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Practice guidelines and position statements on patient monitoring during endoscopic
sedation have been developed to standardize practice patterns and reduce the risk of
sedation-related complications.’? Although the use of monitoring devices is believed
to reduce the frequency of complications and improve the overall safety of endos-
copy, this has been difficult to establish in clinical trials. The current recommendations
for patient monitoring during moderate sedation include visual assessment and auto-
mated monitoring of heart rate, blood oxygen saturation (Sa0O,), blood pressure, and in
specified instances, cardiac rhythm. The role of several newer monitoring technolo-
gies including capnography, consciousness monitors, and auditory-evoked potentials
is under active investigation. This article critically reviews the risks of sedation-related
endoscopic complications, the practical issues pertaining to the use of monitoring
technologies during endoscopy, and the evidence supporting the use of patient
monitoring devices. Recommendations for patient monitoring based on consensus
opinion are also presented.

WHAT IS THE INCIDENCE OF CARDIOPULMONARY COMPLICATIONS DURING ENDOSCOPY?

In 1974, an American Society for Gastrointestinal Endoscopy (ASGE) survey of endo-
scopic complications during an esophagogastroduodenoscopy (EGD) reported an
overall complication rate of 0.13% and a mortality rate of 0.004%. (Table 1) Slightly
less than half (46%) of these complications were cardiopulmonary in nature, so that
the rate of sedation-related cardiopulmonary events was about 0.06%. More recently,
another review of the ASGE endoscopic database observed that the risk of serious
cardiopulmonary complications was 0.54%, nearly a 10-fold increase compared
with the earlier findings.* The marked difference in findings between these 2 studies
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Table 1
The incidence of cardiopulmonary complications during endoscopy
Year of Cardiopulmonary
Author Publication N Complication Rate (%)
Silvis and Freeman3® 1992 45,360 0.06
Arrowsmith and colleagues* 1991 21,011 0.54
Seig and colleagues® 2001 207,134 0.02
Nelson and colleagues®® 2002 3,196 0.16
Gangi and colleagues® 2005 — 0.31
Heuss and colleagues’ 2005 133,361 0.18
Cohen and colleagues'® 2007 345,633 0.37

clearly demonstrates the difficulty in comparing the results of various studies that have
been designed to assess the rate of sedation-related adverse events.

Sieg and colleagues® prospectively evaluated the incidence of cardiopulmonary
complications among outpatients undergoing endoscopy. A total of 110,469 EGDs,
and 96,665 colonoscopies performed by 94 German gastroenterologists and inter-
nists during a 1-year period were assessed. Sedation, usually consisting of a sedative
and/or analgesic drug, was used in 10% to 50% of EGDs and 70% to 100% of
colonoscopies. Patient monitoring was limited to the use of pulse oximetry. Five
patients (0.005%) experienced cardiopulmonary complications during EGD. One
patient required endotracheal intubation and hospitalization, whereas the remaining
4 patients experienced hypoxemia that responded to flumazenil, a benzodiazepine
antagonist. In addition, 7 patients (0.006%) experienced an unspecified adverse
reaction to medication. Twelve patients (0.01%) were reported to have cardiopulmo-
nary complications during colonoscopy including hypoxemia (n = 7), sinus bradycar-
dia (n = 3), and hypotension (n = 2). The 2 mortalities recorded in this series were
unrelated to the use of sedation. Overall, the frequency of cardiopulmonary events
was 0.017%. This figure probably underestimates the true frequency of sedation-
related complications, however, because not all patients in this series received intra-
venous sedation.

Gangi and colleagues® used a financial and administrative database and chart review
protocol to assess cardiovascular complications (arrhythmia, hypotension, chest pain
or anginal equivalent, and myocardial infarction) during hospital-based endoscopy per-
formed in a 9-hospital health care system. Fifty-two percent of the endoscopic proce-
dures were performed on ambulatory patients and the remainder on hospital inpatients.
The extrapolated rate of cardiovascular complications was 308/100,000 procedures
(95% confidence interval [Cl], 197-457), or 1 in 322 procedures (0.31%). This rate is
nearly 20 times greater than that reported by Seig and colleagues.®

