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ABSTRACT
Introduction Spontaneously breathing patients 
undergoing procedures under regional anesthesia can 
expose operating room personnel to infectious agents. 
The use of localized negative pressure within proximity 
of a patient’s airway is expected to reduce the amount 
of bioaerosols dispersed particularly for anesthesia staff 
who are frequently near the patient’s airway.
Methods In the experiment, aerosols were produced 
using a polydisperse aerosol generator with nebulized 
saline. A portable negative pressure unit was set up 
at set distances of 10 cm and 30 cm with the aim of 
reducing aerosol particle counts detected by a laser- 
based particle counter.
Results Without the portable negative pressure unit, 
the median concentration of 0.5 µm aerosols detected 
was 3128 (1533, 22832) particles/ft3/min. With the 
portable negative pressure unit 10 cm and 30 cm from 
the site of aerosol emittance, the median concentration 
compared with background concentration was −0.5 (−8, 
8) particles/ft3/min and 398 (89, 1749) particles/ft3/min, 
respectively.
Conclusions For particle concentrations of 0.5 µm, 
0.7 µm, and 1.0 µm a significant amount of aerosol 
reduction was observed (p<0.001). Further experiments 
are warranted to assess the safety of staff when 
encountering a potentially infectious patient in the 
operating room.

INTRODUCTION
Bioaerosols are generated by spontaneously 
breathing patients and a number of medical 
procedures including intubation, tracheotomy, 
bronchoscopy, non- invasive positive pressure venti-
lation, cardiopulmonary resuscitation, and sputum 
induction.1 These scenarios can expose healthcare 
workers, especially anesthesia providers working 
near a patient’s airway to pathogens, causing acute 
respiratory infections, including SARS- CoV- 2. 
Since the pathogen can be detected in aerosols for 
up to 3 hours postaerosolization, the Centers for 
Disease Control and Prevention have, among other 
interventions, recommended the optimization of 
air handling systems and usage of portable filtra-
tion units.2 3 The filtration of operating rooms with 
devices that intake air and remove the pathogens 
may be preferable to the positive pressure laminar 
flow settings.4 This is especially important in the 
context of surgeries performed under regional anes-
thesia with a spontaneously breathing patient, where 
the airway is not isolated with an endotracheal tube.

Portable negative pressure (PNP) units have been 
developed for deployment where localized negative 
pressure is needed to mitigate potentially infectious 
bioaerosol release from aerosol generating proce-
dures. However, their effectiveness in the operating 
room under controlled circumstances has yet to be 
studied in detail.

In this study, we analyzed the effect of a PNP 
unit on reducing aerosols in an operating room. 
We hypothesized that the device would be able to 
reduce aerosolized particle counts when placed in 
reasonable, clinically workable distances from the 
patient’s head.

METHODS
Clinical Research Agreement identifier is CRA1034 
at the Hospital for Special Surgery, New York, New 
York, USA.

For the experiment, a PNP unit (Aerocure Vac, 
Aerobiotix, 444 Alexandersville Rd., Miamisburg, 
Ohio, USA) with a flexible/semi- rigid air intake hose 
with nozzle was used. The console and nozzle can 
be positioned in the proximity of the patient airway. 
The unit has an internal HEPA filter and ultraviolet 
lamps for decontamination of the airstream, and a 
centrifugal fan that generates approximately −2.5 
Pa of negative pressure. When challenged by SARS- 
CoV- 2 bioaerosols, this air disinfection technology 
has been shown to effectively eliminate the virus.5

