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Abstract

AIM: To determine whether a newly developed respi-
ratory rate monitor can practically and accurately moni-
tor ventilation under propofol sedation in combination
with standard monitoring.

METHODS: Patients [American Society of Anesthesiol-
ogists (ASA) Classification I -1I] scheduled for elective
colonoscopy under propofol sedation were monitored
with a new device that measures the respiratory rate
based on humidity in expired air. Patients with clini-
cally significant cardiac disorders or pulmonary disease
and patients requiring emergency procedures were ex-
cluded from study participation. All of the patients also
received standard monitoring with pulse oximetry. This
was a single-center study conducted in a community
hospital in Switzerland. After obtaining written informed
consent from all subjects, 76 patients (51 females and
25 males) were monitored during colonoscopy under
propofol sedation. The primary endpoint was the oc-
currence of any respiratory event (apnea or hypopnea).
Apnea was defined as the cessation of breathing for a
minimum of 10 s. Significant apnea was defined as the
cessation of breathing for more than 30 s. Hypopnea
was defined as a reduction in the respiratory rate below
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6/min for a minimum of 10 s. Any cases of significant
apnea triggered interventions by the endoscopy team.
The interventions included withholding propofol, ver-
bal stimulation of the patients, and increased oxygen
supplementation or the chin lift maneuver. A second-
ary endpoint was the correlation of apnea or hypopnea
with hypoxemia (measured as a decrease in Sa0: of at
least 5% from baseline or less than 90%).

RESULTS: At least one respiratory event was detected
in thirty-seven patients (48.7%). In total, there were
73 respiratory events, ranging from one to six events in
a single patient. Significant apnea (> 30 s) occurred in
five patients (6%). Only one episode of apnea led to a
relative Sa0: reduction (from 98% to 93%) after a 50
s lag time. No event requiring assisted ventilation was
recorded. Our analysis revealed that the total propofol
dose was an independent risk factor for respiratory
events (P = 0.01). Artifacts developed with the same
frequency with the new device as with conventional
pulse oximetry. Compared with pulse oximetry alone,
this new monitoring device detected more respiratory
events and may provide earlier warning of impending
respiratory abnormalities.

CONCLUSION: Apnea commonly occurs during endos-
copy under sedation and may precede hypoxemia. We
recommend this respiration rate monitor as an alternative
to capnography to aid in detecting ventilatory problems.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Apnea monitoring is a useful adjunct in as-
sessing the ventilatory status of patients undergoing
sedation. Capnography is too expensive to be used dur-
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ing normal endoscopic procedures. A newly developed
respiratory rate-monitoring device based on the hu-
midity of expired air enables the real-time assessment
of ventilation. Compared with pulse oximetry alone,
this new monitoring device detected more respiratory
events and may provide earlier warning of impending
respiratory abnormalities.
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INTRODUCTION

Colonoscopy is established as a routine intervention to
diagnose and treat colonic diseases. It is recommended
as the most efficient screening procedure to detect colon
cancer'?. The acceptance and tolerance of the proce-
dure has remarkably increased with the use of a sedative
agent™. The short-acting sedative propofol is an ideal
drug with a superior pharmacokinetic profile: an excellent
amnestic effect, a rapid onset of action, and a short half-
life of 4 min®". In many European countries (eg., Swit-
zetland), propofol is administered under the guidance of
a gastroenterologist without the assistance of an anesthe-
siologist in most routine endoscopic procedures’ ",

Propofol is administered as a bolus at repeated inter-
vals to achieve a level of moderate sedation in which the
patient s still responsive to verbal or tactile stimulation”
Nevertheless, carefully sedated patients can potentially
progress into deeper levels of sedation*”. Drug-in-
duced respiratory depression and airway obstruction are
the leading causes of morbidity during sedation and are
the most feared complications of propofol because there
is no antidote!™'?. Thus, standard patient monitoring
includes pulse oximetry as a surrogate measure of venti-
lation"*'¥, Noormal SaO2 does not ensure adequate ven-
tilation. Apnea and hypoventilation precede hypoxemia
with a significant lag time of up to 2 min. In previous
studies, capnography was shown to increase the detection
of adverse respiratory events'”". However, capnography
is expensive, and its use relies on the observation of the
breath curve.

In this study, we sought to determine whether breath
monitoring with a newly developed respiratory rate-mon-
itoring device based on the humidity of expired air could
be a practical and accurate method of monitoring venti-
lation under sedation in addition to standard monitoring
with pulse oximetry.

