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Preface

As each of us approached board certification and recertification exams in
anesthesiology, we realized the need for a resource that was evidence-based, succinct,
and composed of high-yield examination topics. This book is the compilation of
hundreds of pages of handwritten notes from us (the three authors) that we took while
we were studying for (and passed) our board exams. The content reflects topics that we
thought were important, covered inadequately in other resources, or appeared in prior
board certification exams.

Over the course of one year, we compiled, sorted, and fact-checked our notes into
this book. We then added the most commonly encountered anesthesiology keywords
(which are in bold face for easy recognition) to ensure that we covered the exams for
certification and recertification to the fullest extent.

Our goal was to create a resource that was comprehensive, yet quick to read, and,
most importantly, would enable you to understand and remember the information, with
its bullet-point style. Furthermore, “In-training” scores are used for securing
competitive fellowship positions. While there are a number of question and review
books on the market, there are few that combine core content and questions in an easy-
to-use format. The questions were designed to reinforce key concepts and simulate
actual test questions. Blasting the Boards 1s intended to fill that unmet need and help you
to succeed in “blasting” your board exam.

We hope this book can improve your knowledge base in anesthesiology, prepare you
for examinations, and serve as a reference in the future.

SMB
EAB
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ANESTHETIC BREATHING CIRCUITS

= Definition: an anesthetic breathing circuit must deliver gas and eliminate carbon
dioxide (CO,)
 Circuits vary in components and organization
» Rebreathing can be used to assess circuit efficiency by affecting the amount of
fresh gas required and the amount of waste produced
= Circuit classification
* On the basis of the rebreathing of CO,, circuits can further be classified as

. Open: no rebreathing
. Semi-open: partial rebreathing
. Closed: complete rebreathing
* Rebreathing is dependent on
. Circuit design
. Fresh gas flow
. Mode of ventilation
. Mechanics of respiration including tidal volume, respiratory rate, inspiratory-
to-expiratory ratio, and inspiratory flow rate
= Mapleson breathing circuits (Fig. 1.1)
* Semi-open breathing circuits that are composed of a facemask, pop-off valve,
reservoir tubing, fresh gas inflow tubing, and a reservoir bag
* Designated by the letters A through F based on circuits construction
. Mapleson A
~ Fresh gas flow (FGF) is opposite from the patient while the pop-off valve
is adjacent to the patient
~ Best at eliminating CO, — most efficient for spontaneous breathing

» FGF equal to minute ventilation prevents rebreathing during
spontaneous breathing
» FGF may need to be as high as 20 L/min to prevent rebreathing during



controlled ventilation
-~ Expiratory valve must be tightened to assist ventilation — least efficient
for controlled ventilation
Mapleson B and C
-~ Both the FGF and pop-off valve are adjacent to the patient
Mapleson D, E, and F
-~ Fresh gas flow is adjacent to the patient while the pop-off valve is
opposite the patient
- Mapleson D is the most efficient for controlled ventilation, but least
efficient for spontaneous ventilation
* Bain circuit
Modification of a Mapleson D where FGF enters through a narrow tube within
the corrugated expiratory limb of the circuit
= Circle breathing system (Fig. 1.2)
* A closed breathing circuit composed of an FGF inlet, reservoir bag, pop-off
valve, two unidirectional valves, tubing, and a CO, absorber

FGF should enter proximal to the inspiratory unidirectional valve
The pop-off valve should be distal to the expiratory unidirectional valve
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FIGURE 1.1 Mapleson Circuits. Mapleson circuits are semi-open circuits that vary
by design. The Mapleson A circuit is the most efficient for spontaneous breathing
and the Mapleson D circuit is the most efficient for controlled breathing. FGF, Fresh
gas flow. (Reproduced from Riutort KT, Eisenkraft JB. The anesthesia workstation
and delivery systems for inhaled anesthetics. In: Barash PG, Cullen BF, Stoelting
RK, et al., eds. Clinical Anesthesia. 7th ed. Philadelphia, PA: Wolters Kluwer
Health; 2013:663.)



