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SEDATION PROVIDER COURSE
6/7/09

OVERALL COURSE GOAL:
PROVIDE PRACTITIONERS WITH THE KNOWLEDGE COMPETENCIES AND KILLS
THAT PROMOTE SAFE AND EFFECTIVE HIGH QUALITY PROCEDURAL SEDATION TO
CHILDREN

SPECIFIC COURSE OBJECTIVES: COGNITIVET PSYCHOMOTOR BASED
AM
Describe the current state of pediatric procedural sedation
Define the different levels of sedation and the monitoring needs
Perform a systematic piedation risk assessment
List the necessary equipment required for sedation
Apply basic pharmacologic principles to optimize procedural sedation
Describe the effects of sedative drugs on upper airway tone and respiratory drive

Recognize the most common adverse events tloar @ering sedation (PSRC data)

Explain the principles of and interpret the information from pulse oximetry and capnography

Define, diagnose and treat apnea and/or hypoventilation

Define, diagnose and treat upper airway obstruction (pharyngeal cistrdaryngospasm)

Define, diagnose and treat secretions/aspiration

Define, diagnose and treat hemodynamic instability

Perform basic airway maneuvers and-paask ventilation

PM

Categorize the different types of procedures requiring sedatidmildren

Demonstrate knowledge of the pharmacology and uses of common sedative chilayal hydrate, pentobarbital,
opioids, benzodiazepines, ketamine, cergahgonists, nitrous oxide and propofol

Formulate and justify a systematic apprio#o safe, effective pediatric procedural sedation

Describe the criteria for pesedation discharge

Demonstrate a methodical approach to providing sedation for invasive procedures

Display a systematic, tailored approach to children undergoingnatetieinvasive procedures

Exhibit an organized manner to providing deep sedation to children receivirigwasive radiology procedures
Demonstrate a systematic approach to a child experiencing inadequate sedation

EVALUATION METHODS
Written examimation
Simulation testing of specific diagnoses and technical skills
Testing/Simulation testing stations of specific sedation scenarios

INSTRUCTION METHODS
Lectures Power Point presentations: 2 main lectures, 3 small group lectures, total tiheuBs5
Small group sessions (lecture + hands on stations)
Skill Simulation Stations + Core Case Simulation Stations, total time: 6 hours



OVERVIEW OF PEDIATRIC SEDATION

The field of pediatric sedation has evolved significantly over thetpastiecades. Recognizing the

growing number of pediatric procedures requiring sedation outside of the traditional operating room
setting, the American Academy of Pediatrics (AAP) first established sedation guidelines in Tl98&se
guidelines have sindeeen revised in 1992 and more recently in 2006 as sedation practice has expanded
across disciplines and locatioh’.In 2002 the American Society of Anesthesiology (ASA) also
established sedation guidelines for raoresthesiologists.In 2007 the Socty for Pediatric Sedation

was formed with the sole mission of promoting safe, effective and accessible procedural sedation to
children across all disciplines.

Pediatric procedural sedation is ubiquitous in any hospital that cares for children and,dgparttie
institution, may be provided by virtually any subspecialty service. Pediatric sedation practice at any one
institution is locally governed and influenced by the standards set by that institution. For the most part
the guidelines established the AAP, the ASAand the Joint Commission on Accreditation of

Healthcare Organizations (Joint Commissia@®rve as the standard for institutional policy development

in the area of pediatric procedural sedation.

The new regulations stipulated by Joint Goission for moderate and deep sedation clarify qualified
staff, appropriate equipment, performance of a
oxygenation, ventilation and circulation and post procedure assessment ahdncadelition quéified

personnel must have competency based education and training to: evaluate patients presedation, perform
sedation and rescue patients who progress to a deeper than planned level of séd&ibra ct i t i oner s

intending to induce moderate sedation ammpetent to manage a compromised airway and inadequate

oxygenation and ventilation. Practitioners intending to induce deep sedation are competent to manage an

unstable cardiovascular system as well as a compromised airway and inadequate oxygenation and
ventilation. o

Sedation for diagnostic and painful procedures is a growing and dynamic area of pediatric practice. This
course is intended to bring you the basic information required to providarshfffectivesedation. We

have designed the coursefaur parts: 1) the prsedation period including general considerations for
sedation, 2) the intrprocedure sedatigmeriodincluding the process, monitors and drugs used for

sedation, 3) the posedation time period with an accent on discharge critedappropriate conditions

for dischargeand 4) emergency states during sedation including recognition and management

Before beginning this course the student should recognize that we do not intend to present algorithms or
a fAcook b ook ormsdatiohforw childo Egqubedation should take into account the type of
procedure that will be performed (i.e. painful vs. fg@inful) and the age, developmental status, and
personality type of the child. Thought should always be given to how a precsalid be

accomplished without medication through the use of emotional support and/or distraction techniques.

A. SEDATIVE DRUGS

Sedative drugs are medications that result in central nervous system depression. Use of these
drugs may result in loss of peattive reflexes, with subsequent respiratory and/or cardiac
dysfunction.

Many of the clinical effects of medications administered to achieve sedation aneldbed and
must be assessed individually for each child. Sedative drugs may be adminisitlyed o
intranasally, rectally, parenterally or by inhalation. Specific types of sedatives can be further
defined by their characteristic or predominant clinical effect. Some of the more common
definitions of drugs used for sedation include:

A SedativeA sedative decreases activity, moderates excitement and calms the patient.
A Hypnotic: A hypnotic produces drowsiness and facilitates the onset and maintenance of sleep.
A Analgesic: An analgesic relieves pain by altering perception of nociceptivdistimu

nt



A Anxiolytic: An anxiolytic relieves apprehension and fear due to an anticipated act or illness.
A Amnesic (antegrade): An amnestic agent affects memory incorporation such that the patient is
unable to recall events following delivery of the drug.

LEVELS OF SEDATION

The transition from minimal to moderate sedation and from moderate to deep sedation can be
difficult to predict and must be anticipated whenever sedation is administered. The definitions of
minimal sedation, moderate sedation, deeptg@uand general anesthesia are defined below.

Professional organizations have defined sedation in different ways. Across the board all these
organizations have defined different Al evelsodo o
consciousness to cotape unconsciousness or general anesthesia. Any provider who delivers

sedation should recognize that different levels of sedation are possible and they are not specific to

a given drug. Any drug (given a large enough dose) will produce obtundationkewisé even

the most powerful anesthetic can produce minimal sedation when given in a very small dose.

Sedation providers should recognize that these definitions are arbitrary and there is no clear

demarcation between the different levels. Therent reommendations from JCAHE&ate that a
provider of sedation should be able to manage o
fdeeper o than that which is intended. This is
always know the effect &t a given dose of a sedation medication will have on an individual

patient. It is also a recognition of the fact that different levels of sedation require different levels of
expertise in management of the airway and physiological function for a pa@ielaiw are the

levels of sedation as defined by the AAP and ASA.

A MINIMAL SEDATION (AN XIOLYSIS)

A drug induced state in which patients respond normally to verbal commandsiti@ function
and coordination may be impaire@rotective reflexes armaintained andentilatory and
cardiovascular functions are unaffected.

A MODERATE SEDATION

A drug-induced depression of consciousness during which patients respond purposefully to verbal
commands, either alone or accompanied by light tactile stironldtio interventions are required

to maintain a patent airway and the patient is able to handle secretions without aspiration.
Spontaneous ventilation is adequate, although there may be minimal to mild alterations in
ventilatory responsiveness. Cardisgalar function is usually maintained. There is significant

loss of orientation to environment, with moderate impairment of gross motor function.

A DEEP SEDATION

Deep sedation i@ medically controlled state of depressed consciousness or unconsadtsmes

which the patient is not easily arousdeatients respond purposefully to painful stimulati¢n.

may be accompanied by a partial or complete loss of protective reflexes, whidhclodgthe

inability to maintain a patent airway independentlg aespond purposefully to physical

stimulation or verbal command. Patients may require assistance in maintaining a patent airway and
spontaneous ventilation may be inadequate. Moderate loss of ventilatory responsiveness may
occur. Cardiovascular functios usually maintained.

A GENERAL ANESTHESIA

General anesthesia is a diimgluced loss of consciousness during which patients are not

arousable, even by painful stimulation. The ability to independently maintain ventilatory function

is often impaired. &ients often require assistance in maintaining a patent airway, and positive
pressure ventilation may be required because of depressed spontaneous ventilatien or drug
induced depression of neuromuscular function. Cardiovascular function may be inasavedt

Only anesthesiologists are credentialed to administer and/or supervise planned general anesthesia



care. Supervised residents and supervised clinical anesthetists are authorized to administer general
anesthesia under the medical direction of antanemlogist.

