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Dr Estabrooks’ List of Top Ten List of Error’s Leading 
to Catastrophies:

10. Trying to intubate even when the patient is breathing and can be ventilated. 
9. Failure to understand that a patient can have a NSR on the EKG without a pulse 
(PEA) 
8. Poor documentation of the resuscitation 
7. Lack of documentation of medical status 
6. Poorly trained assistants 
5. Hoping things will get better, failure to react in a timely manner 
4. Failure to follow accepted protocols for resuscitation – establishing an airway 
3. Not knowing what the monitor is telling them 
2. Failure to recognize the pending demise in a timely manner 
1. Failure to recognize a higher risk patient
Reed KL. ADSA pulse Vol 48 No 3 , 3016



The High Risk Patient 

Source: New York Times
https://www.nytimes.com/2018/04/20/business/southwest-airlines-accident.html



Definitions of Urgency

• Elective treatment can be delayed up to 1 year
• Time sensitive treatment can be delayed 1-6 weeks
• Urgent treatment might be delayed 6-24 hours 
• Emergent must be seen ASAP

Photo Credit: JAMA



What Went Wrong?

Common Causes for Anesthesia-Related 
Cardiac Arrests

Cardiovascular 
(36%)

Respiratory 
(27%)

Medication-
Related (20%)

Equipment 
Problems (5%)



Respiratory Events Accounted for 77% of the Critical 
Incidents

Underlying Factors 
for Critical Events

Respiratory (77%) Cardiovascular 
(11%)

Pharmacology/
equipment (4%)



Critical Incidents

• 80% Previously healthy (ASA I and II)
• 73% Elective surgery 
• 80% Occurred during the maintenance phase of anesthesia 

Compared to adults, pediatric respiratory events are more 
common and result in a greater morbidity (brain damage, 30%) 
and mortality (death, 70%) in previously healthy children 



Today’s Topics

• Anesthesia in the office: medical emergencies 
• High risk patients and optimization for office-based sedation
• Special considerations for pediatric patients   
• New monitoring requirements: capnography and/or 

precordial stethoscopes
• Dentistry and the Opioid Crisis
• Sedative pharmacology refresher & multimodal analgesic 

techniques 



Sedation: Goals

• Patient safety
• Anxiolysis 
• Analgesia
• Amnesia
• Complete treatment



Sedation is a continuum but can be described in several levels
Sedation Level Response Respiratory system Cardiovascular 

system
Impairment

Minimal Normal to verbal 
command.

Unaffected Unaffected Cognitive function 
and coordination

Moderate Purposeful verbal 
command and/or 
light tactile 
stimulation.

Unaffected Usually maintained Cognitive function 
and coordination

Deep To purposeful 
command with 
repeated or painful 
stimulation.
Not easily arousable.

May require 
assistance in airway 
patency.
Spontaneous 
ventilation may be 
inadequate

May be impaired Depression of 
consciousness

General Anesthesia Not arousable, even 
to painful stimuli.

Impaired. Need 
assistance in 
maintaining patent 
airway and positive 
pressure ventilation 
may be required

Usually
impaired

Unconscious 



Minimal and Moderate Sedation

• Should be able to respond to purposeful commands and 
light/gentle touch. 

• Maintains a patent airway without assistance
• Maintains cardiovascular function

– ADA, Council on Dental Education, Guidelines for the use of sedation and general anesthesia by dentists & 
Guidelines for teaching pain control and sedation in dentists and dental students



Minimal and Moderate Sedation

• Further, patients whose only response is reflex withdrawal 
from repeated painful stimuli would NOT be considered to be 
minimally or moderately sedated.
– ADA, Council on Dental Education, Guidelines for the use of sedation and general anesthesia by dentists & 

Guidelines for teaching pain control and sedation in dentists and dental students



Minimal and Moderate Sedation

• Consistent with the definitions of minimal and moderate 
sedation, the drugs and/or techniques used should carry a 
margin of safety wide enough never to render unintended loss 
of consciousness.
– ADA, Council on Dental Education, Guidelines for the use of sedation and general anesthesia by dentists & 

Guidelines for teaching pain control and sedation in dentists and dental students



Deep Sedation

• Can NOT  be easily aroused
• MAY respond to repeated and/or painful stimulation
• May need assistance maintaining patent airway
– i.e.: Chin lift  or jaw thrust 

• Spontaneous ventilation may be inadequate 
• Cardiovascular function usually maintained 

• ADA, Council on Dental Education, Guidelines for the use of sedation and general anesthesia by dentists & 
Guidelines for teaching pain control and sedation in dentists and dental students



General Anesthesia 

• Not arousable 
– Not even with painful stimuli

• May or may not need assistance maintaining patent airway
• Ability to spontaneously ventilate often impaired
– May need positive pressure ventilation 

• Cardiovascular function may be impaired
• ADA, Council on Dental Education, Guidelines for the use of sedation and general anesthesia by dentists & 

Guidelines for teaching pain control and sedation in dentists and dental students



Rescue
• Sedation and general anesthesia are a continuum
• Not always possible to predict how an individual patient will respond
• Practitioners intending to produce a given level of sedation should be able 

to diagnose and manage the physiologic consequences (rescue) for 
patients whose level of sedation becomes deeper than initially intended. 

• For all levels of sedation, the practitioner must have the training, skills, 
drugs and equipment to identify and manage such an occurrence until 
either assistance arrives (emergency medical service) or the patient 
returns to the intended level of sedation without airway or 
cardiovascular complications. 
• ADA, Council on Dental Education, Guidelines for the use of sedation and general anesthesia by dentists & Guidelines for teaching 

pain control and sedation in dentists and dental students



Assessing Depth of Sedation: Mild/Moderate

• Bidirectional communication
• Thumbs up
• Head nod



Assessing Depth of Sedation: Mild/Moderate*



NPO Guidelines

American Society of Anestehsiologists. Practice Guidelines for Preoperative Fasting and the Use of Pharmacologic Agents 
to Reduce the Risk of Pulmonary Aspiration: Application to Healthy Patients Undergoing Elective Procedures. 2017.



Clinical Scenario: What Would You Do?*



Anesthesia Medical Emergencies – Basic Algorithm 
• STOP Dental procedure and remove all dental 

materials
• P – Position the patient
• C- Circulation
• A- Airway
• B- Breathing
• D – Definitive treatment, may include:
• Differential diagnosis
• Drugs
• Defibrillation 



Syncope and Postural 
Hypotension

• Vasodepressor Syncope
• Most common emergency in 

dental offices
– Over 50% of emergencies 

reported in dental office
• Over half of the problems 

occurred during or 
immediately after 
administering local anesthesia 
for extractions or RCT



Syncope and Postural Hypotension: 
Differential Diagnosis

•ANXIETY
•Hypoglycemia
•Hypotension
•Hyperventilation syndrome  
•Seizure
•Cardiogenic (MI, arrhythmias)



Syncope: Signs and Symptoms

Early Signs
• Nausea
• Warmth
• Perspiration
• Loss of Color
• Tachycardia

Late Signs
• Hypotension
• Bradycardia
• Hyperpnea
• Pupillary Dilation 
• Peripheral Coldness
• Visual Disturbance
• Loss of Consciousness



Syncope Treatment

• Trendelenberg
• ABCs
• 100% Oxygen
• Monitor vital signs and level 

of consciousness
• Spirits of ammonia (irritants 

to increase RR)
• Check blood glucose 
• Fluid bolus (500mL or 1 L)



Hypoglycemia*
Classification Value

Normal blood glucose 72-144 mg/dL

Normal lower limit 60-70   mg/dL

Symptomatic at 50-54   mg/dL

< 70 mg/dL in diabetics



Syncope and Hypoglycemia 

• Esp. if history of diabetes
• Treatment
– Oral glucose
– IV Dextrose 50% 1 Unit (for adults)



Syncope and Hypoglycemia

Avoid “diet” or “sugar-free” products



Hypglycemia: NEVER Administer Oral 
Carbohydrates/Meds to an Unconscious Patient

• If Patient Becomes Unconscious ® BLS ® EMS
–Vital Signs Likely Acceptable
–Glucagon
• Onset 30 min à must supplement with IV dextrose for 

immediate effect 
• 1 unit (> 20kg)
• 0.5 unit (<20kg)

– IV Dextrose (D50W) 
• If Serious Emergency Situation
– IM Epinephrine 0.3mg (Monitor: CV Consequences)



Hyperventilation*

Photo: New York Times



Hyperventilation Signs & Symptoms
Signs
• Diaphoresis
• Cold and clammy
• Tachycardic, tachypneic, 

hypertensive 
• Tremors

Symptoms
• “Impending Doom” 
• Globus
• Suffocation
• Tingling around mouth, 

hands, feet



Hyperventilation -- Treatment

• Seated upright
• ABCs
• Monitor vital signs
• Reassure the patient 
• Encourage deep, slow breaths 

using the abdomen
–1 breath every 5 min
–Purse lips

Source: Myfamilymedicinepractice.blogspot.com



Seizure

• Abnormal neuronal activity
• Associated with hypoxia, hypoglycemia, head 

trauma, fever, or drugs 
– Local anesthetic toxicity can cause seizures!

• Altered or lost consciousness
• Petit mal (absensce seizure)
• Grand mal (tonic-clonic seizure)



Grand Mal Seizure*
Aura 

• Visual or olfactory
• Preceedes seizure by seconds-hours

Tonic Phase 
• Full or partial LOC
• Muscle Rigidity  
• Shortest phase – 30 sec

Clonic Phase 
• Convulsions: rapid contraction and relaxation of muscles
• Risk of injury 

Postictal Phase – CNS deprression, CV depression, Resp Depression
Status epilepticus: seizure lasting > 5 min OR > 2 seizures in 5 min 

without a return to baseline in between 



Treatment

Position patient 
• Supine
• Lateral decubitus to prevent aspiration of 

secretions
• Protect patient
•Cushion head, extremities
• Loosen collar around neck



Treatment

BLS - Airway, Airway, Airway!!!
• Supplemental O2
• Caution: airway instrumentation

Monitor vital signs 

Check blood glucose 



Treatment

• Medications commonly available in the dental 
sedation/anesthesia practice:
•Midazolam
• 2.5mg  IV, titrate to effect
• If no IV à 0.5mg/kg (max 10-15mg)

•Diazepam
• 5mg IV, titrate to effect



Nausea & Vomiting

• Major risk: Aspiration
• Consequences of aspiration:
• Aspiration pneumonitis  or pneumonia (~50%)
•Mortality rates vary: 10-70%

Source: Pinterest



PONV: Risk Factors* 

• FEMALE GENDER
• H/o PONV or motion sickness
• Non-smoker
• Younger age
• Anesthesia
• Prolonged duration
• Volatile anesthetics, nitrous oxide, and/or opioids



PONV: Prevention*
• Local anesthetic
• Agents with antiemetic effects
– Benzodiazepines, propofol, diphenhydramine
– Ondansetron, dexamethasone

• Avoid emetogenic meds
– Nitrous oxide, volatile anesthetics, opioids, etomidate, ketamine, neostigmine (> 

2.5mg in adults)
• Supplemental oxygen
• Adequate hydration
• Move the patient from dental chair slowly
• Slow introduction of light foods and clear liquids



Aspiration

• Foreign bodies and/or emesis
• Signs & symptoms
–Solid v liquid

• Management
–Awake v sedated
–Routine antibiotics and steroids 

are not indicated 



Airway Obstruction
• Stop procedure 
• C-A-B
• Airway management
– Remove debris from oropharynx
– Jaw thrust or chin lift

• Support breathing (ventilation)
– Positive pressure ventilation using bag valve mask
– Adjunct equipment
– Remove debris from hypopharynx
– Advanced airway management (intubation, supraglottic, 

cricothyrotomy)



ASA Difficult Airway Algorithm



Remove Debris from the Airway

• A gauze  drape to prevent aspiration 

• ALWAYS USE 4x4 GAUZE  LIGATED 
WITH FLOSS

• ALWAYS KEEP COUNT OF THE GAUZE 
PACKS

• Aspiration of 2x2 gauze has been one 
of the most frequent causes of death 
in dental sedations

Dr Frederic Bonine



Patient Positioning

Clinicalgate.com

• Patient in the 
“sniffing 
position”

• Ear aligned 
with sternum



Patient Positioning 

• Head Pillow 
–Donut
–Protects the occiput  ( a pressure point)

• Shoulder roll
–Helps align airway
–Relieves  excessive stress on neck from head extension



Nasal Cannula

• Spontaneously 
breathing  patient
• 2-4 liters per minute 



Oxygen Tanks
• E Cylinder
• Regulator
• Wrench
• Oxygen tanks  

(green)
• Nitrous oxide (blue)
• Pin index safety 

system for tanks



Pin Index Safety System



Determining Amount of Remaining 
Oxygen in an �E� Tank

Characteristics, Physical State Oxygen Gas
Cylinder Contents, L 625 Liters

Pressure Full, PSI 2000 psi

How long will a full tank last? 