* Benefits of a closed system
Reduced use of FGF
Decreased anesthetic pollution
Decreased heat loss
Humidification of gases
= Bag valve mask
* Self-inflating bag often used in emergency settings to provide positive pressure
ventilation
* Composed of an FGF inlet, a reservoir bag, inflatable bag, and facemask
* Function
Squeezing of the bag forces gas through a one-way valve to the patient
Release of the bag draws ambient air or gas from a wall source

Inspiratory

~Inspi Fresh gas
unidirectional valve inlet
Inspiratory p
limb I -
/ canister
Y-piece Vv
Expiratory —
limb
APL X —~—
Expiratory valve / Bag/vent

unidirectional valve selector switch

B

FIGURE 1.2 Circle Breathing System. A circle breathing system differs from open
circuits through carbon dioxide removal. (Reproduced from Riutort KT, Eisenkraft
JB. The anesthesia workstation and delivery systems for inhaled anesthetics. In:
Barash PG, Cullen BF, Stoelting RK, et al., eds. Clinical Anesthesia. 7th ed.
Philadelphia, PA: Wolters Kluwer Health; 2013:649.)



* Used primarily for resuscitation
Cannot be connected to anesthetic vaporizers
Self-inflating property distinguishes a bag valve mask from a Mapleson circuit

ANESTHESIA MACHINE

= Basic components for fresh gas delivery
 Inspiratory and expiratory limbs
Each limb contains a one-way valve to control gas flow
Each limb 1s connected to a Y-piece adjacent to the patient
- Dead space ventilation occurs distal to the Y-piece
- Dead space includes bronchial tree, endotracheal tube or airway device,
and tubing distal to the Y-piece
* Access to oxygen, air, and nitrous oxide via gas cylinders or a pipeline source
(Fig. 1.3)
Gas E-cylinders are attached to the anesthesia machine via a Pin Index Safety
System
Pipeline source are attached to the anesthesia machine via Diameter Index
Safety System
* Pressure regulators and pressure-reduction valves
Pressures of up to 2,200 pounds per square inch (PSI) must be decreased prior
to reaching the patient
Oxygen
-~ First stage regulators reduce oxygen pressure to 45 PSI
- Second stage regulators reduce pressure to about 14 to 16 PSI
-~ Oxygen flush exists between the 1st and 2nd stage regulator
Does not require anesthesia machine to be turned on
Capable of flow rates up to 75 L/min
Nitrous
-~ Nitrous pressure regulator reduces pressure of up to 745 to 45 PSI
* Pressure relief valves
Ventilator pressure relief valve
-~ During positive pressure ventilation, removes gas at a pressure greater
than the setting of the relief valve to the scavenging system
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FIGURE 1.3 Anesthesia Machine Pipeline. Circuitry of wall gases connections to
an anesthesia machine. (Reproduced from Riutort KT, Eisenkraft JB. The anesthesia
workstation and delivery systems for inhaled anesthetics. In: Barash PG, Cullen BF,
Stoelting RK, et al., eds. Clinical Anesthesia. 7th ed. Philadelphia, PA: Wolters
Kluwer Health; 2013:647.)

Adjustable pressure limiting valve
» During spontaneous ventilation, removes gas at a pressure greater than the
pressure setting
* Gas analyzers
Two types of oxygen analyzers
» Clark electrode
» Increased oxygen tension generates increased current across two
electrodes in a gel
» Clark electrodes require calibration and eventual replacement when
electrodes are consumed
~ Paramagnetic device
» Increased oxygen tension generates increased magnetic attraction
» Paramagnetic devices have a faster response time, are self-calibrating,



