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Abstract

Background: COVID-19 and other respiratory infections spread through aerosols produced in respiratory activities and in certain
surgical procedures considered as aerosol-generating procedures (AGP). Due to manipulation of the upper airway mucosa, rhino-
surgery has been considered a particular risk for spread of respiratory infections. Our aim was to assess staff exposure to aerosols

during common rhinosurgical procedures

Methods: Staff exposure to generated particle concentrations and size distributions between 0.3 um and 10 um were measured
during rhinosurgery using an optical particle sizer without any additional collection methods. Similarly measured aerosol expo-
sure during coughing (a commonly used risk reference for aerosol generation) and the operating room'’s background concentra-
tion were chosen as reference values.

Results: Altogether 16 common rhinological surgeries (septoplasties and endoscopic sinus surgery) were measured. The use of
suction produced significantly lower aerosol concentration compared to coughing. Low aerosol generation was observed during
injection anaesthesia of the nasal mucosa. Instrument comparison revealed that the microdebrider produced fewer aerosols than
cold dissection in particles of 1-5 um and >5 pum.

Conclusions: Common rhinosurgeries do not seem to generate as high aerosol concentration exposures as previously believed.
Rather, the observed aerosol exposure is lower or similar to exposures during coughing. Therefore, the classification of common
rhinosurgeries as AGPs should be re-assessed or possibly discarded.
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Introduction
The COVID-19 pandemic has sparked debate about airborne

CoV-2 and other respiratory viruses with airborne transmission
capacity are particularly detected in the mucosa of the upper

transmission of pathogens and fundamentally shifted the un-

derstanding of aerosol generation as an everyday phenomenon.

Aerosols are produced during all respiratory activities, including
breathing, coughing, and talking . Certain surgical procedu-
res are associated with increased risk of airborne transmission
@49, During surgery, risk for airborne spread exists when the
procedure is performed in an area where pathogens exist and
aerosolizing instruments release pathogens from the tissue
into the air 9, Significant aerosol generation is associated with
use of electronic medical devices and tissue removal ). SARS-

respiratory tract ©®. Accordingly, it is not surprising that rhinolo-
gical procedures are regarded as risk procedures in the context
of airborne transmission of respiratory diseases 9,

Among rhinological procedures, all intranasal operations are
classified as high-risk aerosol-generating procedures (AGP), and
only urgent intranasal surgeries have been recommended to be
performed during the COVID-19 pandemic ", Risk is particularly
associated with tissue removal ”'2. The guidance and list of
AGPs are generally not based on measured aerosol concentrati-



ons but only on common expectations ©'?, Over the past year,
several studies with varying methods have attempted to measu-
re which rhinological procedures significantly generate aerosols.
In most of these studies, nasal endoscopy has not been found
to generate significant aerosol concentrations, while electrocau-
tery and drilling have been classified as AGPs. Observations on
the role of suction and microdebrider in aerosol generation are
divided and no consensus exists 71320,

Airborne transmission occurs via aerosol particles. Aerosol
particles < 5 um carry most (> 80%) pathogens @2 and their
generation during rhinosurgeries are the focus of this study. At
present, the relative risk of aerosol generation can be assessed
by comparing the concentration of aerosols released with the
concentration released during cough. If the concentration of
aerosols generated by the procedure or activity is greater than
coughing, the procedure or activity is considered a high-risk
AGP that exceeds the aerosol generation risk during normal
patient contact 32728,

The primary aim of our study was to determine the exposure of
operating room (OR) staff to aerosol particles that potentially
carry pathogens during common rhinosurgeries and to assess
aerosol generation between different instruments. Based on
earlier findings by our research group, we hypothesized that
the use of microdebrider, suction, or cold dissection do not
generate significant aerosol concentrations ¥, and use of elec-
trocautery and other powered instruments generate significant
aerosol concentrations 2. Our secondary aim was to determine
whether the nature of the rhinological disease (e.g., inflamma-
tory disease, polyps, pus) or the form of anaesthesia (general
anaesthesia, local anaesthesia) influenced aerosol production
during rhinosurgery.

Materials and methods

Patients

We measured and analysed the aerosol concentration and size
distribution during common rhinosurgeries performed on
adults (= 18 years old) in Helsinki University Hospital, Depart-
ment of Otorhinolaryngology and Phoniatrics — Head and Neck
Surgery between August and December 2020. Surgeries were
performed in normal ORs for patients who underwent either
local or general anaesthesia.