MATERIALS AND METHODS
Study population

This was a single-center pilot study to assess the prac-
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ticability of breath monitoring with a newly developed
respiratory rate-monitoring device (respiR8™) during
propofol sedation in patients undergoing colonoscopy.
The study protocol was reviewed and approved by a local
ethics committee in Zurich, Switzerland.

All consecutive patients presenting for an inpatient
or outpatient diagnostic colonoscopy in a community
hospital endoscopy center (Zollikerberg Hospital, Zurich,
Switzerland) were considered for enrollment if they met
all of the following inclusion criteria: (1) age = 18 years;
(2) ASA class I -III; and (3) ability to provide informed
consent.

Patients were excluded from enrollment if they met
any of the following exclusion criteria: (1) ASA class [V
or V; (2) inability to give informed consent; (3) emergen-
cy procedure, (4) allergy to propofol; and (5) pregnant.
After providing written informed consent, 76 patients (51
females and 25 males) were included in this study.

RespiR8™ (Anaxsys Technology Ltd., United King-
dom) is a European community-certified device specifi-
cally developed to allow continuous monitoring of the
respiratory rate of patients requiring oxygen delivered by
a face mask. Its use in the postoperative recovery setting
has been tested successfully"”. The device comprises a
disposable oxygen mask fitted with Anaxsys’ patented
sensor, which measures moisture in the exhaled breath.
The respiR8™ monitor displays the current respiratory
rate and has a trend screen that shows the respiratory rate
over time (Figure 1).

The respiR8™ humidity sensor consists of a ceramic
substrate printed with two gold interdigitated electrodes
that are coated with an ion exchange polymer. This poly-
mer is a highly proton-conductive fluoropolymer. A small
current is applied across the electrodes, and as the patient
exhales, moisture condenses on the surface of the sen-
sot. Due to the presence of the moisture, ions from the
coating migrate between the electrodes and produce an
electric signal (the greater the amount of moisture, the
greater the signal). As the patient inhales, the surface of
the sensor is dried by a flow of ambient air passing over
the surface, and the signal returns to baseline. The analog
signal is then converted to a digital signal. An algorithm
in the monitor detects the peaks in the signal and con-
verts the signal into a respiratory rate value.

Patient demographics and procedure variables

Each patient’s age, gender, ASA status, and indication
for colonoscopy were recorded. The ASA status and the
indication for colonoscopy were determined by the en-
doscopist. The duration of colonoscopy was defined as
the time from the introduction to the withdrawal of the
endoscope. The total dose of propofol used during the
procedure was considered a procedural variable.

Study procedure

Sedation: A gastroenterologist-directed sedation tech-
nique was applied to achieve and maintain an adequate
level of sedation, as described elsewhere!!. After an ini-
tial intravenous dose of 20 mg of propofol (Disoptivan
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Disposable oxygen mask
with inbuilt sensor

Trendscreen showing
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Figure 1 Respiratory rate-monitoring device is comprised of a monitor and an oxygen mask with a built-in sensor.

1%, AstraZeneca, London, GB), repeated doses of 10-20
mg of propofol were administered intravenously (with no
limit on the total dose). All monitoring values were con-
firmed before administering doses of propofol. No other
sedation medication was used during the procedure.

Monitoring: According to the standard operation proce-
dures of our unit, all of the patients underwent continu-
ous monitoring of their heart rate and SaO2 with a pulse
oximeter and BP measurement at 5-min intervals'", Ad-
ditionally, all of the patients were continuously monitored
with respiR8™ to record respiratory events. A disposable
respiR8™ mask covering the patient’s nose and mouth
was attached to an oxygen supply, which provided con-
tinuous oxygen at a rate of 2 L/min.

The SaO2display and respiR8™ display were placed
near the endoscopy monitor to facilitate continuous ob-
servation by the gastroenterologist and the endoscopy
nurse. The data from the respiR8™ device and the pulse
oximeter were saved directly in a personal computer using
a USB connection. All of the recorded data were trans-
ferred into an individual patient file numbered according
to the usual case numbering system in our hospital. The
clocks on the endoscopy monitor, the SaO2 device, and
the respiR8™ device were all synchronized.

Approximately four minutes following completion
of the colonoscopy, the patients were disconnected from
the monitoring device when they could give meaningful
verbal responses and their vital signs were stable.

