Wang et al. BMC Anesthesiology ~ (2023) 23:188 BMC An esthesio|ogy
https://doi.org/10.1186/512871-023-02151-8

Check for
updates

The effect of capnography on the incidence
of hypoxia during sedation for EGD

and colonoscopy in mildly obese patients:
a randomized, controlled study
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Abstract

Background By continually monitoring end-tidal carbon dioxide concentrations, capnography can

detect abnormal ventilation or apnoea early. This randomized, controlled study explored the effect of early
intervention with capnography on the incidence of hypoxia in mildly obese patients undergoing sedation for
esophagogastroduodenoscopy (EGD) and colonoscopy.

Methods This is a single-center, randomized, single-blind, parallel-assignment, controlled trial. Mildly obese patients
(28 kg/m? < BMI < 40 kg/m?) undergoing sedation for EGD and colonoscopy were randomly assigned to either the
standard or capnography group. Standard cardiopulmonary monitoring equipment was used in both groups, and
additional capnography was performed in the capnography group. In the event of inadequate alveolar ventilation
during sedation, five interventions were administered in sequence (a-e) : a: increasing oxygen flow (5 L/min); b: a
chin lift or jaw thrust maneuver; c: placement of the nasopharyngeal airway and chin lift; d: mask positive-pressure
ventilation, and e: ventilator-assisted ventilation with tube insertion. The primary outcome was the incidence of
hypoxia (SpO, <90%, > 10 s) in each group. The secondary outcomes included the incidence of severe hypoxia
(SpO, < 85%), subclinical respiratory depression (90% < SpO, < 95%), interventions, minimum SpO, during operation,
patient satisfaction, endoscopist satisfaction, and other adverse events of anesthesia sedation.

Results 228 patients were included (capnography group=112; standard group=113; three patients were excluded)
in this study. The incidence of hypoxia was significantly lower in the capnography group than in the standard

group (13.4% vs. 30.1%, P=0.002). Subclinical respiratory depression in the capnography group was higher than

that of the standard group (30.4% vs. 17.7%, P=0.026). There was only a 5.4% incidence of severe hypoxia in the
capnography group compared with 14.2% in the standard group (P=0.026). During sedation, 96 and 34 individuals in
the capnography and standard groups, respectively, underwent the intervention. There was a statistically significant
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difference (P<0.0001) in the number of the last intraoperative intervention between the two groups (a:47 vs. 1,

b:46 vs. 26, c:2 vs. 5, d:1 vs. 2, e:0 vs. 0 ). No significant differences were found between the two groups in terms of
minimum SpO, during operation, patient satisfaction, or endoscopist satisfaction rating. There was no statistically
significant difference in adverse events of anesthesia sedation between the two groups.

Conclusion Capnography during sedation for EGD and colonoscopy allows for the detection of apnea and altered
breathing patterns in mildly obese patients before SpO, is reduced. Effective intervention measures are given to
patients within this time frame, which reduces the incidence of hypoxia and severe hypoxia in patients.

Trial registration Ethical approval was granted by the Medical Ethics Committee (Chairperson Professor Tian Hui) of
Qilu Hospital, Shandong University ((Ke) Lun Audit 2021 (186)) on 15/07/2021. The study was registered (https://www.
chictrorg.cn) on 23/10/2021(ChiCTR2100052234). Designed and reported using CONSORT statements.

Keywords Anesthetic i.v, Adverse effects, Capnography, Outcomes, EGD and Colonoscopy

Background

Sedation for endoscopy is becoming increasingly com-
mon as a means of diagnosing and treating gastrointesti-
nal diseases, increasing patient comfort and compliance,
and improving the efficiency of disease diagnosis and
treatment [1]. However, sedation/anesthesia has high
risks, and some complications can cause serious conse-
quences or even death [2, 3], such as respiratory depres-
sion and hypoxia [4, 5].