This study was conducted in accordance with the ethical
standards of the institutional research committee and the 1964
Declaration of Helsinki and its later amendments. The Ethics
Committee of Helsinki University Hospital approved the study
protocol (HUS/1701/2020). All patients provided written infor-
med consent prior to participation.
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Performed procedures

Topical anaesthesia was applied with five pledges or three cot-
ton swabs per side both in patients operated with general and
local anaesthesia. Injection anaesthesia was used after topical
anaesthesia for septal incision site/columella region and for in-
fraorbital nerve anaesthesia in septoplasty. Injection anaesthesia
for endoscopic sinus surgery (ESS) was applied after topical an-
aesthesia into the mucosa of middle turbinate attachment and
uncinate process. Endoscopic middle meatal antrostomy and
partial ethmoidectomy were performed using cold dissection
(seeker, biters, Weil-Blakesley forceps), microdebrider (Metronic
plc, USA), or both. Septoplasties were performed using only cold
dissection (specula, scalpel, septum elevator, forceps, scissors,
chisel, needle holder). All these surgeries included the use of
cold dissection and suction with maximal pressure (100 kPa) and
microbial filters were exchanged daily (Basic surgical suction
pump, Medela, USA; Bacterial/Viral filter, GVS Filter Technology
UK Ltd/ GVS, Italy). Suction was used when needed with re-
usable or disposable suction tips (Unomedical suction handle,
ConvaTec group plc, England). In addition, some surgeries inclu-
ded use of bipolar electrocautery, monopolar needle (bipolar
electrocautery and monopolar needle combined to the group:
electrocautery), radio frequency thermal ablation (RFA), drill, or
different combinations thereof. The number of measurements
(n=1) for drilling and RFA was small and statistical analyses could
not be reliably performed. Cold dissection was used in opening
of a sphenoid sinus with fungus ball. Excision of inverted papil-
loma with an uncinate process attachment was performed using
a microdebrider, and a monopolar needle was used to excise
the attachment from the healthy mucosa. Microdebrider burr
and blades were used in endoscopic opening of the frontal sinus
(Draf 3), and monopolar incisions were performed for mucosal
flaps. During surgeries, accurate notes of all surgical steps were
taken by the same research assistant.

As this study combined aerosol physics and medicine in a novel
way, power calculators were not available. In previous studies
with a similar design, the duration of single measurements was
between 0.5 and 5 minutes and measurements were repeated

0 to 14 times. The total time measured in earlier studies varied
from 2 to 157 minutes. We measured altogether 994.50 minutes
in this study, which can be considered adequate compared to
previous studies (71620272930

Measurements

Continuous particle measurement throughout the studied
surgeries was performed with an Optical Particle Sizer (TSI
model 3330) (OPS). The measurement principle of the device is
based on optical light scattering from the particles (Figure 1A)
and measures both particle concentration and size distribution
between 0.3 um and 10 um every 10 seconds in 16 size bins. The
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Figure 1. Schematics of the OPS operational principle (A) and operating room setups (two examples) (B).

the exposure received by the operational staff, any additional

size bins were calibrated with polystyrene latex particles with a
collection methods (such as funnels) were not used (Figure 1B).

refractive index of 1.59. The OPS had a 1 I/min flow rate and was
compared with a mass flow meter (TSI model 4143). The OPS
was situated on average 110 cm from the head of the patient
(range 70-210 cm), as close to the surgeon or the OR nurse as
the situation allowed without causing interference to the ope-
ration (Figure 1). As the study protocol was designed to reflect

Primary and secondary analyses
Primary analyses were performed for the following instruments:

»  Suction
»  Microdebrider
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Figure 2. Particle concentrations in rhinological procedures and their comparison with background and coughing data. Mean + SD were calculated

from all measured values. Measured minimum value in all rhinological procedures and reference measurements in all size groups of particles was

0.000. Background values are presented from all operation rooms where procedures took place. For each procedure type, background was tested

separately according to operation room used. Particle concentrations were compared with the background and coughing references using two-way