All of the patients were monitored for several min-
utes before the first dose of propofol was administered,
which signaled the beginning of sedation. Any sign of
apnea or hypoxemia prompted a clinical observation of
chest movement and patient stimulation to exclude ar-
tifacts in the respiR8™ or pulse oximeter and signs of
mask displacement. Significant apnea permitted the use
of a chin lift or jaw thrust maneuver, increasing the oxy-
gen supplementation, and withholding further propofol
doses where appropriate.
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Study outcome

The primary study outcome was the occurrence of any
respiratory event (apnea or hypopnea). Apnea was de-
fined as the cessation of breathing for at least 10 s. Sig-
nificant apnea was defined as the cessation of breathing
for more than 30 s'"”. Hypopnea was defined as a reduc-
tion in the respiratory rate below 6/min for a minimum
of 10 s. The secondary end point was the correlation of
apnea or hypopnea with hypoxemia (defined as a decrease
in SaOz2of at least 5% from baseline or less than 90%)".
The time of sedation was defined from the start of the
first administration of propofol until the disconnection
of electronic monitoring devices after the procedure was
complete.

Statistical analysis

Continuous variables and count data ate presented as
means with standard deviations or as medians with
ranges. The data were compared between patients with
and without respiratory events using the Mann-Whitney
test with exact P-values. Categorical variables were com-
pared using Pearson’s y° test or Fisher’s exact test where
appropriate. A two-tailed P-value of less than 0.05 was
considered statistically significant. All analyses were per-
formed using IBM SPSS Statistics 20 (SPSS Inc., Chi-
cago, IL).

RESULTS

From July 2011 to November 2011, 76 patients present-
ing for an elective diagnostic colonoscopy were enrolled
in the study. The mean procedure duration was 17.2 £ 6.4
min. The demographic data are shown in Table 1.

Primary study outcome

In this study, 37 (48.7%) patients developed at least one
respiratory event (Table 1). There were 73 respiratory
events, ranging from one to a maximum of six events in
a single patient. Significant apnea lasting for more than
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Table 1 Demographic characteristics

Event (n = 37) No event (7 = 39) P value

Age (yr) 60.8 (+18.6) 67.8 (+18.9) NS
Male:female (25:51) 12:25 13:26 NS
ASA T (21) 12 9 NS
ASA T (22) 12 10 NS
ASA I (33) 13 20 NS

Data are shown as absolute numbers or means (+ SD) as indicated; NS:
Not significant.

Table 2 Correlation of the total propofol dose with

respiratory events and SaO:2

Event (n = 37) No event(n = 39) P value

2086 (+78.8) 1895 (+816) 001
99.86 (+ 0.4) 99.73 (£ 0.7) NS

Total propofol dose (mg)
SaO2 mean (%)

Data are given as the mean (+ SD); NS: Not significant.

30 s occurred in five patients (6%).

Secondary study outcome

In one case, apnea led to a relative SaO2 reduction within
the physiologic range (from 98% to 93%) after a lag time
of 50 s. There were no serious hypoxemia events in our
study.

Relationship between respiratory events and total
propofol dose

The mean propofol dose used in patients who had no
respiratory events was 189.5 + 81.6 mg compared with
228.7 + 70.8 mg in patients who had respiratory events (P
= 0.01). The mean SaOzvalues did not differ significantly
in patients with or without respiratory events. Our analy-
sis revealed that the total propofol dose was an indepen-
dent risk factor for respiratory events (P = 0.01) (Table 2).

Artifacts affecting the results of the respiration coun-
ter occurred in 36.5% of patients without respiratory
events and in 41.6% of patients with respiratory events.
These artifacts were related to superficial breathing, in-
correct positioning of the oxygen mask, coughing, snor-
ing, or a chin drop. Superficial breathing could be verified
by palpating the chest movement of the patient.

Graphic monitoring of SaOzand the respiratory rate
is shown in Figure 2. Artifacts from the pulse oximetry
device occurred in 36.9% of patients without respiratory
events and in 41.2% of patients with respiratory events.
SaO:2 artifacts wete related to the dysfunction of the
SaO2 monitor or the displacement of the SaO2 sensor on
the patient’s finger during repositioning. No event requit-
ing assisted ventilation was recorded.