Heuss and colleagues’ surveyed gastroenterologists about sedation and monitor-
ing practices in Switzerland using a postal questionnaire. The response rate to this
survey was 72%. The overall rate of serious cardiopulmonary complication (arrhythmia
or respiratory depression requiring intervention) in this retrospective survey was
0.18% with a reported mortality rate of 0.00014%. The complication rate during
82,000 procedures performed with propofol sedation (without the assistance of an
anesthesiologist) was 0.19%. Consequently, the frequency of sedation-related com-
plications was comparable for conventional sedation and propofol.
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Recently, Sharma and colleagues® analyzed cardiopulmonary unplanned events
during endoscopy from the national endoscopic database of the Clinical Outcomes
Research Initiative. Data on 324,737 procedures (including EGD, colonoscopy, endo-
scopic retrograde cholangiopancreatography [ERCP], and endoscopic esophageal
ultrasound) performed under conscious sedation (opioid/benzodiazepine) were exam-
ined retrospectively for all cardiopulmonary events, ranging from transient hypoxia and
bradycardia to cardiopulmonary arrest. The overall event rates ranged from 0.6% to
2.1%. Multiple logistic regression revealed that patient age (odds ratio [OR]: 1.02, ClI,
1.01-1.02), American Society of Anesthesiologists’ [ASA] classification physical status
(OR: 1.05 ASAIlto OR: 3.2 ASAIV), inpatient status (OR: 1.5, Cl, 1.3-1.7]), nonuniversity
site of service (OR: 1.2, Cl, 1.1-1.4), Veterans Affairs Medical Center (OR: 1.4, Cl, 1.2—
1.5), involvement of a trainee (OR: 1.3, CI, 1.1-1.4) and use of supplemental oxygen
(OR: 1.2, 1.1-1.3) were associated with a higher rate of unplanned cardiopulmonary
events.

In summary, the reported frequency of sedation-related cardiopulmonary complica-
tions varies from 0.017% to 0.54%. This wide variation in the rate may be related to
differences in study design (database review, prospective study, recall survey),
method of data capture (chart review, database, billing records), patient population
(ambulatory versus inpatient, mean age, gender, and physical status), sedation
method (unsedated versus sedated, propofol versus standard sedation, presence of
anesthetist), method of patient monitoring, and the definition of cardiopulmonary com-
plications. If the true frequency of events lies somewhere between the extremes of all
reported rates, the risk of a sedation-related cardiopulmonary complication can be
approximated at 0.27%, or 1 in 370 procedures.

CAN WE IDENTIFY PATIENT- OR PROCEDURE-SPECIFIC RISK FACTORS
FOR CARDIOPULMONARY COMPLICATIONS?

Several patient-specific risk factors for cardiopulmonary complications have been
identified (Box 1).2° First, patients with a history of ischemic heart disease, cardiac
arrhythmia, or moderate to severe pulmonary disease have a greater risk of

Box 1

Risk factors for cardiopulmonary complications®-31°
Patient-specific

e Ischemic heart disease

Moderate to severe pulmonary disease

Hospitalized patients
Baseline Sa0, < 95%

Age > 70 years
ASA Il and IV

Procedure-specific
e Urgent or emergency procedures
e Method of sedation
e Use of adjunctive sedation agents

e Use of supplemental oxygen
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complications.® Second, patients with baseline hypoxemia (arterial SaO, < 95%) and
hospital inpatients have a higher incidence of cardiopulmonary complications.®°
Third, it is likely although not established that advanced age (>70 years) and ASA
physical status Il and IV confer an increased risk of complications.® 10

Procedure-specific variables have also been identified. Urgent or emergent proce-
dures are accompanied by greater risk of cardiopulmonary complications.® The risk of
ventilatory failure is higher during EGD than colonoscopy. Most of the studies indicate
that the use of multiple drug classes (opioids, benzodiazepines, propofol) does not
influence the frequency of sedation-related complications.®1°

WHAT IS THE IMPACT OF ENDOSCOPY AND SEDATION ON CARDIOPULMONARY PARAMETERS?