ANOVA with Tukey HSD post-hoc test for multiple comparisons. Prior analysis data were log10 normalized. p-values < 0.05 were considered signifi-

cant and significant values are marked as follows: comparisons to background *< 0.05, **< 0.01, ***p< 0.001, comparisons to coughing # < 0.05, ## <

0.01, ### < 0.001. Mean differences with 95% confidence intervals are presented in Supplemental Table 1. Inflammation, form of anaesthesia (general/

local), pus, and polyps are adjusted in analysis. Total duration describes the total particle recording time. Effects of location and surgery instruments

on aerosol concentrations were calculated using two-way ANOVA with Tukey HSD post-hoc test for multiple comparisons. Bipolar electrocautery and

monopolar where needle were combined to the electrocautering group. SD, standard deviation.

Cold dissection

Nasoscopy

Electrocautering (including bipolar electrocautery and
monopolar needle)

Topical anaesthesia

Injection anaesthesia

The primary analyses compared the studied instruments and
anaesthesia methods to the background aerosol levels and to
the cough reference aerosol levels to determine

if the procedure generates aerosols at all, and
« if the generated aerosol concentrations are significantly
higher than what healthcare workers encounter during

everyday patient care (cough reference).

Secondary analyses assessed the influence of the patient or
infection factors on aerosol generation for the studied instru-
ments. Factors included inflammatory disease, pus secretion
during the procedure, existence of polyps, and use of local
anaesthesia instead of general anaesthesia for the operation.
Patients were categorized to the inflammatory group if they had
chronic rhinosinusitis + polyps (CRSWNP/CRSsNP) or had peren-
nial allergic rhinitis requiring turbinate procedures.
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Secondary analyses also assessed if aerosol generation was
significantly different between the following instruments and
anaesthesia methods:

+ Cold dissection vs. Microdebrider
+ Suction vs. Microdebrider
- Topical vs injection anaesthesia (no needle or with needle)
We also assessed if the aerosol generation was significantly dif-
ferent between instruments (cold dissection, suction, microde-

brider) in the same surgeries (DJD20 and DMB20).

Reference measures

Background aerosol size distribution and concentrations were
measured with the same OPS device in the same, empty ORs,

for each OR separately following the same protocol described
above. The total (mean = standard deviation [SD]) background
aerosol concentration was 0.0055+0.005 #/cm? (< 1 um particles:
0.0003+0.0002, 1-5 um particles: 0.00003+0.00005, > 5 um parti-
cles: 0.00006+0.00008). In the measured ORs, the ventilation sys-
tem (Recair 4C; ETS Nord, Tuusula, Finland) generated between
30.23 to 60.67 air changes per hour. In the laminar area, where
the surgeries are performed, there were 363.35 to 572.83 air
changes per hour. This means that the whole air volume of the
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Table 1. Patient characteristics and measured rhinological procedures.

Inflammatory disease, n=10

Non-inflammatory disease, n=6

Females, n (%) 3 (18.8%) 3 (30.0%) 0 (0.0%)
Age, years, mean (range) 51.1(24-73) 49.1 (24-67) 54.3 (30-73)
BMI, kg/m? mean (range)  27.4 (21.1-36.4) 27.6 (21.1-36.4) 27.0(23.1-32.7)
Pus secretion during the 4 4 0
procedure, n
Polyps, n 2 2 0
Form of anaesthesia

- General anaesthesia 9 5 4

- Local anaesthesia 7 5 2

Procedure(s) done/diag-
nosis (ICD-code)

Endoscopic opening of frontal sinus (Draf 3)/Chronic
frontal sinusitis (J32.1), n=1

Excision of lesion of uncinate process
/Benign tumour of the nasal cavity
(D14.0&), n=1

Midde meatal antrostomy + partial ethmoidectomy/Chro-
nic maxillary sinusitis (j32.0), n=5

Middle meatal antrostomy with polypectomy/partial

Septoplasty/Deviated nasal septum
(J34.2), n=5

ethmoidectomy Nasal polyposis (j33.0 and J33.8), n=2

Endoscopic sphenotomy/Chronic sphenoidal sinusitis

(j32.3), n=1

Septoplasty, lateralisation and radiofrequency ablation of
inferior turbinates/ Deviated nasal septum and hyper-
trophy of inferior turbinates and allergic rhinitis (J34.2,

J34.3,130.10), n=1.

laminar area changes every 6 to 10 seconds.