and have no consumable parts
* Flow meters
Measures gas flow to the common gas outlet
- Upward force provided through gas flow
~ Downward force provided by gravity
Oxygen flowmeter 1s downstream of other flow meters to prevent a hypoxic
mixture from reaching the patient
* Power source and bellows
Ventilators can be powered by electricity or compressed gas
-~ Piston ventilators are driven by an electric motor
- Pneumatic ventilators are driven by compressed gas
Bellows
- Descending bellows (descend during expiration)
During inspiration, driving gas pressurizes the bellows — bellows rise
and delivers gas to patient
- Ascending bellows (ascend during expiration)
During exhalation, depressurization of the bellows allows exhaled gas
to fill the bellows
Considered safer because during a disconnect, the ascending bellows
will fail to fill
Tidal volume measurements
- Some older mechanical ventilators will deliver additional tidal volume
based on FGF
» (FGF x percentage of inspiratory time)/respiratory rate = additional
volume delivered per breath
~  Compression volume
Compression volume is the volume absorbed by the circuit
Compression volume = (respiratory rate x set tidal volume) — minute
ventilation
* Reservoir bag
Used to collect gases and squeezed to assist ventilation
Bag size should be selected based on the expected tidal volume of the patient
= CO? elimination
* Absorber collects exhaled CO, through soda lime or Baralyme
Soda lime: 75% Ca(OH),, 3% NaOH, 1% KOH, 20% H,O
Baralyme: 80% Ca(OH), + Ba(OH),

* Exhausted soda changes color from white to purple, which can revert to white
with time



» Absorbent can create carbon monoxide (CO)
Factors associated with CO production
- Degree of absorbent dryness
Absorbents not used for several days (over the weekend) commonly
implicated in CO case reports
Low FGF rates can dry absorbent
-~ High concentrations of volatile
-~ Higher temperatures
-~ Volatile used (desflurane > enflurane > isoflurane > halothane and
sevoflurane)
-~ Use of Baralyme over soda lime
» Absorbent can create compound A
Sevoflurane + CO, absorbents — vinyl ether (compound A)

- Nephrotoxic to rats at high concentrations
-~ Implications on humans is less clear
Gas flows at >2 L/min prevents rebreathing of compound A, but not its
formation
Factors increasing compound A
~ Low FGF
-~ High absorbent temperatures
-~ Fresh absorbent
-~ Higher concentrates of sevoflurane
~ Use of Baralyme over soda lime
Dehydration of Baralyme increases compound A
Dehydration of soda lime decreases compound A
= Heat and moisture exchangers
* Used in ventilators to prevent drying of the respiratory tract
Minimal clinical effect because only 10% of heat loss 1s through respiratory
tract
* Heat and moisture exchangers are hydrophobic or hygroscopic
Hydrophobic
-~ Better at filtering infectious agents
-~ Long-term use associated with tube occlusion due to inadequate humidity
to break secretions
Hygroscopic
-~ Better at providing humidity
-~ Increases circuit resistance



VAPORIZERS AND GAS CYLINDERS

= Vaporizers
» Volatile anesthetics exist in a liquid state
The amount of liquid vaporized is dependent on the saturated vapor pressure of
the volatile and the temperature
Contemporary vaporizers are variable-bypass (Fig. 1.4)
Gas enters through a common inlet
Concentration control dial alters the ratio of flow between the bypass chamber
and vaporizing chamber
Gas from both chambers merge at a common outlet
Factors affecting vaporizer output
Flow rate
Gas concentration
Temperature
Altitude
Higher altitude — greater vaporizer output
Vapors are at constant potency at constant temperature irrespective of altitude
» Except desflurane, which has decreased anesthetic potency with increased
altitude because of its partial pressure
Problems that may occur with vaporizers
Vaporizer tipped
» Anesthetic liquid in vaporizing chamber may enter the bypass chamber and
increase the concentration of delivered anesthetic gas
» The transport dial prevents this bypass
» Iftipped, the vaporizer should be flushed at high flows with the vaporizer
set to low concentrations for 30 minutes
Wrong volatile is filled into the vaporizer
» Ifavolatile of higher saturated vapor pressure is used — higher
concentration of gas administered to patient
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FIGURE 1.4 Variable-Bypass Vaporizer. A variable bypass vaporizer splits fresh
gas flow between the mixing and bypass chamber to deliver a specific volatile gas
concentration. (Reproduced from Riutort KT, Eisenkraft JB. The anesthesia
workstation and delivery systems for inhaled anesthetics. In: Barash PG, Cullen BF,
Stoelting RK, et al., eds. Clinical Anesthesia. 7th ed. Philadelphia, PA: Wolters
Kluwer Health; 2013:663.)

