder. A number of
investigations have shown that the concentrations
of airborne allergens range between 8 and 974 ng/
m? in areas where powdered latex gloves are used
and between 0.3 and 1.8 ng/m> where powder-free
latex gloves are used.'*!”

The OR is an area of great activity, subject to constant
changes (surgical techniques, physical structure,
equipment, furniture, materials, and drugs) and is
considered a high-risk area. It is therefore important
to know the components of the materials used in
the manufacture of all devices and materials and iden-
tify and verify their correct functioning. Maintenance
of the parameters of the ventilation system should be
established according to the legislation in force.'®"”

Installations should ensure a clean airflow to allow
dilution of the contamination generated by surgi-
cal equipment and individuals in the surgical
room. The air pressure should ensure an airflow
path from clean to less clean areas and an airflow
pattern that shifts contaminated air in areas that
require special protection (surgical area and in-
strument tables) to minimize the level of airborne
contamination.'®"”

Experience has shown that ORs at risk for a higher
presence of bacteria and potential for contamina-
tion should be equipped with fans at 2,400 m/hour
when equipped with mixed air systems and
include a minimum of 20 air changes/hour.*’

Particles are solid or liquid matter shed into the air.
Particle concentration is an indicator of the air
quality in the OR. Depending on the type of pre-
mises, several stages of filtration are required to
eliminate particulate pollutants.

The criterion established to operate on latex-
allergic patients in the sites participating in the
present study is to schedule them for elective sur-
gery as the first case of the day. This measure is
taken as airborne latex-laden particles are pre-
sumed to be at their minimum levels at that time,
because there has been no activity since the previ-
ous day. Reproduction of this “first case of the day”
environment would allow modifying the present
protocols that require a 12-hour interval between
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surgeries. Measurement of particle concentrations
should therefore be made to establish the interval
necessary between surgical procedures.

The elimination of airborne latex particles will
depend on the effectiveness of ventilation of the
premises and our ability to avoid the use of latex-
containing materials in the OR (minimize the use
of latex products, especially powdered gloves).

Methods

Design and Setting

An observational, analytical study was performed
between October 2011 and July 2013. Sixteen hos-
pitals belonging to our group (Association of Surgi-
cal Unit Management) participated in the study.

Review of Protocols

The managing nurses who collaborated in this study
reviewed prevention and action measures to be
taken by each site when caring for latex-allergic pa-
tients scheduled for surgery. Managing nurses were
also responsible for reviewing the guidelines estab-
lished by different scientific societies'*'** and
associations of affected patients. Most protocols
for the management of latex-allergic patients recom-
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mend a 12-hour activity-free interval before surgi-
cally treating latex-allergic patients.

Sample Selection: Study on the Kinetics of
Latex Particles

The study of kinetics of particles was performed by
random sampling of the 131 ORs of the 16 associ-
ated hospitals. To obtain a confidence interval of
95%, an estimated precision error rate of 3%, and
97.75% probability of meeting the requirements
of the present study, a minimum of 12 operating
theaters had to be included. To facilitate sample
collection, the following four hospitals that ful-
filled the inclusion criteria were selected:

o Terrassa Hospital: Equipped with 383 beds, 80
of which are surgical beds; 12 surgical suites.

e Badalona Municipal Hospital: Equipped with
120 beds, 56 of which are surgical beds; four
surgical suites.

e Sant Joan Despi Moises Broggi Hospital:
Equipped with 330 beds, 160 of which are
surgical beds; 10 surgical suites.

e Igualada Hospital: Equipped with 244 beds, 87
of which are surgical beds; six surgical suites.

Box 1 describes the inclusion and exclusion
criteria for the study.

Inclusion Criteria

ables were included:

contamination.

Box 1

1. Sites affiliated to the “Health Prevention Association.”
2. To participate in the study on the kinetics of particle decontamination, surgical rooms had to
comply with a series of environmental and structural requirements. ORs with the following vari-

e Air displacement (laminar flow) or dilution (turbulent flow) methods to partially eliminate

e Overpressure greater than 10 Pa.

Exclusion Criteria
Refusal to participate in the study.

Surgical rooms classified as ISO 5, ISO 6, and ISO 7 air quality.”” The ISO 14644-1:1999 series of
standards that establishes a classification by airborne particle levels for clean rooms or clean
zones. Maximum allowable concentrations (particles/m3 of air) according to the particle size
are expressed in terms of ISO Class N.

e ORs with three stages of filtration. The first level of filtration should be located outdoor (G4-F5).
The second level of filtration is situated after the air cleaner and the beginning of the flow duct
(F9). The third level of filtration should be an absolute filter placed in the terminal part of the air
drive unit (high-efficiency particulate air 13 to 14).