Due to the inherent dangers of using infectious 
aerosols, nebulized saline was used. A polydisperse 
aerosol generator (TSI Model 3073 Portable 
Aerosol Test Generator, Shoreview, MN), aerosol 
outlet (7 mm endotracheal tube, Smiths Medical, 
Minneapolis, Minnesota, USA), and laser- based 
particle counter were used to generate and detect 
saline aerosols. The particle counter was able to 
determine the size distribution of aerosol particles 
in both control and PNP unit experiments. The 
aerosol generated from the polydisperse aerosol 
atomizer was based on a mathematical analog for 
human respiratory aerosolization. The laser- based 
particle counter was used to determine the concen-
tration and particle size of airborne contamination 
in the approximate vicinity of simulated anesthesia 
staff. Polydisperse aerosols have been frequently 
used as a research tool to simulate the atomiza-
tion process of respiratory fluids (sputum/saliva). 
For this study, we used a 0.9% saline solution as 
the sputum analog. On aerosolization, saline aero-
sols will rapidly dry and reduce in volume forming 
airborne residues distributed across the indoor 
space.6
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This study was performed in a standardly equipped, positive 
pressure operating room not in clinical use at the time. The 
operating room was a positive- pressure laminar airflow envi-
ronment with 25 air changes per hour, without recirculation 
of air. A polydisperse aerosol generator was filled with normal 
saline solution and placed on an operating room table to mimic 
where a patient’s head would be. A BioTrak Real- Time Viable 
Particle Counter was used to detect the aerosols at particle sizes 
of 0.5, 0.7, 1.0, 3.0, 5.0, and 10.0 µm. The particle counter was 
placed 10 cm above the aerosol outlet and the particle counts 
were measured for periods of 1 min. For every run, background 
aerosol levels were also measured for 1 min. This was done to 
determine the background particle noise in the operating room. 
Our control group consisted of taking particle counts of the 
aerosol spray without the PNP unit. Distances of 10 cm and 30 
cm from the aerosol generating site were tested for the treatment 
group.

Aerosol levels with and without the vacuum were then 
compared at each distance. Forty control measurements were 
collected, of which 20 were background and 20 were without 
the use of the PNP. Eighty PNP measurements were collected, 
of which 20 were background at 10 cm, 20 background at 30 
cm, 20 with the use of the PNP at 10 cm and 20 with the use of 
the PNP at 30 cm, as outlined in online supplemental file 1. The 
background was subtracted from the control and from the PNP 
to calculate the net particle counts for the groups at both 10 cm 
and 30 cm. Figure 1 depicts the experimental set- up. Figure 2 
depicts the equipment used in the experiment. Figure 3 depicts 
aerosol emittance with the PNP unit turned on and turned off. 
In order to determine the strength of aerosol spray, bioaerosol 
levels were generated for a human cough. While lying on the 
operating table, an adult male coughed continuously for 10 s. 

This procedure was repeated five times. Additionally, experi-
ments were performed in which the adult male produced a best 
effort single cough. The single cough lasted for approximately 3 
s. This experiment was repeated 20 times. Water was consumed 
in between runs to facilitate regeneration of coughing potential. 
The mean±SD for the single cough was 4660±3336 particles/
ft3/min and 7280±2639 particles/ft3/min for the 10 s cough.

Data collection
The aerosol generator was operated at a pressure of 216 hPa. 
Particle data were collected for 60 s for each run. Data collection 
and aerosol generation were initiated at the same time. After 10 
s the aerosol generator was turned off while the particle counter 
continued to measure the aerosol levels for 50 more seconds. 
The background particle levels were measured before each run 
immediately before data collection. A delay time of approxi-
mately 30 s occurred after each scan in order to allow for equil-
ibration of the operating room environment.

Data analysis
Particle concentration in counts per ft3 for 0.5, 0.7. 1.0, 3.0, 
5.0, and 10.0 µm particle sizes were recorded for the 20 control 
samples and the 40 experimental samples (20 samples at 10 cm, 
20 samples at 30 cm). Background particle count levels were 
subtracted from the aerosol generator levels to account for 
potential background differences across operating rooms in 
hospitals. Hence, descriptive statistic values for particle count 
levels were sometimes negative due to balancing the control and 
treatment particle levels. It was important to leave the negative 
values as calculated so that they could be generalized to oper-
ating rooms in settings outside of our hospital.

After subtracting background particle count, descriptive statis-
tics for continuous variables were presented as mean±SD or 
median (IQR), depending on the normality of the data. Cate-
gorical variables were presented as frequencies and percentages. 
Depending on the normality of the continuous particle count 
outcomes, two sample independent t- tests or Wilcoxon rank 
sum tests were performed in order to compare particle counts 
between the experimental and control groups at each distance 
(10 cm and 30 cm, respectively). Some descriptive statistic values 
may be negative as a result of balancing the control and treat-
ment particle levels.