In obese patients, the oxygen reserve capacity is poor,
and a few patients have sleep apnea syndrome, which can
easily cause posterior tongue drop in general intravenous
anesthesia and lead to upper airway obstruction, respira-
tory depression, SpO, drop, choking and other complica-
tions [6—8]. Recent studies have shown that body mass
index (BMI) is an independent risk factor for sedation-
related adverse events [9-12]. Moreover, severe hypoxia
often requires suspension of endoscopy for mask venti-
lation or tracheal intubation-assisted ventilation, and
prolonged hypoxia can also lead to myocardial ischemia,
malignant arrhythmias, permanent neurological damage,
or even death [4, 5]. Therefore, it is essential to prevent
hypoxia in mildly obese patients undergoing sedation for
EGD and colonoscopy.

Using pulse oximetry alone can significantly delay the
detection of apnea or hypoventilation, especially if the
patient receives supplemental oxygen [13, 14]. P CO,
values and waveforms can provide a more accurate pic-
ture of a patient’s pulmonary ventilation status and guide
the early implementation of respiratory interventions.
As a monitoring technique, capnography is widely used
in clinical practice because of its high sensitivity and
noninvasiveness.

Currently, there is no consensus on whether cap-
nography can effectively reduce the occurrence of
hypoxia during endoscopy. Beltz et al. [15—-17]believe
that capnography can reduce the occurrence of hypoxia
in patients during the examination. However, some
researchers believe that capnography does not increase

patient satisfaction and safety but instead increases the
cost of the test [18].

In this study, we explored whether intra-operative
capnography could effectively reduce the incidence
of hypoxia in patients undergoing sedation for EGD
and colonoscopy, limiting the subjects to mildly obese
patients who are more prone to intra-operative hypoxia.

Methods

Study design

This single-center, prospective, randomized, controlled
trial was conducted from November 2021 to July 2022
at Qilu Hospital of Shandong University in Jinan, China.
Ethical approval was granted by the Medical Ethics Com-
mittee (Chairperson Professor Tian Hui) of Qilu Hos-
pital, Shandong University ((Ke) Lun Audit 2021 (186))
on 15/07/2021. The study was registered on 23/10/2021
(https://www.chictr.org.cn). We designed and reported
this study using CONSORT statements. We obtained
written, informed consent from the patient, his or her
next of kin, or a legal representative.

Study population

Inclusion criteria: (1) American Society of Anesthesiolo-
gists classification (ASA) class I or II; (2) age 18—65 years;
(3) 28 kg/m><BMI < 40 kg/m? (4) undergoing sedation
for EGD and/or colonoscopy procedures, (5) informed
consent from the patient or family. Exclusion criteria: (1)
nasal bleeding, nasal mucosal injury, space-occupying
lesions in the nasal cavity; (2) diagnosed heart disease
(heart failure, angina pectoris, heart attack, arrhythmia);
(3) diagnosed lung disease (asthma, bronchitis, COPD,
pulmonary maculopathy, pulmonary embolism, lung
cancer); (4) those with previous hypotension (systolic
blood pressure<90 mmHg), bradycardia (heart rate <50
beats/min), or hypoxemia (SaO,<90%); (5) presence
of underlying disease requiring oxygen; (6) emergency
surgery; (7) multiple trauma; (8) upper respiratory tract
infection; (9) allergy to sedative drugs such as propofol or
devices such as tape, and (10) disagreement to participate
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in this study. Post-inclusion exclusion criteria: (1) failure
to complete endoscopy by sedation; (2) serious adverse
events during the experiment forcing the patient to dis-
continue endoscopy; and (3) noncompliance with the
protocol requirements.

Randomization and blinding

Patients were randomly divided into a capnography
group or a standard group in a 1:1 ratio using a random
sequence of numbers generated through computer-
ized randomization software. In the capnography group,
the capnographic data of the patients were available for
additional noninvasive assessment of ventilation. The
capnographic data of patients assigned to the standard
monitoring group were not visible because the carbon
dioxide sampling port of the nasal cannula was kept
closed; therefore, only the integrated pulse oximetric
readout of the monitor was visible.

Investigators randomly assigned patients to the study
groups by opening pre-generated, sequentially num-
bered, opaque, sealed envelopes. The patients, endoscopy
unit staff, and endoscopists were blinded to the study
arm assignments. Both groups used nasal cannulae with
carbon dioxide collection devices in identical packaging
and shapes that were connected to capnography devices.
A subject could be unblinded in the event of a severe
adverse event requiring hospitalization or prolonged hos-
pitalization (disability, affecting the ability to work; life-
threatening or death; causing congenital malformations)
or another emergency. The sponsor, study director, and
clinical monitor were notified before unblinding.

