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ABSTRACT
Background  Aerosol-generating procedures such as 
oesophagogastroduodenoscopy (OGD) result in infectious 
particles being exhaled by patients. This substantially 
increases the medical staff’s risk of occupational exposure 
to pathogenic particles via airway inhalation and facial 
mucosal deposition. Infectious particles are regarded as 
a key route of transmission of SARS-CoV-2 and, thus, 
represents a major risk factor for medical staff during 
the ongoing COVID-19 pandemic. There is a need for 
quantitative evidence on medical staff’s risk of multiroute 
exposure to infectious particles exhaled by patients during 
OGD to enable the development of practical, feasible and 
economical methods of risk-reduction for use in OGD 
and related procedures. This randomised controlled trial 
(RCT)—Personal protective EquiPment intervention TrIal 
for oesophagogastroDuodEnoscopy (PEPTIDE)—aims to 
establish a state-of-the-art protocol for quantifying the 
multiroute exposure of medical staff to infectious particles 
exhaled by patients during real OGD procedures.
Method and analysis  PEPTIDE will be a prospective, 
two-arm, RCT using quantitative methods and will be 
conducted at a tertiary hospital in China. It will enrol 130 
participants (65 per group) aged over 18. The intervention 
will be an anthropomorphic model with realistic 
respiratory-related morphology and respiratory function 
that simulates a medical staff member. This model will be 
used either without or with a surgical mask, depending 
on the group allocation of a participant, and will be placed 
beside the participants as they undergo an OGD procedure. 
The primary outcome will be the anthropomorphic model’s 
airway dosage of the participants’ exhaled infectious 
particles with or without a surgical mask, and the 
secondary outcome will be the anthropomorphic model’s 
non-surgical mask-covered facial mucosa dosage of the 
participants’ exhaled infectious particles. Analyses will be 
performed in accordance with the type of data collected 
(categorical or quantitative data) using SPSS (V.26.0) and 
RStudio (V.1.3.959).
Ethics and dissemination  Ethical approval for this RCT 
was obtained from the Ethics Committee of Peking Union 

Medical College Hospital (ZS-3377). All of the potential 
participants who agree to participate will provide their 
written informed consent before they are enrolled. The 
results will be disseminated through presentations at 
national and international conferences and publications in 
peer-reviewed journals.
Trial registration number  NCT05321056.

INTRODUCTION
Infectious particles are the main vectors for 
the transmission via air of respiratory viruses 
via air, which can result in disease outbreaks, 
epidemics or pandemics.1–3 SARS-CoV-2, 
which causes COVID-19, is transmitted via 
infectious particles exhaled by an infected 
person being inhaled by another person into 
the respiratory tract or depositing on another 
person’s eyes, nose or mouth and subse-
quently entering the body.4 5 The risks of 
transmission of SARS-CoV-2 are particularly 
high in confined spaces,6 especially in medical 
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	⇒ This randomised controlled trial study reveals actual 
occupational exposure during procedures with 130 
patients with oesophagogastroduodenoscopy (OGD) 
general anaesthesia.

	⇒ An anthropomorphic model is developed to quantify 
the airway and facial mucosa exposure of medical 
staff to patients’ exhaled infectious particles.

	⇒ A non-toxic fluorescent vitamin, vitamin B2, will be 
used to label patients’ exhaled infectious particles 
and their dispersion.

	⇒ Efficacy of wearing surgical masks during OGD pro-
cedures will be quantitively evaluated.

	⇒ Exposure assessment based on such surrogates 
does not reveal the overall infection risk due to un-
realistic aerosolisation and inoculation mechanisms.
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facilities, as these may house patients with COVID-19 or 
who are asymptomatic carriers of SARS-CoV-2.7 8

Oesophagogastroduodenoscopy (OGD) procedures 
are regarded as aerosol-generating procedures, as they 
involve instrumental probing of the alimentary tract 
that typically causes patients to cough, belch, vomit or 
perform other bodily movements involving the airway.9–11 
Consequently, as viruses or other pathogenic organisms 
are commonly shed from the airway, infectious particles 
exhaled by infected patients may have a high microbial 
load, even if the patients are no longer ill.12–14 Addition-
ally, patients and medical staff are in very close proximity 
during OGD procedures, which means there is a high 
risk of transmission of microbes via air from patients to 
medical staff during OGD procedures. Furthermore, 
there is also a high risk of nosocomial transmission of 
microbes from medical staff to uninfected patients.15