Figure 1 Schematic diagram of experiment: top view (left) and side 
view (right) of experimental setup showing position of particle collector 
and Inlet, aerosol generator and outlet, and PNP unit. PNP, portable 
negative pressure.

Figure 2 Experimental setup: a photograph of the experimental 
setup in a simulated operating room shows the PNP device, aerosol 
generator and particle counter, and their relative positions. Note that in 
the experiments performed the distance of the PNP device is varied in a 
controlled manner. PNP, portable negative pressure.

Figure 3 Visualization of emitted aerosols with green laser: 
Photographs showing aerosol emittance with the PNP unit turned on 
and turned off. PNP, portable negative pressure.
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RESULTS
Descriptive statistics of the 0.5–10.0 µm particle levels are 
presented in table 1. For the control group (216 hPa, 10 s), the 
particle counter detected a median of 3128 (IQR=1533–22832) 
0.5 µm particles/ft3/min, 730 (314–5015) 0.7 µm particles/ft3/
min, 306 (183–2561) 1.0 µm particles/ft3/min, 1 (−2 to 7) 3.0 
µm particles/ft3/min, 1 (−2 to 3) 3.0 µm particles/ft3/min, and a 
mean of −3.25 (SD=5.84) µm particles/ft3/min. At the 10 cm 
distance, the experimental groups had significantly lower parti-
cles/ft3/min at 0.5 µm (p<0.001), 0.7 µm (p<0.001), and 1.0 
µm (p<0.001) than the control groups. At the 30 cm distance, 
the experimental groups had significantly lower particles/ft3/min 
at 0.5 µm (p<0.001), 0.7 µm (p<0.001), 1.0 µm (p<0.001), 
and 10 µm (p=0.05).

DISCUSSION
In this experiment, we were able to show that a PNP unit was 
able to reduce concentrations of particles sized 0.5 µm, 0.7 µm, 
1.0 µm significantly (p<0.001). These results suggest that such 
units might be useful in reducing the risk of anesthesia staff 
exposure to infectious material generated by a spontaneously 
breathing patient, such as during regional anesthesia, or during 
procedures such as airway instrumentation.

Risks to operating room staff, especially to anesthesiologists, 
anesthesia residents and CRNAs increase during aerosol gener-
ating procedures or when exposed to spontaneously breathing 
patients. The experimental results demonstrate that a PNP unit 
decreased the concentration of bioaerosols at distances of 10 cm 
and 30 cm, respectively. In the particle sizes, 0.5 µm, 0.7 µm, 
and 1.0 µm there was a significant decrease in median aerosol 
levels when the vacuum nozzle was closer to the aerosol gener-
ator site. These results show promise that during actual surgeries 
and aerosol generating procedures, aerosol levels can be consid-
erably reduced with the use of a PNP unit. There are many 
different factors determining safety including viral load, host 
and environmental factors which can all affect aerosol trans-
mission. Although the conclusion on safety cannot be drawn 

from our data, published information suggests that for CoV 
viral load of 7×106 RNA copies/mL, less than 0.01% of 3 µm 
particles (1/10,000) carry one or more virions and the remaining 
fraction will not carry any virus.7 This indicates that particle 
counts of around 1700 particles/ft3/min at 30 cm might carry 
low risk of transmission. Although SARS- CoV- 2 particles can be 
smaller in size (less than 0.5 µm), the respiratory aerosols that 
are contained within and transmitted by are no smaller than 9.3 
µm.8 Evaporation can impact particle size along with concen-
tration of the virus within the aerosol which may not be evenly 
distributed. Even though exact placement and distance of the 
vacuum nozzle will vary during different clinical operations, the 
reductions of potential infectious bioaerosols could potentially 
provide enhanced safety to anesthesiologists and other operating 
room staff. This assumption is speculative at this time and will 
have to be further explored.

