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Capnographic monitoring reduces hypoxia

incidence in older patients undergoing
gastrointestinal endoscopy under propofol
sedation: study protocol for a multicenter
randomized controlled trial

Qiuyue Lian', Shaoyi Chen', Xiangyang Cheng, Jie Zhang, Weifeng Yu, Renlong Zhou" and Diansan Su”

Abstract

Background Hypoxia is a very common adverse event that occurs during gastrointestinal endoscopy under seda-
tion, especially in older patients, owing to limited reservation of heart, brain, lung, and other organs. Prolonged or
severe hypoxia can cause ischemia of the coronary artery and permanent nervous system damage, and even result in
death. Hence, it is imperative to reduce or prevent hypoxia during gastrointestinal endoscopy under sedation in older
patients. Although several oxygen delivery methods would reduce hypoxia during this procedure, early detection of
respiratory depression and early administration of intervention would be the best method to reduce or even confirm
the hypoxia. Capnographic monitoring is reportedly more sensitive for detecting respiratory depression before the
onset of hypoxia than the current clinical routine monitoring of pulse oxygen saturation; however, its effect is contro-
versial. Therefore, in this study, we aimed to improve the safety of gastrointestinal endoscopy under sedation in older
patients.

Methods A multicenter, randomized, single-blind, two-arm parallel-group, controlled with an active comparator,
interventional superiority clinical trial will be conducted to evaluate the impact of an additional capnographic moni-
toring-based intervention on the incidence of hypoxia in older patients. Patients (n = 1800) scheduled for gastrointes-
tinal endoscopy with propofol sedation will be randomly assigned to either a control or interventional arm, wherein
standard or capnographic monitoring is implemented, respectively.

Discussion This study primarily aims to examine whether an additional capnographic monitoring-based intervention
can reduce the incidence of hypoxia in older patients during gastrointestinal endoscopy under propofol and sufen-
tanil sedation. The results of this study may extensively impact gastrointestinal endoscopy under sedation and the
development of associated guidelines.
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Introduction

Background and rationale{6a}

The sedation rate of gastrointestinal endoscopy varies in
different countries. In China, the overall sedation rate
for gastrointestinal endoscopy is ~50% [1], whereas in
the USA, >98% gastrointestinal endoscopy procedures
are performed under sedation [2, 3]. Cardiopulmonary
complications, especially hypoxia, are the most common
complications that occur during gastrointestinal endos-
copy under sedation. Prolonged or severe hypoxia can
cause ischemia of the coronary artery and permanent
nervous system damage or even result in death [4, 5].
Thus, determining a method to reduce hypoxia incidence
in gastrointestinal endoscopy under sedation is crucial.

Compared with the current clinical routine monitor-
ing of pulse oxygen saturation (SpO,), capnographic
monitoring can detect hypoventilation and respiratory
depression earlier, thereby helping in providing ear-
lier intervention [6]. Therefore, it is believed that cap-
nographic monitoring would reduce the incidence of
hypoxia. Nevertheless, whether capnographic monitor-
ing should be routinely performed during gastrointes-
tinal endoscopy under sedation with propofol remains
controversial.

There are two major studies regarding this subject;
however, their results are discrepant. The first investiga-
tion, a randomized, controlled study (ColoCap Study)
conducted by Beltz et al., confirmed that additional cap-
nographic monitoring of ventilatory activity in ASA I-III
patients reduces the incidence of hypoxia during propo-
fol sedation for colonscopy [7]. However, the second
investigation, a cohort study, reported that additional
capnographic monitoring did not improve patient safety
or satisfaction, but it did increase the cost [8]. The fun-
damental problem was that the initial oxygen flow in the
ColoCap Study was only 2 L/min, which is inconsistent
with that in clinical practice (3—4 L/min). This incon-
sistency resulted in a hypoxia incidence of >50% in the
control group. Another limitation of the ColoCap Study
was that the depth of sedation between the two groups
may have been inconsistent. Although the cohort study
was designed to closely mimic clinical practice, it did not
yield positive results. These conflicting results indicate
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that there is insufficient evidence regarding routine cap-
nographic monitoring in patients.

Older patients comprise a vulnerable group who are
more susceptible to hypoxia during gastrointestinal endos-
copy performed under drug-induced sedation [9, 10].
However, to the best of our knowledge, whether this vul-
nerable group requires routine monitoring for capnogra-
phy has not been investigated. Therefore, this study was
designed to improve the security of gastrointestinal endos-
copy under sedation in older patients.

Objectives {7}

Our aim is to investigate whether an additional cap-
nographic monitoring-based intervention can reduce
hypoxia incidence in older patients undergoing gastro-
intestinal endoscopy under sedation. Our primary objec-
tive is to measure the incidence of hypoxia (75% < SpO,
< 90% for < 60 s). Our secondary objective is to measure
the incidences of subclinical respiratory depression (90%
< SpO, < 95%), severe hypoxia (SpO, < 75% or 75% <
SpO, < 90% for >60 s), and other adverse events (AEs)
recorded via tools proposed by the World Society of
Intravenous Anesthesia International Sedation Task
Force. We predict that additional capnographic monitor-
ing of ventilatory activity will reduce hypoxia incidence
during propofol sedation for gastrointestinal endoscopy
in older patients. Our aim is to provide credible evidence
regarding reduced hypoxia incidence in older patients.