Hypoxemia is observed during endoscopy with a reported frequency ranging from 4%
to 50% or more, depending on the definition of hypoxemia, patient demographics,
whether or not supplemental oxygen is used or not, and the method of seda-
tion.®11=1% In most series, the risk of hypoxemia is greater during upper endoscopy
than during lower endoscopy. The proposed reasons for this include (1) a tendency
to target deeper sedation during EGD than colonoscopy, (2) compression of the air-
way by the endoscope, and (3) risk of laryngospasm. However, the clinical significance
of hypoxemia, often transient in duration, is uncertain. Furthermore, there is little evi-
dence in the literature that the use of supplemental oxygen reduces the frequency of
significant cardiopulmonary events.!:1°

The incidence of arrhythmia during endoscopy ranges from 4% to 72%.51916 The
most common arrhythmias are sinus tachycardia, sinus bradycardia, and supraven-
tricular arrhythmias. Serious ventricular arrhythmias have rarely been reported during
endoscopy. The physiologic mechanism(s) responsible for cardiac arrhythmia during
endoscopy have not been elucidated completely. Hypoxemia has been the presumed
mechanism of arrhythmias, although a causal relationship has not been established.®
An alternative explanation is vagal stimulation, resulting from distension or manipula-
tion of the bowel. Sympathetic discharge has recently been suggested as another
possible mechanism for arrhythmia. Supporting this concept is the observation that
B-adrenergic blockade prevents tachycardia and reduces the observed frequency
of arrhythmias during EGD."”

During endoscopy, electrocardiographic changes (other than arrhythmias) also may
occur. The most commonly observed abnormality is ST segment change, reported to
occur in 4% to 42% of patients. The pathogenesis of this electrocardiographic alter-
ation remains unknown. Initially, these electrocardiographic changes were believed to
be the result of hypoxemia and myocardial ischemia. More recently, however, it has
been noted that the frequency of ST segment depression is unaffected by oxygen
supplementation, suggesting that the changes are not ischemic in origin.>16:18 Alter-
natively, there is evidence that tachycardia may play an important role in the patho-
genesis of ST segment changes that are observed during endoscopy.'®

SUPPLEMENTAL OXYGEN AND CARDIOPULMONARY COMPLICATIONS

Hypoxemia is one of the proposed pathophysiologic mechanisms of cardiopulmonary
complications during endoscopy. Controlled trials have, failed to demonstrate that use
of supplemental oxygen reduces the risk of complications, however.'"'° |t is possible
that methodological weaknesses account for this finding. For example, most trials
have been insufficiently equipped to detect small differences in risk, especially be-
cause the frequency of such events is low. Furthermore, studies differ in their
definition of cardiopulmonary event. Some studies have included all cardiopulmonary
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changes, albeit minor, whereas others have included only clinically important cardio-
pulmonary events. Using the Clinical Outcomes Research Initiative database, the
effect of oxygen supplementation on cardiopulmonary events during EGD and colono-
scopy was evaluated recently. This analysis included the procedures performed under
sedation with either opioid/benzodiazepine or propofol. A total of 240,000 colonos-
copies and 100,000 EGDs performed by 86 endoscopists were included in the analy-
sis. The findings of this study indicated that the use of supplemental oxygen reduced
the risk of significant cardiopulmonary events during EGD (OR: 0.61; 95% ClI, 0.42—
0.90) but not during colonoscopy.'® In a similar study, Sharma and colleagues® ana-
lyzed the frequency of unplanned cardiopulmonary complications during more than
324,000 endoscopic procedures performed under opioid/benzodiazepine sedation.
He concluded that the use of supplemental oxygen was associated with a significantly
higher rate of cardiopulmonary unplanned events (OR: 1.2, 95% CI, 1.1-1.3).
Together, these studies question the widely held belief that routine administration of
supplemental oxygen reduces the rate of sedation-related cardiopulmonary
complications.

MONITORING PRACTICES DURING MODERATE SEDATION
Personnel

All patients undergoing endoscopy and sedation require visual assessment by a
trained endoscopy assistant throughout the examination. According to the results of
a recent nationwide survey of 5000 members of the American College of Gastroenter-
ology, most endoscopy centers (89.5%) in the United States employ a registered
nurse for patient monitoring. The individual assigned to patient monitoring should pos-
sess training appropriate for visual assessment of the patient, interpreting physiologic
data, and responding appropriately as required. Because sedation occurs along a con-
tinuum and the targeted level of sedation may be exceeded, this individual must also
be capable of recognizing the stages of sedation and, at a minimum, possess basic life
support skills. During moderate sedation, the assistant responsible for monitoring may
also perform brief, interruptible tasks, such as abdominal compression, and assist
with endoscopic biopsy. Additional staff should be available upon request to assist
during complex diagnostic or therapeutic procedures, or in the event that a patient re-
quires additional attention. Patient monitoring should be provided throughout the pro-
cedure and maintained during recovery. All individuals responsible for patient
monitoring should understand that the greatest risk of sedation-related complications
occurs during the first 8 to 10 minutes after the administration of sedation medications
and immediately after the completion of the procedure. Patients receiving an opioid or
benzodiazepine reversal agent (naloxone or flumazenil) require special attention and
should be monitored for up to 2 hours. Documentation of all drugs administered
and a time-based record of all physiologic parameters must be maintained for all
patients undergoing moderate sedation.

