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Discrete room pressure drops predict door openings and contamination 
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A B S T R A C T   

Background: Contamination of operating room air is associated with increased risk of surgical site infection. Door 
opening events occur often during surgery. The effect of door opening on room pressure and contamination is 
investigated, and detection of door opening events via a single internal barometric pressure sensor is 
demonstrated. 
Methods: A single barometric pressure sensor stationed in a corner away from the door was used to measure room 
pressure in a simulated OR with air flow conditions of 20 ACH and a positive pressure of approximately 7.5 Pa. A 
laser-based particle counter was used to measure particle levels during a series of 20 periodic door opening 
events. 
Results: The average (standard deviation) detected room pressure in the OR under positive pressure decreased by 
approximately 6.5 (1.2) Pa (p>3 × 10− 17). When the door is closed the pressure returns. Initial airborne particle 
levels in the room were 36 (6) /ft3. 20 periodic door openings performed over 40 min. resulted in particle levels 
exceeding 200/ft3. 
Conclusions: OR barometric pressure decreases and recovers when the door to an OR under positive pressure is 
opened and closed and provides a detectable signal for passively monitoring and tracking door openings. The 
number of particles in the unoccupied OR increases as increasing numbers of door opening events occur.   

1. Introduction 

Understanding factors that lead to compromised air quality in 
nosocomial settings and improving surgical safety is an ongoing chal-
lenge of high importance.1,2 Operating room (OR) air quality is a major 
factor that can contribute to surgical site infections (SSI).3-5 A variety of 
risk factors affect the contamination level of the air in an OR including 
types of medical procedures performed,6,7 occupancy levels8 and foot 
traffic. 9-12 A number of controls have been designed and are being 
improved upon to help ORs maintain clean air including filtered air 
changes,13 laminar air flow,14 UV germicidal lamps,15 portable negative 
pressure units containing HEPA and carbon filters,16,17 and monitoring 
systems.18,19 Building design considerations also play a role including 
placing the operating theatre in an area that is progressively less 
contaminated relative to the reception area.20 Additionally, ORs are 
typically under positive pressure as a preventive measure to inhibit the 
entrance of contaminants from less sterile areas to more sterile areas.5,21 

An OR under positive pressure has a higher barometric pressure than 

adjacent rooms and corridors, resulting in outward air flow from the OR 
to the surrounding areas. Door opening events have been shown to affect 
the airflow patterns in the OR setting.22 A clinical study has shown that 
the total time that a door remains open during surgery affects the 
minimum room pressure recorded during the surgery although pressure 
readings immediately before, after and during the exact time of door 
openings are unknown.23 Door openings have been correlated with 
increased levels of contamination including increased numbers of col-
ony forming units.24–26 A number of studies have assessed the number of 
door opening events that occur during surgery and have expressed 
concern with the high frequency of door opening events.27–29 Furthering 
our understanding of the effects of door opening on the OR environment 
and exploring practical ways to monitor its occurrence will facilitate the 
implementation of enhanced safety practices in surgical environments 
and management of ORs. 

In this study, we examine the effect of opening and closing a single 
entrance/exit door on the barometric room pressure and particle levels 
in a ventilated OR under positive pressure as depicted in Fig. 1. We show 
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that a single pressure sensor placed in the corner of an OR can signal 
door opening/closing events through detection of rapid reduction and 
recovery of barometric pressure. Barometric pressure values are 
collected each second, allowing for rapid and abrupt changes to be 
captured and reported. In our set-up the sensor need not be placed at the 
door to capture the pressure drop nor does it require more than one 
device to process pressure differences between adjacent rooms, 
demonstrating a high degree of ease in sensor integration into the OR 
environment. Automated electronic capture and recording can be used 
to track door opening events. We quantitatively examine the pattern of 
pressure drop and rise each time an OR door is opened and closed and 
compare with pressure changes detected when the positive pressure is 
turned on and off electronically. While barometric pressure fluctuates 
naturally throughout the day,30 we show through controlled and 
repeated experiments that the pressure changes we observe result from 
door opening events. The loss of positive pressure has important im-
plications for the air quality in the OR and shows that a single sensor 
inside the room is sufficient for detecting pressure reduction. Loss of 
positive pressure combined with the presence of a large air exchange 
zone (the open doorway) creates a path for contaminants to enter the 
room. We show that the airborne particle levels in the unoccupied OR 
increase during periods of periodic door opening and closing cycles, and 
decrease during relatively long periods in which the door remains closed 
with ventilation running and the positive pressure intact. This work 
contributes to a wider effort of identifying, understanding and reducing 
adverse events in ORs in pursuit of improving surgical standards and 
enhancing patient safety.31 