Editorial Comment: Many ol der texts and some se
sedati ono wé&sedation di éildred indactit is extremely difficilto impossible

to achieve this level of sedation in childrdn.fact, most sedation in children is either moderate or

(more often) deep sedation. Preparation and qualifications for sedation should be planned with

this in mind. The AAP now has issued an official statement discouraging the use of the term
ficonssddatsi ond when referencing sedation in chi

Summary of Levels of Sedation and Clinical Response

Verbal Pain Airway , . .
Breathing Circulation
Response Response Response
Anesthesia 0 0 0 0 0/+
Overdose
Anesthesia 0 0 0 0/+ ++
Deep Sedation | O + + ++ +++
MOderate + ++ +++ +++ +++++
Sedation
Minim_al +++ ++++ ++++ +++++ +++++
Sedation
No +++++ +++++ +++++ +++++ +++++

SEDATION EFFECTS ON AIRWAY CONTROL AND RESPIRATORY DRIVE

All sedative drugs suppredset central nervous system in a doependent manner. Loss of airway

control and respiratory depression are the most common serious adverse effects associated with sedative
drug administration. The greater the degree of sedation, the greater the degspeatry depression.
Respiratory depression increases when combining sedative drugs or when using large doses of a single
drug.

A. THE PEDIATRIC AIRWAY
The most important feature of conducting safe pediatric sedation is the ability to assess and

managehe pediatric airway. The upper airway is composed of three segments; the supraglottic,
laryngeal and intrathoracic.
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Supraglottici the most poorly supported and collapsible segment of the upper airway that consists
of thepharyngeal structureard is the mosimpactedportion of the airway during sedation;

Glottic (larynx)T comprises the vocal cords, subglottic area, and cervical trachea;

Intrathoracid consists of the thoracic trachea and bronchi.

There are a number of developmentalraebteristics that distinguish the pediatric airway from the
adult airway:

The pediatric airway is smaller in diameter and shorter in length.
The young childés tongue is relatively |l arger i
The larynx in infants and young childrenagated more anteriorly.
The epiglottis in infants and young children is relatively long, floppy, and narrow.
In children younger than 10 years of age, the narrowest portion of the airway is below the glottis at
the level of the cricoid cartilage.

The small caliber of the pediatric upper airway,
relatively long epiglottis predispose young children to airway obstruction during sedation. In

addition, the large occiput of the infant places the headeacoklin the flexed position when the

patient is placed recumbent, further exacerbating airway obstruction.

During normal inspiration (see Figure A), negative intrapleural pressure generated in the thorax

creates a pressure gradient from the mouth taitiays, resulting in airflow into the lungs.

Extrathoracic airway caliber decreases during inhalation, whereas intrathoracic airway diameter

tends to increase. Under normal conditions, changes in airway caliber during respiration are

clinically insignificant. However, significant narrowing of the upper airway increases airway
resistance(R)andairflowvelocitﬁo (Bernoulli effect), and a high
across the airway is required if minute ventilation is to be maintained (Figure B). A greater

pressure gradient generated across the airway accentuates the normal inspiratory and expiratory
effectson the airway. Consequently, the greater negative pressure generated in the pharynx during
inspiration tends to further collapse the upper airway.
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Airway Control (see figure below)

Neuromuscular control of the upper airway (CN IX, X and XII) ighitkd to a greater degree

than diaphragmatic activity (phrenic nerve) during sedation/anesthesia. Thus, the negative

inspiratory pressures that develop with diaphragmatic contra&tioray reduce the diameter of

the pharynk , a collapsible segment betwesvo relatively wellsupported structures, the nasal

passage and the trachea. These areas typically involve narrowing of the -utstiéoior distance

between the posterior pharynx and the soft palate, epiglottis, and, to a lesser degree, thedase of th
tongue. Consequently, the pharegngetal osegment | &p
whose caliber is influenced by pressures within the lumen of the airway and sofffissue.

Airway obstruction during moderate or deep sedation ocautgi supraglottic structures due
primarily to the soft palate and epiglottis nAfa
previously thought that the base of the tongue was the primary cause of upper airway obstruction

during unconsciousness, MRiudies of the airway in sedated children demonstrate that the soft

palate and epiglottis are the most likely structures causing pharyngeal obsttuction.

The other primary cause of upper airway obstruction during sedation is laryngaspasm
Laryngospasy may be partial or complete and is defined as glottic musculature spasm. Risk
factors for laryngospasm include secretions in the upper airway, airway manipulation, recent upper
respiratory infection, gastroesophageal reflux disease, passive exposiractmtsmoke, use of

an airway device, young age and higher ASA classificatiSupraglottic obstruction and
laryngospasm may be difficult to differentiate. One distinguishing feature of complete
laryngospasm is the lack of response to simple airwayemaats.
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The keys to appropriately managing the pediatric airway during sedation are proper airway
positioning and application of positive pressure ventilation when required. Routine management
of the pediatric airway includes placement of the patier@tk in the sniffing position, often with

a rolled towel placed under neatbhy ot hoex ysgheonu.l dlefr s
obstruction persists despite these maneuvers, the patient's airway should be repositioned and a
chin lift performed to moe the supraglottic soft tissue structures, primarily soft palate and
epiglottis, anteriorly and away from the posterior pharynx. If a simple chin lift fails to relieve the
obstruction, this should be followed by a jaw thrust and application of positigeyseethrough a
flow-inflating anesthesia bag and mask. Failure to relieve the obstruction following application of
positive pressure (PEEP) suggests complete laryngospasm and requires positive pressure
ventilation with cricoid pressure and endotracheltiation when necessary.

B. RESPIRATORY DRIVE

Thebasicdrive to breath originates from within the central respiratory center located in the
brainstem. Output from the respiratory center is modulated by a number of chemical (g.g., CO
0O,) and mechanal (e.g. lung mechanics) controllers. Changes in carbon dioxide concentration
are among the most important determinants of respiratory drive from the medullary respiratory
center. Carbon dioxide freely diffuses across the blwagéh barrier, resulting ian increase in H+
and a decrease in pH in the cerebral spinal fluid. The decrease in pH is accompanied by an
increase in neural output from the respiratory center and in minute ventilation. In experimental
situations minute ventilation WA R R) ytingreases linéatly with rises in PEO

NL

Minute Ventilation (V)
(RR-V)

pCo,

The normal response to increases in carbon dioxide is noted by the line designated NL ix the CO
ventilation response curve. In general, sedative drugs suppress the central respiratory center and
reduce the vetilatory response to a given level of carbon dioxXitfe. Doses of sedative drugs

that do not cause complete loss of consciousness (e.gddsevmorphine or midazolam) usually
displace only the COventilation response curve to the right while maintajrthe slope of the
response (line A). Under deeper levels of sedation, however, the slope of tkierfi@ation

response curve decreases as well as shifts to the right (IfieTB)s response may occur when
combining sedative drugs or using any sesthat results in unconsciousness. A decreased slope
indicates less of an increase in minute ventilation for any given rise in carbon dioxide, a situation
that may lead to severe hypercapnia, hypoxemia, or apnea.

PRE-SEDATION PHASE T RISK ASSESSMENT

A presedation assessment is essential to identifytggtpatient populations and anticipate and reduce
adverse sedation events. Presedation preparation begins prior to patient arrival. Studies have shown that
background knowledge and skills in ussitation (particularly airway management), education in

sedative pharmacology, and presedation risk assessment reduce the frequency and severity of adverse

10



events during sedation. All in all, the majority of preventable adverse sedation events wEnd @
consequence of inadequate practitioner experience and skills (insufficient education) and violation of
hospital policy and procedure (rule violatidit}* Several general statements can be made regarding
adverse events during sedation:

1. Thevast majority of adverse outcomes during sedation are preceded by a respiratory event.

2. The greater the depth of sedation, the greater the risk of complications.

3. The majority of poor outcomes related to adverse sedation events are due to a ride wplat
insufficient education and skills of the practitioner.

4. Adverse sedation events are not associated with either a specific sedative drug class or route of
administration.

In order to minimize risk (and optimize performance) during proceduralisedtte provider must
appreciate all aspects of the sedation encounter associated with the patient, the procedure, and the
provider of sedation.

A. FACTORS RELATING TO THE PATIENT

1. GENERAL HISTORY

The general health status of each patient undergeutation must be considered. The child
must undergo a general physical examination that includes focus on the airway, respiratory
and cardiovascular systems. Most institutions require the physical examination be completed
by a licensed practitioner prior s@dation.

For hospitalized patients, the current hospital record may suffice for adequate documentation
of presedation health; however, a brief note shall be written documenting that the chart was
reviewed, positive findings were noted, and a managepian was formulated. If the

clinical or emergency condition of the patient precludes acquiring complete information
before sedation, the health evaluation should be obtained as soon as feasible.

In general a relevant presedation history includes theviig:

1. Allergies andoreviousadversedrug reactions
Adverse Reactions:
Some patients will have paradoxical reactions to sedative medications such as chloral
hydrate where crying and combative behavior is elicited rather than sedation. It is
critically important to elicit this information prior to repeating a failed strategy.

Allergies:
It is imperative that a good drug allergy history be elicited prior to providing sedation.
I f a patient states an dall er gfywbattype present

of reaction occurred should be obtained. Often patients will interpret nausea after a
sedation as an allergy to whatever medication was given when théarly not the
case. Drugsvhich were associated with urticaria or shortness of bigaticonsistent
with an allergic reaction and should be avoided.