Given the above-mentioned risks, various professional 
gastroenterological organisations, represented by the 
Asian Pacific Society for Digestive Endoscopy and Amer-
ican Society for Gastrointestinal Endoscopy (ASGE),16–19 
have strongly recommended that medical staff using 
proper personal protective equipment (PPE), especially 
surgical mask/N95 respirators or equivalent during OGD 
procedures. Many regional surveys and the experience 
of medical centres and specialists have demonstrated 
that there is widespread support for these recommen-
dations.9 20–23 In addition, wearing PPE does not affect 
the objective physiological state of medical staff during 
OGD procedures or the success of such procedures.24 25 A 
few gastroenterologists have reported subjective adverse 
effects (eg, frustration and fatigue) from the use of PPE 
during OGD procedures, but these reports were not statis-
tically significant.26 Many clinicians have also designed 
various disposable mask sets for patients to prevent the 
dispersion of their infectious particles during OGD 
procedures, which further reduces the risk of transmis-
sion of microbes via air.27–31

However, although the efficacy of surgical mask/N95 
respirators or equivalent has been proven based on clin-
ical observations and metrics such as infection rate,32–34 
there are still several medical staff who do not wear a PPE 
in a real-world endoscopic clinic working scenario. Addi-
tionally, objective evidence based on direct indicators and 
the potential sites of exposure in humans are lacking at 
this stage, such as the airway and mucous membranes. 
Notably, although the physical properties, distribution 
and dispersion processes of infectious particles have 
been examined,35–39 the actual exposure of medical staff 
to infectious particles exhaled by patients during OGD 
procedures has not been examined, especially for the 
exposure baseline. Moreover, there is limited knowledge 
of how effectively PPE protect medical staff from expo-
sure to such infectious particles during OGD procedures.

The development of efficacious and cost-effective 
methods, such as surgical masks or N95 respirators, to 
reduce medical staff’s risk of occupational exposure 
to infectious particles exhaled by patients during OGD 

procedures requires actual exposure baseline to these 
infectious particles during such procedures. In addition, 
quantitative data will aid the optimisation of environ-
mental control strategies in clinical settings, and a quan-
titative investigation will provide practical experience 
that will be useful in future outbreaks and public health 
settings.

Objective
The objective of this randomised controlled trial (RCT), 
denoted Personal protective EquiPment intervention 
TrIal for oesophagogastroDuodEnoscopy (PEPTIDE), is 
to quantify the inhalation exposure of medical staff to 
infectious particles exhaled by participants during OGD 
procedures and to determine the efficacy of surgical 
masks in protecting against such exposure.

METHODS AND ANALYSIS
The Standard Protocol Items: Recommendations for 
Interventional Trials reporting guidelines were used in 
the development of the protocol for PEPTIDE (online 
supplemental additional file 1).40

Trial design and setting
PEPTIDE is a prospective, two-arm RCT that is underway 
at Peking Union Medical College Hospital (PUMCH), a 
tertiary medical centre in Beijing, China. Recruitment 
began in June 2022 and is expected to end in June 2023, 
and PEPTIDE is expected to be completed in December 
2023.

Participants
Patients who are admitted to the digestive endoscopy 
centre of PUMCH and have planned to undergo OGD 
under general anaesthesia will be invited to consider 
participating in the RCT and screened for eligibility 
according to the following inclusion criterion and exclu-
sion criteria. All eligible participants will be invited to 
provide their informed consent to participate (online 
supplemental additional file 2) and will be allowed suffi-
cient time to ask any questions they may have. Those who 
are willing to participate will provide written informed 
consent and will then be enrolled. Subsequently, their 
basic information will be collected.

Inclusion criterion
1.	 Patients (aged ≥18) who plan to undergo OGD under 

general anaesthesia in the digestive endoscopy centre 
of PUMCH.

Exclusion criteria
1.	 Patients who have ever been allergic to a saline solu-

tion of the non-toxic fluorophore vitamin B2.
2.	 Patients who are receiving antitumour therapies.
3.	 Patients with poor general conditions, such as those 

with severe cardiopulmonary diseases, coagulation 
disorders or a total platelet concentration less than 
50×109/L.
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4.	 Patients with structural pulmonary disease (eg, chron-
ic obstructive pulmonary disease or asthma) or a histo-
ry of airway or pulmonary surgery.

