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Abstract

Objective: To identify factors that increase the microbial load in the operating room (OR) and recommend solutions to minimize the effect of
these factors.

Design: Observation and sampling study.

Setting: Academic health center, public hospitals.

Methods: We analyzed 4 videotaped orthopedic surgeries (15 hours in total) for door openings and staff movement. The data were translated
into a script denoting a representative frequency and location of movements for each OR team member. These activities were then simulated
for 30 minutes per trial in a functional operating room by the researchers re-enacting OR staff-member roles, while collecting bacteria and
fungi using settle plates. To test the hypotheses on the influence of activity onmicrobial load, an experimental design was created in which each
factor was tested at higher (and lower) than normal activity settings for a 30-minute period. These trials were conducted in 2 phases.

Results: The frequency of door opening did not independently affect the microbial load in the OR. However, a longer duration and greater
width of door opening led to increased microbial load in the OR. Increased staff movement also increased the microbial load. There was a
significantly higher microbial load on the floor than at waist level.

Conclusions: Movement of staff and the duration and width of door opening definitely affects the ORmicrobial load. However, further inves-
tigation is needed to determine how the number of staff affects the microbial load and how to reduce the microbial load at the surgical table.

(Received 1 July 2020; accepted 1 December 2020; electronically published 21 December 2020)

Although they are medically necessary and beneficial for the
patient, surgical procedures can result in surgical site infections
(SSIs) at a rate of ~0.6%–8.8%, depending on the surgical specialty
and wound classification.1 SSIs are caused by microbes, such as
bacteria and fungi, entering a patient’s incision site through air-
borne particles in the operating room (OR). SSIs lead to extensive
physical, emotional, and financial consequences for individual
patients due to elongated hospital stays, further surgeries, and pos-
sibly sepsis and death, all of which increase annual healthcare
expenditures substantially.2–5

Environmental risk factors are unavoidably present in an OR.
These include patient comorbidities, surgical procedure complex-
ity, air circulation, equipment sterilization, and certain staff behav-
iors.4 Operating rooms can reduce SSI risk by following
sterilization guidelines and protocols,6–11 and practicing disci-
plined behaviors (eg, restricted OR door openings) known to affect
the SSI rate.12,13

Operating rooms are “isolated, positive-pressure environments
designed to recirculate air through filtered ventilation ducts.”14

Laminar, or nonturbulent, airflow produced by the OR ventilation
system helps maintain a sterile field around the wound.15 Door
openings may reduce air pressure and possibly disrupt the laminar
airflow, creating a path for new contaminants to enter the OR and
making it difficult to clear potentially dangerous particles.15

Measuring the microbial activity in the OR can provide valuable
insights about how door openings and OR traffic affect microbial
activity in the OR.16,17 Although studies have reported mixed
results, there appears to be evidence that door openings and OR
traffic can increase microbial activity.18–20

Using air sampling during orthopedic and implant procedures,
studies have demonstrated positive correlation between total traffic
flow and total microbial colony forming units (CFU), and between
CFU and infection.21,22 However, the correlations among the num-
ber of people in the OR, CFU count, and SSI are not clear.16,23,24

A weak positive correlation has been detected between the total
number of people present and total CFU,21 while a retrospective
study of patients who developed a superficial SSI did not reveal
an association between the number of personnel in the OR and
infection rate.4
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In a previous study, the research team collected data from 27
procedures using settle plates and air samplers to determine
how movement and door openings within the OR affect microbial
loads at various locations.17 They also videotaped and observed
these procedures to gain further insight. However, the settle plates
and air samplers were not in the same locations for each procedure
due to the OR team requesting that the devices be placed further
away from the operating field or high-traffic areas. Another limi-
tation was that the frequency and path of staff movements varied
between surgeries resulting from unique procedure characteristics
(eg, patient, OR staff, procedure length, etc).

In the current study, the research team addressed these limita-
tions by creating a script to simulate movements and door open-
ings during surgical procedures, allowing the OR environment to
be controlled. The team reviewed 27 procedures then counted and
measured all staff movements and door openings during 4 ortho-
pedic cases that were videotaped. These 4 cases were between 3 and
4.5 hours in length (15 total hours). The script was enacted at 2
hospitals in upstate South Carolina while bacteria and fungi sam-
ples were collected. Enacting a simulation allowed data collection
devices to be placed in identical locations across all tests and
ensured that the exact level of staff movements and door openings
were performed in each test.

Data were gathered in 2 phases of simulation experiments. Phase
1 was conducted in the spring of 2019 to test the hypotheses that
increasing the number of door openings and staff movements
increased the overall microbial load in the OR. Phase 2 was con-
ducted in the fall of 2019 to gather more data and to adjust the study
factors in response to an OR management request for more infor-
mation. Phase 2 included the width and duration of door openings
and excluded the number of door openings as experimental factors.