Trial design {8}

This study is a multicenter, randomized, single-blind,
two-arm parallel-group, controlled with an active

Table 1 Inclusion/exclusion criteria
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comparator, interventional superiority clinical trial. We
intend to evaluate the impact of an additional capno-
graphic monitoring-based intervention on hypoxia inci-
dence in older patients.

This trial was conducted under the recommendations
of the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT). The trial was registered
on ClinicalTrials.gov (No. NCT05030870) on September
1, 2021. We presented the trial registration data in the
form of Supplemental data.

Methods: participants, interventions,

and outcomes

Study setting {9}

This study will enroll ~1800 participants from the Renji
Hospital Shanghai Jiao Tong University School of Medi-
cine, Henan Provincial People’s Hospital, and Qilu Hos-
pital of Shandong University. The ethics committee of
the Renji Hospital Shanghai Jiao Tong University School
of Medicine approved and supported this clinical trial
(KY-2021014).

Eligibility criteria {10}

This clinical trial has three centers that recruited patients.
A summary of the inclusion and exclusion criteria is pre-
sented in Table 1.

Who will take informed consent? {26a}

Trained anesthesiologists will explain this trial to the
potential participants in detail, and the informed consent
form will be provided. Participants can decide whether
they wish to participate in the trial after sufficient time to

Inclusion criteria

Exclusion criteria

1) Aged >65 and <80 years

2) Scheduled to undergo gastrointestinal endoscopy procedure
with sedation

3) Signed the informed consent form
4) American Society of Anesthesiologists (ASA) classification I-Il

1) Coagulation disorders or a tendency of nose bleeding

2) An episode/exacerbation of congestive heart failure that requires a change in
medication, diet, or hospitalization from any cause in the past 6 months

3) Severe aortic stenosis or mitral stenosis
4) Cardiac surgery involving thoracotomy (e.g., coronary artery bypass graft, valve

replacement surgery) in the past 6 months

5) Acute myocardial infarction in the past 6 months

6) Acute arrhythmia (including any tachycardia or bradycardia) with fluid of hemody-
namics instability

7) Diagnosed with chronic obstructive pulmonary disease or current other acute or
chronic lung disease requiring supplemental chronic or intermittent oxygen therapy

8) Preexisting bradycardia (heart rate <50/min), or hypoxia (SaO, < 90%)

9) Need supplemental oxygen because of preexisting diseases

10) Emergency procedure or surgery

Multiple trauma

1)
12) Upper respiratory tract infection
13)

Allergy to propofol or tape and adhesives
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deliberate. Subsequently, the participant or his/her trus-
tee or guardian can sign the informed consent form, and
they can withdraw at any time during the trial. Following
this, baseline data will be collected from the patients, and
they will be randomly allocated using the central random
system. Participants can contact our team if they have
any health concerns during the trial. The entire process
of recruiting participants and obtaining their consent by
the members of the research team will be performed in
accordance with good clinical practice (GCP). In case of
any AEs during the trial related to the study procedure or
not, the researchers will immediately report to the direc-
tor in charge of the clinical trial of the research institu-
tion and contact Professor Diansan Su.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

Not applicable as no participant data and biological spec-
imens were collected or used in ancillary studies.

Interventions

Explanation for the choice of comparators {6b}

For the choice of comparators, the central randomization
system will be used for each study site. Following rand-
omization, the participants will receive either standard
monitoring (Arm2) or additional capnography (Arml).
The comparator in this trial is standard monitoring alone
(Arm2).

Intervention description {11a}

Capnography-blinded arm (Arm2) and capnography-
open arm (Arml) constitute the interventions for the
participants in this trial. The capnography-blinded arm
involves standard monitoring, and the capnography-
open arm involves additional capnography.

In both the groups, standard monitoring will include
determining the heart rate, SpO,, electrocardiogram,
and noninvasive blood pressure of the selected patients.
In the capnography-open arm, a sampling line will be
connected to a bedside portable monitor (Capnostream
20; Medtronic, Inc.) to ensure that the capnographic
data of the patients are available for the additional
noninvasive assessment of ventilation. A nasal can-
nula equipped with an oral sampling port to accom-
modate mouth breathers provided 2 L/min oxygen and
continuously sampled CO, content of both inspired
and expired patient gas. The sampling line was con-
nected to a portable bedside monitor (Capnostream 20;
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Medtronic, Inc.) displaying the time-based CO, graphic
waveform, numerical CO, partial pressure (mmHg),
derived respiratory rate, and SpO, via integrated pulse
oximetry. The height, shape, and rhythm of the cap-
nogram provide a real-time assessment of ventilatory
function. In the presence of supplemental oxygen dur-
ing inspiration, the samples essentially contain no CO,,
and the samples represent alveolar CO, concentration
during expiration, with a small amount of gas contain-
ing no CO, from the patient physiologic dead space.
For alveolar hyperventilation, the samples comprise
reduced to no CO,. In the capnography-blinded arm,
no sampling line will be connected to the bedside port-
able monitor, and the capnographic data of the patients
will not be visible to ensure that only the integrated
pulse oximetric readout of the monitor is visible.