5.	 Patients with an intolerance of or contraindications to 
undergoing OGD under general anaesthesia.

Randomised allocation
The participants will be randomised in an allocation 
ratio of 1:1 to either the intervention group or the 
control group. In the measurement stage, those in the 
intervention group will undergo OGD in the presence 
of the anthropomorphic model wearing a surgical mask, 
whereas those in the control group will undergo OGD in 
the presence of the anthropomorphic model not wearing 
a surgical mask, respectively. The baseline information of 
the participants will be collected and used to stratify the 
participants for further analysis, with stratification based 
on factors that may influence participants’ production 
capacity of infectious particles and exhalation processes, 
such as age, sex, body mass index (BMI) and their number 
of years of smoking. Due to the nature of the interven-
tion, it will not be possible to blind the participants or 
medical staff performing OGD. However, the researchers 
who determine the dosage of the inhaled and deposited 
infectious particles will be blinded.

Intervention and OGD procedures
Considering three factors: (1) PEPTIDE was designed for 
evaluating the exposure risk of medical staff to infectious 
particles during OGD in a real-world scenario; (2) the 
need for accurate measurement of patient-derived aero-
sols; (3) the protective principle, vitamin B2 (VB2) was 
chosen to substitute as a viral surrogate marker that labels 
the participants’ infectious particles.

A participant will be placed under total intravenous 
anaesthesia (propofol) without any invasive measures 
such as tracheal intubation by veteran anaesthesiolo-
gists according to the latest guideline of The ASGE.41 
The anaesthetised participant’s oxygen mask will then 
be replaced with a nasal cannula to provide supple-
mental oxygen, and the participant will be fitted with a 
mouthguard. The patient’s vital signs will be monitored 
throughout the whole examination by the veteran anaes-
thesiologist while paying attention to and preventing the 
patient from aspiration or choking. Subsequently, one 
fixed clinician, who is blinded to the overall protocol 
and purpose of this study, will use a needle-removing 
2.0 mL syringe to slowly drip 1.5 mL VB2 in saline solution 
(2.0 mg/mL, equivalent to 3.0 mg VB2) into the partic-
ipant’s bilateral buccal mucosa. The whole dripping 
process will be strictly controlled for 1 min for all partic-
ipants. The dosage of VB2 is harmless and not irritating 
.42–44 Next, a standard endoscopic examination (approxi-
mately 5–10 min) of the participant will be performed by 
either of the two settled experienced endoscopist, who 
do not get access to the overall protocol and purpose of 
this trial, using a GIF-HQ290 scope (Olympus Medical 
Systems, Tokyo, Japan), according to the participant’s 

condition. Additionally, a series of standard examination 
requirements will be set, represented by prohibitions 
of negative pressure suction at the flexible gastroscopy-
forward or outward. The anthropomorphic model will be 
placed at a fixed position beside the participant to simu-
late an endoscopist. The distance from the oral cavity of 
the participant to the oral cavity of the anthropomorphic 
model will be 0.8±0.1 m,45 46 and the anthropomorphic 
model will wear or not wear a surgical mask, according to 
the group allocation of the participant being examined.

The details of the dripping procedure will be recorded 
by the fixed clinician as well as the OGD procedure (the 
type of anaesthesia, the dosage of anaesthetics and the 
contents and time of examination) will be recorded 
and reported by the anaesthesiologist and endoscopist. 
In addition, relevant events of the participant, such as 
sneezing, nausea, vomiting, and snoring and their time of 
occurrence during the examination, will also be recorded 
and reported. All medical staff and researchers will be 
required to wear contact-blocking and droplet-blocking 
PPE, in line with the national policy. Strict control strat-
egies will be implemented for the number of staff in the 
closed endoscopic examination room and their move-
ment within the room, to minimise extrinsic and artefac-
tual interference.

Outcomes
Primary outcome
The primary outcome of this RCT will be the anthropo-
morphic model’s airway dosage of the infectious particles 
exhaled by the participants during OGD procedures with 
or without a surgical mask, where airway dosages comprise 
infectious particles deposited in the oral cavity, nasal 
cavity or oropharynx or inhaled into the small airway.

Secondary outcome
The secondary outcome of this RCT will be the anthro-
pomorphic model’s non-surgical mask-covered facial 
mucosa dosage of the infectious particles exhaled by 
the participant during OGD procedures. In real-life 
scenarios, these mucosae are typically the ocular mucosa 
of the medical staff.