To evaluate the risk of aerosol generation compared to respi-
ratory activities, we used previously measured and reported
particle concentrations and size distributions during coughing
measured with the same method in the same ORs 7?73", Coug-
hing is commonly considered a high-risk aerosol-generating
activity ¢32. Thus, by comparing with coughing, it is possible to
assess whether the procedure is safer, equal, or more dangerous
than cough in terms of aerosol production. For the coughing
reference, altogether 306 coughs were measured from 37
healthy volunteers between December 2020 and February 2021
at distances of 40, 70, and 100 cm with the same OPS device
used in this study ©". In cough measurements, the OPS was
located perpendicular to the volunteer’s face to mimic a normal
treatment situation. Similarly, during rhinological procedures,
OPS was positioned to mimic a normal OR situation next to the
operator (Figure 1).

Statistics

The measured data were quality checked and evaluated ma-
nually. A total of four measurements were excluded from the
analyses due to measurement technical disturbances. The size-
dependent aerosol concentrations measured with OPS were
normalized with respect to the sizing bin widths to range from
0.3 to 10 um. The volume-weighted particle size distribution and

total particle concentrations per cm?® were calculated. The parti-
cles were categorized based on diameter (< 1 ym, 1-5 ym, and

> 5 um). Mean with SD was chosen as statistically representative
to describe average aerosol exposure during the examined
procedure. Parametric tests were used for hypothesis testing
with log-transformed data. Differences in aerosol concentrations
between different groups of patients and different techniques
and instruments were analysed using two-way analysis of vari-
ance (ANOVA) with Tukey HSD post-hoc test for multiple compa-
risons. Prior analysis data was log10 normalized ©. The analyses
were performed with RStudio version 1.3.959 (R Foundation

for Statistical Computing, Vienna, Austria) or GraphPad Prism
version 9.0.2 for Mac (GraphPad Software, San Diego, CA, USA). A
p-value < 0.05 was considered significant.

Results

Sixteen patients who underwent a rhinosurgery were included.
Nine surgeries were performed under general anaesthesia and
seven under local anaesthesia. Patients were divided into two
groups based on the nature of the disease (inflammatory and
non-inflammatory); pus secretion during the procedure and
existence of polyps were also recorded. Patient characteristics
and clinical data are presented in Table 1.

The effect of used instruments on aerosol generation
The generated particle concentrations when using different
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Figure 3. Pairwise comparisons of aerosol concentrations observed during use of different instruments. Results from two-way ANOVA post-hoc Tukey

HSD test for multiple pairwise comparisons. Difference describes the difference between the means (log10) of the groups followed by the 95% confi-

dence interval. Differences between instruments were adjusted by pus, inflammatory, polyps, and form of anaesthesia (local vs general). Calculations

were performed with RStudio version 1.3.959 (R Foundation for Statistical Computing, Vienna, Austria) for log10-transformed particle concentrations.
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instruments were compared to background and coughing
(Figure 2). All background concentrations were very low, which
allowed accurate evaluation of particle generation. Drilling and
radiofrequency ablation were not analysed due to use in only a
single procedure or short measurement time. Use of monopolar
needle was combined with bipolar electrocautery (electrocau-
tering).

Aerosol generation comparison between different instru-
ments

In the secondary analyses we compared aerosol generation
between procedures. Results are presented in Figure 3.

Additionally, we compared particle concentrations generated
during endoscopic opening of maxillary antrum (DMB20, n=4)
and septoplasty (DJD20, n=4) to determine whether operation
location influenced aerosol generation in the studied instru-
ments. We found no difference in particle generation in any size
range when compared with use of suction (total mean particle
concentration, p = 0.853) or cold dissection (p = 0.279). We also
compared cold dissection and microdebrider during the endo-
scopic opening of maxillary antrum (DMB20, n=4). No significant
difference in size ranges was observed between cold dissection
and microdebrider (p =0.210).

Effect of patient-specific factors and form of anaesthesia on

aerosol generation

Aerosol generation in different instruments was analysed accor-
ding to patient factors (inflammation, pus secretion, and polyps)
and form of anaesthesia (local and general) for each instrument.
When the patient had no pus secretion, the use of electrocau-

tery generated significantly higher amounts of aerosols (p =
0.017). The use of electrocautery was also associated with higher
aerosol generation if the procedure was performed under
general anaesthesia when compared with local anaesthesia (p =
0.018). No other statistically significant findings were observed.