Current medications

Sedation/anesthesia history with focus on complications and airway problems
History of upper airway problems and sleep disordered breathing or snoring
Major malical ilinesses, physical abnormalities and neurologic problems.

Last oral intake of fluids and solids (see below)

Recent acute illnesses (e.g. upper respiratory infection, fever, etc.)

Relevant family history (e.g. anesthesia)

Review of systest focus on pulmonary, cardiac, renal and hepatic function

CoNoA~AWN
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A FOCUSED REVIEW OF SYSTEMST A EDCP A0

Experience (Previous):

When planning to sedate a child, the previous experiences of the patient to be sedated
should be elicited. Both good and bad expeces should be reviewed along with the
drugs that were previously administered. For example, patients who became combative
with a given dose of oral midazolam may not be well served by repeating that drug and
dose for another procedure. Similarly the pdev should elicit some indication of the
anxiety that the patient and family have regarding the upcoming procedure and
sedation. The severely anxious patient will often times need significant sedation where
a relaxed patient may only need support or agsion. While these facts may seem

self evident, a sedation history is often completely neglected by many providers. The
response and satisfaction that a patient and family have with a particular sedation will
be heavily influenced by their previous expece.

Developmental Issues:

Children younger than one year of age are considered at higk#ran older

children’™ Regardless of age the neurodevelopmental status of the child should be
noted. Requirements for sedation will change greatly for aily wio is severely
delayed. Some of these patients will require more sedation than a similar patient their
age while others may actually not require sedation at all. Input from the primary care
givers of these patients is critical in determining the armofimtervention that will be
required for a given procedurehey can often predict the response a patient will have
to a situatiori and often it is not what the sedation provider would have guessed after
a brief interview and examination. Often thesgients have severe scoliosis or limb
deformities that require special positioning considerations.

Cardiac:

Most patients with congenital heart disease who are thriving will tolerate sedation
without difficulty. However some sedative drugs can signifilyeaffect vascular
resistance and may alter pulmonary and systemic blood flow in patients with large
intra-cardiac shunts. In addition pulmonary hypertension may be exacerbated if
hypoxemia or hypercarbia occur during sedation.

Pulmonary:

Asthma Resjratory issues usually involve the presence of asthma or upper
respiratory tract infections (see below). Although little data exists concerning the risk
of sedation for patients with asthma, experts agree that any time there is the chance of
manipulating he airway (as is the case with any significant sedation) an asthmatic
should be in his/her best possible condition prior to beginning the procedure. Generally
this includes taking all usual inhalers prior to the sedation and assuring that the child is
notactively wheezing. There is no firm data to suggest that giving prophylactic oral
steroids or antihistamines prior to the procedure will change the outcome of a sedated
asthmatic children.

Upper Respiratory Tract InfectionsChildren with upper respiratptract infections

should also be considered separately from those who are well when assessing sedation
risk. Unfortunately, during the winter months as many as 20% of the pediatric
population may have some symptoms of a respiratory infection. If afl Hases were
cancelled it would be hard to accomplish a large percentage of our sedation workload.
There is little clear data to help categorize the exact increase in risk associated with a
current respiratory infection, but several studies have foundcaease in airway
laryngospasm and respiratory complications after anesthesia is given to patients who
have significant cough and mucous productforudent practice would dictate that
children who have a fever, or those with a significant cougbpttum production are

best off postponing an elective sedation. Likewise, children with wheezing orcroup

like symptoms should not be given routine sedation. Children with mild/moderate nasal

12



discharge or those with minimal cough symptoms should be considersetation on

a caseby-case basis.

Seep Disordered Breathiniy Obstructive Sleep Apn¥a

Children withsleepdisordered breathing particularly patients with Obstructive Sleep
Apnea (OSA) are at significantly greater risk of airway obstruction andesxyg
desaturation during sedatiéh.Obesity, adenotonsillar hypertrophy, and upper and
lower respiratory problems are among the more common risk factors for &S
general, patients with OSA should not be moderately or deeply sedated unless airway
support is planned.

Aspiration Risk:

A history of last oral intake is required before providing sedation. Although the data on
aspiration injury associated with pediatric sedation cases is not definitive, most experts
advise fasting guidelines that mimhwose required for anesthesia. The reasoning

behind these recommendations follows the thought that it is often very difficult to
predict the exact depth of sedation that will result from a dose of a sedative inia child
therefore it should be assumed tamtvay reflexes may be lost and steps to minimize

risk should be taken.

There are no national standard guidelines for fasting prior to sedation. Generally

accepted guidelines differentiate between clear liquid intake and heavy meals in a
graded fashion asutlined below:

Fasting Guidelines:

Food Hours of Fasting Required

Clear Liquids 2

Breast Milk 2 or 4 depending
Formula or Light Meal (no fat) 6

Full Meal 8

In addition to the history of intake, prior to sedation the provideulshalicit a history
of gastroesophageal reflux disease. Patients who have a history of severe reflux
disease (with associated growth failure or daily vomiting) may not be safe under
moderate to deep sedation unless their airway is protected. At thieastythese
patients should have an assured fasting interval, and some experts will insist on
securing their airway with an endotracheal tube prior to providing deep sedation.

With the recommendations outlined above in mind, each provider will needgh we

the urgency of the procedure against the re
departments often do not have the luxury of being able to satisfy fasting guidelines. In

such circumstances the benefit/risk ratio of providing sedation mustigkede

Indeed aspiration risk may not be a significant problem in this setting. In spite of this it

seems prudent to strive for a reasonable fasting interval when sedating pediatric

patients’ in particular those having elective procedures.

GENERAL PHYSICAL EXAMINATION
As part of the general physical examination baseline vital signs must include blood pressure,
heart rate, respiratory rate, and oxygen saturation by pulse oximetry. A physical

examination should focus primarily on the upper airway, luogsdiovascular system, and
baseline neurological statfis

13



2.
3.

Upper Airway: assess pharyngeal structures [tapati classification), dentition, neck

mobility, tonsillar hypertrophy and craniofacial abnormalities

A Habitus: Receding chin, or signifant obesity especially involving the neck and
facial structures (body mass index >

A Head and Neck:Short neck, limited neck extension, decreased hywdtal
distance (< 3 cm in an adult), neck mass, cervical spine diseasarnajtaacheal
deviation, dysmorphic facial features (e.g., Pidobin syndrome), previous
tracheostomy, history of head and neck radiation therapy, known or suspected
tracheostenosis, or presence of stridor.

A Mouth: Small mouth opening (<-8m openiig between the upper and lower teeth
in an adult); protruding incisors; loose or capped teeth; dental appliances; high,
arched palate; macroglossia; nonvisible uvultoasillar hypertrophy.

Tonsil Grade

0: Tonsils fit within tonsillar fossa
1+: Tonsis < 25% of space between pillars
2+: Tonsils < 50% of space between pillars
3+: Tonsils < 75% of space between pillars
4+: Tonsils > 75% of space between pillars

The incidence of upper airway obstruction during sedation has been demonstrated

to increae with enlarged tonsif€.
A Jaw: Micrognathia, retrognathia, trismus, significant malocclusion.

A Mallampaticlassificatio®: It may be helpful to give each child a Mahpati
classification as part of the presedation work up. This examin@tioich

classifies the relative size of the tongue in the mouth) may be used as a trigger for

referring a patientio an anesthesiologistn general, a high (HIV) Mallampati
classification associated with any other abnormality of the head and neck is
indicative of an airway that may well be difficult to manage.

To perform the Mdbmpati examination, the provider has the patient sit facing the

35)

examiner and asks the patient to open the mouth as wide as possible. The patient is

classified a Mdhmpati | f the examiner can see down to the tonsillar pillars, class
Il if the examiner can visualize just the full uvula, class Il if only the soft palate

can be seen, and class IV if the hard palate is all that is visualized. Of course many

pediatric patients eanot cooperate with this examination but any game that
encourages a child to open his/her mouth fully should be employed to generally
asses the status of the mouth opening and tongue size.

Class | Class Il Class I Class IV

Classification of pharyngeal structures. Note that in Class Il the soft palate is visible but in
Class IV it is not.

Lungs: assess breath sounds, work of breathing and chéshapé
Heart: assess heart tones and peripheral perfusion
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4. Neurologic status: determine baseline mental status, ability to control airway, overall
muscle tone and signs of focal neurologic problems (e.g. cranial nerve function)

AMERICAN SOCIETY OF A NESTHESIOLOGY (ASA) CLASSIFICATION

To aid in assessment of sedation risk, the American Society of Anesthesiology (ASA) has
developed a classification system for patients, which categorizes individuals on a general
health basis prior to receiving generakathesia As such, it is one of the most important

factors used to assess the overall presedation risk (see table). Rather than focus on any
specific disease entity, the ASA status is intended to group patients together based on health
status in order tassess the risk of anesthesia or sedation of a given patient. Several studies
have documented the fact that sedatisk in childrenrises with increasing ASA statts®*

ASA 1 and 2 are considered levgk sedation patient populations. ASA 3 andé lagh

risk populations.

