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ORIGINAL STUDY
Administration of anaesthesia during drug-induced sleep
endoscopy: implementation of a computer system to
assist the decision on how to administer analgosedation
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ABSTRACT

BACKGROUND. Starting from the European and American guidelines regarding sedation during gastrointestinal investigations and
continuing with the American Society of Anesthesiologists (ASA) recommendations, we have developed a software that helps the ENT
specialist to decide whether the patient can undergo a moderate sedation in the operating room, or in the outpatient office, during the
drug-induced sleep endoscopy.

MATERIAL AND METHODS. The application is written in C#, using the .NET Framework, and is available for the Windows operat-
ing system. The application has a very simple and user-friendly interface, and a bare-bones implementation, focusing strictly on the
decision-making process.

RESULTS. The application involves the information obtained from patient history, clinical examination and polysomnography. After
filling all the patient’s data, it will show the result that can be one of the following: "treatment can be ambulatory”, “treatment should
be done in the hospital” or “treatment is not recommended”.

CONCLUSION. The decision-making software application may substitute the evaluation of the anaesthesiologist during drug-induced

sleep endoscopy in certain conditions.
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INTRODUCTION

It is well known the great importance of sleep
apnea in the occurrence of daytime sleepiness,
mood changes and decrease in work capacity, as
well as in the prevalence of cardiovascular disease
and the increasing number of car accidents'?.
Therefore, the correct diagnosis has crucial impor-
tance and the medical investigation must illustrate
a complete clinical image and also offer a com-
plete evaluation of the anatomical regions of the
superior respiratory system?.

Drug-induced sleep endoscopy is part of the ex-
ploring methods of sleep disorders. This involves

inducing sleep using propofol administered pro-
gressively with a speed of 3 mg/kg bw/hour until a
bispectral index of 65-75. Then, the flexible endo-
scope is introduced through the nasal fossa con-
tinuing through the pharynx and larynx.
Therefore, it may be observed the anatomic aspect
of the retropalatal region, retroglossal region and,
also, the vibrating and obstructive regions. There
are several studies that show links between sleep
apnea severity and multilevel obstruction and au-
thors who observed retropalatal obstruction more
frequently than other obstruction regions*.
During drug-induced sleep endoscopy certain
side effects may occur, like prolonged apnea epi-
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Table 1. The sedation levels and their effect on vital parameters (according to the American Society for Gastrointestinal

Endoscopy).
Minimal sedation Moderate sedation Deep sedation General anaesthesia
Responsiveness Normal response Purposeful response Purposeful response after repeated stimulation Unarousable
Airway Unaffected No intervention required Intervention may be required Intervention often required
Spontaneous ventilation Unaffected Adequate May be inadequate Frequently inadequate
Cardiovascular function Unaffected Maintained Maintained Impaired

sodes with critical oxygen desaturation, propofol al-
lergy, bleeding, laryngospasm or aspiration
syndrome, requiring immediate surgical interven-
tion (haemostasis, tracheostomy) and/or endotra-
cheal intubation. That is why it is particularly
important to carefully select the patients who un-
dergo this investigation.

The importance of this investigation is given by
the possibility to observe, in real time, the col-
lapsed anatomic areas, muscle hypotonia and fur-
ther to evaluate and monitor certain types of
treatment and to select more accurately the pa-
tients for a specific treatment®.

Regarding sedation, it represents the inhibition of
the consciousness by administering proper sedative
medication. According to the American Society of An-
esthesiologists (ASA), there are four sedation levels
according to the patient response to stimulation and
the effect on the vital parameters”®. While performing
drug-induced sleep endoscopy, a moderate level of se-
dation is applied, which does not require the interven-

tion of the anaesthesiologist on the respiratory tract
because the spontaneous breathing and the cardiovas-
cular function remain in proper parameters.

As far as the financial and time aspects go, the ad-
ministration of sedation in the outpatient office, with-
out anaesthetist, but in the presence of a qualified
nurse, reflects in a significant reduction of costs®!.

The objective of this study concerns the collabo-
ration between the ENT specialist and the anaes-
thesiologist for administrating proper
analgosedation during drug-induced sleep endos-
copy (DISE). In this respect, we thought about a
decision-making software application which may
substitute the consultation of the anaesthesiologist
during sleep endoscopy, in certain conditions.