Outcome measures
The sampling duration will be 20±5 min, with the time 
adjusted according to the duration of a given OGD 
procedure. The anthropomorphic model will mimic an 
additional medical staff close to the patients. The anthro-
pomorphic model’s airway dosage and non-surgical mask-
covered facial mucosa dosage of the infectious particles 
exhaled by the participants during the procedure will 
be measured as the cumulative fluorescent particle mass 
(μg) over the exposure time and will be quantified by 
fluorspectrophotometry.

Adverse events
The participants in this RCT will undergo OGD under 
general anaesthesia. The use of 3.0 mg of VB2 will not 
create any extra risk to those associated with anaesthesia 
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and endoscopic procedures. The patients will lie on the 
left side and the respiration will also face to the side. Drip-
ping VB2 in bilateral buccal mucosa will not irritate the 
patients and provoke additional coughing, since VB2 will 
not enter the throat and respiratory tract by gravitational 
driving forces. To ensure that the participants suffer no 
adverse effects, potential participants with a history of 
VB2 allergy or who are taking anticancer therapy will be 
excluded. Any adverse events (AEs) and serious adverse 
events (SAEs) occurring throughout the entire examina-
tion, namely, during the dripping, the anaesthesia, the 
OGD procedure and any other steps that prove necessary, 
will be managed appropriately. In addition, all AEs and 
SAEs will be recorded and reported. As the anthropo-
morphic model mimics the human respiratory function 
and the shape of the human respiratory tract, it may serve 
as an aural or visual disturbance to participants during 
the OGD procedure. The probability of such distur-
bance will be reduced by anaesthesia, which decreases 
patients’ auditory and visual sensitivity. Moreover, if 
necessary, participants’ discomfort will be reduced by, for 
example, the use of noise reduction devices or the adjust-
ment of the position of the model. We will endeavour 
to protect participants’ privacy and eliminate the risk of 
data leakage. Accordingly, none of the personal data of 
the participants will be disclosed, and the analysis results 

will be anonymised. Thus, no individual participant will 
be identifiable and data will only be used for statistical 
analysis.

Equipment and assessors
Anthropomorphic model
We have developed an anthropomorphic model that 
mimics a medical staff member’s inhalation exposure to 
the infectious particles exhaled by patients during OGD 
procedures. The anthropomorphic model is based on a 
male volunteer in his 30s with no history of smoking or 
lung disease and recapitulates the natural morphological 
structure of the human face, oropharynx, trachea, G0–G5 
bronchi and lung cavity. A small electric heater is used to 
simulate the thermal plume of the human body. A vacuum 
pump with an adjustable flow rate is used to simulate the 
sinusoidal inhalation process of the human body.47 48 The 
features of the anthropomorphic model can be referred 
to figure 1 and our previous study.45 The external venti-
lator is connected to the outlets on both sides of the lungs 
to provide sinusoidal respiratory airflow. The airflow rate 
will be adjusted to 15.0±1.0 L/min, which is the average 
inhalation rate of a standing male.

The face, oropharynx, trachea, G0–G5 bronchi and 
lung cavity are constructed based on 560 two-dimensional 
orthogonal slices from the head to the diaphragm, which 

Figure 1  Three-dimensional layout illustration of the real oesophagogastro-duodenoscopy procedure scene that will be 
implemented in this RCT. RCT, randomised controlled trial.
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was obtained by scanning the volunteer using a Philips 
Brilliance iCT scanner (Koninklijke Philips NV, Nether-
lands). The slices were processed with commercial soft-
ware (Intrasense Myrian V1.12, France) to extract and 
restore the three-dimensional regions of interest. Please 
see our previous studies for detailed processes and model 
information.45 46 The facial mucosal deposition dosage 
and small airway inhalation dosage to infectious particles 
can be collected and sampled. Though we can only recon-
struct the first five generations of the bronchial due to the 
limitation of CT scan resolution and 3D print technique, 
we are still able to measure the total quantity of infectious 
particles leaving the fifth-generation bronchi or the total 
quantity of particles arriving at sixth-generation bronchi, 
that is, the small airway.

RCT environment
The RCT will be conducted in the digestive endoscopy 
centre of PUMCH, which complies with the national 
building standards of China (GB) and has passed quality 
inspections. All of the rooms will be ventilated in a 
manner similar to that used in our previous study (such as 
in terms of relative parameters, airflow organisation and 
the location of the diffusers and purifier).46 The specific 
environments of rooms will be adjusted to suit the actual 
conditions of this RCT.