There are some limitations with our study model. A manikin 
head was used instead of a human, which does not account 
for the normal movement a patient would have in an oper-
ating room. The aerosols were sprayed in a set direction and 
no changes throughout the experiment were made. In addi-
tion, non- infectious aerosols were used in order to keep the 
researchers safe while conducting the experiment. The PNP unit 
will ideally have the same efficacy for infectious bioaerosols.5 
The aerosol generation was approximated to mimic a human 
cough, which theoretically should have higher particle counts 
than what would happen with a normally breathing patient 
during surgery. Further studies will need to be performed to 
address the impact of the PNP unit during longer periods of 
time (ie, longer surgeries) with patients that can potentially 
move around.

In conclusion, PNP units may have the potential to mitigate 
risk for all operating room staff as spontaneously ventilating 
patients with infectious diseases of the airway can contaminate 
the environment. As expected, the effectiveness of the aerosol 
particle reduction is dependent on the distance between the PNP 
unit and the aerosol generating site. Clinical studies should be 

Table 1 Comparing net particles counts between control (NO PNP) and treatment (PNP) groups

10 cm distance
Portable negative pressure particle 
counts, in particles/ft3/min (n=20)

Control particle counts, in particles/ft3/
min (n=20)

Control—portable Negative 
Pressure P value

0.5 µm −0.5 (−8, 8)* 3128 (1533, 22,832)* <0.001†

0.7 µm 0 (−2, 3)* 730 (314, 5015)* <0.001†

1.0 µm −1 (−6, 12)* 306 (183, 2561)* <0.001†

3.0 µm 0 (−2, 2)* 1 (2, 7)* 0.18†

5.0 µm −1 (−3, 2)* 1 (−2,3)* 0.27†

10.0 µm 1 (10)‡ −3 (6)‡ −2 (−7, 3)§ 0.37¶

30 cm Distance
Portable negative pressure particle 
counts, in particles/ft3/min (n=20)

Control particle counts, in particles/ft3/
min (n=20)

Control—portable negative 
Pressure P value

0.5 µm 398 (89, 1749)* 3128 (1533, 22832)* <0.001†

0.7 µm 77 (20, 356)* 730 (314, 5015)* <0.001†

1.0 µm 42 (15, 172)* 306 (183, 2561)* <0.001†

3.0 µm −1 (−4, 3)* 1 (2, 7)* 0.15†

5.0 µm 1 (−1, 3)* 1 (−2,3)* 0.90†

10.0 µm 0.5 (5.6)‡ −3 (6)‡ −4 (−7, 0)§ 0.05¶

n denotes sample size.
*Median and IQR (25th percentile, 75th percentile) was used to describe non- normal data.
†Wilcoxon rank sum test p value.
‡Mean and SD were used to describe normal data.
§A t- test was used to compare portable negative pressure vs control particle counts when the data were normally distributed (control—portable negative pressure (95% CI)). If 
the difference was not included, it was because a Wilcoxon rank sum test was used.
¶T- test p value.
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performed to understand the actual impact on disease transmis-
sion with the use of these devices.

Twitter Stavros G Memtsoudis @sgmemtsoudis
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Experimental Flow Diagram 

  
Prepared the standardly equipped positive pressure operating 

room as if being prepped for a patient. Made sure all equipment 
needed was in the room. 

 

 
Set up the equipment as shown in Figures 1 

and 2. 
 

 
Filled the polydisperse aerosol generator with saline and 
placed it on the operating room table to mimic where a 

patient’s head would be. 

 
The particle counter (BioTrak Real-Time Viable Particle Counter) was placed 

10 cm above the aerosol outlet and particle counts were measured for 
periods of 1 minute each. Pressure was set to 216 hPa. 

 
The following three experiments were then completed. Before 

every run, background aerosols were measured for 1 min. 

 
PNP at 10cm 

20 experimental 
runs, along with 20 
background runs at 
10 cm. With PNP 

 
PNP at 30cm 

 20 experimental runs, 
along with 20 background 
runs at 30 cm. With PNP. 

 
Control 

20 runs with aerosol 
generation and 20 
background runs. Without the 
PNP – Control Group 
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