Study procedure

Routine heart rate monitoring, blood pressure moni-
toring, and electrocardiography were performed on all
patients. For the assessment of SpO,, the integrated pulse
oximeter of the capnography device was used. A nasal
cannula (Capnostream 20; Medtronic, Inc.) with an oral
sampling port to accommodate mouth breathers pro-
vided 2 L/min oxygen and continuously sampled the CO,
content of both inspired and expired patient gas. The
sampling line was connected to a portable bedside moni-
tor (Capnostream 20; Medtronic, Inc.) that displayed a
time-based capnogram, PpCO, (mmHg), the derived
respiratory rate, and SpO, by integrated pulse oximetry
(Nellcor, Covidien, Boulder, CO, USA).

The patient was placed in the lateral position and pre-
oxygenated by deep breathing with 2 L min~' oxygen.
5 or 7.5 pg of intravenous sufentanil (sufentanil citrate
injection, 50 ug 1 mL™'ampule™'; Yichang Humanwell
Pharmaceutical Co, Ltd, Yichang, China) was adminis-
tered during the induction of anesthesia in both groups.
After 3 min, sedation was induced by a 1.5 mg/kg intrave-
nous injection of propofol (propofol injection long-chain
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triglyceride, 200 mg /20 Ml/ampule, Fresenius Kabi
Deutschland, Bad Homburg, Germany), administered
by hand at a rate of 0.5 ml/s. Sedation depth was evalu-
ated according to the Modified Observer’s Assessment
of Alertness/Sedation (MOAA/S) score [19] (Table S2
in Supplementary Appendix). According to our routine
practice, deep sedation to a MOAA/S score of 0/1 was
performed first to ensure the successful insertion of the
endoscope tube and to decrease adverse responses to the
insertion of the endoscope tube into the upper airway.
During endoscopy, moderate sedation with a MOAA/S
score of 2/3 was maintained with additional propofol
(20-30 mg).

In the event of inadequate alveolar ventilation during
sedation, the investigators administered the following
five interventions sequentially until all respiratory-related
parameters returned to normal, recording the means of
the last intervention: a: increasing oxygen flow (5 L/min);
b: a chin lift or jaw thrust maneuver; c: placement of the
nasopharyngeal airway and a chin lift; d: mask positive-
pressure ventilation, and e: ventilator-assisted ventilation
with tube insertion. The division of labor among partici-
pants was fixed throughout the experiment, and the gas-
troenterologist performed the endoscopy.

After endoscopy completion, patients who can pro-
vide meaningful verbal responses and have stable vital
signs were withdrawn from monitoring and transferred
to the recovery room. Discharge was allowed when a
post-anesthesia discharge scoring system (PADSS) (Table
S3 in Supplementary Appendix) score of >9 was met.
When fully recovered, patient satisfaction of sedation
was assessed through a numeric analog scale (Table S4
in Supplementary Appendix) before patients were dis-
charged. Endoscopists were asked to rate their satisfac-
tion of sedation on a numeric analog scale (1, min — 10,
max) at the end of the procedure.

Adverse events were any instances where adverse
symptoms and abnormal signs occurred after the appli-
cation of the intervention, whether or not they were
causally related to the trial. Any adverse events, includ-
ing those provided voluntarily by the subject or identi-
fied through investigator inquiries and monitoring, were
actively managed and closely followed until they resolved
or stabilized. Adverse events of anesthesia sedation,
including PONYV, hypotension, bradycardia, and prema-
ture ventricular contractions occurred, were treated with
ondansetron hydrochloride, atropine, noradrenaline,
and lidocaine, respectively. (Table S5 in Supplementary
Appendix)

Study outcome

Inadequate alveolar ventilation during sedation included
altered ventilation, apnoea, or decreased oxygen satu-
ration. The capnographic criterion for apnoea was the
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absence of exhaled CO,; altered respiration was defined
as a reduction in end-tidal CO, by more than half from
the baseline value; decreased oxygen saturation was
defined as SpO,<90%, > 10s.