Table
ASA Class Description Examples
1 A normal, healthy patient, without organic, Healthy with good exercise tolerance
physiologic, or psychiatric disturbance
2 A patient with controlled medical conditions A Controlled hyperte
without significant gstemic effects A Controlled diabete
A Controlled seizure
A Anemia
A Mild obesity
A Age < 1 year
A Controlled ast hma
3 A patient having medical conditions with significal A’ Poorly control |l ed
systemic effects intermittently assat@d with A Moderate obesity
significant functional compromise A Poorly controlled
A Poorly controlled
4 A patient with a medical condition thatispoorly [A Unst abl e angi na
controlled, associated with significant dysfunctiof A Sy mpt omati ¢ BPD
and is a potential threat to life A Symptomatic heart f
A Acute severe asthm
5 A patient with a critical medical condition thatis | A Mul t i organ failure
associated with little chance of survival with or A Sepsis syndrome wi i
without the surgical procedure A Hypother mia
A Poorly controll ed
6 A patient who is brain dead and undergoing
anesthesia care for the purposes of organ donati
E This modifier is added to any of themte classes tq
signify a procedure that is being performed as an
emergency and may be associated with a subopt
opportunity for risk modification

4. HIGH RISK PATIENT POPULATIONS

Risk categorization is one of, if not the most important aspect of ésegation history and
physical exam. In a study of over 7000 children receiving deep sedation with propofol

specific patient characteristics were associated with adverse airway events during sedation.

Patients with current stridor, snoring, obstructieep apnea, morbid obesity, craniofacial
malformation, symptomatic asthma or heart disease, gastroeophageal reflex disease,

swallowing dysfunction or prior airway problems with sedation or anesthesia experienced

oxygen desturations ~13% of the time conepltio 5% in patients without these featufes.
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In addition higher risk patients required airway intervention 20% of the time versus 2.6% in
lower risk patients.

In addition the University Health System Consortium has identified specific high risk patient
populations in which anesthesia consultation may be warrahted.

Known respiratory compromise/hemodynamic instability

Obstructive sleep apnea or significantraorbid conditions

ASA physical status O 4

Infants born < 37 weeks EGA who are < 60 weeks post conception

History of airway compromise during sedation or general anesthesia

History of adverse reaction to sedation

Patients with neuromuscular disease affecting ra&piy or brain stem function

High-risk airway by exam

Too oo Too Too o To T I

FACTORS RELATING TO THE PROCEDURE

Duration of the procedure

When choosing a sedation medication or technique, the provider should consider the time that the
procedure will require to be accongied. It would seem ill advised to give a sedative medication
that lasts for several hours to a child who is having a procedure that only takes several minutes.
Likewise the drug given should provide sedation for enough time to accomplish a prdcedure
directions for further dosing should be included.

Pain as a side effect of a procedure:

Another important aspect of sedation that must be considered is the presence or absence of pain
with a given procedure. Many of the sedatives that are commonly arseedatiori such as

chloral hydrate and the benzodiazepinbave absolutely no analgesic component. A child may

be sedated with one of these medications but as soon as any painful stimulus is felt, he/she will cry
out and thrash about. Adequate moeetrcontrol is only obtained with neanalgesics (during a

painful procedure) when the child has consciousness depressed to the deep or general anesthesia
levels, which usually indicates a relative overdose of the medication. Analgesic medications such
asfentanyl will provide powerful pain control for procedures while not offering the same sedative
potency. In general, analgesic medications should be included if the procedure is going to be
painful while they may be omitted for ngrainful (diagnostic) pycedures.

Position required for the procedure

In planning the depth of sedation, each provider must consider the position that the patient will be
in during the procedure. The average child will maintain an open airway in the supine position
even when deply sedated as long as the neck can be slightly extended. If the head must be flexed
during a procedure (e.g. lumbar puncture) or a scan, obstruction of the airway will be much more
likely and care should be taken to avoid deep sedation unless the pisviggdy to place an oral
airway or endotracheal tube. In general when children are placed on their side or in a prone
position (e.g. renal biopsy) the airway is at least as easy to mairgaigasier than when in the

supine position. Finally if the aiay is going to be remote from the sedation provider (i.e. MRI
scan) the sedation provider must take into account that adjustment of the airway will not be
possible and assisting ventilation will require ceasing the procedure itself.

Anxiety/Stress/InaHlity to cooperate as a side effect of the procedure:

Sedation may be required for procedures that are not particularly painful and do not require a great
deal of movement control but are distressful to the patient. There are several procedures that are
paticularly emotionally stressful (such as bladder catheterization required for a voiding
cystourethrogram) where anxiolysis or even a brief period of unconsciousness will allow the
patient to avoid an emotionally harmful experience. Often these procéavwke invasion or
examination of the genitalia (sexual abuse evaluatioasd the same amount of discomfort

involving an extremity would be trivial. These situations should be considered separately from the
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seriously painful procedures (bone marrowgdsy) or those where movement control is
paramount (MRI scan) yet the need for sedation is no less real.

Availability of Rescue Resources:

The geographical location in which the sedation is taking place will impact the sedation. When

sedation is given ia particularly remote area of a medical center or hospital the provider must
recogni zeupodhaar ffbraecskcued is going to be much | es
incidents related to sedation has revealed that the worst outcomes for unexpeetedwents

occur when rescue is not readily available. The depth of sedation provided and the type of patient
sedated should be reconsidered when the location of the sedation is more-thamugeswalk/run

from personnel who will be able to help in teese of an emergency.

FACTORS RELATING TO THE PROVIDER

Dedicated Sedation Monitor:

The use of moderate or deep sedation shall include provision of a person, in addition to the
practitioner, whose responsibility is to monitor appropriate physiologic paeasnand to assist in

any supportive or resuscitation measures, as required. It is strongly encouraged that this individual
be trained in pediatric basic life support. The support person shall have specific assignments in the
event of an emergency andu#h current knowledge of the emergency cart inventdhe

practitioner and all ancillary personnel should participate in periodic reviews of the facility's
emergency protocol, to ensure proper function of the equipment and staff interaction.

Skills Relaed to Depth of Sedatian

Prior to sedating a child or to writing sedation protocols, an honest appraisal of the expertise of the
sedation provider must be made. The Joint Commission of Accredited Hospitals (JCAHO) has
recommended that the provider muathe t he skill s necessary to fAr es
consequences of sedation one |°&ineminifmal sedapoar 0 t ha
is often notadequate for an infant or young child undergoing sedation for a procedure, the

providebmust be able to rescue a child from fideepod
sedation provider desires moderate sedation for a pediatric patient, he/she should be readily able to
perform bagmask ventilation and ultimately to perform endotraclwabation. He/she should

understand how to quickly and effectively suction the airway and provide intravenous access in an
expeditious manner. If these skills are not clearly present for the sedation provider, then minimal

sedation should be the goal asetlation protocols should reflect this.

When planning sedation, one must consider the experience and training of the individual who is
providing sedation. Many physicians and nurses have the skills outlined above, but have never had
experience with sedanh medications and have never been trained in how to assess signs of
responsiveness and drug titration to effect. Experience in these areas should be sought through
practical experience with experts in sedation.

Back-up Systems and Ability to Rescue:

As important as any provideelated issue is the availability of a highly trained and reliable-back

up system. Studies of sedation related critical events have shown that sedation accidents are

clearly most common in venues where a good hgkr rescue stem is not availab&* The

depth of sedation that is sought for any procedure should take this factor into account. A protocol

for accessingthe backp hel p for sedation critical events (
clearly laid out and téed on a regular basis. For a nurse who is providing sedation under the

direction of a physician, that physician should be present in the area that the sedation is being

given and should be available to help out in the case of an emergency.

17



Summary Table of Procedure, Patient and Provider Factors

Procedural Factors Patient Factors Provider Factors
Pain as a side effect Indication for Procedure Skills for depth of sedationsought
Anxiety/Stress/Inability to ASA Status(Functioral Health) Opioid titration skills for pain
Cooperateasa side effect management
ExpectedDuration Meds/Allergies/Adverse Reactions | Sedative hypnotic titration skills for
stress/inability to cooperate manageme
RequiredPosition Focused ROSEDCPA: Monitoring skills for sedation side
Previous Experience effects
Devebpmental Issues
Cardiac
Pulmonary (asthma, recent URI)
Aspiration Risk
Availability of Rescue Resourceg Vitals-Room Air SpQ Skills in mobiliz
Airway Exam

V. INTRA -SEDATION PHASE
A. GETTING STARTED

1. INFORMED CONSENT, EDUCATI ON AND :ATI ME OUTDO

Any time sedation medications are to be given to a pediatric patient, a clearly worded

informed consent should be obtained from guardian of that patient. Ideally written informed
consent should be obtained although some institutions only require verbal consent. This

consent should include a listing of the possible consequences of adverse drug reactions,

allergic reactions and airway difficulties. If the patient is old enougimdierstand the fact

that consent is being signed, he/she should be made aware of the document and should be
present when the guardian signs the consent.
minors prior to beginning a sedation for any type of pdage.