Table 2 lists the AEs of anesthesia and sedation.

Criteria for discontinuing or modifying allocated
interventions {11b}

If participants request to withdraw from the trial, we will
discontinue the allocated intervention for a given trial
participant.

Strategies to improve adherence to interventions {11c}
Adherence to interventions primarily refers to patient
self-management adherence.

Relevant concomitant care permitted or prohibited

during the trial {11d}

No concomitant care or interventions will be permitted
during this trial.

Provisions for posttrial care {30}

If a participant suffers harm from this trial, he/she will
receive financial compensation accordingly. The amount
of compensation will be determined jointly by consulting
the relevant departments and the participant.

Outcomes {12}

Primary outcome measures

The primary outcome of this study is the incidence of
hypoxia (75% < SpO, < 90% for <60 s) in the two groups
from the beginning to the end of the operation.

Secondary outcome measures
The secondary outcomes comprise the following:

1. The incidence of subclinical respiratory depression
(90% < SpO, < 95%) in the two groups from the
beginning to the end of the operation.
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Table 2 Adverse events of anesthesia and sedation

Step 1:Was there one or more adverse events associated with this sedation encounter?
[ No, this form is now complete. [ Yes, fill out the remainder of the form below.
Step 2: Please DESCRIBE the adverse event(s). Check all that apply.

Minimal risk descriptors Minor risk descriptors Sentinel risk descriptors

[]Vomiting/retching [1 Oxygen desaturation (75-90%) for < 60s [1 Oxygen desaturation, severe Other, specify below
(<75% at any time) or prolonged
(<90% for >60s)

[ Sub-clinical respiratory [J Apnoea not prolonged [J Apnoea, prolonged (>60s)

depression®

[J Muscle rigidity, Myoclonus [ Airway obstruction [ Cardiovascular collapse/shock?

[J Hypersalivation [] Failed sedation® [ Cardiac arrest/absent pulse

[ Paradoxical response® [ Allergic reaction without anaphylaxis

[J Recovery agitation® [ Bradycardiat’

[ Prolonged recovery® O Tachycardia

O Hypotens'\onf
O Hypertensionf
[ Seizure
Step 3: Please note the INTERVENTIONS performed to treat the adverse events(s). Check all that apply.

Minimal risk Minor risk Moderate risk Sentinel intervention

[ No intervention performed [ Airway repositioning [ Bag valve mask-assisted [] Chest compressions Other, specify below
ventilation

[ Tactile stimulation [ Tactile stimulation [ Laryngeal mask airway [ Tracheal intubation

[ Additional sedative(s) Or the administration of: [ Ora/nasal airway Or the administration of:

[ Antiemetic [ Supplemental oxygen, new or ] CPAP [ Neuromuscular block

increased

[ Antihistamine [ Antisialogogue Or the administration of: [ Pressor/epinephrine

[ Reversal agents [ Atropine to treat bradycardia

[ Rapid i.vfluids
[ Anticonvulsant i.v.
Step 4: Please note the OUTCOME of the adverse events(s). Check all that apply.
Minimal risk outcome Moderate risk outcome Sentinel outcome
[ No adverse outcome ] Unplanned hospitalization or escalation of care” [ Death Other, specify below
[J Permanent neurological deficit
[ Pulmonary aspiration syndrome'
Step 5: Assign a SEVERITY rating to the adverse event(s) associated with this sedation encounter.
If there are any options checked in the Sentinel columns above, then this is a Sentinel adverse event'.
If the most serious option(s) checked above are Moderate risk, then this is a Moderate risk adverse event.
If the most serious option(s) checked above are Minor risk, then this is a Minor risk adverse event.

If the most serious option(s) checked above are Minimal risk, then this is a Minimal risk adverse event™.

Footnotes:
2 “Sub-clinical respiratory depression”is defined as capnographic abnormalities suggesting respiratory depression that do not manifest clinically
b “Paradoxical response”is defined as unanticipated restlessness or agitation in response to sedatives

¢ “Recovery agitation”is defined as abnormal patient affect or behaviors during the recovery phase that can include crying, agitation, delirium, dysphoria,
hallucinations, or nightmares

d “Prolonged recovery” is defined as failure to return to baseline clinical status within 2 hours

¢ “Failed sedation”is defined as inability to attain suitable conditions to humanely perform the procedure

f Alteration in vitals signs (bradycardia, tachycardia, hypotension, hypertension) is defined as a change of >25% from baseline
9 “Cardiovascular collapse/shock”is defined as clinical evidence of inadequate perfusion

" Examples of “escalation of care” include transfer from ward to intensive care, and prolonged hospitalization

i “Pulmonary aspiration syndrome”is defined as known or suspected inhalation of foreign material such as gastric contents into the respiratory tract associated with
new or worsening respiratory signs

J “Sentinel” adverse events are those critical enough to represent real or serious imminent risk of serious and major patient injury. Once recognized, they warrant
immediate and aggressive rescue interventions. Once clinically concluded, they warrant immediate reporting within sedation care systems and the highest level of
peer scrutiny for continuous quality improvement

K “Moderate” adverse events are those that, while not sentinel, are serious enough to quickly endanger the patient if not promptly managed. Once clinically
concluded, they warrant timely reporting within sedation care systems and periodic peer scrutiny for continuous quality improvement

' “Minor” adverse events are those encountered periodically in most sedation settings, and that pose little threat given appropriate sedationist skills and monitoring
™ “Minimal” adverse events are those that alone present no danger of permanent harm to the patient
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2. The incidence of severe hypoxia (SpO, < 75% or 75%
< SpO, < 90% for >60 s) in the two groups from the
beginning to the end of the operation.