At 4 liters per minute,  approximately 150 min ( 2.5 
hrs)

At 10 liters per min, approximately 60 min (1 hr)



Suction

• First piece of equipment on
• Last piece of equipment off



Suction

• Yankeur curved to reach hypopharynx



Magill Forceps

• Magill curved to reach hypopharynx



Head-Tilt Chin Lift 



Chin Lift



Positive Pressure Ventilation Using a Bag-Valve-
Mask (aka Ambu®Bag)



Positive Pressure Ventilation (PPV) via Bag Valve 
Mask  (BVM) *



Airway Management: Adjunct Equipment  for Bag 
Mask Ventilation (BVM)

• Clinicalgate.com (Box 3-1)



Oropharyngeal Airway 

• Clinicalgate.com (Box 3-5)



Nasopharyngeal Airway

• Clinicalgate.com (Box 3-5)



Airway Management 

• Visualize the airway
–Direct laryngoscopy
–Magill forceps
– Yankeur suction 

• Remove any debris in the hypopharynx
• Supraglottic airway devices
• Intubation
• Needle cricothyrotomy



Supraglottic Airway Devices: King Airway

Mtrsuperstore.comParamedicfieldguide.com



Supraglottic Airway Devices: 
Laryngeal Mask Airway (LMA)*

Lmaco.com
Medscape.com



Intubation



Intubation



Cricothyrotomy

Photo Credit: Olek Remesz

• Life-threatening airway 
obstruction 

• Often last resort 
• Temporizing until 

definitive airway can be 
established



Cricothyrotomy
• Sterile/aseptic
• Piercing the cricothryoid 

membrane
• Between cricoid cartilage and 

thyroid cartilage (Adam’s 
apple)

• Pinky finger in sternal notch, 
index finger should be in 
membrane 

• Midline 



Cricothyrotomy Kits

• QuickTrach® Emergency 
Cricothryotomy Kit (4.0mm 
Adult) (2.0mm Pediatric)

• Sourthern Anesthesia & 
Surgical, Inc. SASRx.com

• More resources
• https://www.youtube.com/w

atch?v=MGVuKvcepP4
• https://www.youtube.com/w

atch?v=chBsYiza1ik

https://www.youtube.com/watch?v=MGVuKvcepP4
https://www.youtube.com/watch?v=chBsYiza1ik


Prevention: What are Some Factors for Airway 
Assessment?



What Should We Be Looking Out For? 

Illustrationsource.com



General Appearance 

• Facial trauma
– Wired jaw
– Neck (cervical) collar

• Restricted jaw opening
• Large incisors
• Large tongue 
• Micrognathia
• Obesity
• Tumors/mass lesions

• Cleft lip/palate
• Trisomy 21
• Short, thick neck
• Tracheostomy scar? Hoarse 

voice/stridor? (if so, may have 
stenosis) 

• Facial hair



Facial Profile

• Retrognathic?
• Prognathic?
• Normal?

Pocketdentistry.com



Double Chin? Submental Fat?

Mediafamily.org



Macroglossia*

Karamese M, Akdağ O, Selimoglu MN, et al. Combined Therapy for Mandibular Prognathism: Sagittal Split 
Osteotomy with Excision of Tongue. Modern Plastic Surgery. Vol.4 No.4(2014).



Mallampati Classification

M = Mallampati Score
Score of 3 and up risk for difficult airway 



Neck and TMJ Mobility

• Full range of motion? 
• Chin to chest?
• Side to side?
• Jaw mobility?
• Note any limitations, deviations, and/or pre-existing 

conditions prior to sedation



Airway Anatomy 

AAFP.org



Nasal Cavity & Nasopharynx

• Note the position of the turbinates on the LATERAL wall
• Insert nasal airways and endotracheal tubes with the bevel 

facing the MEDIAL wall of the septum
• Angulation: PERPENDICULAR to the face, along the alar-

tragus line



The Oral Cavity



The Oral Cavity 



Oropharynx

AAFP.org



Genioglossus Attachment to the Genial Tubercles on 
the Anterior Mandible



Genioglossus Attachment to the Genial Tubercles on 
the Anterior Mandible



Hypopharynx

AAFP.org



Larynx



Trachea 

Blausen.com staff (2014). "Medical gallery of Blausen Medical 2014". WikiJournal of Medicine 1 (2).

https://en.wikiversity.org/wiki/WikiJournal_of_Medicine/Medical_gallery_of_Blausen_Medical_2014


Attributes that Increase Patient Risk for Airway 
Obstruction: Obesity and Obstructive Sleep Apnea 



Obesity

• Weight is NOT just a 
number
• Percentile BMI for 

children
• Healthy between 5th-85th

percentiles

• https://nccd.cdc.gov/dnpabmi/calcul
ator.aspx



Obesity

• BMI = weight (kg)/ height squared (m2)

Category BMI
Underweight < 18.5

Normal 18.5 – 24.9

Overweight 25.0 – 29.9

Class I Obesity 30.0 – 34.9

Class II Obesity 35.0 – 39.9

Class III Obesity > 40.0



BMI Only Tells Part of the Story…



Obesity

• Risks proportional to duration of obesity
–Losing weight helps 
–Immediate preop weight loss does not reduce 

perioperative risk
• Obesity and obstructive sleep apnea (OSA)



Obesity is Restrictive Lung Disease 

http://alancam.com/



Obesity

• Clinicalgate.com (1-10)



Obstructive Sleep Apnea

• Majority of OSA patients are undiagnosed
-Characterized by episodes of apnea or hypopnea 

during sleep
-Obstructive apnea
-Central apnea
-Nocturnal snoring and daytime hypersomnolence

• OSA complications: hypercapnia, systemic and 
pulmonary HTN, and cardiac arrhythmias



Apnea-Hypopnea Index (AHI)

Severity of OSA Adult AHI Pediatric AHI
None < 5 0
Mild 5 to < 15 1-5
Moderate 15 to < 30 6-10
Severe > 30 > 10

• Apnea - total cessation of airflow for > 10 sec
• Hypopnea – 30-50% reduction in airflow or reduction in airflow 

sufficient to cause a 4% desaturation



Obstructive Sleep Apnea (OSA) in Pediatric Patients*

• https://www.apneatreatmentcenter.com/childrens-sleep-apnea/



Obstructive Sleep Apnea in Pediatric Patients

• Opioid receptors 
– More sensitive to respiratory depression
– Increase propensity to desaturation
– Demonstrated at 1/3 to ½ of the normal dose

• Avoid opioids
• Avoid deep sedation/loss of airway
• Monitor until fully recovered and can maintain adequate 

oxygen saturation on room air



STOP Bang Questionnaire

• STOP Bang Questionnaire can quickly screen for patients 
at high risk for OSA

• S – Snoring
• T – Tiredness
• O – Observed apnea
• P – Pressure



STOP Bang Questionnaire

• STOP Bang Questionnaire can quickly screen for patients 
at high risk for OSA

• B – BMI > 35 kg/m2
• A – Age > 50 yrs
• N – Neck circumference > 40 cm
• G – Gender (male)



STOP Bang Questionnaire

• Can quickly screen for patients at high risk for OSA
• Not as definitive as a sleep study
• Presumptive diagnosis of OSA if score > 3 
• Send patients with presumptive diagnosis for further 

workup of OSA



Management of Patients with Presumptive or 
Confirmed Diagnosis of OSA

• Minimize agents known to cause apnea such as opioids
• Limit benzodiazepines since they can relax pharyngeal 

muscles and increase airway obstruction
• Limit medications with long half lives or active metabolites or 

prodrugs 
– Diazepam 
– Codeine
– Tramadol



Diazepam Metabolic Scheme 

Diazepam (Valium®)
Active
T1/2 = 24 hours
*T1/2 85 hrs in the 80 
year old so risk 
prolonged 
psychomotor 
impairment

Demethylation

Desmethyldiazepam
Active
T1/2 = 12 hours



Diazepam Metabolic Scheme 

Hydroxylation

Desmethyldiazepam
Active
T1/2 = 12 hours

Oxazepam (Serax ®)
Active
T1/2 = 6 hours



Diazepam Metabolic Scheme 

Glucuronidation

Oxazepam (Serax ®)
Active
T1/2 = 6 hours

Inactive  
Metabolite



Codeine: FDA Black Box Warning 

• Highest warning 
• Contraindicated for post-operative analgesia in children following 

tonsillectomy and adenoidectomy
• Post-surgical inflammation following dental procedures
• Heightened caution in patients with OSA 
• First-line medications for postoperative analgesia following dental 

procedures:
• Nonsteroidal anti-inflammatory drugs 
• Acetaminophen

Weaver JM. New FDA Black Box Warning for Codeine: How Will This Affect Dentists? Anesth Prog. 2013 
Summer; 60(2): 35–36.



OCH3O

N-CH3

Codeine (In Tylenol® #3)

CYP2D6
OHO

N-CH3

Morphine

CH3O
Tramadol (Ultram®)

CYP2D6
HO
O-Desmethyl Tramadol

OH

CH2

N
CH3CH3

OH

CH2

N
CH3

CH3

Analgesic Prodrugs

2D6 Inhibitors:  Quinidine, chlorpheniramine, fluoxitene, paroxitene, sertraline

From: Hersh EV, Moore PA. JADA
2004;135:298-311.



Management of Patients with Presumptive or 
Confirmed Diagnosis of OSA

• Multimodal  intra- and post-op analgesia: 
–Long acting local anesthetic
–NSAIDs, Tylenol, and local are equianalgesic if not 

better than opioids alone
–Reserve opioid for severe/ breakthrough pain 



Management of Patients with Presumptive or 
Confirmed Diagnosis of OSA

• Perioperative management 
• Extubate fully awake
• Recover with head elevated or in lateral decubitus



Management of Patients with Presumptive or 
Confirmed Diagnosis of OSA*

• Monitor until fully awake and episodes of apnea and 
desaturation have resolved

• Monitor until patient can maintain adequate oxygen 
saturation on room air

• Provide supplemental oxygen as needed 



Management of Patients with Presumptive or 
Confirmed Diagnosis of OSA

• Judicious use of opioids intra and post operatively
• Give patient/caregiver/significant other careful 

postoperative instruction
–Including warnings about opioids and instructions 

and options for post-op analgesia
• OSA in excess in postoperative nights 3-5



What are Some Differences between the Pediatric 
and Adult Airway?



Differences Between Pediatric and Adult Airway

ClinicalGate.com [31-2, 192-1]



Pediatric Airway: Cricoid Cartilage

Noranaes.org [60-3] 



Attributes that Increase Patient Risk
• Age is NOT just a number
–Most risk:  < 6 years of age
•May require increased sedation depth 

– Sedation effects:
• Patency of airway
• Protective reflexes 
• Respiratory drive 

• Developmental disabilities
–3x higher incidence of desaturations



Attributes that Increase Patient Risk
• Age is NOT just a number: “Ex-premie edition”
–Gestational age at birth?
–History of NICU stay/mechanical ventilation?
– Subglottic stenosis?
–Reactive airway disease?
–Gastrointestinal reflux disease (GERD)?
–Developmental delay?
–Current percentile height/weight?
–Protective parents need TLC



Laryngospasm*

How do you….

Identify it? 

Manage it?

Prevent it?



Laryngospasm

• Breath sounds 
(precordial stethoscope)
–Silence vs airflow? 
–Crowing  vs silence



Laryngospasm

• Stop procedure
• Clear materials from airway 
• If active bleed in the mouth, compress with gauze
–DO NOT lose that gauze

• Sweep pharynx with suction
• *GA provider: consider increasing depth of anesthesia 

(sevoflurane, propofol) 



Laryngospasm

• PPV and/or jaw thrust 
may “break” spasm
–Pressure to 

laryngospasm notch



Laryngospasm: Treatment
• If no improvement, administer succinylcholine 
–Depolarizing muscle relaxant
–Rapid onset 
–Reversal: metabolism by pseudocholinesterase

• Must provide PPV until neuromuscular blockade 
wears off
• Keep refrigerated – discard after 2 weeks on the 

shelf



Succinylcholine*
• Contraindications

•Hyperkalemia, renal failure
•Malignant hyperthermia
•Abnormal pseudocholinesterase enzyme
•Some myopathies



Laryngospasm: Treatment

• Succinylcholine dosing 
–Partial spasm 10-20mg IV
–Complete spasm 20-40mg IV

• Continue ventilation (BVM)
–Consider airway adjuncts, LMA, or intubation 
• Caution:  bradycardia  (esp with 2nd dose)
–Atropine 0.01mg/kg (minimum 0.1mg)



Laryngospasm: Treatment

• Rocuronium 
• Onset of action approaches succinylcholine 
–At a dose of 0.9-1.2 mg/kg 
–Onset 60 - 90 sec
–Duration of action: ~60 min
–Suitable alternative for RSI



Bronchospasm*

How do you….