» Ifavolatile of lower saturated pressure vapor is used — lower
concentration of gas administered to patient
Overfilling vaporizer
» Volatile liquid can enter the bypass chamber — an elevated concentration
of gas is delivered to the patient
» Side-fill design of modern vaporizers minimizes the likelihood of
overfilling
Pumping effect and back pressure
» Pumping effect
» Intermittent back pressure from circuit prevents outflow of gases from
vaporizing chamber and bypass
» More anesthetic is vaporized
» Back pressure effect



Back pressure may decrease concentration of gas
Compresses the carrier gas, but the anesthetic agent in chamber is
unchanged because the amount of agent vaporized depends on
saturated vapor pressure of the drug and not the drug in the chamber
= Anesthetic gas vapor pressures
* Methoxyflurane: 23 mm Hg
* Sevoflurane: 160 mm Hg
* Enflurane: 172 mm Hg
 Isoflurane: 240 mm Hg
* Halothane: 243 mm Hg
* Desflurane: 669 mm Hg
= Calculating anesthetic gas output
* Vapor output (mL) = (carrier gas flow x saturated vapor pressure of
gas)/(barometric pressure — saturated vapor pressure of gas)
At low flow rates (<250 cc/min), insufficient pressure to advance molecules of
volatile upward
At high flow rates (>15 L/min), insufficient mixing in vaporizing chamber
* Volatile uptake
Amount of uptake in the first minute is equal to the amount taken up between
the squares of any two consecutive minutes
Example: between the 16th and 25th minute, the amount taken up is equal to the
I'st minute
= Gas cylinders
* Oxygen
Green canister
Compressed gas cylinder holds 625 L at 2,000 PSI
* Air
Yellow canister
Compressed gas cylinder holds 625 L at 2,000 PSI
* Nitrous oxide
Blue canister
Compressed gas cylinder holds 1,590 L at 750 PSI
~  When pressure drops from 750 PSI, only 400 L of nitrous oxide remain
* Helium
Brown canister
Helium has a lower density than nitrogen and oxygen, so it can decrease the
density of a gas mixture by as much as a 3x
-~ In laminar flow, gas flow 1s dependent on viscosity



~ Inturbulent flow, gas flow 1s dependent on density
~ Reynolds number =2 X radius x velocity x density/viscosity
. Reynolds <2,000 = laminar flow
. Reynolds >4,000 = turbulent flow
» Reynolds between 2,000 and 4,000 = both flows
Helium-oxygen combination (heliox) can be used to decrease the work of
breathing and improve gas flow through a stenotic lesion
« Carbon dioxide
Gray canister
* Nitrogen
Black canister

ANESTHESIA MACHINE SAFETY DEVICES

= Fail-safe device
 Shuts off nitrous oxide if there is a loss of oxygen supply pressure
* Does not allow oxygen concentration to fall below 19%
Fail-safe device checks only pressure and not flow
A hypoxic mixture can still be delivered if low flows are used
= Positive pressure and negative pressure relief valves
 Exist in the scavenging system to prevent positive or negative pressure from being
transmitted to the breathing circuit
» The positive pressure valve opens if positive pressure accumulates in the
scavenging system
* The negative pressure valve opens and entrains room air if a vacuum develops in
the scavenging system
= Common gas outlet check valve
* Prevents expired gas from transmitting back to the vaporizers or flowmeters
= Interlock device
* Prevents two vaporizers from working simultaneously
* Two volatiles being administered together is referred to as an azeotrope