Methods

Simulation script development

The simulation script was developed by first identifying the mini-
mum and maximum number of door openings and zone-to-zone
staff transitions (Table 1) for each role (ie, surgeon, anesthesiologist,
circulating nurse, and scrub nurse) during both the OR preparation
and intraoperative phases for 4 orthopedic procedures. More than
15 hours of zone-to-zone transitions were summarized, with the
preparation phase defined as “case cart emptied” to “incision made”
and the intraoperative phase defined as “incision made” to “incision
closed.” Each staff member’s movements were converted into rates
appropriate for a 30-minute simulation. The data counted all zone-
to-zone transitions (Fig. 1) as a movement, so the movement count
was higher than actual origin-to-destination trip counts. Because
our goal was to study the effect of movement, counting zone tran-
sition movements increased the differences between the low and
high settings.

Data collection

Five 30-minute trials were conducted each day. The first trial was a
control that had no movement or door openings. Samples were
collected from the same 8 locations for each of the 5 trials. As
shown in Figure 1, the locations were (1) nonsterile door, (2) cir-
culating nurse workstation, (3) instrument table, (4) intake vent 1,
(5) sterile door, (6) anesthesia area, (7) intake 2, and (8) surgical
table. At each location, settle plates were placed at 2 different
heights labeled “H” for high and “L” for low. The “H” plates were
placed about waist high, while the “L” plates were placed at floor
level. Each location and each height had both an Sabouraud dex-
trose agar (SDA) plate to collect fungi and a blood agar (BA) plate
to collect bacteria, resulting in a total of 32 settle plates per trial. All
settle plates, which were labeled with their location, height, and

Table 1. Number of Door Openings and Staff Movements During the Operation Room Preparation and Intraoperative Phases for 30 Minutes

Phase

Door Openings by Role, No. Movements by Role, No.

Factor Settings Anesthesia Surgeon Circulating Nurse Scrub Nurse Anesthesia Surgeon Circulating Nurse Scrub Nurse

Preparation Low 2 0 15 0 12 30 180 0

High 6 7.5 20 5 180 120 360 180

Intraoperative Low 0 0 7.5 0 2 1 60 0

High 1 2 11 0 30 15 120 30

Fig. 1. Settle plate locations for phase 1 and phase 2.
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trial number, were open for the entire 30-minute trial with the lid
right side up. They were collected at the end of the trial, secured
with parafilm, and placed into Ziploc bags for transport. The
BA plates were placed in an incubator for 48 hours at 37°C and
then refrigerated for 2 days. The SDA plates were kept at room
temperature (23°C) for 4 days. After their incubation period, the
number of CFUs on each plate were counted.

Phase 1 experiment

In phase 1, a total of 10 trials over 2 days had the experimental fac-
tor settings given in Table 1: staff movement (low vs high), number
of door openings (low vs high), and surgical phase (preparation vs
intraoperative). Each combination of factors was tested (using a
preparation or intraoperative sequence), along with one control
trial at the beginning of each day. The specific hypotheses tested
in phase 1 are listed in Table 2. This table provides conclusions
on tests that compare whether differences in microbial load were
detected based on sample location height in the OR, staff move-
ment, door openings, and surgical phase.

Phase 2 experiment

The phase 2 factor settings were amount of staff movement (low vs
high), duration of door openings (6 seconds vs 12 seconds), and
width of door opening (45° vs 90°). Phase 2 trials were conducted
across 2 days in a different hospital than phase 1, but the locations
in the OR and the methodology used to manage the settle plates
were the same as in phase 1. We tested 5 hypotheses (Table 3);
4 examined the effects of the experimental factors. The fifth
hypothesis compared all trials with movement and door openings
to the control trial. In all trials, the number of door openings was
constant at what had been the high setting in phase 1 by opening
the door at 2-minute intervals.7 Instead, door openings varied

based on duration and width as described above. To ensure con-
sistency between trials, tape was placed on the floor to mark each
door opening angle and a watch was used to confirm the door
opening time.

Results

Statistical analysis was conducted using paired t tests for all phase 1
and phase 2 hypotheses. There were 3 contamination variables:
number of CFUs on BA plates only, number of CFUs on SDA
plates only, and number of CFUs on BA plates and SDA plates
combined. In phase 1, 1 BA plate (the waist-high plate at the instru-
ment table) was used to test for high movement. High door open-
ings were not used due to condensation on the plate that resulted in
“swirling” of the bacteria so a valid CFU count could not be made.
The resulting phase 1 sample size for bacteria was n= 63.

We detected no significant differences in the level of fungi in the
OR for any experimental setting. Discussion with the hospital’s
infection control staff revealed that the hospital was experiencing
higher-than-normal levels of fungi during the experimental period.
Table 2 presents the phase 1 results for each hypothesis about the
bacterial load. Overall, 3 hypotheses were supported: hypothesis 2,
that the bacteria CFUs are higher with high movement compared
to low movement (P = .028); hypothesis 4, that bacteria CFUs are
higher for the prep phase compared to the control phase (P= .005);
and hypothesis 5, that bacterial CFU are higher for the intraoper-
ative phase compared to the control phase (P = .007).