Educateparent €aregiver) ancthild, if appropriate, prior to administration of sedative
medication regarding the risks and potential adverse effects of sedation, anticipated sedative
effects, reason for sedation and potential sedative optioctude information about what

the patient can anticipate before, during and after sedation including symptoms and

potential side effects. When possible, work out agstablished signaling system for pain.
Where applicable, prsedation instruction wilbe given to the patient (ie, medication
adjustments, NPO requirements, designated driver post procedure, etc.).

AiTi me Outo refers to the active process of v
correct site, correct position and correct equéptrby those in attendance during the

procedure including the patient as appropriate. Prior to the start of the sedated procedure a
AiTi me Outo is to be performed by those in atH
is not started until any questi®ior concerns are resolved.

2. EQUIPMENT NEEDS:

Before undertaking sedation of a pediatric patient there are some key pieces of equipment

that must be in placeregardless of the desired depth of sedation that is intended. The

exact location of the equipe nt and how fAi mmedi ately avail abl
sedation will vary with the drugs used and the intended level of sedation, but in any case

this equipment is crucial to the safe care of a sedated pediatric patient.
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Many providers have develed mnemonics in order to remember this equipment and
remind themselves of what should be in place prior to starting a sedation. One such
mnemonic is: SOAPME

S (suction)i sizeappropriate suction catheters and a functioning suction apparatus (e.g.,
Yankauertype suction)

O (oxygen)i adequate oxygen supply and functioning flow meters or other devices to
allow its delivery

A (airway)i size-appropriate airway equipment: nasopharyngeal and oropharyngeal
airways, laryngoscope blades (checked and functipnérgiotracheal tubes, stylets,
facemask, bagalve-mask or equivalent device (functioning)

P (pharmacy]) all the resuscitation drugs needed for an emergency, sedatives, and sedative
antagonists

M (monitors)i pulse oximeter with sizappropriate probesd other monitors as
appropriate for the procedure (e.g., noninvasive blood pressurégdahdarbon
dioxide, ECG, stethoscope)

E (extra equipment) special equipment or drugs for a particular case (e.qg., defibrillator)

Sedation providersnay alsahink in terms of categories of equipment that are crucial. The
one that might match the categories of equipment in this couss@B# MDI (Suction
OxygenBagmaskAirways M onitorsDrugs|v-access).

Suction:

A suction apparatus must be available during@ediatric sedationA portable suction

machine must be present during patient transgemiesis with/without aspiration is clearly

a rare event in sedation practice, but when it does occur appropriate suctioning of gastric
contents from the airway mayake the difference between a minor incident and a major
injury. More often suctioning comes in handy as a way to clear the airway of secretions that
can inhibit spontaneous ventilation and cause coughing and oxygen desaturation. The best
generalpurpose ofion is an appropriately sized Yankhaur suction device that will readily
suction food material and secretions from the upper airway. Suction catheters of various
sizes may also be helpful, but care must be taken with these devices as deep airway
suctioningcan stimulate powerful vagal responses as well as laryngospasm when done too
vigorously. Nasal suctioning should be done with caution as it can result in significant
bleeding from the turbinates.

Oxygen:
Anytime sedation is to be induced in a childebable source of oxygen should be present.
This source is typically the fiwall 06 oxygen tl

where deep sedation or anesthesia is to be induced (and oxygen delivery is critical), a
secondumd asdku genés hedpful inocasy the institutional supply fails. Most
often this would take the form of an AEO0 si zc¢
meter attached. In cases where wall oxygen is not available, the provider should check the
oxygen tank supplgnd assure that there is ample oxygen available for thé @asdor
that there are baelp oxygen tanks available.
Oxygen Delivery:Supplemental oxygen is recommended for any child undergoing deep
sedation. Methods of oxygen administration include:
1. Nasl cannula: The nasal cannula provides up to 44% oxygen. It is a low flow system
where tidal volume from the patient mixes with room air. The inspired percent oxygen
will depend on the flow rate and the patier
of oxygen flow increases the inspired oxygen percent by approximately 4%. One liter
of flow per minute increases Fi@om 21% to 24% while six liters per minute will
increase the FigXo 44%. The cannula can be secured if necessary with transparent
occlusive dressing on each cheek.
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2. Simple facemask: The simple facemask provides up to 60% FIOw rate is usually
set between six to 10 liters per minute. The mask should extend from the bridge of the
nose to the cleft of the chin. The correctly sipeaisk fits tightly without placing
excessive pressure on the eyes. Place the mask on the face starting from the nose
downward and adjust the nose, cleft and head strap. Liter flow must be six liters per
minute or greater to prevent accumulation of cartioride in the mask. A nen
rebreather mask at 112 liters per minute (or a flow rate to keep the reservoir bag
inflated) is indicated in the patients who require high oxygen concentrations and can
achieve FiQ concentrations of 600%.

Bag and Mask:

A bag and mask for positive pressure ventilation must be present for any sedation. This

may take the f or m o f-inflatingbéga lthesahestieesia bagis tihkeeg or
used, the provider must understand how to adjust the flow rates and i@bliow good

positive pressure ventilation (PPV). Likewise, the provider should be familiar with the self
inflating bags, whi chofafroe voafltveens ,s uphpi Icihe dnawi tnl
for positive pressure ventilation. The exact arrangemme of t he Atail o on t hi
for hightinspired fraction of oxygen should also be reviewed.

A variety of different sized masks should be available. They should be constructed in a way
that will allow a good seal to be made with the face of#uated patientshould PPV be
required. These masks may be round or triangular in shape. They may have also an
inflatable cuff. Bagmask ventilation should be practiced (and proficiency should be
documented) with the type of bag and mask that is avaiktiihe site of the sedation prior

to having to use this equipment in an emergency. Since PPV is made much easier in infants
and children when an appropriate oral airway is in place, a variety of sizes of oral airways
should be present to assist with tikation.

Airways:

Airway equipment is crucial to the safe conduct of pediatric sedation.

Oropharyngeal Airways:

Oropharyngeal airways aresBaped devices that hold the tongue away from the posterior
wall of the pharynx. They are most helpful in therspoeously breathing patient who is
semiconscious and at risk of occluding the airway via tongue and pharyngeal relaxation.
Nasopharyngeal Airways:

Nasopharyngeal airways are uncuffed tubes made of soft rubber or plastic. They are used
most frequently fothe intoxicated or semiconscious patient who cannot tolerate an
oropharyngeal airway. A nasopharyngeal airway is indicated when insertion of an
oropharyngeal airway is technically difficult or impossible because of a strong gag reflex,
trismus, massiveauma around the mouth, or wiring of the upper and lower jaws.
Laryngoscopes and Endotracheal Tubes:

Even with the most careful titration of sedation medication, the sedation provider must be
prepared for the rare instance where a child will become apndicequire prolonged

positive pressure ventilation. In these cases definitive airway control with an endotracheal
tube may be preferred. Because of this, laryngoscope blades of appropriate size for each
patient undergoing sedation must be available inrtimeediate area of the child undergoing
sedation. In general it is easiest to keep a supply-3f Kdler blades and -B MaclIntosh

blades cleaned and ready for use. The batteries for the laryngoscope handles should also be
tested at regular intervals. Estdacheal tubes sized to fit each patient should also be handy.
Once again it is often easiest to stock a supply of uncuffed endotracheal tubes from size 3
6mm along with cuffed tubes from 4665 and replace each tube as it is used.

Laryngeal Mask Airwayé L MAG6 s ) :

The LMA has become increasingly popular for airway management during anesthesia and
in emergency situations. It is quite easy to place after sufficient training. While most
sedation providers (neanesthesiologists) will not be very familiar witieir use, having
various sizes available (size 1.8) in case of emergency will aid anyone who is familiar
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with their usé particularly in the case of individuals with airways that are difficult to
intubate.

Monitoring Devices:

Another key to safe glation is the use of appropriate monitoring devices. The current AAP
guidelines do not specifically require a particular set of monitors. They do state however

that #AVital signs, including oxygen saturati
evay5mi nut es i n a *tThenmestdomrsoely uses army of moaitors for

sedation includes pulse oximetry, electrocardiography and noninvasive blood pressure

monitoring. Pulse oximetry, capnography, ECG and blood pressure monitoring will be

reviewed in the Monitoring section below.