Premises with clean air inlet that allows 20 air changes/hour. Air change rate/hour is calculated
by dividing clean air supply rate by room volume.
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Measuring Instrument

The analysis of airborne particles is carried out with
a study on the kinetics of particle decontamination.
The TSI AeroTrak Portable Particle Counter Model
9350-01, which counts airborne particles using a
laser diode light source with an isokinetic probe
and provides an accurate measurement of particles
(0.3, 0.5, 1, 2, 3, and 5 um), was used. Measure-
ments are taken to determine activity-free interval
between surgical procedures after cleaning.

Protocol of Measurement of Airborne
Particles

Measurement of particles from 0.3 to 5 um was
taken when the surgical room was fully equipped
(eg, instruments, furniture). Samples were
collected at the operating table level (1.2 m above
floor level). Staff traffic restriction was enforced:
doors remained closed and only the technical
team remained in the OR. Measurements took
1 minute with an airflow of 50 L/minute.

Measurements were taken three times during the
surgical session:

1. Before starting the surgical procedure: No
surgical activity since 15 hours of the previ-
ous day (16 hours rest) and traffic restriction.
Thorough cleaning was performed after the
last surgical procedure. Cleaning of surfaces
and floor was done on the following day, at
about 7 a.m., before measurements were
taken by the technical team (protocol before
starting surgical sessions) to assess baseline
particle levels.

2. Measurements between surgical proced-
ures: To establish the level of airborne parti-
cles during a surgical session, the team left
after taking these measurements and surgery
was performed without any activity-free in-
terval between procedures.

3. At the end of the surgical session and after
cleaning of the OR: The technical team
entered the premises and took the measure-
ments necessary until the same level of parti-
cles as before the surgical session started was
reached (16 hours rest). The time required to
recover baseline levels was then noted.

An “end of session” cleaning protocol was
adopted:

e Cleaning and disinfection of stains on the
walls and furniture with an intermediate level
disinfectant.

e Cleaning with paper or a clean cloth. Disinfec-
tant applied on the surfaces, making sure to
reach all the corners, especially on the surgical
table, surgical instruments and anesthesia ma-
terial, auxiliary tables, and lamps. Keyboards,
telephones, switches, and other surfaces of
electrical appliances that are frequently
touched cleaned with a damp cloth.

e Furniture moved to facilitate cleaning the
floor and corners.

e Floor cleaned where the furniture was placed.

e All exterior surfaces of the furniture cleaned.

e All items of furniture returned to their orig-
inal place when the floor was dry.

e The rest of the floor washed, paying special
attention to the corners.

e No one to enter the OR until the floor was
totally dry.

Survey on Type of Gloves Used

A survey was conducted by means of a question-
naire in the 16 collaborating sites to identify the
different types of gloves used by professionals
in the surgical areas. This questionnaire was
completed by the OR nurse manager. Options
included powdered and powderfree surgical
gloves, powdered and powder-free examination
gloves, and various types of materials (eg, latex,
vinyl, nitrile, copolymer neoprene).

Statistical Analysis

The IBM SPSS Statistics Program 13 was used for
statistical analysis. A general descriptive analysis
of the variables studied was made. The Mann-
Whitney U test was used to contrast hypotheses.
A 5% confidence interval was obtained. This is a
nonparametric statistical test that compares two
means using independent samples, with small
sample size and a non-normal distribution.

Results

Characteristics of ORs

The characteristics of the environment and the
equipment in the 12 participating ORs are shown
in Table 1.
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Trial on the Kinetics of Particle
Decontamination

Table 2 shows the concentration of particles of 0.3,
0.5, and 5 um at the three moments established in
the trial in each OR. The last column shows the
activity-free period necessary to recover baseline
levels after cleaning each OR.

Mean recovery time of the ORs was 18.2 minutes
with a standard deviation of 6.5, a minimum time
of 7 minutes and a maximum of 28 minutes. Two
standard deviations were added to mean recov-
ery time to guarantee a 99% efficacy of recovery,
amounting to a total of 32 minutes.