Identify it? 

Manage it?

Prevent it?



Bronchospasm

• Signs and symptoms
• Expiratory wheeze
–Silent if severe bronchospasm

• Prolonged exhalation 
• “Shark fin” waveform on the capnograph 
• Desaturation 



Bronchospasm

Morgan and Mikhail’s Clinical Anesthesiology 5th Ed



Bronchospasm

• Differential Diagnosis 
• Reactive airway disease
–Asthma
–Recent upper respiratory infection

• Allergic reaction/anaphylaxis
• Aspiration  



Bronchospasm 

Morgan and Mikhail’s Clinical Anesthesiology 5th Ed

• Treatment:
• Beta-2 adrenergic 

receptor agonists
• Albuterol 

(inhalational)
• Epinephrine (IM, IV)



Albuterol (Proventil®, Ventolin®) 
• Mechanism of Action
– Inhaled Sympathomimetics
– Bronchial Smooth Muscle Relaxation

• Benefits
– Rapid Onset
– Minimal Systemic Effects
– Easily Accessible

• Adverse Effects
– Tachycardia / Tremor
– Minimal as inhaled



Epinephrine
• Mechanism of Action
– Direct Acting Sypathomimmetic
– Bronchodilator

• Benefits
– Rapid Onset
– Potent Effect
– Inhaled & Injectable Forms

• Adverse Effects
– Tachycardia 
– Hypertension



Epinephrine

a1

b1

EPI

B2

Alpha1
• Vasoconstriction
• Increased systolic BP

Beta 1
• Increased HR

Beta2 
• Vasodilation
• Decreased diastolic BP
• Bronchodilation

b2



Albuterol

a1

b1

Alpha1
• Vasoconstriction
• Increased systolic BP

Beta 1
• Increased HR

Beta2 
• Vasodilation
• Decreased diastolic BP
• Bronchodilation

b2

b2

Beta2 
• Bronchodilation



Acute Bronchospasm: Treatment
• Stop procedure
• Supplemental O2
• Vital Signs
• Administer bronchodilator



Acute Bronchospasm: Treatment

• If spontaneously ventilating and responsive to verbal 
commands

• Position: seated
• Supplemental oxygen via nasal cannula
• Monitor vitals and listen to lungs
• Albuterol inhaler or nebulizer
– Adults 4-8 puffs
– Child 2-4 puffs 



Acute Bronchospasm: Treatment
• Obtunded patient
• Supplemental oxygen
• Monitor vitals
• Albuterol via nebulizer and facemask
• IM Epinephrine
– Pediatric 0.15 mg (1:1000)
– Adult 0.3 mg (1:1000)

• If IV Access, Consider 
– Epinephrine 10µg With CV Monitoring
– Titrate as Needed



Acute Bronchospasm

• Intraoperative wheezing for the intubated patient 
–Usually self limited
–Can occur without prior history of reactive airway 

disease 
–Deepen anesthesia and manually ventilate if 

necessary
–Monitor as potential for a more severe reaction



Acute Bronchospasm

• Intubated patient
• Albuterol in reservoir bag
• OR
• Albuterol in 60cc Luer lock syringe into the 

circuit
• Sean Scott has an excellent video on this 

subject: 
https://www.youtube.com/watch?v=ZM0FM
UcdtdA



Acute Bronchospasm

• Intubated patient
• Albuterol
• 60cc Luer lock syringe 
• Put syringe plunger back on
• Remove ETCO2 sample line at the Y-piece 
• Screw syringe in  at the Y-piece
• Push down on plunger to deliver a “puff” of albuterol



Epinephrine

• How do I get 10 mcg epinephrine?

• Take the 1:1,000 ampule



Epinephrine

• How do I get 10 mcg/mL epinephrine? 

• 1:1,000 means 1 g per 1,000 mL

• 1g per 1,000 mL = 1,000mg/ 1,000mL = 1mg/mL

• 1mg/mL = 1,000mcg/mL 



Epinephrine

• How do I get 10mcg/mL epinephrine?

• To go from 1,000mcg/mL to 10 mcg/mL we must 
dilute 1 to 100.  Inject 1 cc of epinephrine into 
99cc saline (or a 100cc bag of saline)

OR
• We can also dilute 1 to 10, twice.



Epinephrine

• First dilution:

• First we draw up the 1cc of 1:1,000 and mix with 
9cc of saline. 

• This results in 100mcg/mL



Epinephrine

• Second dilution

• Take 1 mL of the solution you just made and add 9 
mL of normal saline. 

• Now you have 10mcg/mL. 



Severe Bronchospasm

• IF the patient is breathing on their own but becoming 
hypoxemic (as indicated by pulse ox)

• Then continue to give 100% oxygen
– Face mask preferred

• Consider 
–Calling EMS and intubation if symptoms continue to worsen 

(obtunded, hypoxic, difficulty breathing, fatigued respiratory 
muscles) 



Asthma



Asthma



Asthma

• Assess airway reactivity to determine risk of bronchospasm 
during anesthesia

• History
– Triggers? Onset age? Frequency of asthma attacks?
– Current asthma meds? Recent albuterol use?
– ED visits? Intubations? Hospitalizations?
– Recent URI symptoms? Changes in quality of secretions?



Asthma

• Assess airway reactivity to determine risk of bronchospasm 
during anesthesia

• Exam
– Wheezing
– Spirometry 
• Helpful in diagnosis  and chronic management
• Peak flow:
• >80% = normal
• 50-80% moderate exacerbation
• <50% severe and needs prompt tx



• Treatment includes:
• Avoidance of triggers
• Rescue inhaler: short 

acting beta agonist 
(ie albuterol)

Intermittent Asthma



Albuterol

• Short acting beta-2 
agonist (SABA) 
• Relaxes 

bronchiolar 
smooth muscle
• Dilates airways 



Mild Persistent Asthma

• Treatment includes:
• Avoidance of triggers
• Rescue inhaler: short acting 

beta agonist (ie albuterol)
• Daily medication
• Usually start with low-

dose inhaled 
corticosteroid



Moderate Persistent Asthma

• Treatment includes:
• Avoidance of triggers
• Rescue inhaler: short acting beta 

agonist (ie albuterol)
• Daily medication
• Low-dose inhaled corticosteroid
• Long-acting beta-agonist (LABA)



Long Acting Beta Agonists

• Stimulation of Beta-2 adrenergic receptors relax 
bronchiolar smooth muscle and improve airway 
tone
• Examples include: 
–Salmeterol (Serevent Diskus) 
–Formoterol (Perforomist)
–Arformoterol (Brovana)

•



Long Acting Beta Agonists

• FDA Warning: Must be taken with an inhaled 
corticosteroid due to a risk of bronchospasm 
• Risk of fatal or near fatal bronchospasm due to
–Genetic polymorphism
–Masking of airway inflammation



Long Acting Beta Agonists Must Be Coadministered 
with an Inhaled Corticosteroid (ICS):

• Fluticasone (Flovent HFA, Flovent Diskus)
• Budesonide (Pulmicort Flexhaler, Pulmicort Respules)
• Mometasone (Asmanex HFA)
• Flunisolide (Aerospan)
• Beclomethasone (Qvar)



Commercially Available LABA/ICS Combination 
Drugs

• Fluticasone and salmeterol (Advair Diskus, Advair HFA)
• Budesonide and formoterol (Symbicort)
• Mometasone and formoterol (Dulera)
• Fluticasone and vilanterol (Breo Ellipta)



Severe Persistent Asthma
• Treatment includes:
• Avoidance of triggers
• Rescue inhaler: short acting beta 

agonist (ie albuterol)
• Daily medication
• High-dose inhaled corticosteroid
• Long-acting beta-agonist (LABA)
• Possibly, oral systemic 

corticosteroid



Asthma
• Acute airway reactivity and recent URI
–Can last 6 wks following URI recovery
–Increase in vagally mediated bronchoconstriction

• Child with URI is highly susceptible to bronchospasm
–2-7x more likely adverse events perioperatively
–11x  more if intubated
–Increased risk of postoperative desaturation



Asthma
• Consider rescheduling elective case
–Acutely ill as per parent
–Nasal congestion, cough, active sputum, 

febrile
–Passive exposure to smoke

• Consider postponing 2-3 weeks



Asthma*

• Postpone elective procedure:
–Preoperative symptoms of bronchospasm
–Recent illness
–Poorly controlled disease 



Perioperative Hemodynamic Changes:
Hypotension and Hypertension



How Would You Manage Perioperative 
Hypotension?*



Perioperative Hypotension

• C-A-Bs
• Trendelenberg position with legs elevated 
• Supplemental oxygen
• Monitor vitals 
– Verify correct cuff size and fit 

• Consider fluid bolus and/or sympathomimetic medications
• Airway support, as needed



Perioperative Hypotension

• Consider causes
– Side effect of anesthetics
–Note: reversing with naloxone can cause pulmonary edema
–Hypovolemic (s/p dehydration (NPO))
–Allergic reaction
–Psychological factors
–Postural changes 
–Coexisting disease (ie cardiovascular)



Sympathomimetic Medications
• Mimic sympathetic nervous system
• “Fight or flight”
• Determine if ephedrine or phenylephrine is more

appropriate



Ephedrine

a1

b1
Ephedrine

B2

Alpha1
• Vasoconstriction
• Increased systolic BP

Beta 1
• Increased HR

Beta2 
• Vasodilation
• Decreased diastolic BP
• Bronchodilation

b2



Phenylephrine is Primarily an Alpha-1 
Adrenergic Agonist

a1

Phenylephrine Alpha 1
• Vasoconstriction
• Increased systolic 

blood pressure 



Ephedrine
• Available as 50mg/mL vial

• Must dilute 1:10
• Take 1 mL and add 9 mL saline 
• Results in 5 mg/mL concentration

• Administer 0.1-0.2mg/kg IV, titrate to desired BP and HR 
• Onset 1 min, peak 15min, duration 1 hour 



Phenylephrine
• Available as 10mg/mL vial

• Must dilute 1:10 two times
• First dilution
– Take 1 mL and add 9 mL saline 
–Results in 1 mg/mL concentration

• Second dilution 
– Take 1 mL  from the syringe from the first dilution and add 9 

mL saline 
–Results in 0.1 mg/mL concentration



Phenylephrine
• Phenylephrine

• Administer 0.5-1mcg/kg every 10-15min as needed until 
the desired BP and HR
–For adults, this is approximately 50-100mcg (or 0.5-1 

cc of the phenylephrine after it has been diluted twice)

• Onset  1 min, duration 20 min



How Would You Manage Perioperative 
Hypertension?