Pulse Oximetry

Pulse oximetry is a noninvasive technique for continuous measurement of arterial
Sa0, and is useful for the early detection of hypoxemia. SaO, refers to the amount
of oxygen attached to the hemoglobin molecule in the red blood cell. The principle
of pulse oximetry is based on red and infrared absorption characteristics of oxygen-
ated and deoxygenated hemoglobin. A pulse oximeter contains 2 high-intensity,
monochromatic, light-emitting diodes (LEDs); 1 emitting red light (660 nm) and the
second infrared (940 nm). A photodetector, usually located on the opposite side of
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the sensor, measures the amount of light transmitted through the finger. Oxygenated
hemoglobin absorbs more infrared light, whereas deoxygenated hemoglobin absorbs
more red light. By measuring the pulsatile changes in light absorption and deducting
for absorption by venous blood and tissue, arterial saturation can be calculated.

Arterial SaO, provides a relatively insensitive measure of moment-to-moment
changes in ventilatory status because the body’s supply of oxygen will delay a drop
in SaO, for several minutes. At the upper end of the oxyhemoglobin dissociation
curve, large changes in partial pressure of oxygen are associated with small changes
in Sa0,. For example, minute ventilation may be reduced by 50% without an appre-
ciable change in Sa0.. The use of supplemental oxygen shifts the oxyhemoglobin dis-
sociation curve to the left, further delaying a fall in arterial SaO, and the detection of
hypoventilation. Hypercapnea, another manifestation of inadequate ventilation, is
also undetected by pulse oximetry. Therefore, although arterial SaO, generally pro-
vides a reliable indicator of how well the patient is breathing, its usefulness as an early
indicator of altered ventilation is limited by physiologic and technological
considerations.

Dual-wavelength pulse oximeters are subject to spurious results under a variety of
conditions. Methemoglobin, carboxyhemoglobin, and other structural hemoglobinop-
athies such as hemoglobin F will produce false readings in SaO,. Other reasons for
artifactual results during pulse oximetry include the presence of nail polish, skin pig-
mentation, ambient light (especially fluorescent light), anemia, peripheral vasocon-
striction or hypoperfusion, and motion. Patient motion accounts for more than half
of all instances in which pulse oximetry “fails” to perform satisfactorily as a monitoring
device.?° During the past decade, newer pulse oximeters have been produced with
improved signal-processing techniques and data rejection algorithms that make
them more motion resistant. These newer generation pulse oximeters have superior
performance characteristics with clinical implications for patient monitoring.?

Although pulse oximetry provides valuable feedback about arterial SaO, and hypox-
emia, it has been challenging to demonstrate that its use is associated with improved
outcomes and fewer adverse events. An updated Cochrane review concluded that
published studies have failed to establish that pulse oximetry improves the outcome
of anesthesia and sedation.?? For example, Moller and colleagues®® randomized
20,802 surgical patients to monitoring with or without pulse oximetry. Postoperative
complications were similar in both groups and the postoperative mortality was nearly
identical (1.1% versus 1.0%) in the oximeter and control groups, respectively. None-
theless, pulse oximetry has become the de facto standard of care in the United States
and throughout most other parts of the world. It is presumed, although not established
by an evidence-based analysis, that the additional information provided by pulse
oximetry will reduce sedation-related complications by improving sedation techniques
or more timely initiation of therapeutic interventions.

Hemodynamics and Electrocardiography

Heart rate and blood pressure are important parameters of cardiovascular stability.
Baseline hemodynamic measurements provide useful information regarding the
patient’s level of anxiety, hydration status, and the effects of various medical condi-
tions. In some instances, these parameters may influence the selection of sedation
agents. Similarly, pulse and blood pressure provide important feedback throughout
an endoscopic procedure. For example, marked hypotension may indicate overseda-
tion or dehydration. In most cases, a bolus of intravenous fluid and positioning the
patient in the Trendelenburg position is adequate, although pressor agents may be
required for symptomatic hypotension.
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Devices are now widely available that automatically record blood pressure at pre-
established intervals. In addition to displaying systolic, diastolic, and mean arterial
pressure, they have audible alarms to alert personnel if the reading is outside of
acceptable limits and provide a permanent record of this data. All patients receiving
intravenous sedation should be monitored for heart rate and blood pressure. A base-
line blood pressure should be noted before the administration of sedation, and then at
3- to 5-minute intervals throughout the procedure.