The primary outcome was the incidence of hypoxia
during sedation, defined as a decrease in SpO, to <90%,
2>10s. The period of sedation was defined as the period
from the start of the first medication administration until
the discontinuation of electronic monitoring after the
completion of the procedure.

The secondary outcomes included (i) incidence of sub-
clinical respiratory depression (90% < SpO,<95%) and
severe hypoxia (SpO,<85%); (ii) interventions; (iii) mini-
mum SpO, during operation; iv) patient and endoscopist
satisfaction, v) adverse events of anesthesia sedation.

Statistical analysis

The sample size was calculated using PASS software (ver-
sion 11.0, NCSS, LLC, Kaysville, UT, United States). The
Two Independent Proportions procedure was used. Test
results indicate a 32% incidence of hypoxia in mildly
obese patients under sedation procedure; thus, 32% of
patients in the capnography group were expected to
develop hypoxia. P1 and P2 were calculated based on the
assumption that capnography would achieve a reduc-
tion in the incidence of hypoxia from 32 to 15%. Given
an «=0.05 and a power of 80%, it was estimated that
108 patients per group would be required for the study.
Assuming a dropout rate of 5%, a total of 228 patients
would be needed.

A blinded statistician performed statistical analy-
sis using SPSS (version 25.0). Data are summarized as
meantSD/median (IQR) for continuous data and as
frequencies/percentages for categorical data. The stan-
dardized mean difference (SMD) was defined as the dif-
ference between the mean value of a covariate in one
group and the corresponding mean value of a covariate
in the other group, divided by the pooled standard devia-
tion. When assessing the balance between groups, an
SMD<0.1 indicated a better balance and was considered
as a small difference between the two groups. The inci-
dence of hypoxia for the primary outcome was analyzed
using Fisher’s exact test for categorical variables. Second-
ary outcomes were also analyzed with the use of Fisher’s
exact test for categorical variables as well as Student’s
t-test for continuous variables with a composite normal
distribution. Statistical significance was set at P<0.05.

Results

Intention-to-treat analysis

From November 2021 to July 2022, 285 patients present-
ing with EGD and/or colonoscopy were screened for
enrollment. Of these, 26 patients did not meet the eli-
gibility criteria, 25 refused to participate, and six were
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excluded for other reasons (surgery was canceled; with-
drawn by the treating physician). A total of 228 subjects
underwent randomization. Three patients withdrew their
consent after randomization. Thus, 225 patients were
included in the intention-to-treat analysis (Fig. 1). There
were minimal differences in baseline demographic, clini-
cal, and surgical characteristics between the two groups
of patients(SMD<0.1) Table 1).

Primary study outcome

Hypoxia (SpO,<90%, =10 s) occurred markedly less
often in the capnography group than in the standard
group (13.4% vs. 30.1%; P=0.002) (Table 2).

Secondary study outcomes

The incidence of severe hypoxia was markedly lower
in the capnography group (5.4% vs. 14.2%, P=0.026)
(Table 2). Subclinical respiratory depression was
observed in 17.7% of the standard group but in 30.4% of
the capnography group (P=0.026) (Table 2).

In the capnography group, 30 and 66 patients devel-
oped altered ventilation and apnea, respectively. Thus, 96
(85.7%) patients underwent intervention in the capnogra-
phy group(Fig. 2). Only 15 (13.4%) of these patients devel-
oped hypoxia after performing the intervention. None of
the patients developed hypoxia without prior recording
of apnoea or altered respiration. In the standard group,
34 (30.1%) of patients underwent intervention. There
was a statistically significant difference (P <0.0001) in the
number of the last intraoperative intervention between
the two groups (a:47 vs. 1, b:46 vs. 26, c:2 vs. 5, d:1 vs. 2,
e:0 vs. 0) (Fig. 2).