Blood Pressure Values: JNC-8 Guidelines
Category Systolic 

(mmHg)
Diastolic 
(mmHg)

Normal <120 AND < 80
Pre-
Hypertension

120-139 OR 80-89

Stage I 
Hypertension

140-159 OR 90-99

Stage II 
Hypertension

> 160 OR > 100



Blood Pressure: JNC-8 Targets for Treatment

Population Goal BP (SBP/DBP)
Adult (> 18 yrs of age) with 
diabetes or chronic kidney 
disease

< 140/90

Adult (< 60 yrs of age) < 140/90
Adult (> 60 yrs of age) <150/90



Perioperative Hypertension
• Differential diagnosis … Treat according to cause:
– Monitor error – ensure correct cuff size
– Pain – supplement local anesthesia
– Anxiety – supplement sedation
– Dehydration – bolus fluid 
– Hypoventilation (hypoxia, hypercarbia) – improve ventilation and 

supplemental oxygen 
– Full bladder/fluid overload
– Pressor effect of vasoconstrictor medication
– Preexisting hypertension – if uncontrolled, defer tx
– Emergence delirium



Perioperative Hypertension

• Supplemental oxygen
• Supplement local 

anesthetic
• Enhance anxiolysis
–Midazolam

• Enhance analgesia
–Fentanyl

• Increase anesthetic depth 
–Propofol
–Sevoflurane

• Medications:
–Esmolol
–Labetalol



Esmolol

a1

b1
Esmolol

B2

Alpha1
• Vasoconstriction
• Increased systolic BP

Beta 1
• Increased HR

Beta2 
• Vasodilation
• Decreased diastolic BP
• Bronchodilation

b2



Labetalol

a1

b1
Labetalol

B2

Alpha1
• Vasoconstriction
• Increased systolic BP

Beta 1
• Increased HR

Beta2 
• Vasodilation
• Decreased diastolic BP
• Bronchodilation

b2



Perioperative Hypertension
• Esmolol 
– Selective beta-1 blocker
– Slows down the heart rate
– Approx 0.5mg/kg IV over 30 seconds

• Labetalol
– Nonselective  (primarily beta-1 and beta-2 blockade, with some alpha-1 

block)
– Results in vasodilation, bradycardia. Caution bronchospasm 
– 0.1mg/kg IV over 2 min, q 5-10 min to desired BP and HR
– Onset 5 min, duration 3-6 hours



Allergic Reaction

Recognize, manage, and treat acute symptoms 



Allergic Reaction: Signs and Symptoms

• Cutaneous
– Most commonly observed
– Urticaria (hives)
– Pruritis

• Respiratory and ocular
– Sneezing, rhinitis, conjunctivitis
– Dyspnea, wheezing, bronchospasm

• Hypotension
– Ranges from mild to severe



Allergic Reaction: Signs and Symptoms

• Angioedema
– Severity may vary
– Slight swelling of the eyelids, face, lips
– Severe, life-threatening swelling of the throat, mouth, and 

extremities



Anaphylaxis
• A life-threatening, severe allergic reaction which 

presents with:
– Cardiovascular collapse
–Angioedema (including hypopharynx, epiglottis, 

larynx, trachea)
–Bronchospasm (including acute pulmonary edema)
–Dizziness or loss of consciousness 

• Immediate treatment is required



Anaphylaxis* 
• Intubation or cricothyrotomy may be necessary
– Persistent airway obstruction or edema

• Hypotensive/shock
– Trendelenberg to promote cerebral blood flow

• Dyspnea/wheezing
– Semi-reclined position

• Persistent hypotension 
– Vasopressor therapy  if refractory to fluid bolus and epinephrine 

• Seizures –
– Secondary to hypoxia and hypoperfusion (Benzodiazepines )



Allergic Reaction - Treatment
• Stop procedure
• Remove allergen, if identifiable
• Diphenhydramine 
– 50-100mg IV, IM, or PO q 6 hours
– 0.5-1mg/kg IV, max IV dose 50mg

• If Worsens ® treat as anaphylaxis

Morgan and Mikhail’s Clinical Anesthesiology 5th Ed



Anaphylaxis - Treatment

• Stop procedure
• Remove allergen, if identifiable
• C-A-Bs
– Manage the airway and support ventilation
– Supplemental oxygen
– Rapid IV bolus of crystalloid (0.9% NS or LR) 1 Liter

• Monitor vital signs



Anaphylaxis - Treatment

• Epinephrine
– IM/SC route
• Adults: 0.3-.0.5 mg of 1:1,000

• Pediatrics: 0.01 mg/kg 

• Re-dose q 10-20 min  based on response to 
treatment

Morgan and Mikhail’s Clinical 
Anesthesiology 5th Ed



Anaphylaxis - Treatment

• Epinephrine
– Intravenous
– Use a 1:10,000 solution  (1mg in 10cc)
• Can dilute the 1:1,000 ampule 

– Adults: Titrate 0.2 mg (2mL) to effect
– Pediatrics: 0.01mg/kg 
– Repeat q 2-5 min based on response to 

treatment



Anaphylaxis - Treatment

• Epinephrine
– Endotracheal
– Use a 1:10,000 solution  (1mg in 10cc)
– Adults: 0.5-1 mg (5-10mL) 
– Pediatrics: 0.1mg/kg 

Morgan and Mikhail’s Clinical Anesthesiology 5th Ed



Anaphylaxis - Treatment

• Albuterol 
– 2-4 puffs as needed

• Corticosteroids
– Hydrocortisone (Solu-Cortef®) 

– 100 mg IV or IM

– Not for acute symptoms

– Prevent recurrence of allergic reaction

Morgan and Mikhail’s Clinical Anesthesiology 5th Ed



Allergic Reactions – Prevention*

• Medical history
– Document allergens and reaction
– Don’t forget latex, foods, dyes, and herbal supplements
– Ask twice, sometimes three times

• Inject antibiotics – test dose and slow injection
• Unlike side effects/toxicity
– Allergic reactions can be severe independent of a dose. 
– Allergic reactions have the same symptoms regardless of the allergen



Acute Coronary Syndrome: Angina and Myocardial 
Infarction 



Acute Coronary Syndrome (ACS)

Deramstime.com

• Angina
• Chest pain

• Due to
• Inadequate oxygen supply 



Acute Coronary Syndrome (ACS)
• Heightened concerns with:
• Unstable angina
• Crushing pain with sense of 

impending doom
• Signs/symptoms
• Crushing, heavy chest pain
• Epigastric pain
• Lightheaded, diaphoretic, nausea, 

SOB, weakness, changes in color, 
arrhythmias



Acute Coronary Syndrome (ACS) 

• Stop procedure
• Position of comfort 
• C-A-B
• Place monitors, supplemental O2 if not already on 

patient.



Acute Coronary Syndrome (ACS) 

• “MONA”
• “O” = Oxygen at 4 L/min via nasal cannula or mask
• “N” = Nitroglycerine tablet or spray (either) 
– Note that systolic BP above 90 mmHg
– Note that erectile dysfunction meds and nitroglycerine = dangerous 

hypotension
– Repeat q5 min until symptoms resolve
– If after the third administration (15 min) there is no improvement, 

assume myocardial infarction  and notify EMS
https://www.youtube.com/watch?v=viK121c8iZI

https://www.youtube.com/watch?v=viK121c8iZI


Acute Coronary Syndrome (ACS) 

• “MONA”
• Get IV access, if not already secured
• “A” = Aspirin 160mg-325mg
– Chew and swallow
– DO NOT give if allergic
– DO NOT give before nitroglycerin as it may interfere with nitroglycerin 

absorption
• “M” = Morphine 
– 1-3mg IV q5 min to control pain
– D/C if systolic BP below 90 mmHg



Cardiac Assessment

• Identify individuals who may encounter a significant 
perioperative cardiac event

• H&P may be primary method for initial identification of such 
patients

• Identify diagnosis and optimization of conditions to mitigate 
cardiac risk



Stepwise Approach to Perioperative Cardiac Assessment for CAD

Colors correspond to the Classes 
of Recommendations in Table 1.

Continued on the next slide. 



Definitions of Urgency

• Elective treatment can be delayed up to 1 year
• Time sensitive treatment can be delayed 1-6 weeks
• Urgent treatment might be delayed 6-24 hours 
• Emergent must be seen ASAP

Photo Credit: JAMA



Stepwise Approach to Perioperative Cardiac Assessment for CAD

Colors correspond to the Classes 
of Recommendations in Table 1.

Continued on the next slide. 



Acute Coronary Syndromes 

• Acute (< 7 days) or recent (7-30 days) with evidence of 
significant myocardial ischemia based on clinical symptoms or 
noninvasive cardiac testing

• Unstable or severe angina, STEMI, NSTEMI

Defer non-cardiac elective surgery for 6 months



Acute Coronary Syndromes (ACS)

• Referred for coronary angiography to assess severity of 
CAD
–May need coronary revascularization with PCI or 

CABG
• Evidence indicates that coronary angiography or 

revascularization can not be recommended before high 
risk noncardiac surgery to reduce perioperative 
complications in patients w stable, well-defined CAD



Stepwise Approach to Perioperative Cardiac Assessment for CAD (cont’d)

Step 1: In patients scheduled for surgery with risk factors for or known CAD, determine the 
urgency of surgery. If emergent, then determine the clinical risk factors that may influence 
perioperative management and proceed to surgery with appropriate monitoring and 
management strategies based upon the clinical assessment.

Step 2: If the surgery is urgent or elective, determine if the patient has an ACS. If yes, then 
refer patient for cardiology evaluation and management according to GDMT according to the 
UA/NSTEMI and STEMI CPGs.

Step 3: If the patient has risk factors for stable CAD, then estimate the perioperative risk of 
MACE on the basis of the combined clinical/surgical risk. This estimate can use the American 
College of Surgeons NSQIP risk calculator (http://www.surgicalriskcalculator.com) or 
incorporate the RCRI with an estimation of surgical risk. For example, a patient undergoing 
very low-risk surgery (e.g., ophthalmologic surgery), even with multiple risk factors, would 
have a low risk of MACE, whereas a patient undergoing major vascular surgery with few risk 
factors would have an elevated risk of MACE.

Step 4: If the patient has a low risk of MACE (<1%), then no further testing is needed and the 
patient may proceed to surgery.



Stepwise Approach to Perioperative Cardiac Assessment for CAD (cont’d)

Colors correspond to the Classes 
of Recommendations in Table 1.

Continued on the next slide. 



Low-Risk

• Procedures in which combined patient and 
surgical characteristics predict a risk of a major 
adverse cardiovascular event (MACE) or  death or 
MI  to be < 1%



Elevated Risk

• Procedures in which combined patient and 
surgical characteristics predict a risk of a major 
adverse cardiovascular event (MACE) Or  death or 
MI  to be > 1%



How is risk calculated?

• Three validated tools:

• Revised cardiac risk index (RCRI) criteria 
• American College of Surgeons NSQIP MICA calculator
– Calculator available online: https://qxmd.com/calculate/gupta-

perioperative-cardiac-risk

• American College of Surgeons NSQIP Surgical Risk calculator
– Calculator available online: 

http://riskcalculator.facs.org/RiskCalculator/

https://qxmd.com/calculate/gupta-perioperative-cardiac-risk


Revised Cardiac Risk Index (RCRI) criteria

• Creatinine > 2 mg/dL
• H/o congestive heart failure
• Insulin-dependent diabetes mellitus
• Surgery: intrathoracic, intra-abdominal, or suprainguinal vascular 

surgery
• H/o CVA or TIA
• H/o ischemic heart disease
• 0-1: Low risk
• > 2: High risk



Estimated Perioperative Risk of MACE 
Based on Combined Clinical and 

Surgical Risk 

• Low-risk àFurther testing is NOT indicated 
• Elevated-risk à Assess exercise tolerance 

(functional capacity)



Stepwise Approach to Perioperative Cardiac Assessment for CAD (cont’d)

Colors correspond to the Classes 
of Recommendations in Table 1.

Continued on the next slide. 



Stepwise Approach to Perioperative Cardiac Assessment for CAD (cont’d)

Step 1: In patients scheduled for surgery with risk factors for or known CAD, determine the 
urgency of surgery. If emergent, then determine the clinical risk factors that may influence 
perioperative management and proceed to surgery with appropriate monitoring and 
management strategies based upon the clinical assessment.

Step 2: If the surgery is urgent or elective, determine if the patient has an ACS. If yes, then 
refer patient for cardiology evaluation and management according to GDMT according to the 
UA/NSTEMI and STEMI CPGs.

Step 3: If the patient has risk factors for stable CAD, then estimate the perioperative risk of 
MACE on the basis of the combined clinical/surgical risk. This estimate can use the American 
College of Surgeons NSQIP risk calculator (http://www.surgicalriskcalculator.com) or 
incorporate the RCRI with an estimation of surgical risk. For example, a patient undergoing 
very low-risk surgery (e.g., ophthalmologic surgery), even with multiple risk factors, would 
have a low risk of MACE, whereas a patient undergoing major vascular surgery with few risk 
factors would have an elevated risk of MACE.

Step 4: If the patient has a low risk of MACE (<1%), then no further testing is needed and the 
patient may proceed to surgery.



Stepwise Approach to Perioperative Cardiac Assessment for CAD (cont’d)
Step 5: If the patient is at elevated risk of MACE, then determine functional  capacity 
using an objective measure or scale such as the DASI. If the patient has good or 
excellent functional capacity (≥4 METs), then proceed to surgery without further 
evaluation.

Step 6: If the patient has poor (<4 METs) or unknown functional capacity, then the 
clinician should consult with the patient and perioperative team to determine if further 
testing will impact patient decision-making (e.g., decision to perform original surgery or 
willingness to undergo CABG or PCI depending on the results of the test) or 
perioperative care. If yes, then pharmacologic stress testing is appropriate. In those 
patients with unknown functional capacity, exercise stress testing may be reasonable 
to perform. If the stress test is abnormal, consider coronary angiography and 
revascularization depending up the extent of the abnormal test. The patient can then 
proceed to surgery with GDMT or consider alternate strategies, such as noninvasive 
treatment of the indication for surgery (e.g., radiation therapy for cancer) or palliation. If 
the test is normal, proceed to surgery according to GDMT.