3. The incidence of other AEs recorded via tools pro-
posed by the World Society of Intravenous Anesthe-
sia International Sedation Task Force.

Participant timeline {13}
Table 3 presents the schedule for the enrollment, inter-
ventions, assessments, and visit of the participants.

When the participants will enter the gastrointestinal
endoscopic operating room, they will be screened for eli-
gibility by the investigator. If they meet the inclusion cri-
teria but not the exclusion criteria, the investigator will
provide them with the fully informed consent form. After
signing the informed consent form, the patients will be
allocated to either the capnographic monitoring group or
the control group via the central randomization system.

In the capnographic monitoring group, the criteria for
apnea is the absence of exhaled CO,; altered ventilation
is defined as end-tidal CO, reduced by more than half of
the baseline, as shown by the capnogram; and the defini-
tion of hypoxia is 75%<SpO, < 90%, <60s. In the control
group, hypoxia is defined as SpO, <90%.

In both the groups, any sign of apnea, altered ven-
tilation, or hypoxia that prompts an intervention will

Table 3 Schedule of the major study events
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comprise (i) increasing oxygen supplementation, (ii) a
chin lift or jaw thrust maneuver, (iii) insertion of the oro-
pharyngeal or nasopharyngeal airway with a chin lift or
jaw thrust maneuver, (iv) artificial mask ventilation, and
(v) tracheal intubation.

The duration of surgery is defined as the time from the
beginning to the end of the gastrointestinal endoscopy,
excluding the time of resuscitation.

Sample size {14}

Our previous study revealed that hypoxia incidence in
patients during gastrointestinal endoscopy with propo-
fol sedation was ~8 % [11]. The anticipated effect size
of additional capnographic monitoring was 50%, imply-
ing that the hypoxia incidence power analysis assumes a
reduction from 8% to 4%. The results of a conventional
analysis were compared between the capnography-open
and capnography-blinded groups to detect differences in
proportions (hypoxia). We use PASS 11.0, randomization
1:1, power of 1 — p = 0.90, and a two-sided « level of 5%.
We assume a 10% dropout rate. Thus, the results revealed
that ~1800 patients would be required.

Recruitment {15}

The schedule of the major study events for each study
visit is presented in Table 3. This study included older
patients who are scheduled to undergo gastrointestinal

Project

Gastroscopy diagnosis and treatment period(Visit 1)

sedative
induction

Arrive the
examination
room

Procedure start

Leave the
examination
room

Procedure over participants

wakes up

Baseline data
Informed consent
Medical history
Inclusion / exclusion criteria
Demographic data
Vital signs

X X X X X X

Physical examination
Research outcome measures

Hypoxia

Sub-clinical hypoxia

Severe hypoxia

X X X X

Adverse event

Research drug
Study randomization X
Calculate drug dosage

Others
Gastroscope procedure time
Combined medication X X

X X X X

X X X X
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endoscopy with propofol sedation. The patients (65 <
age <80 years) who met the inclusion criteria were pre-
liminarily screened by the investigators and recruited by
distributing recruitment materials to patients and their
families. Additionally, we put up recruitment posters in
the endoscopy centers explaining the advantages of our
trial. The nasal catheters that will be used in our trial are
free, and the trial is beneficial for participants. We esti-
mate that the trial will easily recruit enough participants
according to the number of patients admitted to the
endoscopy centers per day.

The entire process of recruiting participants and
obtaining their consent by the members of the research
team will be consistent with GCP.

Assignment of interventions: allocation

Sequence generation {16a}

In this trial, we used stratified blocked randomization
to design the central randomization system. Risk fac-
tors for hypoxia during sedated gastrointestinal endos-
copy include patient factors, sedation factors, and
endoscopic operation factors. Patient factors mainly
include preexisting cardiopulmonary disease, obe-
sity, and advanced age. The incidence of hypoxia dur-
ing sedated gastrointestinal endoscopy varies among
patients with different underlying conditions. However,
the subjects in our trial were all ASA I-II patients and
did not include patients with ASA III-IV, which means
that the trial did not involve patients with previous
severe cardiopulmonary disease. Additionally, the num-
ber of obese patients in the older population in China is
extremely low, and stratification by obesity would pro-
vide little benefit. Our study only included ASA I-II
older patients aged 65 to 80 years, who we can assume
have similar physical conditions, and the incidence of
hypoxia during sedated gastrointestinal endoscopy is
approximately the same. Therefore, we did not stratify
them by age, and only central stratification was used in
our trial. Complete baseline data will be collected from
participants, including name, gender, date of birth, etc.
After assessing patient eligibility for inclusion, his/her
informed consent will be obtained. We will randomly
assign the participants in a ratio of 1:1 to the standard
or additional capnographic monitoring group accord-
ing to the allocation sequence of the central randomi-
zation system. The length of a random sequence is not
fixed, and 4, 6, and 8 are random.