When alveolar hypoventilation occurred during intra-
venous anesthesia, 47 (49%) of patients in the capnogra-
phy group resolved their ventilation changes or airway
abnormalities by increasing oxygen flow as opposed to
only 1 (2.9%) patient in the standard group. Among the
patients who received the intervention, 46 (47.9%) of the
capnography group and 26 (76.5%) of the standard group
had a chin lift or jaw thrust. Nasopharyngeal airways
with jaw support were placed in 2 (2.1%) and 5 (14.7%) of
patients in the capnography and standard groups, respec-
tively. Two patients in the standard group and one in the
capnography group underwent manual mask positive-
pressure ventilation (Fig. 2, Table S6 in Supplementary
Appendix).

The differences in minimum SpO, during operation,
patient satisfaction, or endoscopist satisfaction ratings
between the two groups were not statistically significant
(Table 2).

Adverse events of anesthesia sedation which occurred
during the experiment, such as PONYV, hypotension,
bradycardia, and premature ventricular contractions,
were treated with ondansetron hydrochloride, atropine,
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Intention-to-treat analysis (n=112)
Per-protocol analysis (n=110)

+ Excluded from analysis because of
-Additionally received midazolam (n=1)
-Received no oxygen supplementation(n=1)

Fig. 1 Randomization flowchart of the study population

noradrenaline, and lidocaine, respectively. There was no
statistically significant difference between the two groups
(Table 2).

Per-protocol analysis

A total of 225 patients were included in the intention-
to-treat analysis. In per-protocol analysis, data are ana-
lyzed only for those patients who completely adhere to
the treatment protocol. In the capnography group, two

Intention-to-treat analysis (n=113)
Per-protocol analysis (n=111)

+ Excluded from analysis because of
-Additionally received midazolam (n=1)
-Received etomidate instead of propofol(n=1)

were excluded from the program analysis because they
received midazolam and no oxygen supplementation. In
the standard group, two patients were excluded from the
program analysis because they received midazolam and
etomidate instead of propofol. Thus, 221 participants
were included in the per-protocol analysis. The results
of statistical analysis for the per-protocol set were con-
sistent with those of the intention-to-treat analysis. The
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Table 1 Comparison of the randomized groups on baseline

variables
Capnog- Standard SMD
raphy (n=113)
(n=112)
Age (years) 47.0+10.2 473+10.2 0.030
Sex, male 85(75.9) 88(77.9) 0.047
BMI, kg/m2 307423 30.8+2.1 0.030
ASA class 0.096
| 87(77.7) 93(82.3)
Il 25(22.3) 20(17.7)
History of smoking 43(384) 39(34.5) 0.081
History of alcohol consumption 41(36.6) 40(35.4) 0.025
Mallampati Class 0.087
| 36(32.1) 40(35.4)
Il 70(62.5) 70(61.9)
1] 6(54) 3(27)
TMD<6cm 27(24.1) 24(21.2) 0.069
Micrognathia or retrognathia 16(14.3) 16(14.2) 0.004
STOP-BANG questionnaire score >3  34(30.4) 34(30.1) 0.006
ar
Type of procedure
EGD 41(36.6) 44(38.9)
Colonoscopy 8(7.1) 14(12.4)
Colonoscopy +EGD 63(56.3) 55(48.7)
Procedure time, minutes 252+10.7 252+127  0.001
Induction dose of propofol, mg/kg  1.5+0.1 1.5+0.1 0.089
Induction dose of sufentanil, ug 55+10 56+10 0.029
Total dose of propofol, mg 213.7+484 2125+543 0023
Baseline heart rate, beats/min 720+9.2 7374104 0.095
Baseline systolic blood pressure, 133.1+£98  1338+89  0.081
mmHg
Baseline oxygen saturation, % 99.2+£0.9 994+0.6 0.091

Data are presented as meanzSD, median [IQR] or number (proportion).
Abbreviations:SMD,Standardized Mean Difference; ASA, American Society of
Anesthesiologists; BMI, body mass index; TMD, thyromental distance; EGD,
esophagogastroduodenoscopy. STOP-BANG questionnaire score (Table S1 in
Supplementary Appendix)

results of the per-protocol analysis are reported in the
Supplementary Material.