We also analysed whether any patient factor (inflammation, pus
secretion, polyps) or form of anaesthesia influenced aerosol ge-
neration when the use of instruments and other patient factors
were adjusted. No differences were observed when comparing
general anaesthesia and local anaesthesia operations (total
mean concentration, p = 0.072). However, whether the patient
had an inflammatory or non-inflammatory disease had an inde-
pendent effect on aerosol generation in 1-5 um (p = 0.004) and
>5 um (p=0.010) particles. Aerosol generation was higher in
patients with non-inflammatory disease. On the other hand, po-
lyps or the pus detected during surgery did not independently
affect the amount of aerosol generated in any size range.

An example timeline of A) maxillary anthrostomy and partial
ethmoidectomy and B) septoplasty with presented momentary
aerosol concentrations and used instruments is shown in Figure
4 and Figure 5.

Discussion

In this study we observed that rhinological procedures are not
as highly aerosol generating and do not expose the OR staff to
excessively high aerosol concentrations as previously believed.
We measured the aerosol generation of suction, microdebrider,
cold dissection, electrocautery, nasoscopy, injection anaes-
thesia, and topical anaesthesia and observed that none of the
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Figure 5. Example timeline of septoplasty presenting total particle concentrations throughout the surgery on logarithmic scale.

studied instruments produced higher total aerosol exposure
compared to coughing. Noticeably, suction produced signifi-
cantly lower aerosol concentrations. Pairwise comparison of
instruments revealed that the use of microdebrider produced
statistically similar aerosol concentrations as suction and signi-
ficantly lower aerosol concentrations in particles 1-5 um and >5
pm than cold dissection. The highest mean concentrations were
observed when electrocautery was used, which was expected.
Our findings suggest that these common rhinosurgeries are

not risk operations regarding aerosol generation, especially if

electrocautery is not used.

Although it has long been known that respiratory infections
spread via airborne particles (i.e. aerosols), no quantitative limit
values have been established for critical exposure levels. Both
WHO and previous studies have used coughing as the cut-off
value for significant aerosol production, which we also used in
this study ¢727.283234 The use of cough is justified as it is a part of
normal respiratory activities encountered frequently in every-
day patient contacts and is associated with infection risk. To
rationalize greater personal protective equipment (PPE) use for



only certain medical procedures, this everyday exposure should
be surpassed. By comparing the background, we identified
whether the procedure generates aerosol particles and we
graded the risk by comparing the procedure with coughing.
Since most pathogens spread in particles < 5 um, we measured
the concentration of small particles (0.3 -10 pm particles) ©°.

Use of microdebrider has been regarded as an AGP and thus the
use of microdebrider has been avoided during the COVID-19
pandemic ®¢. However, the evidence for aerosol generation by a
microdebrider is weak and controversial. Workman et al. did not
observe production of 1-10 um particles in cadaveric endona-
sal surgery @9, On the other hand, Murr et al. observed in real-life
patient measures increased aerosol concentrations during debri-
dement with suction and cold instruments . Although Sharma
et al. observed in real-life measurements some aerosol peaks
during FESS, these were not associated with microdebrider but
use of cold instruments . Our results are consistent with Murr
et al. and Sharma et al.; we observed an increase in particle con-
centration compared to background during both cold dissection
and microdebrider use but the generated aerosol concentration
did not exceed that of coughing. Similar to Workman et al., we
also observed that all procedures generated mainly 0.3 - 1 um
particles, which was the most significant size class that influen-
ced total particle concentration in all our measurements @,

Although microdebrider is powered instrument, the observed
aerosol generation during its use was low. The low aerosol gene-
ration is probably associated with the integrated simultaneous
suction during powered tissue removal. In many studies, suction
reduces the number of small particles in air %3, Similar results
were observed in our previous studies; combining suction with
the instruments used reduces the number of aerosol particles .
The findings of this study further support this, as there was no
statistical difference in aerosol concentrations when comparing
microdebrider and suction.