Drugs for Emergency Resuscitation:
Drugs for resuscitation purposes must be readily available. Examples of important
resuscitative medications include:

Albuterol .5 mg/3 m) Epinephrinel:10,000(0.1 mg/ml)
Atropine 0.4 mg/m) Flumazenil (0.5 mg/5 ml)
Calcium chloride £00 mg/m) Lidocaine (100 mg/5 ml)
Dextrose50% (.5 g/m) Naloxone (1 mg/ml)
Diphenhydramine (50 mg/ml) Vecuronium (L mg/m)

Epinephrinel:1000 ¢ mg/ml)

Intra-vascular Access:

Children undergimg deep sedation should have an intravenous catheter in place. The
availability of intravenous access allows the practitioner to administer medications that can
immediately treat airway obstruction, reverse bradycardia and administer specific reversal
drugs for patients who become oversedated with benzodiazepines and opioids. Intravenous
access also provides the practitioner with the ability to titrate sedative medications to a
desired clinical effect.

MONITORING

Monitoring the effects of sedative druigsessential to promote the highest level of safety and
effectiveness during sedation. Because of the significant effect sedatives have on airway control
and respiratory drive, the most important monitoring tools are those that assess breathing. As the
depth of sedation increases so does the risk, particularly respiratory. Consequently, assessing the
level of consciousness during sedation is a key part of the monitoring process. The following
section discusses the monitoring tools commonly used tesaegggenation and ventilation.

RESPIRATORY MONITORING
Capnography

. pCo, = 36

I - Pretracheal Stethoscope

Co,
Pulse Oximetry Arterial Blood Gas (ABG)
—
Sp0,, pCO, - » SpO, l ——>» 740/ 40 / 100 / 100%
Sp0, = 100 pH /PaCO,/Pa0,/ SpQ,
, =

21



MONITORING GAS EXCHANGE 1 GENERAL PRINCIPLES

Monitoring the patientodés respiratory status i
sedation. Pulse oximetry and capnography are the twaprimethods used to assess gas

exchange during sedation and serve as practioalnvasivesurrogates to arterial blood

gas analysis (ABG). While routine ABG analysis is impractical in most sedated pediatric

patients, it remains the gold standard in ass®nt of gas exchange. Understanding the

measurable components of the ABG (pH, Pa@@Q and SpQ) is helpful in accurately

interpreting the information received by pulse oximetry and capnography. The normal

values of an ABG in room air are: pH: 7-3515, PaCQ 3545, Pa@: 95100 and Sp@

95-100.

A Arterial Carbon Dioxide (PaCfand pHi The arterial CQis the primary indicator of
the effectiveness of alveolar ventilati(ﬁ%). PaCQ values are influenced by two
factors, the dgree of alveolar ventilation and amount of Q@duction. Vais equal
to the respiratory rate (RR) times the volume of alveola) fas exhaled. PaG®
inversely proportional to alveolar ventilation and directly proportion#thécamount of
CO; produced by the bod{(\YCOz).

PaCQ = VCONA

In the face of a constanfCOz any decline in ventilation\YA) will result in a rise of

CO,. Hypercarbia is definedsa carbon dioxide value > 45 mmHg and is indicative of
hypoventilation (i.e. IOMA). Hypoventilation is particularly common during deep
sedation and may result from either a reduction in tidal volume, respiratory rate or
both. Acutechanges in PaCQesult in predictable changes in pH. When pCO
increases ~ 20 mm Hg, pH falls by ~ 0.1. A typical pH and pfi@ng deep sedation
would be 7.30 (pH) and 60 (pGP

A Arterial pO, (PaQ) and Oxygen Saturation (SpQ Under normal ciramstances the
partial pressure of oxygen (PgQ@etermines the degree of oxygen saturation as
defined by the Hemoglobi®xygen dissoci@on curve (see figure below). Normal
values ofPaG (~95-100 mmHg) result irspQ, values of 96 to 100% (A)PaQ values
of 60 mmHg B) (hypoxemia) correspond to Sp@alues of approximately 882%. In
the absence of lung disease, hypoventilation alone can result in loyaR&SpQ
values based on the alveolar gas equation. For example whenip€o
approximately60 mmHg, Pa@values fall to ~ 7&¢/'5 mmHg in room air. By
supplementing oxygemFiO,), PaQ values can rise to levels that bring Sp®
nor mal values, Amaskingd signs of hypercartk

B A
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PaO, (mmHg)
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MONITORING OXYGENATION
PULSE OXIMETRY 2°

Pulse oximetry is aimportant noninvasive monitoring technique that allows continuous
evaluation of arterial oxygen saturation in the sedated pediatric patient. The two basic
requirements of commercially available pulse oximeters are the presence of a pulsatile
tissue bed (&erial vessel) and the spectrophotometric analysis of oxygenated hemoglobin
and nonoxygenated hemoglobin. The absorption spectra of oxygenated hemoglobin peaks
at 940 nm (infrared light) whereas deoxygenated hemoglobin peaks at 660 nm (red light).
The spetrophotometric method is based on the amount of light absorbed from two light
emitting diodes (LEDs) across the tissue bed. A microprocessor in the pulse oximeter
determines the relative proportions of red and infrared light to calculate the percdntage o
oxygenated versus nonoxygenated hemoglobin in the tissue bed.

660nm 940nm

d ir red (rd) = 660nm
Emitters (LED) * i infrared (ir) = 940nm

Photo-Detector | Detector |

rd ir =8p0,
absorbance

Pulse oximetry must be applied to all children undergoing moderate to deep sedation. The
determination of oxygen saturation in patients undergoing sedation is used to identify
problems wih oxygenation and to regulate oxygen therapy. Note that pulse oximeters
assess oxygenation and do not evaluate carbon dioxide elimination. It is important for
patients to have hemoglobin oxygen saturati ol
generallyconsidered clinically significant, and in the sedated patient without underlying

lung disease indicate significant hypoventilation. A characteristic arterial blood gas in the
presence of hypoventilation and no supplemental oxygen reveals hypoxemia and
hypercarbia. Since pulse oximetry requires pulsatile blood flow to determine oxygen
saturation, pulse oximeters vary in accuracy and strength signal in the presence of poorly
perfused tissues. Low or absent pulse signals will occur under these circumstances.
Similarly, when the patient is actively moving, the pulse oximeter may have difficulty
distinguishing pulsatile tissue beds from movemadticed artifact. The latest versions of
these monitors have software and largely eliminate the motion and ligli¢iatere that

plagued earlier versions. Thasaypically a timedelayof at least 15 to 20 seconds

between change in oxygen saturation and its detection by a pulse oximeter. Thus, evidence
of oxygen desaturation by pulse oximetry gives a comparativieylarning of hypoxia.
Placement of the pulse oximeter probe in a more central loqatignearmay reduce the

delay in the determination of oxygen desaturation. Finally, pulse oximetry does not provide
direct information regarding ventilation. Consegtly CQ and pH are not assessed with

pulse oximetry.

Anything that obstructs arterial blood flow may disrupt sensing by the pulse oximeter. This
technology will also not work when compounds such as dyes or unusual forms of
hemoglobin that confuse thalculation mentioned above. In general pulse oximeters are
very accurate (~2%) and give two crucial pieces of information for any child under
sedatioin oxygen saturation of the hemoglobin and pulse rate.
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Pulse Oximeter Sensor Selection

Chose appropriateize and type of sensor.

- Reusable sensors are for spot checks or-4éort use

- Disposable adhesive sensors are for continuous monitoring

Place sensor so that the light beams and photo sensor are opposite each other.
Warm cold extremities to improvérculation.

Avoid extremity with blood pressure cuff, arterial line or tourniquet.

Avoid placing sensor on an area that is moved frequently.

Remove nail polish or dirt, which may not allow light beams to pass through tissue.
Clean dirt off reusable sensor.

Protect sensor from bright external light sources by covering the sensor and the limb it is
on.

Trouble Shooting when Pulse Oximeter Readings are Low
Assess patientds respiratory effort.
Check connections
Plug machine in when not in use to charge battery
Check the patientods circulation
? cold vs. warm
? pale vs. pink
? history of poor circulation
? tape too tight on extremity
? BP cuff or Arterial line present
Check external light that might be interfering.
Stop movement or select another area to mottittris not moving.
Try the machine on yourself to see if it is working!

MONITORING VENTILATION

A monitor of ventilation is also very helpful during sedatioespecially at deeper levels.

While the pulse oximeter yields informatiaboutoxygen saitration, it does not give the

status of t he I1praetchaege of €8 Whiletheseitwoghysiotogic

variables often go togethérthis is not always the case. More importantly, the pulse

oxi meter has a si gni febssatimmof resfifaters (apneanandtheb et we e |
change in the pulse oximeter reading. In &achild may be apneic for 3&conds

(depending on size) before the oxygen saturation changes. The AAP guidelines on sedation

are clear on t hieordiabstethascope bricdperograpb ® aidii a pr
monitoring adequacy o wventilation is encour :

PRECORDIAL/TRACHEAL STETHOSCOPE

Airflow through the upper airway can be measured directly or indirectly. The most
common indirect method to assess airflowd airway patency is by auscultation over the
trachea with a stethoscogadracheal stethoscope).