2. Materials and methods 

Testing was performed with a 50 m3 simulated operating room 
containing a single entry/exit door that automatically closes. The room 
included a ceiling mounted 44 ft.2 array delivering unidirectional HEPA- 
filtered supply air and four lower wall mounted air return ducts. The 
system supplied 20 air exchanges per hour (ACH) and 0.03 in. H20 (7.5 
Pa) of positive pressure to the outside environment, which satisfies 
ASHRAE requirements for patient care and related support areas within 
healthcare facilities.32 The room was equipped with typical OR air flow 

obstructions including surgical lights, tables and medical equipment 
(Fig. 1). The room also contained healthcare worker manikins. Pressure 
readings were measured with a MEMs pressure sensor (STMicroelec-
tronics, Geneva, Switzerland) capable of measuring from 260-1260 hPa 
with an accuracy of 0.1 hPa from 800-1100 hPa. The sensor takes 
pressure data every second and was stationed in the corner of the room 
near the wall opposite the entry/exit door. The sensor was interfaced 
with an Illuvia germicidal air filtration device (Aerobiotix, Inc., Miam-
isburg, OH). The Illuvia airflow and UV lamps were not in operation 
during the experiments and had no effect on the results. The barometric 
pressure interfaced with the Illuvia constantly measures and records 
pressure regardless of whether or not the air disinfectant device is 
running. All measurements were performed at ambient temperature. 
Data was collected electronically and downloaded to an external com-
puter for analysis using Microsoft Excel. 

Pressure change experiments were performed by opening the door to 
the OR to approximately 45◦ and immediately allowing it to close 
automatically. We found that for the OR door used in our experiments, 
45◦ degrees is approximately the minimal amount the door would be 
opened upon casual entry. In our door opening experiments, we selected 
45◦ because it is reasonably easy to open the door intentionally and 
repeatedly to approximately this angle. Additionally, we wanted to 
demonstrate that opening the door to the minimal angle for unimpeded 
entry results in detectable pressure drops as well as detectable increases 
in particle levels. While in practice a variety of angles are likely, opening 
the door to wider angles is not expected to inhibit the detection of 
pressure drops or the rise of particle levels. The door was opened and 
closed twenty times within a time-frame of 20 min., one opening per 
minute. An additional set of experiments was performed in which the 
door was opened and held open for 5 s before allowing it to automati-
cally close. The door was reopened after approximately 5 s of remaining 
closed. This was repeated 20 times. Two controls were performed. In the 
first control, the door opening experiment (one opening per minute, 
door not held open) was repeated without positive pressure. In the 
second control, the experiment was repeated without positive pressure 
or ventilation. An additional experiment was performed in which the 
door was kept closed and the positive pressure was externally cycled 
between on and off states. In order to understand the average amount of 

Fig. 1. When the door to an OR under positive pressure is opened, the room loses its positive pressure, allowing contaminants in an adjacent room to more easily 
enter. When the door is closed the positive pressure recovers. 
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time that the door remains open upon entry/exit, the room was entered 
20 times and exited 20 times. Each trial was performed by the same 
individual. The door was fully closed before entry/exit. The amount of 
time the door remained open during entry/exit was timed. The timer 
was started as soon as the door opening commenced and stopped upon 
closure. In general, the door was opened at an approximate 45◦ angle. 

For all experiments data was electronically recorded and analyzed 
using descriptive statistics and t-tests (p<.05). Quantitative comparisons 
of the pressure changes were analyzed by comparing background levels 
recorded while the door was closed to levels recorded while the door 
was open. The average of eight points immediately before opening the 
door were compared to the average of the bottom points in a “pressure 
well” (series of easily distinguishable, consecutive points below baseline 
levels, typically eight points) that develops when the door is opened. 
Note that intermediate points at the edge of the well which are roughly 
halfway between the baseline and bottom of the well and are associated 
with the progression of door opening and closing were not used to 
calculate averages because these points occur before and after the 
pressure reaches a relatively steady lower value. Additionally, there is 
typically an initial and brief (approximately 1 s) rise in pressure when 
door opening is initiated. This point was not used to calculate average 
pressure drops. The brief pressure rise was calculated by taking the point 
immediately before opening the door and the high point that occurs at 
the onset of door opening. In some cases, this point did not occur. The 
change in pressure upon turning on and off the positive pressure was 
calculated by turning the positive pressure on for approximately 10 s 
while the door was closed. After 10 s the positive pressure was turned off 
for approximately 50 s before turning the positive pressure back on. In 
each series of experiments described above the door was opened/closed 
(or positive pressure turned on/off) 20 times. For each door opening or 
pressure changing event, the difference between the pressure before and 
during the event was calculated. The average and standard deviation of 
the results of 20 runs were calculated. 