Concealment mechanism {16b}

After obtaining the signed informed consent, the par-
ticipants will be randomly assigned to the standard or
additional capnographic monitoring group according to
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the central randomization system. The random results,
random number, and their relationship with groups will
be kept confidential from the participants throughout
the trial. The same nasal cannula with a CO,-collecting
device will be used in both groups and connected to the
capnographic monitoring device. The participants will
not be aware of their own and others’ grouping before,
during, and following gastrointestinal endoscopy.

Implementation {16c}

Designated doctors will generate the allocation
sequence, enroll participants, and assign participants to
interventions.

Assignment of interventions: blinding

Who will be blinded {17a}

After the interventions are assigned, only the trial par-
ticipants will be blinded. The results in the central ran-
domized system will be kept confidential from the
participants throughout the entire trial. The same nasal
cannula will be used in both the standard and additional
capnographic monitoring group, and the sampling line
will be connected to a portable beside monitor. The
researcher will ensure that participants are not aware of
their own or other’s assignment.

Procedure for unblinding if needed {17b}

As the trial is single-blind, patients interested in knowing
their group could be informed by the investigator follow-
ing the analysis of results.

Data collection and management

Plans for assessment and collection of outcomes {18a}

This study is an internal multicenter clinical trial. All
data collection physicians will be specially trained by
assessors. We will conduct regular online meetings to
share the progress of the trial and discuss the problems
encountered during the project. Moreover, we will con-
duct field visits to subcenters for quality control. We shall
also regularly organize the trial data to check for any
missing data, and to promote data quality, we intend to
apply other methods and call the participants as well.

Plans to promote participant retention and complete
follow-up {18b}

Not applicable, as the trial will not involve follow-up;
thus, we have no plans to promote participant retention
and complete the follow-up.

Data management {19}
The case report form (CRF) of the respective patients will
be entered and/or filled in for all the collected patient
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data during this clinical trial. The study number, sub-
ject number, date of subject information, and informed
consent will be appropriately documented in the patient
CRE. We will archive the source data as per GCP guide-
lines. The data manager will be responsible for data pro-
cessing and will conduct regular monitoring according to
the sponsor’s standard operating procedures to ensure
that the dates are adequate, accurate, and complete. The
source data lock will occur only after the completion of
the quality assurance procedures.

Confidentiality {27}

Participant information will be confidential and man-
aged according to the Data Protection Act, NHS Calde-
cott Principles, The Research Governance Framework
for Health and Social Care, and the conditions of
Research Ethics Committee approval. The confiden-
tiality of the data collected during the course of the
research will be strictly maintained, and only the mem-
bers of the trial team (or individuals from the sponsor
organization or center sites relevant to the trial) will be
allowed to access the data. All documents containing
patient information are stored in a specific cabinet in
the anesthesia department, locked and keyed for safe-
keeping. The permission of the principal investigator
is required for the removal or access of the data. The
participants will be allocated an individual trial iden-
tification number and their details will be stored in a
secure database. This database is maintained by profes-
sional researchers, and only the principal investigator
has access to the data set. The anonymized trial data
are not to be shared with other researchers.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

Not applicable as no biological specimens were collected
as part of this trial.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Data selection for statistical analysis

1. Full analysis set (FAS): According to the principle of
intention-to-treat analysis, the full analysis set will
include all subjects who are randomized to the study
and receive the study treatment.

2. Per-protocol set (PPS): The PPS population will
include all FAS patients without major protocol
deviations that influence the evaluation of primary
outcomes, such as the different dosages of sufenta-
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nil during the induction or lack of primary outcome
data. The efficacy analysis will be performed on the
FAS and PPS.

3. Safety analysis set (SAS): The safety population will
comprise all subjects who receive the study treat-
ment. Analyses of safety data in the study will be
based on the safety population.

Statistical analysis plan

All statistical analyses in this trial will be programmed
and calculated using Statistical Package for the Social
Sciences version 23.0 (IBM Inc., Armonk, NY, USA).
The normally distributed baseline continuous data will
be represented by mean (standard deviation [SD]) and
compared by using an unpaired ¢-test. The non-normally
distributed continuous data will be presented as median
(interquartile range [IQR]) and compared by using
Mann-Whitney U test. We will use x* test, continuity
correction y” test, or Fisher’s exact test to analyze the cat-
egorical variables. We intend to compare the incidences
of hypoxia, subclinical hypoxia, severe hypoxia, and total
hypoxia of the participants during gastrointestinal endos-
copy under sedation via y? test, continuity correction x>
test, or Fisher’s exact test.

Additional analyses

Safety analysis: general safety evaluations will be based
on the incidence and type of AEs. Safety variables will be
tabulated and presented for all the patients in safety sets.
AEs will be coded using the tools proposed by the World
Society of Intravenous Anesthesia International Sedation
Task Force. The number (%) of subjects with any AEs will
be summarized and compared via y* test, continuity cor-
rection y” test, or Fisher’s exact test.