Gentle application of the pretracheal stethoscope over the trachea or upper chest allows the
practitioner to assess airflow and detect partial obstructi@omplete apnea. With

inspiratory effort the degree of airway patency can be quantified by using the following 4
point stridor scorg

1. Normal breath sounds over the trachea by auscultation

2. Stridor detected by auscultation

3. Stridor audible without ausdaltion

4. No airway sounds detected (complete airway obstruction).

While the pretracheal stethoscope does not provide specific information regarding the
location of an obstruction, it is particularly useful in determining the effectiveness of airway
maneuversn relieving obstruction and improving airflow. Stridor score2,03 and 4
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require airway repositioning. Pretracheal stethoscopes are accurate and inexpensive
although, depending on the procedure to be performed they may not be particularly
conveniento use.

CAPNOGRAPHY (END TID AL CO, MONITORING)

Capnography refers to measuring the,Gel expired by a patient and processing that

data graphically. Historically these monitors have used infrared wavelength absorption,

Raman spectroscopy, or massapescopy to measure GOlheir use has been standard in

the operating room environment for yeaf30, monitors are now widely available in very

portable (handheld) forms using infrared technology. These units are available from a

variety of manufacturerend most use a fiside streamd det ec!
amount of gas is continuously sampled from the nasal cannula or inside of the mask, which

the patient is breathing. The monitor then measures the level ahG@la@ gas and

graphically diplays the C@content.

Capnography is a noninvasive monitoring tool that measurg@@entration in exhaled
gas, displayed continuously as a waveform through the respiratory cycle. Typically, this
measurement is made using infrared light absorptioadas the concept that G&trongly
absorbs infrared light with a wavelength of 4280 pm,@@ing expiration is typically
divided into three phases (see figure below). During the first phase, theo@8€zntration

is low, reflecting the anatomical degubse in the trachea and large bronchi that are free of
carbon dioxide. In Phase I, there is a rapid rise in carbon dioxide as alveolar gas begins to
mix with deadspace gas. During Phase lll, more and more of the alveoli empty and CO
concentration riseapidly until a plateau level occurs, reflecting virtually all alveolar gas.
Following Phase lll, inspiration begins and Gfdops abruptly (Phase 1V). The end tidal
CO, concentration is the point just before inspiratory effort is initiated. Under normal
conditions, the end tidal CQs usually slightly less than the Pag@ith a normal

difference of 25 mm/Hg. Note that this gradient may be considerably higher in situations
where there is an increase in dead space.

CAPNOGRAM
End-tidal CO, value -
peak CO, concentration
604 normally at end of
o m rexhalation
8 a0+ [
[} I
Il |
20+ ALY
|
1 i —
1 EXPIRATION tinsPiraTION

Components of the normal capnogram:

| T (near zero baseline) Exhalation of CQfree gas contained in dead space.
Il T (rapid sharp rise) Exhalation of mixed dead space and alveolar gas

Il T (alveolar plateau) Exhalation of mostly alveolar gas

IV T (rapid sharp downstroke) Inhalation

During sedation, capnography is often used to assess real time-torda#ath analysis of
carbon dioxide with only a delay in detection of gfhanges of ~0.25 seconds.

Consequently, acute changes in ventilation are immediately detected by capnography.
Indeal, capnography has been demonstrated to be superior to pulse oximetry in diagnosing
apnea and reducing hypoxemic episodé8.Capnography is particularly important in
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locations where the medical team may be distant from the patient (e.g., during an MRI
scan). The most common cause of an elevated end tidal carbon dioxide level during
sedation is hypoventilation. ow respiratory rate and normal tidal volume is associated
with a rising end tidal C&that is accompanied by a rise in arterial ,@dile maintining

the normal EtC@- PaCQ gradient. In contrast, shallow respirations may be accompanied
by a low EtCQ due to a greater dead space to tidal volume ratio. This situation is
accompanied by a wide PagDP,CO, value as the exhalation of dead spaas @dow

CO) fAdilutes Buto alveolar gas.

The capnograph can be used to confirm air exchange with each breath. Apnea can be

detected as soon as it occtitdikewise rebreathing of CQnside of a mask can be

detected by the presence of Ofiring the nspiratory phase of respiration. The absolute

accuracy of the Cgevel detected will vary with the monitor used, the type of oxygen
delivery device, oxygen flow rates used, and
cannot be considered completedjiable.

Troubleshooting Capnography:
A If the capnograph is not recording any expired, @@t check to be sure that the
childds airway is open and that there are r
being made, initiate positive presswentilation immediately.
If there appears to be respiratory effort but the-hal monitor is not working, check
to be sure that the sampling line has not become disconnected or is not kinked.
The sampling filter in the capnogram can be obstrucitddwateri it may need to be
changed.
Very high flows of oxygen in the mask or ir
sample and give a very low or absent,C€ading.

MONITORING CARDIOVASCULAR FUNCTION

ECG and Blood Pressure:

The standard morts for sedation include an ECG, pulse oximeter,reordnvasiveblood
pressure. The ECG gives information on the heart rhythm and aate can be used to

confirm the accuracy of the pulse oximeter in that it can confirm the accuracy of the pulse
rate.Blood pressure monitoring is most helpful for deep sedation. During minimal or
moderate levels of sedation the cycling of the cuff may be disturbing to the patient and may
inhibit the effectiveness sedatibormany sedation providers omit blood pressureitnong

during sedation other than deep sedation or anesthesia.
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5.

MONITORING ACCORDING TO LEVEL OF SEDATION
(example of the University of Wisconsin monitoring guide)ines

Variable Minimal Sedation Moderate Sedation Deep Sedation
A Normal tralirwgA Minimal to no|A Potential f oloss
A Nor mal respi|l control of airway control
responsiveness A Minimal to millA Moderate alter g
A Mild to mini|l ventlatoryresponsivenessi% responsiveness (>5% decrease jn
gross motor function decrease in Osat) sat)
A Normal levellA Mild to modergA Moderate i mpair
A Appropriate gross motor function function
stimuli A Significant |1 dA Loss of orientg
impaired interaction with with environment
environment A Pur pespred tapgainful
A Responds purposefultg light stimuli
tactile and/or verbal stimulation
Respiratory Effort A Baseline ancA Baseline and dA Baseline and cd
P y A Document everyA DocumehnStmnevery
. A Baseline and dqA Baseline and cd
Heart Rate A Baseline ANGRK Document everyA Do cteverg35min
EKG A Not requiredA Not required ARecommended
. . A Baseline and cd
Blood Pressure A Baseline A Baseline A Documefstmnevery
. . A Baseline and dqA Baselineusand cd
Pulse Oximetry A Not Frequi T el a pocument everyA DocumehnSmnevery
- . . Pretracheal stethoscope or E¥CO
Ventilation AObservation A Observation monitor recommended.
Mental Status A Baseline andA Baseline and gA Baseline and e\
RN Attendance A I mmedi akely |A Continuous A Continuous
MD Attendance A Readily availA | mmediately ayA Continuous

*not routinely used in MRI due to artifact

Recent guidelines emphasize the importance of being able to rescue a patient who inadvertently
progresses to a deeper level of sedatioApplication of the AAP/ASAguidelines decreases risk

of pediatric sedation. In a prospective quality assurance study of 960 sedation events risk
reduction was associated with conductance of sedation risk assessmt, adherence to

hospital guidelines and avoidance of deep sedétion.

C. OVERVIEW OF DRUGS USED FOR SEDATION - GENERAL APPROACH TO
PROCEDURAL SEDATION

The four primary goalsf pediatric procedural sedation inclugi@intaining patient safety,
providing efective pain controlreducing anxiety and psychological stress, armmoting

conditions conducive to successful performance of the procedure. To achieve these goals the
sedation practitioner must have a clear idea of the desired clinical effectb¢i terapeutic
window).

1.

THE THERAPEUTIC WINDOW
The therapeutic window refers to the drug concentration associated with the desired clinical

effects. It describes the relationship between the drug concentration and its therapeutic and
adverse effects.
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Adverse Effects

e = e e e e e ey e e Em == == == =
Drug 1 Therapeutic
Concentration Desired Clinical Effects | Window

Inadequate Effect
Time —»

1. Concentrations of drug within the therapeutic window are associated with the desired

clinical effect.
2. Drug concentrations above and below the ftfF
and adverse clinical effects (e.g., hypoventilation), respégtive
Large interpatient variability exists between drug concentration and clinical response.
The goal is to administer the sedative drug that achieves the desired clinical effect
(Arighto drug) (pharmacodynamics) at the #r

P w

PHARMACOKINETIC (PK) AND PHARMACODYNAMIC (PD) PRINCIPLES

A thorough understanding of the drugds phar me
promote safe and effective patient sedatidhis next section will discuss the intimate

relationship betwen the pharmacokinetics and pharmacodynamics of a sedative drug in

achieving the desired effects.