The location information of a medical staff member, a 
participant, and the anthropomorphic model is demon-
strated in figure 1, which represents a real clinical working 
scene.

Sampling the inhaled VB2 and the VB2 deposited on facial 
mucosa not covered by a surgical mask
The anthropomorphic model’s airway dosage of infec-
tious particles exhaled by the participants during the OGD 
procedure will be represented by the cumulative mass of 
VB2 (in µg) deposited in the oral cavity, nasal cavity and 
oropharynx as well as inhaled into the small airway. The 
oral cavity, nasal cavity and oropharynx of the anthropo-
morphic model will be wiped five times with a sterile swab 
and then a further three-to-four times with three-to-four 
additional swabs to recover deposited VB2. These swabs 
will be extracted in a collection medium. The anthro-
pomorphic model’s small airway dosage of infectious 
particles exhaled by the participants during the OGD 
procedure will be represented by the cumulative mass of 
VB2 (in μg) penetrating the several-generation bronchi 
into both lung voids throughout the sampling duration of 
one OGD procedure. It will be determined by measuring 
the airborne VB2 in lung voids and VB2 deposited on the 
inner surfaces of both lung voids. Airborne VB2 will be 
collected into a liquid-impinging medium in a solution-
based sampler (SKC, USA), which will be connected to 
the outlets of the left and right lung voids. VB2 deposited 
on the inner surfaces of both lung voids will be recovered 
using the same protocol applied to recover VB2 deposited 
on the oral cavity, nasal cavity and oropharynx.

The anthropomorphic model’s surgical mask-uncovered 
facial mucosa dosage of infectious particles exhaled by 
the participants will be represented by the cumulative 
VB2 (μg) deposited on the model’s eyes, which will be 
recovered using the same protocol applied to recover VB2 
deposited on the oral cavity, nasal cavity and oropharynx. 
This method was validated for measuring the dosage of 
infectious particles exhaled by participants on the facial 
mucosa of an anthropomorphic model in our previous 
study.45

All dosages will be measured by fluorspectrophotom-
etry on a Fluoro Max-4 fluorophotometer (HORIBA, 
Japan).

Sample size calculation
Fifteen patients who had provided written informed 
consent were recruited from 1 July 2022 to 29 July 2022, 
for preliminary experiments, at which time ethical 
approval had been obtained and registration of the RCT 
had been completed. Preliminary experiments were 
performed with nine of these participants to explore and 
refine the experimental parameters. In particular, two of 
these nine participants were treated in accordance with 
the examination procedure but with 1.5 mL of the saline 
solution instead of 1.5 mL of a solution of VB2 in saline. 
This enabled the elimination of environmental interfer-
ences, such as those from participants’ saliva, environ-
mental particles and solvents from OGD procedures, as 
well as the determination of the limit of detection (LOD) 
of fluorescent signals. Preliminary experiments involving 
the remaining six participants were used to guide sample 
size calculations.

As mentioned, given the realistic morphological struc-
ture of the anthropomorphic model, the model’s airway 
dosage of infectious particles exhaled by the participants 
comprises the dosage on the oral cavity, nasal cavity, 
oropharynx and small airway with/without a surgical 
mask (filtration efficiency=63.31% based on the results 
of the preliminary experiments with fifteen patients), 
and the model’s surgical mask-uncovered facial mucosa 
dosage comprises the dosage on the eyes. These expo-
sures were measured separately, and the highest fluo-
rescent intensity was 567 counts per second (cps). The 
fluorescent intensities of buffer solutions that will be 
used in this RCT are less than 100 cps, and, thus, these 
solutions will not interfere with the fluorescence of VB2. 
Accordingly, given the experimental error (comprising a 
20% individual difference error, a 2% measurement error 
and a 10% manual sampling random error), the LOD was 
determined to be 800 cps, which means that fluorescent 
intensities of less than 800 cps will be considered as nega-
tive and not included in further analyses.

Given that the primary outcome of this trial was concen-
trated at infectious particles exposure through the airway, 
represented by the oral cavity, nasal cavity or oropharynx 
or small airway, the average dosages of the intervention 
group’s and control group’s anthropomorphic model in 
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the above niches were referred to calculate the sample 
size.