Step 7: If testing will not impact decision making or care, then proceed to surgery 
according to GDMT or consider alternate strategies, such as noninvasive treatment of 
the indication for surgery (e.g., radiation therapy for cancer) or palliation.



Exercise Tolerance

• Functional Capacity defined in METs (metabolic 
equivalents)

–1 MET is O2 consumption of 70kg, 40 y/o male at rest

–Functional capacity:

–Excellent (>10 METs)

–Good (7-10 METs) 

–Moderate (4-7 METs)

–Poor (<4 METs)



Exercise Tolerance



Exercise Tolerance 

Date:
2-17-29

Second floor



Stepwise Approach to Perioperative Cardiac Assessment for CAD (cont’d)

Colors correspond to the Classes of 
Recommendations in Table 1. 



Stepwise Approach to Perioperative Cardiac Assessment for CAD (cont’d)
Step 5: If the patient is at elevated risk of MACE, then determine functional  capacity 
using an objective measure or scale such as the DASI. If the patient has good or 
excellent functional capacity (≥4 METs), then proceed to surgery without further 
evaluation.

Step 6: If the patient has poor (<4 METs) or unknown functional capacity, then the 
clinician should consult with the patient and perioperative team to determine if further 
testing will impact patient decision-making (e.g., decision to perform original surgery or 
willingness to undergo CABG or PCI depending on the results of the test) or 
perioperative care. If yes, then pharmacologic stress testing is appropriate. In those 
patients with unknown functional capacity, exercise stress testing may be reasonable 
to perform. If the stress test is abnormal, consider coronary angiography and 
revascularization depending up the extent of the abnormal test. The patient can then 
proceed to surgery with GDMT or consider alternate strategies, such as noninvasive 
treatment of the indication for surgery (e.g., radiation therapy for cancer) or palliation. If 
the test is normal, proceed to surgery according to GDMT.

Step 7: If testing will not impact decision making or care, then proceed to surgery 
according to GDMT or consider alternate strategies, such as noninvasive treatment of 
the indication for surgery (e.g., radiation therapy for cancer) or palliation.



Perioperative Beta-Blocker Therapy

• Beta blockers should be continued perioperatively in 
patients undergoing surgery

• Beta blockers should NOT be started on the day of 
surgery

• It is reasonable to guide management of postoperative 
beta blockers guided by clinical circumstances



Perioperative Beta-Blocker Therapy

• It is reasonable to begin beta-blockers
–With enough time to assess safety and tolerability (i.e. 

MORE than 1 day before surgery)
–In patients with intermediate- or high-risk MI noted in 

preoperative risk stratification tests
–In patients with 3 or more RCRI risk factors 



Perioperative Statin Therapy

• Continue statins as prescribed for noncardiac surgery
• May be reasonable to initiate in
–Vascular surgery
–Patients with clinical indications according to GDMT 

who are undergoing elevated risk procedures



Angiotensin-Converting Enzyme (ACE) Inhibitors 
and Angiotensin-Receptor Blockers (ARBs)

• Reasonable to:
–Continue perioperatively
–If held, can restart postoperatively as soon 

clinically feasible



Alpha-2 Agonists

• Alpha-2 agonists are NOT recommended for the 
prevention of cardiac events in patients undergoing 
noncardiac surgery



Prophylactic Perioperative Nitroglycerin

• Prophylactic IV nitroglycerin is NOT effective in reducing 
MI in pts for noncardiac surgery



FDA Drug Safety Communication: FDA 
strengthens warning that non-aspirin 

nonsteroidal anti-inflammatory drugs (NSAIDs) 
can cause heart attacks or strokes

Cardiovascular Risk 
NSAIDs may cause an increased risk of serious cardiovascular thrombotic 

events, myocardial infarction, and stroke, which can be fatal. This risk may 
increase with duration of use. Patients with cardiovascular disease or risk 
factors for cardiovascular disease may be at greater risk (see WARNINGS). 

MOTRIN tablets are contraindicated for treatment of peri- operative pain in 
the setting of coronary artery bypass graft (CABG) surgery (see WARNINGS). 

https://www.fda.gov/Drugs/DrugSafety/ucm451800.htm



Wait…. Aren’t NSAIDs Used to PREVENT Clots?

• The warning applies to NON-aspirin NSAIDs



FDA Boxed Warning Non-Aspirin NSAIDs and Heart 
Attacks or Strokes 

• NSAIDs increase the risk of  cardiovascular thrombotic events 
(myocardial infarction or stroke) in patients with or without 
heart disease 
– Patients with cardiovascular disease have a higher risk at baseline
– Patients treated with NSAIDs following first MI were more likely to die 

in the first year after the MI than patients not taking NSAIDs after 
first MI

– Increased risk of heart failure with NSAID use



FDA Boxed Warning Non-Aspirin NSAIDs and Heart 
Attacks or Strokes 

• Estimates of increase risk range from 10-50% depending on the 
drug and dose studied 
– Risk can increase in first weeks of NSAID use
– Risk can increase with higher dose and/or duration of NSAID use
– Evidence if insufficient to determine if risk of using a particular NSAID 

is higher or lower



FDA Boxed Warning Non-Aspirin NSAIDs and Heart 

Attacks or Strokes 

• Prescribe the lowest effective dose for the least amount of 

time

• Remain vigilant for adverse events

• Educate patients 

– Seek medical care if MI or stroke symptoms: angina, dyspnea, 

shortness of breath, slurred speech, sudden unilateral numbness or 

weakness



A Word about Stents…

https://www.hopkinsmedicine.org/healthlibrary/test_procedures/cardiovascular/angioplasty_and_stent_placement_for_th
e_heart_92,P07981



A Word about Stents…
Proposed Algorithm for Antiplatelet Management in Patients 

with PCI and Noncardiac Surgery 

Colors correspond 
to the Classes of 
Recommendations 
in Table 1. 

Continued on next 
slide.

*Assuming patient 
is currently on 
DAPT.  



Proposed Algorithm for Antiplatelet Management in Patients 
with PCI and Noncardiac Surgery (cont’d)

Colors correspond 
to the Classes of 
Recommendations 
in Table 1.

*Assuming patient 
is currently on 
DAPT.  



Timing of Elective Noncardiac Surgery in Patients 

with Previous Percutaneous Coronary 

Intervention (PCI) 

• Elective noncardiac surgery should be delayed

–Balloon angioplasty 14 days

–Bare metal stent implantation 30 days

–Drug eluting stent implantation 365 days

• If non-cardiac surgery is required, the treating clinicians 

should come to a consensus on the relative risks of 

discontinuing or continuing antiplatelet therapy
2016 ACC/AHA Guidelines Focused Update on Duration of Dual Antiplatelet Therapy in Patients with Coronary Artery Disease 



Timing of Elective Noncardiac Surgery in Patients 

with Previous Percutaneous Coronary Intervention 

(PCI) 
• Dual antiplatelet therapy can not be interrupted for elective 

surgery within the following time frames:

– Bare metal stent implantation 30 days

– Drug eluting stent implantation 365 days*

• In some situations DES, 6 months of DAPT  (new guidelines 

2016)

• Aspirin therapy can not be interrupted for elective surgery 

within the following time frames:

– Balloon angioplasty 14 days
2016 ACC/AHA Guidelines Focused Update on Duration of Dual Antiplatelet Therapy in Patients with Coronary Artery Disease 



Timing of Elective Noncardiac Surgery in Patients 
with Previous Percutaneous Coronary Intervention 

(PCI) 
• DAPT should continue for urgent noncardiac surgery for the 4-6 

weeks after BMS or DES 

–Unless the risk of bleeding outweighs the benefit of 
prevention of stent thrombosis

• If platelet inhibitors must be held, then aspirin should be 
continued if possible and the platelet inhibitor should be 
restarted as soon as possible postoperatively

2016 ACC/AHA Guidelines Focused Update on Duration of Dual Antiplatelet Therapy in Patients with Coronary Artery Disease 



Timing of Elective Noncardiac Surgery in Patients 
with Previous Percutaneous Coronary Intervention 

(PCI) 
There MUST be a consensus among the 

cardiologist, dentist, and the patient regarding 
the relative risk of bleeding vs prevention of 
stent thrombosis regarding the perioperative 

management of antiplatelet therapy 

2016 ACC/AHA Guidelines Focused Update on Duration of Dual Antiplatelet Therapy in Patients with Coronary Artery Disease 



• DO NOT DISCONTINUE without specific consultation from 
the prescribing physician

• Manage bleeding locally – sutures, pressure, gelfoam….



Local Anesthetic Overdose and Toxicity



Review of Local Anesthetic Toxicity
• Adverse effects aka drug toxicity
–Is related to the mechanism of action 
–Is dose related
–Occurs when the maximum recommended dose 

has been exceeded
–Severity is proportional to systemic (plasma) levels 

of medication



Local Anesthetic Toxicity 

• Toxicity is mediated by the same mechanism of action
• Inhibition of sodium channels
• What other tissues are affected?
–Cardiovascular system
–Central nervous system



Early Local Anesthetic Toxicity
• Perioral numbness and tingling
– Usually around the entire mouth
– Not just the anesthetized side

• Metallic taste
• Diplopia
• Tinnitus
• Nausea
• Dizziness
• Drowsiness



Early Local Anesthetic Toxicity

• Usually Self limiting
– Usually due to a mild over dose
– Usually due to accidental intravascular injection

• Sedation may mask early signs
• Risk of sudden appearance of late signs of local anesthetic 

systemic toxicity



Local Anesthetic Toxicity*

• As plasma (blood) levels of local anesthetic increase, there are 
more serious consequences :
– Seizures
– Increase blood pressure and heart rate
– Unconsciousness and respiratory arrest
– Severe hypotension and cardiovascular depression
– Slow heart rate, irregular heart rhythm, cardiac arrest
– Death



Local Anesthetic Overdose: Prevention

• Prevention is key:
• Calculate the MRD : weight-

based
– Especially important in 

children
– Children have deceptively 

large heads
• Clark’s Rule: 1 cartridge per 

25-lb body weight

Saraghi M, Moore PA, Hersh EV. Local anesthetic calculations: avoiding trouble 
with pediatric patients. Gen Dent. 2015 Jan-Feb;63(1):48-52.



Local Anesthetic Overdose: Prevention 

• Use the lowest possible dose 
• Stay below the MRD 
–Keep max  number of  cartridges allowable on tray 

table to avoid overdose
–Keep used cartridges as well to keep track

• Inject slowly and aspirate



Preventing Local Anesthetic Systemic Toxicity: FDA & 
Manufacturer’s MRDs

Local Anesthetic mg/kg mg/lb MRD (mg)
Articaine 
With vasoconstrictor 7.0 3.2 None listed

Bupivacaine
With vasoconstrictor 2.0 0.9 90

Lidocaine
With vasoconstrictor 7.0 3.2 500

Mepivacaine
No vasoconstrictor
With vasoconstrictor

6.6
6.6

3.0
3.0

400
400

Prilocaine
No vasoconstrictor
With vasoconstrictor

8.0
8.0

3.6
3.6

600
600

Malamed SF. Handbook of Local Anesthesia. 6th Edition.



Preventing Local Anesthetic Systemic Toxicity: Pediatrics

Guideline on Use of Local Anesthesia for Pediatric Dental Patients. AAPD. 2015.