A BioTrak laser-based real time particle counter (TSI, Shoreview, 
MN) was used to measure increases in particle levels upon opening the 
OR door. The particle counter was set-up to count and record particle 
levels every minute. The background levels were collected for 20 min. 
The OR door was then opened to an angle of approximately 45◦ and 
immediately allowed to close one time every other minute for 40 min 
without entering the room. Particle levels were monitored for an addi-
tional 20 min after the last door opening. The particle counter measures 
total particles and viable particles. The viable particle count was sum-
med for each segment of the experiment and compared. Prior to per-
forming particle counting experiments, the OR ventilation was run at 20 
ACH with 7.5 Pa positive pressure for seven hours to reduce background 
levels. The OR was unoccupied during this purging period. A person 
entered the room to turn the device on. The device was programmed to 
start recording data 10 min after it was turned on, giving time to remove 
contaminants introduced by the operator. This resulted in an average 
(standard deviation) background particle level of 36 (6) particles/ft.3/ 
min. at a flow rate of 1 CFM (28.3 L/min) measured over a 20-min 
period immediately before the first door opening event. This level is 
not higher than published values measured at unoccupied ORs in hos-
pitals and provides a sufficiently low value to detect whether or not 
particle counts increase upon opening the door.33,34 Levels in clinical 
environments are expected to vary based on ventilation conditions and 
activities. There are currently no requirements for particle levels in ORs 
or adjacent rooms. Average (standard deviation) particle levels in the 
room adjacent to the OR and near the OR door are 9157 (1192) parti-
cles/ft.3/min. Note that these levels can fluctuate over time and vary on 
a day to day basis depending on activity and foot traffic. In our exper-
iments, only the individual opening the OR door was present in the room 
adjacent to the OR during the cycle of door opening events. Particle 
levels in spaces adjacent to ORs in clinical environments are not ex-
pected to match our non-clinical space. There may be significant vari-
ations in particle concentration at different institutes as a number of 

factors affect particle count including foot traffic and activity. 

3. Results and discussion 

The amount of time the OR door used in this study remained open 
upon casual entry/exit was assessed in order to understand realistic time 
frames for door opening events in an OR and to quantify the amount of 
time the door remained open in the experiments described herein. The 
average amount of time the door remained open upon entry was 9.9 ±
0.4 s. The average amount of time the door remained open upon exit was 
10.1 ± 0.5 s. The average for all door opening times is 10.0 ± 0.5 s. No 
significant difference was found when the open time for entry was 
compared with the open time for exit (p>.05). While this result might 
show more variance if multiple individuals performed the experiment, it 
provides a reasonable door opening time for consideration of positive 
pressure loss and particle contamination in an OR. 

Upon opening the door to the OR, a single barometric pressure sensor 
within the perimeter of the room can detect and register the pressure 
drop as shown in Fig. 2. Abrupt changes in barometric pressure data 
when a door opening event occurs are in general easy to identify. The 
data shows a clear and easily distinguishable “pressure well” each time 
the door is opened (A,B), allowing for relatively easy accounting of door 
opening events. Each time the door opens the barometric pressure re-
duces relative to the baseline pressure. When the door closes, the posi-
tive pressure is restored. Continued cycles of opening and closing the OR 
door shows an associated drop and rise in the barometric pressure data 
(Fig. 2A and B). The door opening event is detectable when the door is 
allowed to immediately close after opening (Fig. 2A) and when the door 
is held open before automatic closure occurs (Fig. 2B). In all 20 cases for 
both conditions, the pressure rapidly dropped below the initial room 
pressure upon opening and recovered upon closure. Note that door 
opening is typically accompanied by an abrupt 1 s rise in pressure before 
the drop in pressure occurs. Door opening events can be easily counted 
from the barometric pressure values based on the clear changes in the 
profile of the data. Similar changes are observed when the door remains 
closed but the positive pressure is turned on and off (Fig. 2C). When the 
positive pressure is turned on, a clear increase in positive pressure is 
apparent in the data. Turning the positive pressure off shows a clear 
decrease in barometric pressure. As shown for periodic door opening, 
repeated on/off cycles show clear peaks in the graph that are indicative 
of individual pressure change events. When the positive pressure is off 
and the door is opened and closed, clear and sustained decreases in 
barometric pressure are not observed, however, a single data point 
showing an increase in pressure for approximately 1 s per door opening 
appears in the data. This increase in pressure also occurs when the 
positive pressure is on. While it facilitates detecting door opening events, 
it cannot be relied upon because we do not always observe this single 
data point when a door is opened. In Fig. 2C, the abrupt rise does not 
occur because pressure was changed without opening the door. 