ANESTHETIC GAS POLLUTION

= Anesthetic pollution
* Volatiles are allowed at 0.5 parts per million
* Nitrous is allowed at 25 parts per million



Dental facilities permit up to 50 parts per million
= Anesthesia machine sterilization
* Methods for anesthesia machines to kill bacteria
Shifts in humidity
Shifts in temperature
High oxygen concentration
Metallic 1ons in machine
* Bacterial filter on breathing circuit is not effective at preventing cross-infection
= Environmental risk
 Historical reports suggested that anesthesiologists and those working in the
operating room had increased risks of liver disease, memory deficits, and
miscarriages
Reports were done before effective scavenging systems
Studies were poor qualities (retrospective surveys)
* Recent investigations into historical reports suggest that the fears are exaggerated

and largely unfounded

ULTRASOUND

= Ultrasound imaging utilizes a sound wave at a frequency greater than the upper limit
of human hearing
 Ultrasound frequencies are >20 kHz
 Ultrasound imaging is done at 2.5 to 10 MHz
= Frequency and image quality (Fig. 1.5)
* Relationships
Wavelength and frequency are inversely related
~ Increased frequency — lower wavelength
Resolution 1s 2% wavelength
~ Lower resolution — improved image quality
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Penetration 1s 200% to 400x wavelength
~ Increased frequency — lower penetration, improved resolution
= Image acquisition
* A sound wave is emitted from a piezoelectric transducer and received after
bouncing off an object
Time and strength of sound wave return determines image formation
*  Water based—gel improves coupling between transducer and patient
Air—tissue interface loses 99% of ultrasound beam
Gel has similar acoustic impedance between transducer and the patient
» Speed of propagation
Fastest in bone, slowest in air (denser = faster)
Very rapid
» 1,540 m/sec in soft tissue
= Application
+ Ultrasound is used for vascular access, regional anesthesia, echocardiography,
and focused assessment with sonography for trauma (FAST) exams
* Probe selection
Linear
» Used in line placement and regional anesthesia
Phased array (cardiac)
» Used for transthoracic echocardiography
Curvilinear (abdominal)



-~ Used for abdominal and obstetric exams
Transesophageal (matrix array)
-~ Used for transesophageal echocardiography
* Doppler
Uses the Doppler effect to assess blood flow
- Doppler effect: a wave changes in frequency based on whether the wave is
moving away or toward a focal point
Color interpretation during ultrasonography (BART = Blue Away, Red
Toward)
- Red color = flow toward the probe
-~ Blue color = flow away from the probe
* Transthoracic echocardiogram
Parasternal long-axis views
- Offers views of the left atrium, mitral valve, left ventricle, right ventricular
outflow tract, aortic valve, and descending aorta
Parasternal short-axis views
-~ Offers five cross-sectional levels that include the pulmonary artery, aortic
valve, mitral valve, mid-papillary, and apex
Apical views
-~ Offers a four- or five-chamber view of the heart
Subcostal views
-~ Provides a four-chamber view of the heart as well as clear views of the
pericardium and inferior vena cava
* Transesophageal echocardiogram
Mid-esophageal views
~ The mid-esophagus offers numerous views through the left atrium including
the four-chamber view, two-chamber view (left atrium and left ventricle),
bicaval view, and views of the left ventricular outflow tract and aortic
valve
~ The four-chamber view displays the anterolateral (supplied by the left
anterior descending and circumflex) and inferoseptal (supplied by the left
anterior descending and right coronary artery) walls
~ The two-chamber view displays the anterior (supplied by the left anterior
descending) and inferior (supplied by the right coronary artery) walls
Transgastric views
-~ The transgastric and deep transgastric views transmit through the stomach
to offer important information about left and right ventricular function as
well as valvular function