Interim analyzes {21b}

Not applicable as we have no plans to conduct any
interim analyses, and no one has the rights to access
these interim results and decide to terminate the trial.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

The association between the baseline characteristics and
intervention and the risk of total hypoxia cumulative
incidence was examined using univariable- and multi-
variable-adjusted logistic regression models. The results
were presented as the odds ratios and corresponding 95%
confidence intervals.
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Methods in the analysis to handle protocol nonadherence
and any statistical methods to handle missing data {20c}
Statistical analysis was performed based on intention-
to-treat. Regardless of protocol adherence, the results of
the outcome analyses will be randomly analyzed. The fre-
quency and type of missingness of all the variables will
be screened. If missingness is >5% of any variable, we will
use multiple imputations. Complete case analysis will be
performed as a sensitivity analysis, in case of missing data
and imputation.

Plans to provide access to the full protocol,
participant-level data, and statistical code {31c}

Not applicable as we have no plans to provide access to
the full protocol, participant-level data, and statistical
code.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

Diansan Su, Jiangqgiang Zhang, and Jianbo Wu are the
members of the trial steering committee, and Diansan
Su is responsible for preparing and revising the proto-
col and disseminating any changes. Renlong Zhou and
Weifeng Yu are responsible for overseeing the study
design and protocol and interpreting the study findings.
Qiuyue Lian and Shaoyi Chen are responsible for coor-
dinating data collection and analysis and writing the
scientific manuscript. Xiangyang Cheng and Jie Zhang
are responsible for overseeing any statistical analyses
and ensuring that the study implementation on the
floor follows the protocol.

Composition of the data monitoring committee, its role,
and reporting structure {21a}

We do not have composition of the data monitoring
committee (DMC).

Adverse event reporting and harms {22}

The nasal cannula with a port that is used for collect-
ing exhaled CO, samples, which are consequently used
for capnographic monitoring, is similar to the original
nasal cannula and does not have any additional risks.
To date, to the best of our knowledge, there has been
no evidence that this study may cause any risk or dis-
comfort to the participants.

We will record any AEs that occur during the clinical
trial, regardless of whether these events were associated
with the intervention. Additionally, all the expected and
unexpected trial-related AEs will be reported in the
trial publications.
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Frequency and plans for auditing trial conduct {23}

The investigators shall maintain all study data accord-
ing to GCP requirements. The original study data and
information will be retained for at least 5 years fol-
lowing trial completion. Data security and monitor-
ing reports will be submitted to the ethical committee
every 3 months.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

This clinical trial will be conducted according to the
ethical committee approval. Any problem or protocol
modifications during the trial will be communicated
to the ethical committees, trial participants, trial reg-
istries, journals, and regulators in a timely manner. The
ethical committee’s consent will be required to change
the protocol.

Dissemination plans {31a}

The participants, healthcare professionals, the public,
and other relevant groups in the form of articles will
communicate the results of this trial.

Discussion

This study is the first randomized controlled trial
designed to confirm the utility of capnographic moni-
toring in older patients during gastrointestinal endos-
copy under sedation. The proportion of older patients
who undergo gastrointestinal endoscopy under sedation
is increasing annually worldwide. Ensuring the safety of
older patients during gastrointestinal endoscopy under
sedation is thus crucial.

Hypoxia is the most common and severe complica-
tion that occurs during gastrointestinal endoscopy
under sedation, with the primary cause of hypoxia being
hypoventilation due to propofol administration. Older
patients are more susceptible to respiratory depression
and hypoxia than adult patients [12, 13].

The early detection of respiratory depression in
patients and timely and effective intervention measures
can reduce the occurrence of severe hypoxia, hypercap-
nia, and even cardiac arrest, thereby improving patient
prognosis [14]. Capnography monitoring is more sensi-
tive and real-time than SpO2 in reflecting respiratory
depression before the onset of hypoxia [15-17].

Currently, no unified conclusion has been drawn on
whether end-tidal CO2 monitoring can effectively reduce
the occurrence of hypoxia during endoscopy [18-23].
There is insufficient evidence for routine capnographic
monitoring in all patients during sedated gastrointesti-
nal endoscopy, and there have been few recent studies to
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add to the scant literature on this topic. Our study design
avoids some of the limitations of the other studies and
demonstrates more closeness to clinical settings. Our
study is expected to provide a higher level of evidence
and improve the safety of gastrointestinal endoscopy
under sedation in older patients.

Therefore, future research should seek to resolve
some of the limitations of this study. First, this was
a single-blinded clinical study, which might cause
potential bias. Second, our trial is not international,
and the participating institutions of our experiment
are all Grade III Class A general hospitals in China.
The medications or methods of sedation vary among
different institutions and countries. Fortunately, the
selected intravenous anesthetics are widely used owing
to their clinical compatibility, and the data obtained
in our study could be represented in most clinical set-
tings. Third, only older patients with ASA grades I-II
were included in our trial, and those with ASA grades
III-IV were excluded. We planned another group to
be explored in the next study for older patients with
higher ASA classifications. Therefore, further capnog-
raphy monitoring research in gastrointestinal endos-
copy under sedation is warranted.