In Fig. 3, the changes in barometric pressure that occur when 
opening and closing the OR door are compared with pressure changes 
induced by electronically switching the positive pressure on and off. As 
described above, opening the OR door results in a drop in barometric 
pressure when the OR is under positive pressure. The graphs of baro-
metric pressure as a function of time for the data obtained by opening/ 
closing the OR door and turning the positive pressure on and off while 
keeping the door closed are roughly mirror images of each other. As 
expected, turning the pressure on when the door is closed shows a 
detectable increase in positive pressure that is approximately equal in 
magnitude to the loss of pressure that is detected when the positive 
pressure is on and the door is opened. Each time the door is opened, the 
positive pressure gained by the ventilation system is essentially lost. 

Quantitative changes in pressure are compared in Table 1. For each 
door opening event, the average minimum pressure (typically 8 s of data 
points at the bottom of the “pressure well”) while the door was open was 
compared to the average pressure immediately before opening (8 s). It is 
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necessary to use the pressure immediately before opening the door 
because background barometric pressure changes throughout the day. 
The brief and transient rise in pressure that typically occurs upon 
opening the door was not used to calculate pressure drops. The average 
(standard deviation) pressure drop of 20 door opening events is 0.065 
(.012) hPa (p-value = 3 × 10− 17). The average pressure loss is approx-
imately equivalent to the average pressure gain of 0.070 (0.016) hPa 
when the door is kept closed and the positive pressure is electronically 
turned on/off 20 times. When a series of door openings/closings were 
performed in the absence of positive pressure the average pressure is 
essentially unchanged (-.001 (.005) hPa). Similarly, in the absence of 
both positive pressure and ventilation a clear change beyond standard 
background fluctuations is not apparent (+.001 (.009) hPa). The lack of 
significant pressure drops compared to the experimental values show 

that pressure changes that are observed upon opening the door to an OR 
under positive pressure are the result of a loss of positive pressure upon 
removing a barrier to entry/escape. In both cases when positive pressure 
is not present, a “well” of lower pressure values does not manifest when 
barometric pressure is plotted as a function of time as described above. 

As noted above, upon opening the door, a very brief rise in pressure 
preludes a more extended drop. The pressure increase is likely due to the 
door opening into the OR, which briefly exerts a force on the air confined 
in the OR, resulting in a transient pressure increase. The pressure rise 
lasts for approximately 1 s before it decays to values below the baseline 
level immediately prior to opening the door. As noted above, this does 
not occur when pressure is modulated by turning the positive pressure 
on and off. The average increase in pressure is 0.040 (.014) hPa. In the 
absence of positive pressure and in the absence of both positive pressure 

Fig. 2. Events that cause changes in barometric pressure in an OR can be detected with a single sensor placed inside the room. When an OR door is opened and 
allowed to automatically close, the room pressure rapidly decreases and rapidly recovers each time the event occurs (A). When an OR door is opened and held open 
for 5 s before allowing it to automatically close, the room pressure rapidly decreases and rapidly recovers in sync with the timeframe of the door opening event (B). 
When the door is kept closed and the positive pressure is turned on and off, pressure increases and reductions occur that are comparative to the changes that occur 
when the door is opened and closed (C). When positive pressure is not in use, door opening events do not result in a decrease in pressure, however, a brief increase in 
pressure (approximately 1 s) is typically detected regardless of the presence of positive pressure (D). 

Fig. 3. Pressure loss upon opening the door of an OR under positive pressure (·) is directly compared with pressure gained upon turning on the positive pressure to an 
OR with the door closed (x). When the OR is not under positive pressure, opening and closing the door does not result in a loss of pressure (-). 
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and ventilation, rapid pressure increases are still observed. The average 
calculated pressure increase for the respective conditions are .058 (.02) 
and .064 (.02) hPa. The brief pressure rise is expected to vary based on 
how much force a given individual applies when opening the door. 