In terms of details, there were two patients in the control 
group without a surgical mask, one of whom was positive 
for the oral cavity, nasal cavity and oropharynx with a 
total of 1.47×10-1μg, while another one was of <LOD in all 
niches. As regards the intervention group with a surgical 
mask, there were four patients, one patient’s oral cavity, 
nasal cavity and oropharynx were positive with a total of 
1.12×10−1μg, one patient’s oropharynx was positive with 
a total of 7.40×10−2μg, and the remaining two patients 
were all of <LOD. Therefore, the average airway exposure 
dosage of the anthropomorphic model in the control 
group and the intervention group was (7.36±5.20)×10−2μg 
and (4.66±5.60)×10−2μg, respectively. Thus, it was calcu-
lated (http://powerandsamplesize.com) that to obtain a 
two-sided confidence level of 95%, a power of 80%, and 
an allocation ratio of 1:1, a sample size of 59 participants 
per group (118 in total) will be needed.

As participants have the right to drop out at any time 
after enrolment and as this RCT’s primary and secondary 
outcomes will not involve follow-up, it was assumed that 
the dropout rate will be 10%. Thus, the final sample size 
for each group was set as 65 participants (130 in total) to 
ensure that this RCT’s primary outcome will be statisti-
cally and clinically significant. What’s more, considering 
that the estimated experiment time will be 5 hours per 
participant, the total experiment time will exceed 700 
hours when accidental factors are taken into account. 
Thus, to ensure the feasibility of this study, the number of 
patients recruited is not further increased.

Statistical analysis
Statistical analysis will be performed using SPSS, V.26.0 
(IBM Corporation, Armonk, New York) and RStudio, 
V.1.3.959 (2009–2020 RStudio, PBC). Descriptive statis-
tics will be used to represent the characteristics of each 
group and the baseline variables, primary outcomes 
and secondary outcomes. Categorical variables will be 
summarised and reported by case number and propor-
tion and compared using Pearson’s χ2 test or Fisher’s 
exact test (according to the characteristics of the data). 
Quantitative variables will first be subjected to a Shapiro-
Wilk test. Then, they will be expressed as means±SDs 
and subjected to t tests, or as medians with an IQR and 
subjected to Wilcoxon rank-sum tests, depending on 
whether the variables are normally distributed. Relative 
risk will be calculated as needed and will be reported with 
the accompanying 95% CI and p value.

Additional model-based analyses, represented by 
multiple linear regression, logistics regression and Cox 
regression, will be conducted. The response variable will 
be the airway dosage and the surgical mask-uncovered 
facial mucosa dosage of the anthropomorphic model, 
whereas the explanatory variables will be the grouping 
of participants, the duration and relevant events of the 
OGD procedure, and baseline variables collected before 
the procedure, such as age, sex, BMI and the number 

of years of smoking. The estimated fixed effects will be 
reported for the model, with the accompanying 95% CI 
and p values. p<0.05 will indicate statistical significance, 
and p<0.01 and p<0.001 will indicate higher levels of 
statistical significance.

PUMCH has many patients on daily basis, and, thus, 
it is expected that enough potential participants will be 
identified during the RCT period to ensure that a suffi-
cient sample will be obtained. In addition, we will care-
fully collect and store each participant’s data to minimise 
the risk of confusion, disclosure or loss. If these problems 
occur, proxy information or appropriate imputation 
methods will be considered, if needed.

Data management and monitoring
The randomised group allocation of enrolled partic-
ipants will be managed by an independent full-time 
research assistant in the Department of Gastroenter-
ology at PUMCH. The RCT-related data will be collected, 
entered and managed by another independent full-time 
research assistant at Tsinghua University. A third dedi-
cated research assistant in the Department of Gastroen-
terology at PUMCH, independent of the two mentioned 
above, will periodically perform reconciliation. All of 
them will be blinded except for the necessary informa-
tion about their work.

Withdrawals
The participants will be informed that they will be able to 
withdraw from the RCT at any time without needing to 
provide a reason.

Ethics and dissemination
Ethical approval for this RCT was received from the Ethics 
Committee of PUMCH (ZS-3377) in February 2022. The 
RCT will comply with the clinical trial protocol, the Decla-
ration of Helsinki, and Good Clinical Practice and will 
be reported according to the Consolidated Standards of 
Reporting Trials 2010 statement.

The results of this RCT will be disseminated to other 
digestive endoscopists or other interested parties through 
presentations at scientific conferences and publications 
in peer-reviewed journals.