The role of continuous electrocardiography during endoscopic sedation remains
uncertain. Its use was initially intended to detect arrhythmias in high-risk patients
undergoing deep sedation, monitored anesthesia care, or general anesthesia. The
ASA practice guidelines indicate that patients with significant cardiovascular disease
or dysrhythmia should have electrocardiographic monitoring during endoscopic seda-
tion.2® In contrast, an evidence-based analysis of the literature recently concluded that
“there is no evidence that cardiac monitoring during procedural sedation and analge-
sia is of benefit, especially if the patient has no underlying cardiopulmonary
disease.”?*

DOES VENTILATION MONITORING HAVE A ROLE DURING MODERATE SEDATION?

In contrast to arterial SaO,, which provides indirect information on respiratory func-
tion, the measurement of carbon dioxide (CO,) in expired gas provides a breath-by-
breath assessment of ventilation and may be considered to be the “ventilatory vital
sign.” Two noninvasive methods of arterial CO, pressure measurement are commer-
cially available: capnography and transcutaneous CO, monitoring. Each technique
offers certain advantages and limitations.

Capnography, the measurement of CO, in exhaled breath, is now commonly used
during general anesthesia and monitored anesthesia care. Most capnographs use
infrared light to measure CO, concentration in the breath sample. An infrared beam
is projected through the gas sample, light at a wavelength of 4260 nm is absorbed
by CO,, and the intensity of transmitted light is measured. Capnographs are config-
ured in mainstream and sidestream designs. A mainstream device places the sensor
close to the airway and is designed for use in patients who are intubated. Sidestream
capnography, designed for nonintubated patients, measures CO, by continuously
aspirating a small sample of exhaled breath into the monitor where a sensor is located.
The sampling system usually consists of a nasal cannula and tubing, sometimes com-
bined with an additional probe to sample gas from the mouth. An aspiration port allows
for continuous sampling of patient gases during inspiration and expiration, while sup-
plemental oxygen is administered simultaneously through an ancillary channel of the
cannula (Fig. 1).

The capnograph provides a numerical display of the end-tidal CO, concentration
and a waveform, or capnogram (Fig. 2). Exhaled CO, is most often displayed as a func-
tion of time (CO, concentration vs. time). The normal capnograph wave peaks during
expiration, whereas the trough occurs during inspiration. The capnogram is generally
interpreted by pattern recognition, analogous to reading an electrocardiogram. The
essential elements of the waveform include the amplitude, width, shape, and
frequency. There are specific waveform patterns that may be used to identify patterns
of respiration. With a little experience, an individual can easily recognize various respi-
ratory patterns including apnea, hyperventilation, early and late stages of hypoventila-
tion, and normal respiration. Unlike pulse oximetry, the quality of a capnogram is
unaffected by patient motion and hypoperfusion.
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Fig. 1. Capnography sampling system consisting of a nasal cannula combined with an addi-
tional probe to sample exhaled gas from the mouth. This system permits continuous sam-
pling of patient gases and simultaneous administration of supplemental oxygen.

Capnography detects hypoventilation earlier than does pulse oximetry and pro-
vides a more sensitive measure of alveolar hypoventilation than visual observation.2®
Lightdale®® prospectively randomized children undergoing elective endoscopy with
moderate sedation to standard monitoring of ventilatory function with capnography
or not. Hypoventilation and apnea were detected more often with capnography
(56% and 24%) compared with the control group (3% and 0%). Furthermore, as
a result of appropriate intervention, capnography reduced the number of hypoxemic
episodes (11% versus 24%, P < .03).2° Notwithstanding these observations, the
challenge ultimately is to demonstrate that the use of capnography can decrease
complications and improve patient safety during moderate sedation. Because of
the relatively small number of clinically significant adverse events during moderate
edation, it is unlikely that this will be established in randomized, controlled studies.
Instead, standards of practice for patient monitoring during moderate sedation will
probably be determined by expert opinion, professional societies, and accrediting
agencies.