Trial status

Trial registration: ClinicalTrials.gov, NCT05030870. Reg-
istered on September 1, 2021. The protocol version is 2.2,
which was approved in November 22, 2021. This study
was started on September 1, 2021, and the recruitment
phase will last until December 2023.

Abbreviations

SpO, Hemoglobin oxygen saturation
CRF Case report form

GCP Good clinical practice

REC Research Ethics Committee
FAS Full analysis set

PPS Per-protocol set

SAS Safety analysis set

AEs Adverse events

T Intention-to-treat

DMC Data monitoring committee
Co, Carbon dioxide

RCT Randomized controlled study

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-023-07208-0.

[ Additional file 1. SPIRIT checklist. }

Acknowledgements
Our team would like to thank the patients who have participated in the trial to
date and all the staff at all participating sites.

Page 10 of 11

Authors’ contributions {31b}

Diansan Su is the principal investigator of this clinical trial, came up with the
idea of the study. Renlong Zhou is the senior investigator of this clinical trial.
They were both responsible for the conception and design of the study.
Weifeng Yu is the academic director and led the proposal and design of the
study. Qiuyue Lian and Shaoyi Chen contributed equally to this work and they
shared the first authorship and contributed to the final manuscript. Qiuyue
Lian participated in the development of the protocol, the trial database, and
case report forms. Shaoyi Chen contributed to the statistical design of the RCT
and sample size estimations. Qiuyue Lian, Xiangyang Cheng, and Jie Zhang
participated in conducting the experiment and collection of data. All authors
have approved the final manuscript and agree with submission. We will assign
the authorship for future trial publications according to the contribution.
Professional writers will not be used by us.

Funding {4}

The National Nature Science Foundation of China (Nos. U21A20357) sup-
ported this study. The funder was not interfered with the analyses and inter-
pretation of the trial results or writing of the protocol manuscript.

Availability of data and materials {29}

Because of Chinese data protection rules and regulations, the participant-level
data set cannot be made publicly available. If requested, the statistical code is
available.

Declarations

Ethics approval and consent to participate {24}
The Ethics Commission of Renji Hospital Shanghai Jiaotong University School
of Medicine approved and supported this clinical trial (KY2021-014).

Consent for publication {32}

We do not intend to publish personal information about an individual. The
informed consent materials are available from the corresponding author on
request.

Competing interests {28}
The authors declare that they have no competing interests.

Author details
Department of Anesthesiology, Renji Hospital, School of Medicine, Shanghai
Jiaotong University, Shanghai, China.

Received: 10 May 2022 Accepted: 27 February 2023
Published online: 15 March 2023

References

1. Zhou S, Zhu Z, et al. National survey on sedation for gastroin-
testinal endoscopy in 2758 Chinese hospitals. Brit J Anaesthesia.
2021;127(1):56e64.

2. Cohen LB, Wecsler JS, Gaetano JN, et al. Endoscopic sedation in the
United States: results from a nationwide survey. Am J Gastroenterol.
2006;101:967-74.

3. Faulx AL, Vela S, Das A, et al. The changing landscape of practice patterns
regarding unsedated endoscopy and the use of propofol use: a national
Web survey. Gastrointest Endosc. 2005;62:9-15.

4. Xiao Q,Yang, ZhouY, et al. Comparison of nasopharyngeal airway
device and nasal oxygen tube in obese patients undergoing intravenous
anesthesia for gastroscopy: a prospective and randomized study. Gastro-
enterol Res Pract. 2016;2016:2641257.

5. BellGD, Bown S, Morden A, et al. Prevention of hypoxaemia during
upper-gastrointestinal endoscopy by means of oxygen via nasal can-
nulae. Lancet. 1987;1:1022-4.

6. Burton JH, Harrah JD, Germann CA, et al. Does end-tidal carbon dioxide
monitoring detect respiratory events prior to current sedation monitor-
ing practices? Acad Emerg Med. 2006;13:500-4.

Beltz A, Riphaus A, et al. Capnographic Monitoring Reduces the Inci-
dence of Arterial Oxygen Desaturation and Hypoxemia During Propofol


https://doi.org/10.1186/s13063-023-07208-0
https://doi.org/10.1186/s13063-023-07208-0

Lian et al. Trials

20.

21.

22.

23.

(2023) 24:192

Sedation for Colonoscopy: A Randomized, Controlled Study (ColoCap
Study). Am J Gastroenterol. 2012;107:1205-12.

Barnett S, et al. Capnographic Monitoring of Moderate Sedation
During Low-Risk Screening Colonoscopy Does Not Improve Safety or
Patient Satisfaction: A Prospective Cohort Study. Am J Gastroenterol.
2016;111:388-94.

Okocha O, Gerlach RM, Sweitzer B. Preoperative evaluation for
ambulatory anesthesia: what, when, and how? Anesthesiol Clin.
2019;37:195-213.

Qadeer MA, Lopez AR, Dumot JA, et al. Hypoxemia during moderate
sedation for gastrointestinal endoscopy: causes and associations. Diges-
tion. 2011;84:37-45.