MATERIAL AND METHODS

Starting from the European and American
guidelines regarding sedation during gastrointesti-

Table 2. Clinical and anthropometric parameters which influence the sleep endoscopy recommendation.

Outpatient service Hospital Contraindication

AHI (#/h) <30 30-70 >70
BMI (kg/m2) <30 30-40 >40
Abdominal circumference W (cm) <80 80-88 >88
Abdominal circumference M (cm) <94 94-102 >102
Neck circumference W (cm) <33 33-37 >37
Neck circumference M (cm) <36 36-40 >40

Hypertension Controlled Not controlled Not controlled

Diabetes Controlled Not controlled Not controlled

Pulmonary pathology Light
Not recent acute myocardial infarction, Recent acute myocardial infarction,
Cardiac pathology stroke, transitory ischemic attack, stroke, transitory ischemic attack,

cardiac stent; light valvular disorder

cardiac stent; severe valvular disorder
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Figure 1. The application interface before the introduction of
patient’s data.

nal investigations (Table 1) and continuing with
ASA recommendations, we have developed a soft-
ware that helps the ENT specialist to decide
whether the patient can undergo a moderate seda-
tion in the operating room, or in the outpatient
office. This decisional algorithm stood at the basis
of creating a software to help the specialist when
an anaesthesiologist cannot be consulted.

A small, simple computer application has been
developed in order to exemplify the usage of the
decision criteria described previously. The applica-
tion is written in C#, using the .NET Framework,
and is available for the Windows operating system.
In order to obtain a decision on how to proceed to
treat the patient, the user is prompted to enter all
the relevant details (namely the sex of the patient,
apnea-hypopnea index (AHI), body mass index
(BMI), abdominal and neck circumferences, pres-
ence of hypertension, diabetes, pulmonary or car-

diac pathology), and then, using the decision chart
previously described, the application determines
how the treatment should proceed (Table 2).

The application has a very simple and user-
friendly interface, and a bare-bones implementa-
tion, focusing strictly on the decision-making
process. It is also portable, meaning it can be run on
any Windows machine, whether from a local drive,
or directly from a portable media (such as a USB
stick), without requiring any installation process.

RESULTS

We have introduced the decision-making process
of sedation in a simple computer application that
can be used by the medical staff both in the hospi-
tal, as well as in the outpatient office. The applica-
tion involves the information obtained from patient
history, clinical exam and polysomnography.

In the left side of the window app, there are the
blanks that must be filled in with the patient’s sex,
the apnea-hypopnea index value, and the body
mass index value, as can be seen in Figure 1. In the
right side of the window app, there are four blanks
corresponding to the pathologies that interest the
anaesthesiologists: blood pressure, diabetes, pul-
monary and cardiological disorders (Figure 1).
Therefore, the values of the glycaemia and the
blood pressure must not be filled in the applica-
tion, but one of the options “none”, “controlled”
or “not controlled” will be marked, as presented in
Figure 2 a,b.

Regarding pulmonary pathology, it is important
the grading of the disorder and not its type. Con-
sidering the patient’s medical history, one of the
following items can be selected: “none”, “light”
and “severe” (Figure 2c). With respect to the car-
diological pathology, it is of interest the period
that passed from the latest acute episode, regard-
less of the type of cardiovascular disorder and the

Light

C
Severe

[Fypertension None Diabetes: MNone
A Controlled B Controlled
Lincontrolled Lincontrolled
Pulmonary pathology: | Cardiac pathology None

Mol recent (6 months or more)
Recent (less than 6 months)

D

Figure 2. Exemplifying the blanks corresponding to the pathologies concerning the anaesthesiologists for the patient examination: (a) hypertension
- absent or present controlled / uncontrolled; (b) diabetes, regardless its type — absent or present controlled / uncontrolled; (c) pulmonary pathology —
none, light or severe; (d) cardiac pathology — none, not recent (more than 6 months from the latest episode) or recent (less than 6 months from the

latest episode).
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Figure 3. A case simulation for which DISE can be performed in the
outpatient office by specially trained medical staff.
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Figure 5. A case simulation for which DISE is not recommended for
the high risk of sedation.

risk factors implied. Therefore, one of the follow-
ing items can be selected: “none”, “not recent —
more than 6 months from the latest acute episode”,
“recent — less than 6 months from the latest acute
episode” (Figure 2d).

At the bottom of the app, there are two more
blanks in which the values in centimetres of the ab-
dominal and neck circumferences can be introduced.