There were no significant differences in the level of fungi in the
OR for any experimental setting during phase 2, but there were sig-
nificant differences for the bacterial and combined microbial load.
Hypothesis 1, that the microbial load is higher at floor level versus
waist level, was supported for both bacterial and combined micro-
bial counts (P = .009, bacteria; P = .011, combined). Hypothesis 2,

Table 3. Phase 2 Statistical Results on Hypotheses (P values recorded)

Hypotheses: Microbial count is higher : : : Bacteria (n=64) Fungi (n=64) Total (n=128)

2.1 : : : at the floor level compared to waist-level locations Supportedb Not supported Supporteda

2.2 : : : during high movement compared to low movement Not supported Not supported Supporteda

2.3 : : : for long door openings compared to short duration door openings Supportedb Not supported Supportedb

2.4 : : : for wide door openings compared to narrow door openings Not supported Not supported Supporteda

2.5 : : : for the intraoperative phase compared to the control trial Supportedb Not supported Supportedb

aReject at P = .05.
bReject at P = .01.

Table 2. Phase 1 Statistical Results on Hypotheses (P values recorded)

Hypotheses: Microbial count is higher : : : Bacteria (n=63) Fungi (n=64) Total (n=127)

1.1 : : : at the floor-level compared to the waist-level locations Not supported Not supported Not supported

1.2 : : : movement high compared to low movement Supporteda Not supported Not supported

1.3 : : : when the number of door openings is high compared to low number of door openings Not supported Not supported Not supported

1.4 : : : for the preparation phase compared to the control trial Supportedb Not supported Not supported

1.5 : : : for the intraoperative phase compared to the control trial Supportedb Not supported Not supported

1.6 : : : for the preparation phase compared to the intraoperative phase Not supported Not supported Not supported

aReject at P = .05.
bReject at P = .01.

Infection Control & Hospital Epidemiology 1073

Downloaded from https://www.cambridge.org/core. 17 Jan 2022 at 11:13:08, subject to the Cambridge Core terms of use.



that the microbial load is higher for high versus low movement,
was not supported for either bacteria or fungi alone, but the results
were significant for the combined microbial count (P = .079, bac-
teria; P = .062, fungi; P = .032, combined). Hypothesis 3, that long
door openings result in higher microbial loads than short door
openings, was supported for both bacterial and combined micro-
bial counts (P = .008, bacteria; P = .032, combined). Hypothesis 4,
that wide door openings have higher microbial load than narrow
door openings, was not supported for bacteria or fungi but was sig-
nificant for the combined load (P = .047, combined). Finally,
Hypothesis 5, that the intraoperative phase has more microbial
load than the control phase, was supported for the bacteria and
combined count (P < .01, bacteria; P < .01, combined).

Discussion

An important contribution of this study is the development of
30-minute simulations that allow testing the effects of different staff
behaviors on microbial load in an actual, functioning OR. These
simulations allowed more control of the experimental variables,
such as replication of the exact position in an OR at which microbes
aremeasured. The phase 1 experiment identified significantly higher
bacterial load when staff movement was high versus low. As
expected, both the preparation and intraoperative phases had higher
bacterial loads than the control trial. Counterintuitively, we detected
no significant differences in the bacterial load as the number of door
openings increased. This finding differed from the team’s prior
research,17 in which fewer door openings slightly decreased the
microbial load. Using the simulation allowed a second test of this
counterintuitive finding in phase 2, in which the duration and width
of door openings served as experimental variables. The findings
from the phase 2 experiments, holding the number of door openings
constant, revealed that increased levels of movement, increased
width of door openings, and increased duration of door openings
increased microbial load.

The simulation methodology allowed consistent, repetitive
measurements, such as the duration of the door opening, to be
made to examine their effect on the microbial load at various loca-
tions in the OR. Additional research is needed to investigate other
factors that occur in actual surgical procedures. First, how does the
number of individuals in an OR and in a particular location affect
microbial load in that location and in the OR? Given that anes-
thesia and the circulating nurses’ workstation have the highest
microbial loads, how can process or operating room design help
reduce the microbial loads in these areas? How do the number,
width, and time of door openings affect the air pressure and flows
in the OR overall and specifically at the surgical table? In this study,
we examined howmovement and door opening factors affected the
microbial load in 8 well-spaced locations in the OR, but a more
focused study is needed to understand microbial load distribution
at the surface of the surgical table.

The primary limitation of this study is the amount of data gath-
ered. The simulations required the use of an unscheduled OR, and
there were limited opportunities for collecting the phase 1 and
phase 2 data. In addition, there was a lag between conducting
the experiment phases (phase 1 in the spring and phase 2 the fol-
lowing fall). It is possible that the seasonal environment affected
the bacteria and fungi counts, and the hospital infection control
staff agreed with this assessment. Further controls can be intro-
duced to ensure that all staff movement occurs within their desig-
nated space. For example, the circulating nurse has the greatest

number of movements (see Table I), but the circulating nurses’
path through the OR was not precisely controlled.
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