Recovery of baseline particle levels was obtained
in the 12 ORs from a minimum of 7 minutes to a
maximum of 28 minutes (Figure 1). When
comparing mean baseline particle levels (X) first
thing in the morning (before starting the surgical
session) with mean particle count &) after clean-
ing between surgeries, but without respecting
activity-free interval, a significant difference was
observed (P = .005).

When comparing mean baseline particle levels (X)
first thing in the morning with mean particle count
X) after cleaning and respecting activity-free inter-
val, the difference was not significant (P = .164).
When comparing mean particle count (X) after
cleaning between surgeries, with no activity-free
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interval, with mean particle levels &) after end
of session cleaning with activity-free interval, the
difference observed was significant (P = .002)
(Table 3).

Types of Gloves

Sixty-two percent of the hospitals in our group use
latex powdered gloves. Our results show that two
of the hospitals (H2 and H4) included in our study
on the kinetics of decontamination use this type of
gloves (Figure 2).

Discussion

The preventive actions taken by health care pro-
fessionals regarding the use of latex materials
are similar in all the participating hospitals. Pres-
entlyy, most materials, furniture, equipment,
structural materials, and medication are latex-
free and all surgical areas have a list showing
their contents. The risk of contamination is
therefore minor and can be reduced by avoiding
or regulating the use of powdered latex gloves
and factors that affect the level of airborne par-
ticles. Latex powdered gloves are still widely
used in surgical areas despite scientific societies’
guidelines.

Several studies have related particle counts with
the concentrations of airborne latex allergens
when latex powdered gloves are used. They found

Table 1. Physical Characteristics of the Operating Rooms that Participated in the Study of the
Kinetics of Particles

N ISO Pressure Stages of No of Air
Flow Type 14644-1:1999 Difference Filtration Changes/Hour
H1 OR1 Turbulent ISO 6 +26 Pa G4/F9/H14 21
H1 OR2 Turbulent ISO 7 +13 Pa G4/F9/H14 22
H1 OR3 Turbulent I1SO 6 +20 Pa G4/F9/H14 24.4
H1 OR4 Turbulent ISO 6 +18 Pa G4/F9/H14 24
H2 OR1 Turbulent ISO 6 +12 Pa G4/F9/H14 359
H2 OR2 Turbulent 1SO 7 +12 Pa G4/F9/H14 33.7
H2 OR3 Turbulent ISO 7 +12 Pa G4/F9/H14 >20
H3 OR1 Turbulent ISO 6 +20 Pa G4/F9/H14 40
H3 OR2 Laminar ISO 5 +22Pa G4/F9/H14 40
H4 OR1 Turbulent ISO 7 >+10 Pa G4/F9/H14 >20
H4 OR2 Laminar ISO 6 >+10 Pa G4/F9/H14 >20
H4 OR3 Turbulent 1SO 7 >+10 Pa G4/F9/H14 >20

H, hospital followed by number assigned to center; OR, operating room followed by number assigned to studied OR,

and always linked to center of reference.



ENVIRONMENTAL CONDITIONS

Table 2. Kinetics of Particles at Three Stages of Surgical Session

Concentration of Particles/m>

Concentration of Particles/m>

Concentration of Particles/m>

(After End of Session +
Cleaning + Activity-Free Interval)

(After Cleaning
Between Surgeries)

(Morning. Before
Starting Surgical Session)

ivity-Free
Interval
(Minutes)

Acti

Operating
Room

5 pm

0.5 um

0.3 um

0.5 um

pm 0.3 um

5

0.5 um

0.3 pum

27
28
22

113

1,113
6,480

2,160
41,820

2,220
5,460

139,420
107,800

384,780

133
133
290

1,181
23282

1,993
168,000

H1 OR1
H1 OR2
H1 OR3
H1 OR4
H2 OR1
H2 OR2
H2 OR3
H3 OR1
H3 OR2
H4 OR1
H4 OR2
H4 OR3

140

245,340

40

2,080
2,760
1,360

10,420

14,280

7,320 290 5,820

29,240
24,900
71,720
59,560
65,000
50,380
13,260
473,980

3,120
2,910

4,230

16
23

20
40
460
920

7,020

100
1,360

9,960
38,280
28,600
29,920
19,020

260

7,350

1,960
20,320
23,800

260
1,240
1,720

3,680
16,080
20,480

5,640
24,180
30,580

FOR

14
25

680
960
660
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20

920

1,860
1,920
15,540

2,110 1,440 200

2,460
16,369

20
20

60
2,580

160
780

2,080
101,500

283
7,500
1,880

11,660

380

13
12

40

20

800

3,120

1,960
21,300

140

480

5,500

160 15,040
281,320 40,180

380

2,780
20,480

that when latex powdered gloves are used, the
concentrations of airborne allergens are 10 times
higher and the size of most airborne allergens is be-
tween 2.5 and 10 um."?