DISCUSSION

Our study is the first prospective evaluation of the con-

tinuous monitoring of breathing during propofol seda-
tion in patients undergoing colonoscopy with a new
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respiratory rate-monitoring device. In 48.7% of our
patients, the device detected at least one episode of a
respiratory event defined as apnea or hypopnea. Notably,
none of the events were detected by monitoring with
pulse oximetry alone. This result correlates with previous
studies demonstrating that abnormal respiratory events
detected with capnography occurred in more than 50%
of patients®”. Although pulse oximetry is considered the
de facto standard of care for the detection of respiratory
depression during endoscopic procedures, our study con-
firms that it could be potentially misleading to rely only
on pulse oximetry as a surrogate marker of alveolar hy-
poventilation[zofzz]. As shown by Vargo e# al™, significant
alveolar hypoventilation can occur during endoscopic
procedures even in the presence of a normal level of
Sa0z, as measured by pulse oximetry. Despite the identi-
fied episodes of hypoventilation in our study, the mea-
sured mean SaOz2 did not differ significantly. In one case,
an apnea registered by the respiR8™ device led to a rela-
tive SaO2 reduction of 5% within the physiologic range
(from 98% to 93%) after a lag time of 50 s. Therefore,
we assume that short episodes of apnea or hypoventila-
tion occur at a higher rate than expected based on pulse
oximetry monitoring,

Guidelines for propofol sedation by non-anesthe-
siologists recommend ventilation monitoring!"”. This
monitoring can be accomplished by direct observation or
the palpation of chest wall excursions”™. However, these
approaches may be impractical in darkened endoscopy
rooms and require additional attention from the available
personnel for visual or tactile assessment. Routine venti-
lation monitoring using an oxygen mask could facilitate
patient observation and enable the assistant to perform
tasks that are more demanding. Many gastroenterologists
use capnography to monitor the respiratory rate and for
the eatly detection of apnea. The respiR8™ device may
be a suitable alternative for these physicians. Compared
to capnography, the studied device is less expensive and
easier to use because the focus is on the respiratory rate
and not on the measured value of COa. The costs as-
sociated with the use of the respiR8™ device include the
onetime cost of the device (approximately USD 940) and
the cost of a disposable mask (approximately USD 10)
that allows concurrent oxygen administration.

In this study, 73 respiratory events were detected, but
no serious respiratory events requiring bag mask venti-
lation occurred. The patient sample size was likely too
small to observe such an event, which occurs in only 0.1%
of routine sedations". Therefore, we speculate that re-
spiratory events detected with the respiR8™ device may
precede the development of reduced SaO:zand could
serve as an eatly warning system for impending respira-
tory compromise. Further studies are required to confirm
the potential benefit of additional respiratory rate moni-
toring.

Consistent with previous findings, there was no differ-
ence among patients with or without respiratory events
with respect to ASA classification, age, or indication of
colonoscopy" . The total propofol dose used was an in-
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Figure 2 Typical courses of Sa0: and RR (respir8™) showing the variability in the monitoring data. Blue line: respiratory rate (breaths/min); Red line: Sa02

measured by pulse oximetry; Green triangles: Incremental boluses of propofol.

dependent predictor of respiratory events in our study,
which confirmed the observation by Beitz ez al™,

Unfortunately, the respiratory rate displayed by the
respiR8™ device in clinical circumstances can be im-
paired by artifacts. These artifacts are typically related
to an involuntary slipping of the oxygen mask, which
occurs with the same frequency as displacements of the
fingertip sensor used for pulse oximetry. Similar artifacts
were shown to occur after nasal cannula dislocation and
with device dysfunction in the capnographic monitoring
of ventilator activity in a study from Beitz".

Our study has certain limitations. We included only
patients with ASA I-1[, and these findings may not hold
true in ASA V-V patients, who have a higher risk of
developing respiratory and other adverse events. Whether
special subgroups of patients (e.g., COPD, asthma, ASA
II-V, obese patients) may benefit from additional moni-
toring should be addressed in further studies.

We conclude that apnea occurs commonly during en-
doscopy under sedation and most likely precedes the de-
velopment of hypoxemia. The newly developed respira-
tory rate-monitoring device based on humidity in expired
air detects more respiratory events and may provide an
earlier warning of impending respiratory abnormalities
that are not detected with pulse oximetry alone. We rec-
ommend using this method as an alternative to capnog-
raphy in endoscopy to facilitate the earlier detection of
ventilatory problems.
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