DISCUSSION
Airway inhalation and facial mucosa deposition are 
major routes of exposure to infectious particles, espe-
cially during OGD procedures where medical staff are 
in close proximity to patients. However, there have been 
no quantitative assessments of occupational exposure to 
potentially pathogen-laden infectious particles exhaled 
by patients during OGD procedures. This RCT aims 
to quantify the airway dosage and the surgical mask-
uncovered facial mucosa dosage of infectious particles 
by anthropomorphic fluorescent dosimetry to reflect and 
assess medical staff’s occupational infection risk during 
OGD procedures.

http://powerandsamplesize.com


7Zhang S, et al. BMJ Open 2023;13:e068291. doi:10.1136/bmjopen-2022-068291

Open access

Instead of characterising the emission of infectious 
particles exhaled by patients, this RCT will focus on 
determining the exposure of medical staff during OGD, 
when these patients are under general anaesthesia, by 
employing an anthropomorphic model, a fluorophore 
and fluorospectrophotometry. Thus, a direct outcome of 
this RCT will be a dimensionless exposure ratio, which 
will be easily derived as the ratio of collected fluores-
cent dosage from the anthropomorphic model to the 
original dosage of VB2 administered to the participants. 
This exposure ratio will later be indexed to factors such 
as specific pathogens, detailed procedures, participants’ 
health conditions, environment dilution and air filtra-
tion. We regard this approach as a generic methodology 
for estimating occupational exposure to infectious parti-
cles exhaled by patients during OGD procedures, no 
matter what pathogen the infectious particles carry. To 
the best of our knowledge, no such methodology has 
been developed.

There are two main innovations of this RCT. The first 
innovation is that it will use a non-toxic fluorophore, VB2, 
to label participants’ exhaled infectious particles and serve 
as the signal for fluorescent dosimetry. This will enable 
accurate and reliable data to be obtained with minimal 
background interference from ambient particles. The 
second innovation is that the anthropomorphic model 
has realistic respiratory-related morphology, respiratory 
function and body plume, so it will simulate a medical 
staff member to the bast. This will allow the measurement 
of airway inhalation exposure and facial mucosal deposi-
tion exposure to participants’ infectious particles without 
the limitations of real human experiments, which will 
give this RCT good reproducibility.

Another research focus of this RCT is to perform a quan-
titative comparison of the dosage of infectious particles 
from an anthropomorphic model wearing a surgical mask 
during OGD procedures with this dosage on an anthro-
pomorphic model not wearing a surgical mask during 
OGD procedures. This will enable scientific evaluation of 
the protective efficacy of a type of PPE that is commonly 
used in endoscopy, thereby revealing whether additional 
masks are required in endoscopic settings. This, together 
with the results of the models’ surgical mask-uncovered 
facial mucosa dosage of infectious particles exhaled by 
the participants during OGD procedures, will reveal 
whether other PPE such as medical safety goggles should 
be worn by medical staff during such procedures.

The possible limitation of this RCT is that this trial will be 
conducted at a single centre, due to equipment, manage-
ment and other practical factors. Besides, no surrogates 
can mimic the overall transmission process including 
aerosolisation, emission, dispersion, exposure and inoc-
ulation. This RCT cannot reveal the actual aerosolisation 
process in the respiratory tract, since we do not add VB2 
into the airway surface liquid (ASL). Adding surrogates 
into ASL demands invasive inhalation procedure that can 
cause significant discomfort. It is also difficult to estimate 
the total released amount of inhaled surrogates, which 

is the key to normalise the consequent exposure. There-
fore, this RCT adds the same quantity of VB2 into the oral 
cavity of patients after anaesthesia to avoid the variation 
of viral loads among patients. Since this RCT measures in 
the same room with the same equipment setups and very 
similar operation procedures, the fluctuation of observed 
exposure only consists of the turbulent nature of multi-
phase airflows and the stochastic exhalation behaviours/
responses of patients. At this stage, these factors are 
assumed to have equal, if not more, contribution to the 
individual-varying feature of exposure and infection in 
clinical practices, compared with the contribution of the 
variation of individual viral load.

The results of this RCT will provide scientific evidence 
that may facilitate the targeted control and efficacious 
reduction of medical staff’s risk of exposure to infectious 
particles exhaled by patients during OGD procedures. In 
addition, the results may aid in the rapid development of 
safe and effective methods of personal protection from 
exposure to infectious particles in future public health 
settings and disease outbreaks.
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