Local Anesthetic Overdose: Management

• C-A-Bs
• Supplemental Oxygen
• Monitor vitals
• If severe and rapidly progressing, activate EMS
• Treat arrhythmias as per ACLS 
– CPR
– Defibrillator
– Antiarrhythmic meds

• Support airway
• Treat seizures 



Malignant Hyperthermia

• Hypermetabolic crisis
• Uncontrolled release of Ca++ from the sarcoplasmic reticulum 

in muscle cells
• Genetic component 
• Exposure to specific meds 
– Succinylcholine
– Volatile anesthetic (sevoflurane, isoflurane, desflurane, enflurane, 

halothane)



Malignant Hyperthermia: Signs
• Increased end-tidal CO2
– May double of triple
– Within 10-20 min
– Rapid, early sign

• Tachycardia, tachypnea, hypercarbia
– No explained origin (ie pain, anxiety ruled out)

• Generalized muscle rigidity 
• Masseter muscle rigidity
• Respiratory and/or metabolic acidosis 
• Sudden cardiac arrest (often due to hyperkalemia)
• Increased temperature (a late sign) 



Malignant Hyperthermia: Prevention

• Ask the patient
– If they or a family member have had malignant hyperthermia or any 

unusual reactions to anesthesia
– If they have a personal or family hx of muscular dystrophies 

(Duchenne, Becker, others,) myotonias, muscle weakness, muscle 
cramps

– Has the patient ever had a history of urinating dark, cola-colored 
urine after exercise or anesthesia



Malignant Hyperthermia: Prevention

• AVOID KNOWN TRIGGERS
– Succinylcholine
– Volatile anesthetics
• Sevoflurane, isoflurane, desflurane, enflurane, halothane
• If you are working in a practice that has an anesthesia machine, use a 

separate oxygen tank
• If a separate tank is not available, purge the system with  oxygen for 20 min at 

10L/min 



Malignant Hyperthermia: Treatment 
• Activate EMS
• Call 1-800-MH-HYPER 

• Supine
• ABCs
• Monitors w capnography, IV secured

• Hyperventilate with 100% oxygen at high flows (10L/min)
• Cool the body:
– Bag of ice on the groin and armpits and all over the body



Malignant Hyperthermia: Treatment 

• Reconstitute dantrolene per the manufacturer’s guidelines
– May need 1-2 people helping reconstitute 

• Dantrolene  MUST be reconstituted with sterile water
– NOT saline, NOT lactated ringers 

• Dose 
– 2-3mg/kg

– Re-dose until vital signs normal

– Up to 10mg/kg total administered dose



Malignant Hyperthermia: Treatment

• Manage acid/base disturbances
– Bicarbonate 

• Manage electrolyte disturbances (potassium)
– Insulin and glucose 

• Ensure urine output 
– Mannitol
– Furosemide

• Post-op period in intensive care unit 



Malignant Hyperthermia: Dantrolene Options

Revonto ®
• 20mg/vial
• 6 vials per box
• 1 Box costs approx $475 (SasRx.com)
• Each vial needs to be reconstituted with 60cc sterile 

water and shaken for 20 seconds until clear 
• Need ~2 boxes (9 vials) for 2.5 mg/kg loading dose 

for 70kg adult
• Need 6 Boxes (36 vials) for 10mg/kg for 70kg adult



Malignant Hyperthermia:  Dantrolene Options

Ryanodex® 
• 250mg/vial
• 1 Vial costs approx. $2600 (McKesson)
• Reconstitute vial with 5 mL sterile water
• 1 Vial provides 2.5mg/kg initial dose for 

most pts
• Need 4 vials for full 10mg/kg
• Ryanodex.com



Dantrolene: Do You Have It In the Office?*

Incidence of Laryngospasm
0.1-5%

Incidence of MH
0.00018-0.00031%

Joshii GP, Desai MS, Gayer S,et alr; Society for Ambulatory Anesthesia (SAMBA).  Succinylcholine for Emergency Airway Rescue in Class B 
Ambulatory Facilities: The Society for Ambulatory Anesthesia Position Statement. Anesth Analg. 2017 May;124(5):1447-1449. 
Saxen MA, Orr DL. A Review of Current Literature of Interest to the Office-Based Anesthesiologist. Anesth Prog. 2017 Fall;64(3):188-191. 



Monitoring Techniques



Monitoring Methods: Ventilation

• Precordial/pretracheal stethoscope
• Capnography
• Verbal communication
• Look, listen, feel



Precordial/Pretracheal Stethoscope



Precordial/Pretracheal Stethoscope

Martinez MJ, Siegelman L. The new era of pretracheal/precordial stethoscopes. Pediatr Dent. 1999 Nov-Dec;21(7):455-7.



Capnography 

Morgan and Mikhail’s Clinical Anesthesiology 5th Ed



Capnography: Rapid Detection of Apnea 

Marshall M. Capnography in Dogs. Compendium.  2004 Oct; 26(10.)



What about pulse oximetry? Pulse oximetry is a 
monitor of oxygenation, not ventilation.

Martinez MJ, Siegelman L. The new era of pretracheal/precordial stethoscopes. Pediatr Dent. 1999 Nov-Dec;21(7):455-7.



Pulse oximetry is not a reliable real-
time monitor of ventilatory status, 

especially in a child that is desaturating

• Clinicalgate.com (1-10)



Capnography

• Limitations
– False alarms
– Mouth breathing
– Procedure limits ability to use

• However, still very useful in a crisis situation
– Early warning
– Intervention before potential desaturation
– Especially helpful to providers with limited experience in bag valve 

mask



Nitrous Oxide Delivery Systems

Flexicare.com
Sedationresource.com
Pocketdentistry.com



Fire Safety



The Fire Triad

Oxidizing agent 
(air, oxygen, 

nitrous oxide)

Fuel (gauze, hair, 
petroleum jelly)

Ignition source 
(laser, cautery, 

spark)



Nitrous Oxide + Spark from Attempted 
Sectioning of Crown + Nasal Hood = 

FIRE

Bosack et al . JADA, Aug 2016



Nitrous Oxide + Spark from Attempted 
Sectioning of Crown + Nasal Hood = 

FIRE

Bosack et al . JADA, Aug 2016



Where to Buy?

• Disclaimer: Dr Mana Saraghi has no affiliations or conflicts of 
interest and any recommendation is made purely based on her 
experience with the product 

• Sedationresource.com
• Besse.com
• SasRx.com



Pharmacology Update 



Benzodiazepines



Benzodiazepines

• Binds GABAA receptor and facilitates the binding of GABA to 
its receptor
• Redistribution primary mechanism of termination of clinical 

action  for single dose 
• Diazepam
• Long half life (30 HOURS)
• Active metabolites 



Benzodiazepines

• Anticonvulsant 
• Anterograde amnesia
• Anxiolysis
•Mild muscle relaxing effects at the spinal cord level (not 

neuromuscular blockade)
• NO analgesic effects



Benzodiazepines: Effects on Organ Systems



Ketamine

• N-methyl-D-aspartate (NMDA) receptor antagonist
• “Dissociative Anesthetic”
• The lights are on, but nobody’s home…



Ketamine: Pharmacokinetics

Absorption
• Usually IV or IM
• Peak plasma levels within 10-15 min of IM injection
Distribution
• Awakening is due to redistribution from brain to peripheral 

compartments 
• Distribution half-life is 10-15min



Ketamine: Pharmacokinetics

Biotransformation
• Hepatic metabolism to several metabolites
• Norketamine metabolite retains anesthetic activity
• Induction of hepatic enzymes partially explains the tolerance seen w/ 

multiple doses
• Extensive hepatic uptake à relatively short elimination half life (2 

hours)

Excretion: Renal



Ketamine: Effects on Organ Systems

• Indirect cardiovascular 
stimulation

• Minimal reduction in 
ventilatory drive

• Bronchodilation
• Increased salivation
• Analgesic



Propofol

• Allosterically enhances the binding affinity of GABA for the 
GABAA receptor



Propofol: Structure-Activity Relationship

• Phenol ring with 2 isopropyl groups
• Not water soluble
• 1% (10mg/mL) aqueous solution
• Oil-in-water emulsion
• Containing soybean oil, glycerol, egg lecithin
• Often pain on injection

• History of egg allergy – not necessarily contraindicated
• Most egg allergies are to egg white (albumin)
• The lecithin is from the egg yolk (yellow)



Propofol: Precautions

Propofol formulations can support the growth of 
bacteria, so sterile technique must be observed in 
preparation and handling. Propofol should be 
administered within 12 hours of opening the ampule.



Propofol: Pharmacokinetics

•Available only for IV administration for the induction 
of GA and for mod-deep sedation
•Rapid onset of action 
•Awakening from a single bolus dose is rapid due to 

very short initial distribution half life (2-8min)
•Very rapid recovery and less “hangover” as compared 

to methohexital, thiopental, ketamine, or etomidate



Propofol: Effects on Organ Systems



Dexmedetomidine (Precedex®)

•A parenteral, selective alpha-2 agonist with sedative 
properties
•More selective for the alpha-2 receptor than 

clonidine
•Used for short term (<24 hours,) IV sedation of 

mechanically ventilated pts 
•Can precipitate withdrawal with more prolonged 

use
• Intraoperative sedative and anesthetic adjunct



Dexmedetomidine

•Dose-dependent responses:
• Sedation
•Anxiolysis
•Analgesia
•Blunts sympathetic response to surgery/stress

•Unlike opioids, does not depress respiratory drive 
(note: excessive sedation can cause airway 
obstruction)



Dexmedetomidine

•Adverse effects
•Bradycardia
•Heart block
•Hypotension
•Nausea 



Dexmedetomidine

•Loading dose 
•1mcg/kg over 10 min period

•Maintenance infusion rate
•0.2-0.7 mcg/kg/h

•Rapid onset 
•Terminal half-life: 2 h



Dexmedetomidine

•Metabolized by liver
• Excreted in the urine
•Doses reduced if renal insufficiency or hepatic 

impairment



Opioids

•Opiates – naturally occurring codeine, morphine
•Opioids –semisynthetic aka hydrocodone, 

hydromorphone, fentanyl
•Morphine is the prototypical opioid
•High first pass effect makes oral dosing unpredictable 

for postop pain relief at home
•10mg IV morphine is the gold standard for 

comparisons of potency and efficacy post surgical 
pain 



Structure-Activity Relationships

• Levorotary isomers are generally more potent than the dextrorotary 
isomers 



Opioids: Mechanism of Action
Subtype Primary Action
Mu-1 Supraspinal analgesia

Euphoria
Mu-2 Spinal analgesia

Respiratory depression
Constipation

Kappa Spinal analgesia
Diuresis
Dysphoria

Delta Supraspinal analgesia
Spinal analgesia
Epileptogenic

Sigma Dysphoria
Hallucinations
Cardiac stimulation



Opioid Agonist Effects

•Analgesia
•Miosis
• Inhibition of GI 
transit
•Respiratory 
depression
•Physical dependence

•Tolerance
•Euphoria
•Addiction



Opioid Classes

• Full Agonists (Mu)
• Affinity for and bind to selective opioid receptors
• Ie.: morphine, codeine, oxycodone, hydrocodone, 

hydromorphone, fentanyl
• Antagonists 
• Affinity for and bind to selective opioid receptors but NO intrinsic 

pharmacologic effect and interfere with agonist activity
• Ie. naloxone, naltrexone 



Opioid Classes

•Partial agonists (mu and kappa)
•Affinity for and bind to selective opioid receptors
•Can interfere with full agonist activity at high doses 

– pain relief at low doses, limited respiratory 
depression, but at high doses can go into 
withdrawal
• Ie. buprenorphine



Opioid Classes

•Mixed antagonist-agonists
•Affinity for more than one receptor
•Acts as an agonist at one receptor, and antagonist 

at another
• Ie. butorphanol, pentazocine



Mixed Agonist/Antagonist 

Drug Mu Kappa Delta
Morphine Agonist Agonist Agonist
Buprenorphine Partial agonist - -
Butorphanol Parital agonist Agonist -
Pentazocine Antagonist Agonist -
Nalbuphine Antagonist Agonist -
Naloxone Antagonist Antagonist Antagonist
Naltrexone Antagonist Antagonist Antagonist



Mixed Agonist/Antagonist

• Pentazocine (Talwin) is an example

•When another opioid is taken, pentazocine 
acts as an antagonist at the mu receptor site 
• Pentazocine has a ceiling effect on 

respiratory depression

Drug Mu Receptor Kappa Receptor
Codeine Agonist (+) Agonist (+)
Pentazocine Antagonist (-) Agonist (+)



Context Sensitivity

• Clinical effects of all opioids are 
attributable to unbinding of 
opioid receptors and 
redistribution of drug from the 
effect sites
• Context sensitive half time 

depends on
• Duration of exposure to the 

drug
• Total dose of the drug 



Codeine and CYP2D6 Variants

• Codeine 
– Prodrug
– Substrate of CYP 2D6



Codeine: FDA BlackBox Warning 

• Highest warning 
• Contraindicated for post-operative analgesia in children 

following tonsillectomy and adenoidectomy
• Post-surgical inflammation following dental procedures
• Heightened caution in patients with OSA 
• First-line medications for postoperative analgesia following 

dental procedures:
– Nonsteroidal anti-inflammatory drugs 
– Acetaminophen



Remifentanil: Metabolism

•Hydrolysis of ester linkage
•Nonspecific esterases in RBC and tissue



Remifentanil: Metabolism

• Terminal elimination half life  
< 10 min
• Context sensitive half time 

remains ~3 min
• Rapid biotransformation
• Duration of infusion has 

little effect on wake up 
time
• Regardless of dose or 

duration of infusion



Remifentanil: Metabolism

•Dose modifications are not needed
•Hepatic or renal dysfunction does not require dose 

adjustment
•Pseudocholinesterase deficiency is not an issue for 

remifentanil metabolism



Remifentanil: Dosing

•Deep sedation infusion: 0.05-0.2 mcg/kg/min IV
•Maintenance of GA (intubated): 0.25-0.50 

mcg/kg/min IV
•Hazards of bolus
•Bradycardia
•Hypotension
•Apnea



Opioids: Cardiovascular Effects

•Histamine release w bolus doses of :  morphine, 
hydromorphone, meperidine 
•Prevent with antihistamines
• Treat with fluids and pressors