PK PD

Drug ,| [Plasma |  (Bran | | Clinical
Dose Concentration] Concentration] Effects

PHARMACODYNAMICFACTORSd eal wi th Awhat the drug does
(including both desired and adverse clinical effects). These effects are similaravith

given class of drugs (e.g., opioids) and are dependent on the target organ and sedative

receptor system. Common drugcepto systems include the following:

A Opioid (u4,,) receptors- G-proteincoupled receptors: fentanyl, morphine (agonists),
nalaxone (antagonist)

A Gamma-aminobutyric acid (GABA ,) receptorsi Ligand gated ion channels, the
primary inhibitory neurotransmitter system in the central nervous sybgatuiturates,
etomidate, propofol (augme@®ABAergic neurotransission)

A Benzodiazepie receptorsi Part of the GABA, receptor system: midazolam, diazepam
(agonists), flumazenil (antagonist)

A N-methyl-D-aspartate (NMDA) receptorsi Glutamate(excitatory neurotransmitter
system: ketamine blockéMDA receptor andlecreaseexcitatory neurtsansmission

A Central a,-receptorsi G-proteincoupled receptors: clonidine, dexmedetomidine
(agonists)
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PHARMACOKINETIC FACTORSd eal with fAwhat the body
Pharmacokinetic properties typically distinguish drugs within a given classdetgnyl vs

morphine).

Intravenous Administration

For mostrapidly acting intravenous sedatives onset of action and duration of effect is best

explained by a (3) compartment madet®**2°

FAST BOLUS SLOW
M
2
Tredt Cp
(peak in 30-45 s)
@3) 3)

(4) ELIMINATION

(1) Following a bolus dose pealkedativedrug plasma aacentrations (Cp) occur in ~30
45 seconds.

(2) The sedative drui first rapidly distributed to FAST compartments (e.g. brain)
typically resulting in a rapid clinical effect

(8) Sedativeeffect is terminated as tilsedative drug is redistributed to SLOW
compartmentsConsequently, redistribution terminates clinical effect.

(4) Later, drugeliminatonoccur s and is usually HAuni
of clinical action

Bolus Dosing(BD = Cp x VD)
A Bolus dose (BD): A bolus dose of a drudyigically used to achieve a rapid clinical

does

mportan

response. The appropriate dose of a sedative drug is determined by the desired plasma

concentration (Cp) associated with the desired clinical effect and the volume of
distribution (VD) in which the drug is dispsed.

A Physicochemical properties. Pharmacologic properties that are important in determining

the speed and duration of action following bolus dosing include the following:

(1) Bl ood flow (Vessel Rich Group, VRG) [ VRC
brain)

(2) Protein bi ndi-pnogeinboura pdrtign of the elrugncmsses the
cellular membrane and is active.

3 Degree of i oniHal AHpUnionizedspadies drossAhe blood
brain barrierand argoH dependent.

4 Lipid solubility [ the most i mportant phy

that determines the onset of action and duration of effect. Highlydigicble
drugs penetrate and depar brainquickly. Very lipid-soluble drugs typically
have a large V.

Continuous Infusion Dosing(CI=Cp x Cl)

A Constant Infusion (Cl): The infusion rate of a drug is determined by the desired Cp and

the drugbés clearance (CIl).
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A While a bolus dose is atnistered to achieve a rapid clinical response, continuous
infusions may be used to maintain the desired clinical response and target plasma
concentration (e.g. propofol infusion).

A Clearance: Clearance is measured as volume per unit time and idyypipagssed as
the fAamount of blood clearedo of drug over
organs of drug clearance. High clearance values require high infusion rates to maintain
the Cp.

Other routes of Administration

Oral

For a number ofedatives the oral route is a convenient method of administration.

Problems with oral dosing however include first pass hepatic metabolism, inconsistent

onset of clinical effect and inability to titrate. Oral doses are often considerably greater

than intavenous doses and may result in prolonged clinical effect. Because of first pass
hepatic metabolism fAactived metabolites may
norketamine). Examples of sedatives commonly given orally include chloral hydrate,

midazolam and ketamine.

Rectal

Rectal administration has advantages over the oral route in patients with nausea and
vomiting, and who refuse medications by mouth. In addition first pass hepatic metabolism
is partly avoided due to systemic drug absorpti@t dccurs in the distal portion of the
rectum. Absorption in the upper rectum and colon is through the portal system. One
significant disadvantage of rectal administration is the general lack of acceptability in
children over 3 years of age. Midazolamd ketamine can be given rectally.

Intranasal

Intranasal absorption of drugs occurs directly into the systemic circulation, avoiding first

pass hepatic metabolism. Consequently drug doses are considerably less than the oral route
and clinical effects more rapid. While intranasal administration is typically easy, it may

not be well tolerated by some children. Examples of sedatives that can be given

intranasally include midazolam, ketamine and dexmedetomidine.

CHOOSING A SEDATIVE BASED ON PHARMA CODYNAMICS AND
PHARMACOKINETICS

Four basic questions can assist the practitioner in choosing the most appropriate sedative
for the patient and procedure:

What are théESIRED CLINICAL EFFEECTS?

HOW FAST are the effectdesire®

HOW LONG are the Hectsdesire®

WhatdrugeffectsareNOT DESIREDor CONTRAINDICATED?

PN PE

Givethe Ri ght Dr ugo a tapprohch mdkeR usg bf the pharmeeaalynamic
and pharmacokinetic properties ofiadividual drug or drug combation. Optimal use of

the pharrmacologic effects of a sedative drug is depicted in the figure below. In this example
an analgesic agent (efgntanyl) is combined with a sedativgpimotic (e.g. propofol) for

an invasive procedure (bone marrow aspiration). Both drugs are given aptbpraie

time and achievéhe desireghlasmaconcentration and clinical effect (shaded area) during
the painful procedureln additionan anxiolytic (e.g. midazolam) was administeasch
premedicanprior to the procedure.
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INTEGRATING PHARMACODYNAMICS & PHARMACOKINETICS

| wmn | wmop | oeep |
+ propofol

Anxiolysis Analgesia

midazolam ¢ — fentanyl

Amnesia

Desired
= Clinical
Effect

4] e . s . . . . . . . .

DRUG CONCENTRATION

Time
1‘ Invasive Painful Procedure
(e.g. Bone Marrow Aspiration)

In the figure below two eemples of inadequate procedural sedation are shown. The first,

fiphar macokinetic failurebo, is an example of ¢
timed, such that the peak analgesic effect o0c¢
classic eample is performing a fracture reduction immediately after intravenous morphine

(a slow acting analgesic). The second exampl ¢

which an inappropriate drug (i.e. a drug without analgesic properties) is given fora painf
procedure.

“PHARMACOKINETIC FAILURE” “PHARMACODYNAMIC FAILURE”

Causes of inadequate procedural sedation

Procedure
Pain

Therapeutic
Window

“wrong time”

DRUG CONCENTRATION

“wrong drug”

T Time t

Dose Dose

THE PROCEDURE

In general procedures are either diagnostic, therapeutic or both. An example of both a
diagnostic and therapeutic procedure is a lumbar puncture for administration of intrathecal
chemotherapy and collection of cerebrahgpifluid. Diagnostic and therapeutic

procedures can be further categorized as Invasive and Noninvasive. In this course a third
category termed Distressful is intended to refer to procedures not traditionally falling into
either Invasive or Noninvasivategories, and accompanied by physical or emotional
distress by the patient.
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1. Invasive (Painful) Procedurési pr ocedur e that requires inse
through the skin or body orifice. o
Examples of the more common painful procedures perfdmnechildren are listed
in the diagranabove Invasive oncology procedures are among the most common
painful procedures performed in children (e.g. lumbar punctures, bone marrow
aspirates/biopsies)While it is not the intent of this course to focuspainful cancer
procedures, they do illustrate several important aspéetective procdural
sedation and pain control in children:
A Invasive procedures are considered one of the most stressful parts of pediatric
cancer treatment for patients and faesl
A Initial poorly controlled procedural pain is associated with the development of
anxiety related disorders in children and diminished analgesic effects in
subsequent procedur&s.
A The American Academy of Pediatrics (AAP) recommends that procquhiral
management be part of the fAfroht |lineodo t
2. Noninvasive(Non-Painful) Proceduresfia pr ocedur e that does no
of a device through the skin or a body ori
A Some noninvasivdiagnostic studiegequire a high level of patient "immobility"
to be satisfactorily completexhdinclude Magnetic Resonance Imaging (MRI)
scans, Computerized Tomography (CT) scans, Nuclear Medizams s
Pulmonary Function Te$PFTs) and Evoked Potentials. These studift=n
require Deep Sedatidor successful completion.
3. Distressful Procedurésa procedure that results in mental or physical suffering or
angui sh. o
Some procedures do not fit neatly into Invasivéloninvasivestudies.
Consequently the designatibnDi st r es sf ul Frthiscoarddor e s 0 i S U S
describe a number of proceduresthat e A i n blhestoncaly mag nobhave
Airequiredo sedation but are accompanied by
foley catheters, voiding cystouretigrams (VCUGY*and injection®f various
sorts

Further a@fining the characteristics of the procedure assists in determining the most
appropriate sedative agent. Based on the degne®oédural pain and amount of
procedural immobility (stillness neeed to complete the procedure), general categories of
procedures can be defined. The box below describes categories in terms of types of
procedures and sedative medications.
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