Cold dissection has been mainly examined in cadavers. Work-
man et al. did not observe an increase in the concentration of
1-10 um particles . In contrast, both Sharma et al. and Murr
et al. reported a significant increase especially in small (<1 pm)
particles during cadaveric endonasal surgery 141630 |n a recent
real-life study, Sharma et al. analysed the aerosol concentra-
tions during three septoplasty surgeries and did not observe
significant aerosol peaks during operation . In our observa-
tions, cold dissection caused a significant increase of particle
concentration, especially in small particles (< 1 um) compared
to background. Considering the significant role of small particles
in both the total number of particles and the spread of disease,
cold dissection should not be regarded as high risk for infection
and should not be listed as a high-risk procedure based on cur-

Aerosol generation in rhinosurgery

rent knowledge. However, further research is needed about the
role of larger particles in the airborne transmission.

Similar to the previous literature, we did not observe a sig-
nificant increase in aerosol concentration during nasoscopy
(14161930 Instead, we observed relatively high aerosol concentra-
tions when using electrocautery, which is consistent with earlier
results 192%, However, our sample size for electrocautering was
small. Whether the lack of a statistical difference is due to the
small sample size or the fact that the narrow structures of the
nose reduce aerosol release cannot be determined from our
data and requires further investigation.

All previous studies have focused solely on instrumentation. We
wanted to investigate whether the patient’s diseases (inflam-
matory vs. non-inflammatory) should be considered when
assessing the risk of aerosol generation during the procedure.
We found that a non-inflammatory disease causes significantly
more aerosol release in medium (1-5 um) and larger (>5 pm)
particles compared to an inflammatory disease. The finding

is consistent with the view of medicine and aerosol physics;
inflammation is generally associated with fluid accumulation in
tissues because of the increase in blood-vessel permeability 839,
An inflammatory condition implies greater humidity of tissues,
which renders separation of particles less evident than in dry
tissues. This was also observed in patients with no pus secretion;
electrocautery generated significantly higher amounts of aero-
sols (p = 0.017). We did not find a statistical difference between
local and general anaesthesia. This finding suggests that patient
respiration during local anaesthesia is not an increased risk for
aerosol generation when compared with general anaesthesia,
which consists of a closed respiratory circuit and air filtration.
This was an encouraging result, as local anaesthesia is safer and
more affordable for the patient than general anaesthesia. In our
material, none of the patients coughed during the procedure.
However, coughing is possible during local anaesthesia and this
can cause significant exposure to aerosols .

The probability of viral infection is described mainly using the
term quanta or infection quanta, which is a mathematical model
for exposure and is defined as the dose of airborne droplet
nuclei required to cause infection in 63% of susceptible persons
4041 Coughing is a heterogeneous activity, and thus defining

a direct limit to the risk caused by coughing is difficult “2. In
addition, exposure time has a significant effect on the risk of
transmission. However, using quanta, it has been estimated that
speaking and breathing by mouth poses a highly increased risk
of exposure compared to normal resting breathing “°. Other
works have demonstrated that coughing combined with a
2-hour exposure time may pose a significant risk of infection
and a cough coming straight at target can predispose to infec-
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tion even in a short time frame @43,

There are no published studies on the transmission of COVID-19
in the OR or, more specifically, in the ear, nose, and throat OR.

In contrast, several studies have been published on the spread
of COVID-19 in hospitals. However, even these do not reveal
infections related to the OR, but rather the chains of infection in
the emergency room and wards “#449),

The purpose of this study was to measure aerosol exposure to
personnel during rhinosurgeries. Therefore, the measurements
were performed in a real OR environment. The use of real
patients instead of cadavers provide more realistic results. The
OPS was always placed close the operator and assistant nurse or
surgeon without interfering with the ongoing surgery. Because
of the nature of the methodology, we could not measure the to-
tal generated aerosol concentration but aerosol exposure at one
point in the OR. Another limitation is the very limited number

of patients who had drilling and radiofrequency ablation; these
data were not analysed. Aerosol production is associated with
various non-medical activities, such as speaking and breathing
“7), However, in our study, all staff used masks throughout the
surgeries, which efficiently reduces aerosol release “84%. This can
be seen also in our study; there were several measurements with
0 particles/cm® even though the staff was breathing continually.
This indicates that staff respiratory activities do not cause signifi-
cant bias in our study.