In contrast to capnography, which is widely used during general anesthesia and
monitored anesthesia care, clinical applications of transcutaneous CO, monitoring
have been limited by the shortcomings of current technology. Transcutaneous CO,
monitoring uses a pH-sensitive glass electrode to measure pH changes that result
from the diffusion of CO, across the skin. A transducer converts pH changes into
an electrical signal that is processed and displayed by the monitor. A warming unit
within the sensor heats the skin to 42°C to enhance CO. diffusion. Sweating, cutane-
ous vasoconstriction, variations in skin thickness, and hypotension limit the technical
accuracy of transcutaneous CO, monitoring.

C0;

=

Fig. 2. Capnographic waveform.



Patient Monitoring

The potential role of transcutaneous CO, monitoring during endoscopy was recently
evaluated. Nelson randomized 395 patients undergoing ERCP under moderate seda-
tion (opioid or benzodiazepine) to determine whether transcutaneous CO, monitoring
was more effective than standard monitoring for the prevention of severe hypoventi-
lation. Patients received supplemental oxygen only if arterial SaO, fell below 90%
for more than 60 seconds. Fewer episodes of severe CO, retention were observed
in patients with CO, monitoring (2.6% versus 0, P = .03), although there were no sig-
nificant differences in sedation success, sedation-related procedure terminations, or
other cardiorespiratory parameters. Technological advances in transcutaneous CO,
monitoring have recently been introduced in an attempt to improve its clinical useful-
ness. One such device, combining pulse oximetry with transcutaneous CO, monitor-
ing into a small earlobe sensor, has undergone validation studies successfully, and
clinical evaluation during endoscopy is awaited.?’

WHAT OTHER METHODS OF MONITORING ARE BEING EVALUATED
FOR ENDOSCOPIC SEDATION?

Bispectral index (BIS) monitoring is a noninvasive method of assessing a patient’s
level of consciousness. Electroencephalographic waveforms are captured using
a self-adhesive forehead probe. The BIS monitor uses a complex algorithm to analyze
the electroencephalogram, generating a BIS index that ranges from 0 to 100: 100 cor-
responds to fully awake; 70 to 90 minimal to moderate sedation; 60 to 69 deep seda-
tion, 40 to 59 general anesthesia, and <40 deep hypnosis. The BIS monitor was
designed to measure patient consciousness during general anesthesia, minimizing
the risk of under- or oversedation. Its use has subsequently expanded into the outpa-
tient setting, including use in the endoscopy unit.

BIS monitoring has been used during endoscopy in an effort to establish an objec-
tive measure of the level of sedation. Bower and colleagues?® evaluated the BIS index
in an observational study of 50 patients undergoing EGD, colonoscopy, or ERCP
under sedation with diazepam and meperidine. The BIS index correlated moderately
well (r = 0.59) with the level of sedation determined using the Observer Assessment of
Alertness/Sedation scale. Al-Sammak and colleagues?® performed a small random-
ized study to compare BIS with clinical assessment of sedation in 40 patients under-
going ERCP under sedation with midazolam and fentanyl. There was a statistically
significant difference in terms of sedation duration, recovery rate, patient satisfaction,
and the total dose of sedative drug administered favoring the group monitored with
BIS. In contrast with these findings, a study by Qadeer and colleagues° reported
that BIS index had low accuracy for detecting deep sedation in patients sedated
with narcotic and benzodiazepine, and another study by Chen and Rex3®' concluded
that BIS index was not useful for titrating propofol to an adequate level of sedation.
Further work will be required before it is known whether BIS monitoring will serve
an important role in patient monitoring during endoscopy. If the current trend toward
deeper levels of sedation persists, and the use of propofol by nonanesthesiologists
grows, it is likely that we will see more interest in the potential applications of BIS in
the endoscopy suite. In the future, BIS monitoring may be useful for training endo-
scopists in the use of new sedation agents, drug titration, or as part of closed-loop
delivery system that uses the BIS index as a control variable for dose titration.3?

The automated responsiveness monitor (ARM) is a self-contained computerized
system designed to elicit purposeful responsiveness to verbal or vibratory stimulus,
the working definition of moderate sedation.333* The ARM unit consists of an ear-
phone, a handpiece with a thumb button, and an online microcomputer.
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A computerized voice prompts the participant to press the button at regular intervals.
A vibrator built into the handpiece vibrates simultaneously. The voice and vibration
repeat with increasing intensity over a 10-second period until the patient responds
by depressing the button. Failure to elicit a response indicates that the patient is no
longer at a moderate level of sedation.