The present study refers to airborne particle con-
centrations without specifying which are from la-
tex. This was not considered as a limitation as
the air quality classification in clean rooms and
ORs is defined on the basis of particle count. No
threshold of airborne latex concentrations for
sensitized patients has been established, although
some authors suggest values between 0.6 and
10 ng/m>®.**?” Parameters of minimal levels of
airborne contamination in the surgical area
should therefore be determined.

Optimization of environmental factors: ventilation
system, air-conditioning, air quality, and minimal
use of latex-containing material as well as advances
in technology and minimally invasive surgery,
cleaning of the OR, hand hygiene after removal
of gloves, staff transit restriction, and limiting the
number of people in the OR contribute to a reduc-
tion in the concentration of airborne particles. The
main objective of these measures is to minimize
the risk of incidents.””

Thorough cleaning of the surgical areas and the
development of protocols established according
to the Center For Disease Control are indisp-
ensable.”” Cleaning staff should avoid using latex
powdered gloves during cleaning of surgical
areas before surgical intervention of latex-allergic
patients.

Classification and the environmental parameters
of each OR should be determined to schedule
latex-allergic patients in surgical theaters that
have the lowest levels of particles.

Some guidelines recommend a 30-minute interval
after cleaning the OR before operating a latex-
allergic patient. Theoretical studies have shown
that 20 air changes/hour and 14 minutes ventila-
tion achieve an efficacy of 99% in the extraction
of contaminated air in a room; with 21 minutes
ventilation, efficacy reaches 99.9%; incoming air
should be 100% exterior.”**?" The lack of
studies and protocols on this topic may account
for the low implementation of 30-minute
activity-free intervals.
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Figure 1. Recovery time in the different operating rooms. This figure is available in color online at www.jopan.org.

The application of this measure, according to the
results obtained, would avoid alterations in the
scheduling of surgical procedures and organiza-
tional inefficiencies in a setting that requires the
optimization of resources.

Future research should focus on the importance of
implementing a protocol of improved cleaning
practice before a surgical session to reduce the
number or airborne particles.

Conclusions

The present study shows that it is possible to oper-
ate latex-allergic patients between interventions if

the same environmental conditions found after a
15-hour activity-free interval can be replicated
through thorough “end of session” cleaning, fol-
lowed by a 32-minute activity-free interval and staff
traffic restriction (no staff entry and exit). Other
precautions such as material and medication
should also be respected. Recovery of baseline par-
ticle levels cannot be achieved after cleaning
between surgeries if activity-free interval and staff
traffic restriction are not respected.

The conclusions reached in this study only apply
to ORs that have the minimal structural facilities/
characteristics described: turbulent or laminar
flow, classified as ISO 5, ISO 6, or ISO 7 according

Table 3. Statistical Significance of Differences Between Means

P Vvalue

Description Mean X (a = 0.05)

Mean number of particles first thing in the morning 10,689.75 P = .005 Significant difference
before starting surgical session

Versus

Mean number of particles after cleaning between 62,710.83
surgeries

Mean number of particles first thing in the morning 10,689.72 P =164 Nonsignificant
before starting surgical session difference

Versus

Mean number of particles after end of session 5,368.5
cleaning + activity-free interval

Mean number of particles after cleaning between 62,710.83 P = .0002 Significant difference
surgeries

Versus

Mean number of particles after end of session cleaning 5,358.50

and + activity-free interval
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Figure 2. Types of gloves used. This figure is
available in color online at www.jopan.org.

to ISO 14644-1:1999, an overpressure +10 Pa, a
minimum of 20 air changes/hour, three stages of
filtration, the last one closer to the OR should be
an absolute filter.

Twelve-hour activity-free intervals are only reason-
able in latex-allergic patients scheduled for elec-

tive surgery, as this does not cause any
interference in the surgical session and does not
affect productivity in the OR.

The application of a 32-minute interval would
guarantee safe management of latex-allergic
patients who require emergency surgery and
scheduled patients with latex or crossed allergies
not diagnosed until the moment of surgery.
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