Discussion
We investigated the effect of capnography on the inci-
dence of hypoxia in mildly obese patients undergoing
EGD and colonoscopy by sedation. We found that early
intervention based on capnography reduced the inci-
dence of hypoxia in patients and kept SpO, in the sub-
clinical respiratory depression stage in most patients.
Capnography-based implementations increased the
number of interventions for patients, but results show
that nearly half of patients with alveolar hypoventila-
tion in the capnography group improved oxygenation
by increasing oxygen flow alone, whereas the standard
group required further interventions.

There is a positive association between suppression of
muscle activity and increased wet trapping of the upper
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Table 2 Study outcomes in the two groups

Capnog- Stan- RR (95%(Cl) P
raphy dard value
(n=112) (n=113)
Primary study
outcome
Hypoxia 15(134) 34(30.1) 044[0.26,0.77]  0.002
(SpO,<90%,>109)
Secondary study
outcomes
Severe hypoxia 6(54) 16(14.2) 038[0.15093] 0.026
(SpO, <85%)
Subclinical respira- 34(304) 20(17.7) 1.71[1.052.79] 0.026
tory depression
(90%<SpO, < 95%)
SpO, minimum 941459 92.7+74 0.118
Conducting 96 (85.7) 34(30.1) 2.85[2.13,3.81] 0.000
interventions
Patient Satisfaction 49+03 48+03 0479
Endoscopist Satisfac- 88+1.1 86+13 0.125
tion (NAS, 1-10)
Anesthesia sedation
adverse events
PONV 3(27) 0(0) 0.242
Bradycardia (< 50 6(54) 7(6.2) 0.86[0.30,249]  0.788
heartbeats/min)
Hypotension (SBP <90 109 1(09) 1.01[0.06,15.93] 0.995
mmHg)
Premature ventricular 2(18) 327 0.67[0.12,3.95]  0.658
contractions
Management
measures
Ondansetron 327) 0(0) 0.242
hydrochloride
Atropine 6(54) 7(6.2) 0.87[0.30,249] 0.788
Noradrenaline 1009 1(0.9) 1.01[0.06,15.93] 0.995
Lidocaine 2(1.8) 3(27) 067[0.12,3.95]  0.658

Data are presented as mean = SD, median [IQR] or number (proportion)

airway with increasing doses of propofol [20]. This study
shows that in most mildly obese patients, increasing
oxygen flow through capnography in the early stages of
ventilation changes or apnoea can prevent the patient
from developing hypoxia; when interventions are made
when SpO, falls to 90%, the incidence of severe hypoxia
increases. This delay may cause the patient to develop
complete obstructive apnoea, where increasing oxygen
flow is no longer effective and measures to open the air-
way (such as lifting the jaw) must be taken to improve
full-body oxygenation. In a small number of obese
patients with apnoea or a drop in SpO,, SpO, did not
improve even after a jaw lift, indicating central apnoea
and necessity of special measures such as an oropharyn-
geal or nasopharyngeal ventilation tube with jaw lift and
manual mask positive-pressure ventilation to improve
oxygenation. Although additional capnography increases
the intervention of patients and the intensity of the
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Fig. 2 The violin plots show the frequency density of the five last inter-
ventions recorded during the sedation. In the event of inadequate alveolar
ventilation during sedation, the investigators sequentially implemented
five interventions until all respiratory-related parameters returned to nor-
mal. The five interventions are represented in alphabetical order(a-e): a:
increasing oxygen flow (5 L/min), b: a chin lift or jaw thrust maneuvre, c:
placement of the nasopharyngeal airway and chin lift, d: mask positive-
pressure ventilation, and e: ventilator-assisted ventilation with tube
insertion

anesthesiologists” work, nearly half of the mildly obese
patients prevented hypoxia by increasing oxygen flow
through early detection of hypopnea or apnoea, reducing
the overall incidence of hypoxia.