. Yuxuan L, Xiaoging Z, Lizhi L, et al. High-flow nasal cannula oxygen

therapy and hypoxia during gastroscopy with propofol sedation: a rand-
omized multicenter clinical trial. Gastrointest Endosc. 2019;90:591-601.
QinY, Li LZ, Zhang XQ, et al. Supraglottic jet oxygenation and ventila-
tion enhances oxygenation during upper gastrointestinal endoscopy in
patients sedated with propofol: a randomized multicentre clinical trial. Br
J Anaesth. 2017;119:158-66.

Cai G, Huang Z, ZouT, et al. Clinical application of a novel endoscopic
mask: A randomized controlled trial in aged patients undergoing painless
gastroscopy. Int J Med Sci. 2017;14:167-72.

Waugh JB, Epps CA, Khodneva YA. Capnography enhances surveillance
of respiratory events during procedural sedation: a meta-analysis. J Clin
Anesth. 2011;23(3):189-96. https://doi.org/10.1016/jjclinane.2010.08.012.
Vargo JJ, Zuccaro G Jr, Dumot JA, et al. Automated graphic assessment of
respiratory activity is superior to pulse oximetry and visual assessment for
the detection of early respiratory depression during therapeutic upper
endoscopy. Gastrointest Endosc. 2002,55:826-31.

Lightdale JR, Goldmann DA, Feldman HA, et al. Microstream capnography
improves patient monitoring during moderate sedation: a randomized,
controlled trial. Pediatrics. 2006;117:1170-8.

Zongming J, Zhonghua C, Xiangming F, et al. Sidestream capnographic
monitoring reduces the incidence of arterial oxygen desaturation during
propofol ambulatory anesthesia for surgical abortion. Med Sci Monitor.
2014,20:2336-42.

Anesthesiologists ASo. Standards for basic anesthetic monitoring. 2015.
https://www.asahq.org/standards-and-guidelines/standards-for-basic-
anesthetic-monitoring

Endoscopy ASoG. Universal adoption of capnography for moderate
sedation in adults undergoing upper endoscopy and colonoscopy has
not been shown to improve patient safety or clinical outcomes and
significantly increases costs for moderate sedation. 2012. https://www.
asge.org/docs/defaultsource/education/practice_guidelines/doc-90dc9
b63-593d-48a9-bec1-9f0ab3ce946a.pdf?sfvrsn=6.

Practice Guidelines for Moderate Procedural Sedation and Analgesia
2018: a report by the American Society of Anesthesiologists Task Force on
Moderate Procedural Sedation and Analgesia, the American Associa-
tion of Oral and Maxillofacial Surgeons, American College of Radiology,
American Dental Association, American Society of Dentist Anesthe-
siologists, and Society of Interventional Radiology. Anesthesiology
2018;128:437-479.

Early DS, et al. Guidelines for sedation and anesthesia in Gl endoscopy.
Gastrointestinal Endoscopy. 2018,87:327-37.

Dumonceau JM, Riphaus A, Aparicio JR, et al. European Society of
Gastrointestinal Endoscopy, European Society of Gastroenterology and
Endoscopy Nurses and Associates, and the European Society of Anaes-
thesiology Guideline: Non-anesthesiologist administration of propofol for
Gl endoscopy. Endoscopy. 2010;42:960-74.

Non-Anesthesiologist administration of propofol for gastrointestinal
endoscopy: EuropeanSociety of Gastrointestinal Endoscopy, European
Society of Gastroenterology and EndoscopyNurses and Associates
Guideline--Updated June 2015. Endoscopy. 2015;47(12):1175-1189.
https://doi.org/10.1055/5-0034-1393414. Epub 2015 Nov 12.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.jclinane.2010.08.012
https://www.asahq.org/standards-and-guidelines/standards-for-basic-anesthetic-monitoring
https://www.asahq.org/standards-and-guidelines/standards-for-basic-anesthetic-monitoring
https://www.asge.org/docs/defaultsource/education/practice_guidelines/doc-90dc9b63-593d-48a9-bec1-9f0ab3ce946a.pdf?sfvrsn=6.
https://www.asge.org/docs/defaultsource/education/practice_guidelines/doc-90dc9b63-593d-48a9-bec1-9f0ab3ce946a.pdf?sfvrsn=6.
https://www.asge.org/docs/defaultsource/education/practice_guidelines/doc-90dc9b63-593d-48a9-bec1-9f0ab3ce946a.pdf?sfvrsn=6.
https://doi.org/10.1055/s-0034-1393414

	Capnographic monitoring reduces hypoxia incidence in older patients undergoing gastrointestinal endoscopy under propofol sedation: study protocol for a multicenter randomized controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Administrative information
	Introduction
	Background and rationale{6a}
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for posttrial care {30}
	Outcomes {12}
	Primary outcome measures
	Secondary outcome measures

	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Data selection for statistical analysis
	Statistical analysis plan
	Additional analyses

	Interim analyzes {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in the analysis to handle protocol nonadherence and any statistical methods to handle missing data {20c}
	Plans to provide access to the full protocol, participant-level data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role, and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	Trial status
	Anchor 61
	Acknowledgements
	References