After filling all the patient’s data, the button
that will start the computing engine and will show
the result in the white screen from the bottom of
the window is pressed. The result is written in red
colour and can be one of the following: “treatment

Figure 4. A case simulation for which DISE can be performed in the
operating room in the presence of an anaesthesiologist.

can be ambulatory” (Figure 3), “treatment should
be done in the hospital” (Figure 4) or “treatment
is not recommended” (Figure 5).

DISCUSSIONS

We have brought into light the possibility of per-
forming drug-induced sleep endoscopy in the outpa-
tient office for those patients without anaesthesiologic
risk according to the ASA criteria. Even though there
is no consensus regarding analgosedation manage-
ment for this clinical investigation, the American and
European Societies of Gastroenterology released
guidelines for sedation performed by trained nurses
to act in critical situations®!°.

In order to perform drug-induced sleep endos-
copy in the outpatient office, one must make sure
that the facility and the medical team are prepared
to undergo this procedure. The endoscopy room
must have the monitoring equipment that com-
prises the assessment of heart rate, blood pressure,
pulse-oximetry, electrocardiogram and ventilatory
activity. The outpatient office must provide a re-
covery room for the patient!'. During DISE and
recovery time, there must be at least one member
of the medical team trained to administer seda-
tives, monitor the patient, and manage airway or
cardiovascular emergencies and, also, there must
be equipment and medication at hand for resusci-
tation. The physician who performed the proce-
dure must be present until the patient’s discharge.

For lowering the risk of adverse pulmonary and
cardiovascular events, the risk of aspiration must
be assessed. To do so, the patient must consent for
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sedation and performing DISE and not to drink for
2 hours, respectively not to eat for 6 hours before
the procedure'®. The anamnesis shall provide in-
formation regarding allergies, previous sedation or
anaesthesia, consumption of alcohol, drugs, medi-
cation or tobacco. A very important aspect regards
the patient’s history about pulmonary disease, car-
diovascular or cerebral pathology and diabetes.

The physical exam aims at the features that may af-
fect the sedation process and those that increase the
risk for adverse events, respectively the Mallampati
score, mouth opening, nasal cavity and anatomic aspect
of the neck, oral cavity and mandible. Furthermore, the
body mass index, the neck and abdominal circumfer-
ences and the polysomnographic results (apnea-hypop-
nea index) are very important decision factors in the
sedation process. Moreover, the respiratory and cardiac
assessment must be initially done with respect to heart
rate, blood pressure and respiratory rate's.

The monitoring of the patient during drug-induced
sleep endoscopy using propofol sedation regards
heart rate, blood pressure, oxygen saturation, level of
consciousness and respiratory rate. This assessment
should be done before the procedure, immediately
after the propofol administration, every 5 minutes
during the procedure, after initial recovery and before
discharge. It is recommended, for legal reasons, to re-
cord and archive all the patient’s data.

The decision to discharge the patient should be
accompanied by the interdiction, for at least 6 hours
after procedure, to drive, drink alcohol, operate
heavy machinery or involve in legal decisions'*'.

The concern of performing certain investiga-
tions and procedures in the outpatient office is a
matter of research for many specialists due to pa-
tient compliance, cost reduction and time saving.
Kiaer et al., in a 200-patient study, successfully per-
formed sleep endoscopy using Propofol sedation
without the presence of an anaesthesiologist, in
normal conditions and with no side effects'®.

The meta-analyses of the trials that compared
propofol sedation administered by an anaesthesi-
ologist with that administered by specialized nurses
reported similar safety and similar cardiopulmo-
nary events and, in addition, propofol was associ-
ated with better sedation and shorter recovery
time'”'®, There are also studies involving a large
number of patients that found low incidence of
propofol-related complications, a rigorous patient
selection lowering the risk of adverse events during
drug-induced sleep endoscopy'®®.

In this field of interest, the perspective may be
targeted through organizing training classes for
the nurses, which may further allow to safely per-
form drug-induced sleep endoscopy without the
presence of an anaesthesiologist.

CONCLUSIONS

Artificial intelligence, software applications and
robotic engineering are becoming more and more
useful for both doctor and patient, they save not
only lives, but also time and money.

The software application we have developed
helps the ENT physician to decide safely and fast
about the conditions in which the sleep endoscopy
may take place in order to obtain good results with-
out side effects.
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