Another randomized study [16] found that cap-
nography during routine colonoscopy with propofol-
based sedation reduced the rate of hypoxia in 533 adult
patients. The mean BMI in this study was 25 kg/m?
and the incidence of hypoxia decreased from 32 to 18%
(P<0.001); in contrast, the mean BMI in our study was
over 30 kg/m? and the incidence of hypoxia decreased
from 30.1 to 13.4% (P=0.002). The differences in hypoxia
incidence decrease may be due to non-uniformity of the
sedation drug regimen in the opposing study and the
administration of sedation by a combination of anes-
thetists, nurses, and endoscopists. Our study used a
fixed-programmed sedation and analgesia model with a
combination of sufentanil and propofol. The combination
of propofol and an opioid (e.g., sufentanil) has a rapid
onset of action and only causes mild respiratory depres-
sion; it is currently recommended for improved sedation
and analgesia [21, 22]. Additionally, all sedation proce-
dures were performed by anesthetists with extensive
experience managing sedation-related complications.

Shao LJ et al. [23] performed supraglottic ventilation
and oxygenation via a Weiss nasopharyngeal ventilation
channel, which significantly reduced the incidence of
hypoxia (SpO,<90%) in obese patients under propofol
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sedation for a gastroscopy (WNJT group: nasal cannula
group=38.1%: 38.5%). 6.1% of obese patients who under-
went supraglottic ventilation and oxygenation via the
Weiss nasopharyngeal airway developed nasal bleeding.
In contrast, real-time capnographic monitoring of the
ventilation of obese patients in our study did not interfere
with normal nasal cannula oxygenation, and intervention
based on capnographic waveform maps did not causing
complications such as nasal bleeding.

A prospective cohort study [24] of 82 morbidly obese
patients with a mean BMI of 46.4+8.2 kg/m?* who under-
went capnographic monitoring during gastroscopy under
propofol sedation showed that abnormal P;CO, marked
the onset of all respiratory depression, as determined by
a decrease in P;CO, of >10 mmHg from baseline or the
disappearance of the P CO, waveform. The sensitiv-
ity and predictive value of this depression was 81% and
78%, respectively. The capnography in this study detected
oral exhaled CO,; however, the authors indicated that six
patients developed nasal breathing after sedation, which
may have lowered the monitoring accuracy. The cap-
nography device (capnostream-20P) used in our study
allowed simultaneous monitoring of both nasal and tran-
soral exhaled CO,; a pump extracted a small portion of
the exhaled gas directly to an infrared detection probe.
The device was easily applied to non-intubated patients,
and provided a small volume of sampled gas which could
be measured with high sensitivity and fast response.

Our study has some limitations. Firstly, the depth
of sedation using the bispectral index (BIS) was not
recorded during the study. In theory, more profound
sedation would increase how hypoxic the episodes in
subjects would be. Chen et al. demonstrated a consider-
able lag between the BIS and MOAA/S scores, especially
during the initial titration and recovery from sedation
[25]. In addition, the guideline [26] do not recommend
using BIS as a routine monitoring method for endos-
copy. Patients in both groups were well sedated after the
administration of propofol and sufentanil, and none of
the patients were prematurely terminated due to inad-
equate sedation. We believe that the randomization pro-
cess resulted in a fair distribution of episodes of deep
sedation between the two groups; therefore, recording
the depth of sedation did not significantly impact the
overall study results. Despite this, knowing the depth
of sedation may improve our understanding of hypoxia,
which can be caused by deep sedation. Secondly, to com-
pare the effectiveness of capnography with SpO, moni-
toring of patients’ ventilation status, intervention was
started only when SpO, in the standard group dropped
below 90% during the study. Intervention was not per-
formed early in high-risk patients with morbid obesity,
which may have caused serious adverse outcomes for the
patients. In our study, none of the patients experienced
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serious adverse outcomes, such as accidental hospitaliza-
tion, permanent neurological damage, aspiration pneu-
monia, or death. Finally, we did not include patients with
ASA class III, who often have a lack of respiratory reserve
and can suffer a significant impact from apnea. Because
obesity was a major factor in our study, we intend to con-
tinue our study in patients with ASA class III or higher in
the future.

Conclusion

In conclusion, capnography provides a near real-time
ventilation assessment in patients with preserved auto-
nomic breathing and is an excellent tool for monitoring
transient hypoxia in sedated patients. Our study shows
that additional capnography in a group of mildly obese
patients prone to hypoxia effectively reduces the inci-
dence of hypoxia and severe hypoxia.
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