Door openings are a source of OR contamination. While positive 
pressure helps to keep contaminants from entering the room while the 
door is closed, the loss of positive pressure upon opening the door allows 
particulate matter to enter the room. The air in the OR was monitored 
before, during and after performing a cycle of 20 door openings/clos-
ings. The door was opened once every other minute. The door was 
allowed to immediately close after opening to a 45◦ angle (approxi-
mately 10 s of open time as described above). The OR was unoccupied 
during the experiments and had the same ventilation conditions for the 
pressure loss experiments described above (20 ACH, 7.5 Pa positive 
pressure). The room particle levels were monitored for 20 min. prior to 
opening the door. The data in Fig. 4 shows a relatively stable back-
ground level of less than 50 particles/ft3. As the door opening cycle 
begins, the particle levels steadily rise to over 200 particles/ft3 over the 
course of 40 min when the door is opened one time every two minutes. 
Given that a typical door opening lasts approximately 10 s, 20 openings 
in 40 min. is approximately 8% of the total time and results in more than 
a 300% increase in airborne particle levels. After 20 door opening/ 

closing cycles, the OR was left unoccupied for an additional 20 min. and 
monitored. The particle amounts decayed back to levels approaching the 
initial baseline with 50 particles/ft.3 being detected at the end of the 20 
min. interval. 

At approximately 41 min, the rate of particle accumulation decreases 
and is possibly approaching a plateau, suggesting that at this phase of 
the process the rate of particle removal is approaching the rate of par-
ticle entry. The number of particles entering the room is an uncontrolled 
quantity and dependent on adventitious species. In addition to the un-
certainty in the quantity of supply during a given door opening event, a 
number of factors could contribute to the change in rate of accumulation 
and detection including more thorough mixing of the particles 
throughout the OR space overtime, depletion of particle levels near the 
OR door in the space adjacent to the OR and depletion of surface laden 
particles near the door inside the OR. However, it is clear that once the 
door remains closed, particle levels in the OR decline considerably and 
approach baseline levels. 

A total of 3 viable particles/ft.3 were accumulated in the room during 
the 20 min. period prior to the door opening cycle. The accumulated 
number of viable particles increased to 42 viable particles/ft.3 over the 
subsequent 60 min, 5.5% of which consisted of door opening events. 
This represents a 1300% increase in accumulated viable particles/ft3 

detected by the particle counter compared to the 20 min. period prior to 
the door open/close cycle. On a per 20 min. basis, the cumulative viable 
particle level is 14 particles/ft.3 and is considerably higher than the level 
of 3 particles/ft.3 detected during the 20 min. period prior to opening 
the door. 

4. Conclusions 

We have shown that when the door of an OR under positive pressure 
is opened and closed, a single barometric pressure sensor inside the OR 
can detect a loss and recovery of pressure that is approximately equal to 
the total positive pressure supplied to the room. The characteristic 
profile of the pressure loss and recovery data can be used to track door 
openings. Significant levels of particles are able to migrate into the room 
when the door is opened. While positive pressure is an effective control 
when the door is closed, each time the door is opened the air in the OR 
becomes more contaminated. Additional engineering controls should be 
deployed in order to inhibit contamination of the air and surfaces within 
an OR, which could ultimately lead to surgical site infection. 

Table 1 
The average (standard deviation) decrease or increase in barometric pressure 
relative to the baseline for the following conditions: door opened and auto-
matically closed without holding (7.5 Pa positive pressure, 20 ACH); door 
opened and allowed to automatically close without positive pressure (20 ACH); 
door opened and allowed to automatically close without positive pressure and 
without ventilation; positive pressure electronically turned on (~7.5 Pa) and off 
(20 ACH). Reported averages and standard deviations are calculated from 20 
events.   

Average Pressure Change 
(Standard Deviation) (Δ hPa) 

P- 
Value 

Door Opened/Closed Positive 
Pressure, Ventilation 

-0.065 (.012) 3 ×
10− 17 

No positive pressure Door Opened/ 
Closed 

-0.001 (0.005)  

No Positive Pressure, No 
Ventilation Door Opened/Closed 

+0.001 (0.009)  

Positive Pressure On/Off Door 
Closed 

+0.070 (0.016) 4 ×
10− 14  

Fig. 4. The effect of door opening events on total particle levels is shown. During the first 20 min the door was kept closed and the particle levels remained relatively 
constant. During the next 40-min segment particle counts steadily increase as 20 periodic door openings occur. During the last 20 min the door remained closed and 
the particle levels decay. The OR air flow conditions were 20 ACH and 7.5 Pa positive pressure. 
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