• Exception: meperidine increases HR 



Opioids: Respiratory Effects

• Respiratory depression
• Opioids bind receptors in the 

brainstem
• Especially respiratory rate
• Increase the partial pressure 

of CO2 (PaCO2) 
• Blunt the response to a CO2 

challenge
• Resulting in a shift of the CO2 

response to the right and 
down



Opioids: Respiratory Effects

•Blunt bronchoconstrictive response to airway 
stimulation such as with intubation
•However, histamine release with:
•Morphine and meperidine
•Bronchospasm in susceptible pts



Opioids: Respiratory Effects

• Chest wall rigidity
• Rapid administration of larger doses of opioids (esp 

fentanyl, sufentanil, alfentanil, remifentanil) 
• Can be severe enough to prevent adequate bag-mask 

ventilation (BVM)
• Centrally mediated
• Tx with muscle relaxants



Full Agonist Tolerance

• Tolerance builds to
• Analgesic effect
• Respiratory depression
• Sedation
• Dizziness
• Nausea/vomiting

• NO tolerance build up to
• Constipation
• Miosis



Opioids: Side Effects Associated with Short-
Term Use 

• Sedation, dizziness, impairment of normal function
• Respiratory distress
• Postural hypotension 
• Esp if also taking antihypertensives

• Urinary retention 
• Esp if prostate issues

• Constipation
• Suppress cough reflex
• Nausea/vomiting



Opioid Withdrawal

•Anxiety, agitation, 
irritability, insomnia
•Mydriasis
• Increase BP, HR, RR
•Piloerection
•Yawning

•Sweating
•Lacrimation
•Rhinorrhea
•Vomiting
•Diarrhea



Opioid Dependence Liability 

•Tolerance
•Physical dependence
•Psychological dependence



We Have a Special Responsibility to Our 
Patients When Prescribing Opioid Analgesics

“Every year, millions of adolescents receive their first introduction to 
opioids following the extraction of their third molars. Many of these 
young adults may have never received these centrally-acting analgesics 
before in their lives. We have a special responsibility to counsel them 
about their dangers and educate them about their safe use of opioids 
when taken for acute postoperative pain.“  

-Dr Paul Moore

• From: CDC offers new recommendations for opioids. 2016. 



Dentists Play An Important Role:

• From: Volkow ND, McLellan TA, Cotto JH, Karithanom M, Weiss SR. 
Characteristics of opioid prescriptions in 2009. JAMA 2011;305:1299-301. 



ADA Announces Interim Opioids Policy 

• The ADA supports 
•Mandatory continuing education in prescribing controlled 

substances, including opioids 
• Dentists using Prescription Drug Monitoring Programs 

(PDMP)
• Statutory limit s for opioid Rx for acute pain to no more than 

7 days duration 

From: https://www.ada.org/en/press-room/news-releases/2018-archives/march/american-dental-association-announces-new-policy-to-combat-opioid-
epidemic



Multimodal Analgesia Provides Superior Analgesia 
at Multiple Inputs on Nociceptive Pathways and 

Reduces Opioid Requirements
• Local anesthetics
• NSAIDs
• Ibuprofen is a first-line drug 

for postoperative analgesia
• Acetaminophen
• Opioids

Source:https://www.medscape.org/viewarticle/581948?pa=rXq9KE8Ou%2F86485kxQUhqUm806Efb2fUN9426s%2BeeTj%2BKXajHDrEjOaN8WgVgElqZlm4cY6fhhOrF2HZhmTXJvFDqoONiUtlOt
dX6maZcRI%3D



Analgesic Efficacy: Opioids vs NSAIDs and/or 
Acetaminophen 

From:Edwards JE, McQuay HJ, Moore RA. Combination analgesic efficacy: individual patient data meta-analysis of single-
dose oral tramadol plus acetaminophen in acute postoperative pain. J Pain Symptom Manage. 2002 Feb;23(2):121-30.



Opioids are Adjuncts to NSAIDs and/or 
Acetaminophen for Severe Pain

Note: Currently, acetaminophen 325mg/tablet, MRD 3g/day

From: Cooper SA, Precheur H, Rauch D, et al. Evaluation of oxycodone and acetaminophen in treatment of postoperative dental pain. Oral Surg Oral Med Oral 
Pathol. 1980 Dec;50(6):496-501.



Side Effects: Dose-Limiting Toxicity

From: Cooper SA, Precheur H, Rauch D, et al. Evaluation of oxycodone and acetaminophen in treatment of postoperative dental pain. Oral Surg Oral Med Oral 
Pathol. 1980 Dec;50(6):496-501.



Side Effects: Dose-Limiting Toxicity

From:Edwards JE, McQuay HJ, Moore RA. Combination analgesic efficacy: individual patient data meta-analysis of single-
dose oral tramadol plus acetaminophen in acute postoperative pain. J Pain Symptom Manage. 2002 Feb;23(2):121-30.



Codeine: FDA BlackBox Warning 

• Highest warning 
• Contraindicated for post-operative analgesia in children following 

tonsillectomy and adenoidectomy
• Post-surgical inflammation following dental procedures
• Heightened caution in patients with OSA 
• First-line medications for postoperative analgesia following dental 

procedures:
• Nonsteroidal anti-inflammatory drugs 
• Acetaminophen

Weaver JM. New FDA Black Box Warning for Codeine: How Will This Affect Dentists? Anesth Prog. 2013 
Summer; 60(2): 35–36.
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Analgesic Prodrugs

2D6 Inhibitors:  Quinidine, chlorpheniramine, fluoxitene, paroxitene, sertraline

From: Hersh EV, Moore PA. JADA
2004;135:298-311.



Serotonin Syndrome

A  Potentially Fatal Triad of Autonomic, Cognitive, and 
Somatic Effects Attributable to Excessive Serotinergic

Activity
Boyer EW, Shannon M. The serotonin syndrome. N Engl J Med. 2005 Mar 17;352(11):1112-20.



Serotonin Syndrome 

Boyer EW, Shannon M. The serotonin syndrome. N Engl J Med. 2005 Mar 17;352(11):1112-20.



Serotonin Syndrome – MAOI and Meperidine

•1984 NYC Libby Zion Case
• Fatal interaction of meperidine 

and an MAOI (phenelzine)
•Called attention to improve 

resident work hours and 
supervision

ISBN: 0385308094



Acetaminophen



Acetaminophen (APAP)

•Analgesic
•Antipyretic
•NOT anticoagulant



Maximum Recommended Daily Dose?

3 g vs 4 g

25 billion doses annually

2011: McNeil Pharmaceuticals (Tylenol®) 
reduced their MRD to 3g (3000mg) per day

From: Krenzelok EP, Royal MA.Confusion: acetaminophen dosing changes based on NO evidence in adults. Drugs R 
D. 2012 Jun 1;12(2):45-8. 



FDA Warning: Increased Risk of Liver Damage 

• > 4000mg in 24 hrs
•Other products containing acetaminophen
•3 or more alcoholic beverages per day

From: FDA Drug Label, Acetaminophen https://dailymed.nlm.nih.gov/



Over-The-Counter (OTC) Products Containing 
Acetaminophen May Result in Inadvertent 

Overdose 

From: https://www.fda.gov/ForConsumers/ConsumerUpdates/ucm263989.htm



NAPQI: A Hepatotoxic Byproduct of 
Acetaminophen Metabolism

Source: Hersh EV, Moore PA. JADA 2004; 135: 298-311.

HO NHCOCH3

CYP 2E1
(4-10%)

O NHCOCH3RO NHCOCH3

Glucuronidation
Or Sulfation

(90-96%)

Acetaminophen

Conjugated Metabolite N-acetyl-p-aminobenzoic acid
(NAPQI)

Glutathione



Alcohol + Acetaminophen = ? 

From: http://www.padronperformance.com/alcohol/



Alcohol is Both An Inducer and a Substrate of 
CYP 2E1

Source: Hersh EV, Moore PA. JADA 2004; 135: 298-311.

HO NHCOCH3

CYP 2E1
(4-10%)

O NHCOCH3RO NHCOCH3

Glucuronidation
Or Sulfation

(90-96%)

Acetaminophen

Conjugated Metabolite N-acetyl-p-aminobenzoic acid
(NAPQI)

Glutathione



Concern for “Social Drinkers” Taking 
Acetaminophen

From: Thummel KE, Slattery JT, Ro H, et al. Ethanol and production of the hepatotoxic metabolite of acetaminophen in healthy adults. Clin
Pharmacol Ther. 2000 Jun;67(6):591-9.



Concern for “Social Drinkers” Taking 
Acetaminophen

From: Thummel KE, Slattery JT, Ro H, et al. Ethanol and production of the hepatotoxic metabolite of acetaminophen in healthy adults. Clin
Pharmacol Ther. 2000 Jun;67(6):591-9.



Summary: APAP Dosing

Note: Tylenol® MRD 3 g/day, generic APAP 4 g/day
• Source: FDA Label, Acetaminophen

Adults (> 50 kg) Adults (< 50kg) Children (Age 2-12 yr)

1,000 mg q 6 hr OR 
650mg q 4 h 

15 mg/kg q 6 h or 12.5 
mg/kg q 4 h 

15 mg/kg q 6 h or 12.5 
mg/kg q 4 h

Max of 4g per day* Max dose of 75 mg/kg 
per day

Max 75 mg/kg per day

Minimum dosing 
interval 4 h

Minimum dosing 
interval 4 h

Minimum dosing 
interval 4 h



Non-Steroidal Anti-Inflammatory 
Drugs



NSAIDs: Mechanism of Action

Membrane injury 

From: https://www.amazon.com/Genuine-Minifigure-Syringe-Scalpel-Accessories/dp/B01LZZ8K8S



NSAIDs: Mechanism of Action

Membrane injury 

Phospholipase A2
Releases Arachidonic

Acid from the Damaged Cell Membrane



NSAIDs: Mechanism of Action

Arachidonic Acid

Thromboxanes & Prostaglandins Leukotrienes 

Lipoxygenase 
Pathway 

Cyclooxygnease (COX)
Pathway 



Arachidonic Acid

Prostaglandins
Thromboxanes

Prostaglandins
PGI2 (Prostacyclin)

COX-1
“Constituitive”

COX-2
“Inducible”

• GI Protection
• Platelet aggregation
• Vasoconstriction
• Renal function

• Renal function 
(“Constituitive”)

• Vasodilation
• Inhibition of 

platelet 
aggregation

• Pain
• Fever
• Inflammation

Courtesy: Dr Elliot Hersh



Relevant Drug-Drug Interactions Involving 
Non-Steroidal Anti-Inflammatory Drugs

Photo Source: Steve Gibson from publicdomainpictures.net

NSAIDs

Antihypertensive 
Drugs

Selective 
Serotonin 
Reuptake 
Inhibitors  

(SSRIs)

Cardioprotective 
Aspirin

Warfarin

Lithium

Blood Thinners 
and Stents FDA Warning  

Alcohol



NSAIDs + Antihypertensives

• Interference with renal 
prostaglandins
• Not an issue with 

aspirin
• 5 days of NSAID use 

can interfere 
•Monitor BP at home



NSAIDs May Interfere with Efficacy of 
Antihypertensive Medications Which Are Dependent 

on Renal Prostaglandins

ACE Inhibitors

Beta blockers

Diuretics

Clinical Implication: Patients should be advised to monitor their blood pressure at home 



Drug Class Rank of Prescriptions in the US in 
2017

Number of Prescriptions in the US in 
2017

ACE Inhibitors
Lisinopril 
Enalapril 
Ramipril 
Quinapril 

1
89
98

191

115.5M
8.8M
7.5M
3.3M

Beta Blockers
Metoprolol 
Atenolol
Carvedilol 
Propranolol

6
18
31
83

72.3M
30.8M
24.3M

9.9M

Diuretics
Hydrochlorothiazide (HCTZ)
Furosemide
Spironolactone

10
15
80

50.4M
37.1M
10.2M

Combination Drugs
HCTZ/Lisinopril 
HCTZ/Propranolol 
Atenolol/Chlorthalidone

37
133
158

23.1M
5.4M
4.2M

Source: http://www.pharmacytimes.com/contributor/tony-guerra-pharmd/2017/03/the-top-200-drugs-of-2017



NSAIDs Inhibit Renal Prostaglandins & May Result 
in Accumulation of Serum Lithium Levels

Lithium (#165, 4.1M Rx in 2017)
• Renal excretion
• Low therapeutic index
• Normal blood levels: 0.6-1.2 mmol/L
• Toxicity: > 2.5 mmol/L

Clinical implications
• FDA label: Must monitor Lithium blood levels if initiating or 

discontinuing  NSAID use
• Monitor levels q 4-5 days
• Results may necessitate adjustment of Lithium dose by 

psychiatrist



NSAIDs + Ethanol = ? 