Conclusion

Rhinosurgeries do not release as high aerosol concentrations
as previously believed and therefore should not be classified

as AGPs. Microdebrider, cold dissection, and nasal endoscopy
generated smaller mean aerosol concentrations than coughing.
The use of suction produced statistically lower aerosol concen-
trations than coughing. The aerosol concentration between
suction and microdebrider was also statistically similar. Local

anaesthesia with normal, unfiltered patient breathing did not
increase aerosol generation in our patients. Tissue factors, such
as inflammation or its absence, may influence aerosol genera-
tion, a subject previously unexplored. Continuous suction close
to the nostrils combined with all sinonasal procedures may be
an efficient and cost-effective means to reduce aerosol exposure
in rhinosurgery.
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SUPPLEMENTARY MATERIAL

Supplemental Table 1. Aerosol concentrations when using different instrument compared to the background and coughing.

Instrument

Mean difference (95 % Cl)

Suction

Microdebrider

Cold dissection

Nasoscopy

Elecrocautering

Injection anaesthesia

Topical anaesthesia

Bipolar electrocautery and monopolar needle were combined to the electrocautering group. Mean difference and 95% Cl were calculated from log-

Total particle concentration
< 1 um particle concentration
1-5 um particle concentration

> 5 um particle concentration

Total particle concentration
< 1 um particle concentration
1-5 um particle concentration

> 5 um particle concentration

Total particle concentration
< 1 um particle concentration
1-5 um particle concentration

> 5 um particle concentration

Total particle concentration
<1 um particle concentration
1-5 um particle concentration

> 5 um particle concentration

Total particle concentration
< 1 um particle concentration
1-5 um particle concentration

> 5u m particle concentration

Total particle concentration
< Tum particle concentration
1-5 um particle concentration

> 5 um particle concentration

Total particle concentration
< Tum particle concentration
1-5um particle concentration

> 5um particle concentration

normalized values. Cl, confidence interval.

180

Background

-0.790 (-1.378,-0.203)
-2.068 (-2.708, -1.429)
-2.003(-2.514, -1.493)
-0.838 (-1.560,-0.117)

-0.944 (-1.873,-0.0148)
-2.253 (-3.280,-1.227)
1.858(-2.199,-1.518)
-0.429 (-1.391, 0.532)

-1.512 (-2.385,-0.639)
-2.833 (-3.744,-1.923)
-2.191 (-2.455, -1.928)
-1.260 (-1.702,-0.817)

-2.190 (-3.916, -0.465)
-2.590 (-4.489, -0.691)
-0.940 (-1.967, 0.0872)
-0.506 (-1.442, 0.430)

-1.690 (-2.274,-1.105)
-2.994(-3.739, -2.249)
-2.479 (-2.895, -2.063)
-1.403 (-2.081, 0.724)

-0.775 (-1.243,-0.306)
-2.062 (-2.600, 1.526)
-1.995 (-2.572,-1.418)
-0.742 (-1.736,0.253)

-1.387 (-2.479,-0.295)
-2.696 (-3.834,-1.557)
-2.224 (-2.881,-1.567)
-1.123 (-1.7670, -0.476)

Coughing

0.570(0.152, 0.988)
0.579(0.146, 1.012)
0.665 (0.228, 1.102)
-0.172 (-0.765, 0.422)

0.416 (-0.237, 1.070)
0.394 (-0.281, 1.069)
0.810(0.137, 1.483)
0.237 (-0.694, 1.168)

-0.152 (-0.626, 0.322)

-0.186 (-0.674, 0.302)

0.477 (0.0671, 0.887)
-0.593 (-1.152,-0.0334)

0.494 (-0.006, 0.993)
0.485 (-0.032, 1.002)
0.807 (0.219, 1.395)
0.161 (-0.586, 0.908)

-0.329 (-1.082, 0.423)
-0.346 (-1.122, 0.430)
0.189 (-0.627, 1.006)
-0.736 (-1.838,0.367)

0.586 (0.134, 1.037)
0.585 (0.118, 1.053)
0.674(0.172,1.175)
-0.075 (-0.779, 0.630)

-0.027 (-0.552, 0.499)
-0.048 (-0.591, 0.494)
0.445 (-0.015, 0.904)
-0.456 (-1.039, 0.127)