When ARM is interfaced with a drug delivery system, it can be used to provide pos-
itive or negative feedback about the safety and feasibility of continued drug infusion
based on the *patients’ level of sedation. If an appropriate response is absent, the
patient is considered to be oversedated and the infusion is reduced or halted until
responsiveness returns. The sedation delivery system, also referred to as computer-
assisted personalized sedation, consists of an infusion module and monitors for pulse
oximetry, blood pressure, capnography, electrocardiography, and ARM. The feasibil-
ity of computer-assisted personalized sedation was evaluated in 2 identical studies,
1 in the United States and the second in Belgium, comprising a total of 96 patients.®°
Patients remained moderately sedated throughout the examination with no episodes
of prolonged hypoxemia or hypotension requiring intervention. Satisfaction scores
among patients and endoscopists were excellent. If the results of this feasibility trial
are confirmed in a multicenter study, ARM could provide a mechanism for maintaining
propofol delivery within the range of moderate sedation.

Auditory-Evoked Potential

Auditory-evoked potentials reflect changes in electrical activity of the brain in
response to auditory stimuli. Similar to the BIS index, auditory-evoked potentials
can be processed and presented as a composite index (0-99) to monitor depth of
sedation. Huang and colleagues®® prospectively studied 30 patients undergoing
EGD and colonoscopy under sedation with midazolam and alfentanil. A significant
correlation was observed between the auditory-evoked potential index and levels of
sedation (r = 0.886), with values between 34 and 42 correlating with moderate to
deep sedation. Additional studies using this interesting technology are necessary
before any meaningful statement can be made about its utility during endoscopy.

CURRENT RECOMMENDATIONS FOR PATIENT MONITORING

Heart rate and blood pressure should be measured using an automated device with
visual display of output and appropriate alarms. A baseline blood pressure should
be recorded before the administration of sedation, and then at 3- to 5-minute intervals
throughout the procedure. Pulse oximetry using a device equipped to provide contin-
uous readout with visual display and a variable pitch audible signal is recommended
for all patients undergoing endoscopy with moderate sedation.”22 The use of contin-
uous electrocardiography during moderate sedation in average-risk patients is not
required. High-risk patients (including those with a history of cardiac arrhythmia or
ischemic heart disease), however, may be reasonable candidates for cardiac monitor-
ing." Routine administration of supplemental oxygen during moderate and deep seda-
tion is endorsed by the ASA and the ASGE. Nonetheless, there is evidence that routine
use of supplemental oxygen might actually increase the risk of sedation-related com-
plications by delaying recognition of hypoventilation by pulse oximetry.3”:38
Capnographic monitoring should be considered for the following subgroups of
patients undergoing endoscopy with moderate sedation: (1) all patients sedated

* Monitoring system (ARM) is integrated into a delivery system and can regulate the rate of infusion up or down.
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with propofol, (2) difficult-to-sedate patients, (3) those undergoing prolonged diagnos-
tic or therapeutic procedures, and (4) those who cannot be adequately assessed visu-
ally throughout an examination. In addition, CO, monitoring may be helpful in sedated
patients receiving supplemental oxygen and those with ASA status Ill and IV.

SUMMARY

The rate of cardiopulmonary complications during endoscopic sedation is estimated
at 0.27%, or 1 in 370 procedures. Patient monitoring, both visual and physiologic, is
designed to improve the quality of sedation and minimize the risk of complications.
Although there is little evidence to support the concepts that monitoring improves
patient outcomes and reduces complications, the standard of care at the current
time requires that all patients undergoing endoscopy with intravenous sedation be
monitored. In addition to routine monitoring, patients with significant comorbid
diseases, those undergoing advanced endoscopic procedures, and the difficult-to-
sedate patients who require deeper sedation should be considered for more
advanced monitoring with continuous electrocardiography and capnography. The
use of such technology, however, is not a substitute for the observational skills of
a well-trained endoscopy nurse who is able to identify the earliest signs of a complica-
tion and initiate the appropriate corrective steps. Ultimately, improvements in the
safety of patients will involve better education and training in endoscopic sedation
combined with implementation of a performance improvement program designed to
assess outcomes and strengthen areas of weakness.
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