FDA Warning: Increased Risk of GI Toxicity if 
Consuming 3 or More Drinks per Day with NSAIDs

• Increased risk of GI bleeding
• Demonstrated increased risk of fecal blood loss in healthy volunteers taking 

aspirin (non-enteric) and alcohol1

• Demonstrated increased risk for severe GI event with any exposure to 
ibuprofen or naproxen and history of treatment for alcohol abuse2

1. Goulston K, Cooke AR. Alcohol, Aspirin, and Gastrointestinal Bleeding. Br Med J. 1968 Dec 14; 4(5632): 664–665.
2. Ineke NC, Appel WC. The Effect of Alcohol Abuse on the Risk of NSAID-Related Gastrointestinal Events. Annals of Epidemiology, 2000, 
Vol.10(4), pp.246-250



NSAIDs + Selective Serotonin Reuptake 
Inhibitors (SSRIs)

SSRI Number of 
Rx in 2017

Place on Top 200 
Drugs of 2017

Sertraline  (Zoloft ®) 37.7M 13
Citalopram (Celexa®) 29.7M 21
Citalopram (Celexa®) 29.7M 21
Escitalopram  (Lexapro®) 19.6M 45
Paroxitine (Paxil®) 15.0M 57



Arachidonic Acid

COX-1

Thromboxane A2

Serotonin
Aspirin
NSAIDs

SSRIs

Bottom Line:  SSRIs + NSAIDs = Increased Bleeding Risk

Pinto A., Farrar J.T., Hersh E.V.. Compend Contin Educ Dent. 30:142-151, 2009..
Saraghi M, Golden LR, Hersh EV. Anesthetic Considerations for Patients on Antidepressant Therapy - Part
II. Anesth Prog. 2018 Spring;65(1):60-65.



NSAIDs + Cardioprotective Doses of Aspirin

“Baby Aspirin”
• Irreversible acetylation of COX1 in the 

platelet

Maintain Cardioprotection
• Prevent stroke
• Prevent MI
• Maintain patency of stents and grafts



Warfarin

• Warfarin
• Aka Coumadin
• #35 drug of 2017, 23.4M Rx

• Indications
• Prevent clots
• Deep venous thrombosis
• Pulmonary embolism

• Prevent stroke 
• Arrhythmias: a-fib
• Valvulopathies and prosthetic valves



Warfarin

• Mechanism of action
• Inhibition of vitamin K epoxide 

reductase
• Vit K dependent coagulation factors 

(II, VII, IX, X)
• Assay of warfarin activity
• International Normalized Ratio 

(INR)
• Target Range: 2.0-3.0
• Prosthetic valves: > 3.0



Considerations for Postoperative Analgesia for 
Patients Taking Warfarin 

NSAIDs

↑ Risk of bleeding

No change in INR

Potential mechanism:
Shared metabolic 
pathway CYP 2C9

Acetaminophen
↑ Risk of bleeding
↑ INR
Potential mechanism:

Shared metabolic 
pathway of CYP 2C9? 
3A4? 1A2?

Chung L, Chakravarty E, Kearns P, et al. Bleeding complications in patients on celecoxib and warfarin . Journal of 
Clinical Pharmacy and Therapeutics, 30(5), 471-477.
Parra D, Beckey NP, Stevens GR.The effect of acetaminophen on the international normalized 
ratio in patientsstabilized on warfarin therapy. Pharmacotherapy. 2007 May;27(5):675-83.



Bottom Line: Monitor INR within 1 Week of 
Initiating Acetaminophen Therapy in Patients 

Taking Warfarin

Parra D, Beckey NP, Stevens GR.The effect of acetaminophen on the international normalized ratio in patients 
stabilized on warfarin therapy. Pharmacotherapy. 2007 May;27(5):675-83.



Antagonists



Naloxone (aka Narcan®)
• Competitive opioid receptor 

antagonist 
• Reverses the agonist activity 

associated with endogenous 
(enkephalins, endorphins) or 
exogenous opioid compounds

• Greater affinity for mu receptors 
• No agonist activity
• Indication: Reversal of opioid-

induced CNS and/or respiratory 
depression



Naloxone

• Effects are opposite of opioid agonists
• Severe and acute pain
• Sympathetic stimulation: tachycardia, ventricular 

irritability, hypertension, pulmonary edema
• Severity of effects are proportional to amount and 

speed of reversal



Naloxone
• In pts with respiratory depression s/p excessive opioid 

administration
• Primary treatment is airway management to establish a 

patent airway (ie bag, mask, oral airway, LMA, tube, etc) 
to permit spontaneous, assisted, or controlled 
ventilation
• IV naloxone 
• 0.4 mg/mL in vial
•May need to repeat as sedation and respiratory 

depression may be recurrent as opioids have longer half 
life than naloxone 



Naloxone – Known of Suspected Opioid 
Overdose

•0.4mg to 2mg IV
•Can repeat at 2-3 min intervals
• If no improvement after 10mg IV naloxone à

question diagnosis of opioid induced toxicity



Naloxone – Post-op Opioid Depression

•0.1-0.2 mg IV 
•Repeat in 2-3 min intervals as guided by patient’s 

response (ventilations and level of consciousness)
• Larger doses may compromise analgesia and increase 

BP, cause nausea, vomiting, and sweating 



Naloxone –Pediatric 

• Overdose 
• 0.01mg/kg  IV
• If no improvement, try 0.1mg/kg IV 

• Postop opioid depression
• 0.005-0.01mg/kg  IV at 2-3 min intervals until desired 

degree of reversal



Naloxone

•Brief duration of action
•Due to redistribution of naloxone from the CNS

•Opioids have a longer duration of action
•Must monitor for re-narcotization (recurrence of 

respiratory depression)
•Monitor for 2 hours after the last dose of 

naloxone 



Evzio® - A Naloxone Auto-injector

• 2 mg dose in 0.4mL volume auto-injector indicated for adults and 
children
• Auto-injector similar to Epi-Pen®
• Automated voice instructions like an automated external 

defibrillator (AED)
• May be useful in a home where children have exposure to opioids



Narcan® Nasal Spray

• 4 mg dose in 0.1mL volume intranasal spray indicated for 
adults and children
•May be useful when children have exposure to opioids at 

home



Naltrexone

• Pure opioid antagonist 
• High affinity for the mu receptor 
• Significantly longer half-life than naloxone
• Administered orally for maintenance treatment of opioid or 

ethanol abuse



Sedation for Patients on Naltrexone?

• Goal: avoid exposure, reduce risk of relapse

• Nonopioid anesthesia

• Continue naltrexone on day of procedure

•Multimodal plan:

• Benzodiazepines, ketamine, propofol

• NSAIDs, APAP

• Long acting local anesthetic

Goyal R, Khurana G, Jindal P. Anesthesia for Opioid Addict: Challenges for Perioperative Physician. J Anaesthesiol Clin

Pharmacol. 2013 Jul-Sep;29(3):394-396.



If Naltrexone Must be Discontinued…

• Discontinue naltrexone 24-72 h prior to surgery

• Greater opioid requirement

• More likely to have respiratory depression
• Deeper and more prolonged

• Shorter acting drugs better: fentanyl, remifentanil

• Abstain from opioid use for 3-5 days before resuming naltrexone
therapy

• Multimodal analgesic regimen

Goyal R, Khurana G, Jindal P. Anesthesia for Opioid Addict: Challenges for Perioperative Physician. J Anaesthesiol Clin
Pharmacol. 2013 Jul-Sep;29(3):394-396.



Flumazenil

• Specific, competitive benzodiazepine receptor antagonist 
• Indication: reversal of benzodiazepine induced CNS and/or 

respiratory depression
• Hypnotic effects rapidly reversed (onset <1min)
•More difficult to reverse effects fully in the elderly
• Re-sedation in all pts is a possibility 



Buprenorphine

•Partial mu agonist
•Kappa antagonist
• Indications: chronic pain, opioid abuse
• Long half-life
• Low dose therapy, T1/2 2-6 h
•High dose therapy, T1/2 20-70 h



Buprenorphine and Acute Pain

• Option 1: Continue buprenorphine, avoid opioids, multimodal regimen 
• Patient must be prepared and educated about post-op course 

• Option 2: Continue buprenorphine and supplement with more 
buprenorphine 
• Concern: buprenorphine has an analgesic ceiling effect

• Option 3: Continue buprenorphine and supplement with regular opioid 
agonists 
• Concern: need large doses of agonist to overcome buprenorphine resulting in 

profound respiratory depression
• Option 4: Convert to a full agonist before the procedure and then resume 

buprenorphine after acute post-op period 
• Concern: need large doses of agonist to overcome buprenorphine resulting in 

profound respiratory depression

Stern EE. Buprenorphine and the Anesthesia Considerations: A Literature Review. 2015. Nurse Anesthesia Capstones 2. 



Buprenorphine and Acute Pain

• Need to discontinue 5 days in advance 
• Transition to full agonists
• Concern of disrupting treatment for addiction in anticipation 

of a high-stress event (dental procedure) 
• Lack of consensus 

Stern EE. Buprenorphine and the Anesthesia Considerations: A Literature Review. 2015. Nurse Anesthesia Capstones 2. 



Flumazenil

• Contraindications
–Hypersensitivity to flumazenil or benzodiazepines
–Patients to whom benzodiazepine has been 

administered to treat a serious condition such as 
seizures
–Patients with signs of a cyclic antidepressant overdose  

(arrhythmias and seizures)



Flumazenil: Side Effects

• Anxiety 
•Withdrawal rxn if long term benzo use
• Nausea and vomiting 
• Increase in ICP in pts with head injuries and abnormal 

intracranial compliance 
•May induce seizures if benzo was given as anticonvulsant 
• TCA overdose may cause seizures, flumazenil will worsen the 

situation if benzos are given in conjunction with TCA 
overdose 



Flumazenil

• AIRWAY MANAGEMENT FIRST!

• Titration of 0.2 mg/min until reaching desired degree of 

reversal

• Usual dose is 0.6-1.0mg, 1.0 mg max total dose 

• Rapid hepatic clearance à repeat doses may be needed in 1-

2 h to avoid resedation and premature discharge 

•Monitor recovery for at least 2 hours after last dose of 

flumazenil 



Flumazenil

• Pediatric Dosing
• Supplied in 0.1 mg/mL concentration
• 0.01 mg/kg (max 0.2mg) injected over 15 sec
• Monitor respirations and level of consciousness over 45 sec
• If not satisfied with respirations or level of consciousness 1 min 

following first dose, can redose 0.01mg/kg (max 0.2 mg )IV over 15 
sec
• Can resdose every 60 seconds for a max total dose of 1mg or 

0.05mg/kg, whichever is lower 



Flumazenil

• Respiratory depression may 
linger despite alert and 
awake appearance
• Tidal volume and minute 

ventilation return to 
normal
• However, slope of carbon 

dioxide response curve 
remains depressed 



Sublingual Flumazenil: Does NOT Work

• Sublingual anatomy – highly 
vascular

• Potential for hematomas
• Worsen an already compromised 

airway

• Over-sedated child 
• Clenched mouth 
• Unable to access buccal vestibule 

or sublingual area for injection

Henry Gray (1918) Anatomy of the Human Body



Sublingual Flumazenil: Does NOT Work

• Total dose to reversal varies with depth of sedation

• 0.2 mg  is in a volume of 2 mL

– Latent period too long

– Reversal not statistically different from placebo

• Most patients respond to 0.6-1mg (6-10mL)

– Too large to inject sublingually

– Can worsen an already compromised airway 

– Consider intramuscular injection



THANK YOU!
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