- Offers views of all three major coronary arteries
High esophageal views
- Offers views of the great vessels, coronary vessels, and aorta
* Transesophageal echocardiogram contraindications
Patient refusal
Esophageal obstruction or tracheoesophageal fistula
History of an esophagectomy
Perforated viscus
Active gastrointestinal bleed
Coagulopathy and varices are relative contraindications

ELECTRICITY

= Pacemakers
* Types
Transcutaneous
~ Two pacing pads and ECG leads are placed on the chest or back
-~ Used for temporary stabilization of hemodynamically unstable
bradycardias before a more permanent modality is established
Transvenous
~ Pacing wires are placed into the right atrium or ventricle through an
introducer in a central vein
Epicardial
-~ Pacing wires are placed during open heart surgery in the epicardium
Permanent
-~ Pacing wires are placed in the right atrium and/or right ventricle and an
electronic pacemaker is implanted under the skin
-~ Electrodes require an implantation time of up to 4 weeks to avoid
dislodgement
* Nomenclature
First letter: chamber paced
Second letter: chamber sensed
Third letter: response to sensing
Fourth letter: programmability
- Example: rate modulation
An increase 1n vibration, motion, or minute ventilation is sensed —
pacing rate increases
Fifth letter: multistate pacing



* Interrogation
Recommended 30 days prior to surgery
Routine follow-up recommended every 3 to 4 months
* Preoperative considerations
Determine pacer type
Determine setup (e.g., DDD, VOO)
Determine what happens when a magnet is applied
Discontinue rate modulation, if applicable
Consider programming to an asynchronous mode
* Intraoperative considerations
Disable artifact filter on monitor
Avoid R on T phenomenon
~ Ron T occurs if a pacemaker paces during the heart’s refractory period
» Risk exists if the native HR exceeds the programmed rate in an asynchronous
mode — the native sinus node and the pacemaker will both fire
If the native rate is faster than the pacemaker, consider administering [3-
blockade to allow the pacemaker to lead
Encourage the use of bipolar, not monopolar, cautery
-~ Bipolar transmits across only the distance between the two leads
- Monopolar transmits to the grounding pad and can go a longer direction
-~ Use short bursts of cautery at low settings
Consider whether magnet should be used
* Postoperative considerations
Re-interrogate pacemaker
Reprogram if needed
= Defibrillators
* Function
Treatment for life-threatening dysrhythmias such as ventricular fibrillation and
tachycardia
~ Depolarizes heart muscle and allows normal sinus rhythm to take over
pacing function
Can be monophasic or biphasic
~  Monophasic delivers current in one direction
-~ Biphasic delivers current in two directions and allows a measure of
impedance
Higher efficacy at terminating ventricular fibrillation
Less postresuscitation myocardial dysfunction
Fewer skin burns



* Types
External
~ Deliver a shock through paddles or pads placed on a patient’s chest
~ Paddle placement
. One below the right clavicle in the midclavicular line
. One over the left lower ribs in the mid/anterior axillary line
~ Energy
. Biphasic 200 J or monophasic 360 J should be used
~ Automated external defibrillators (AEDs) utilize a computer to read the
patient’s heart rhythm to determine if a shock is warranted
. Delay for AED to read the heart rhythm can delay chest compressions
and defibrillation
. If trained health-care providers are available, the monitor should be
read by the providers to expedite decision making
Internal
~ Aninternal cardiac defibrillator monitors a patient’s heart rhythm and
shocks during life-threatening dysrhythmias
. Can remodel the left ventricle over time and increase cardiac output
Lead placement
. One at right atrium, one at right ventricle, and one at the coronary sinus
» Indications
., Ejection fraction <35% or New York Heart Association class II or III
~ Nomenclature
. First letter: chamber shocked
. Second letter: chamber stimulated for overdrive packing
» Third letter: chamber where rhythm is sensed
Magnet inhibits the cardioverter-defibrillator, but does not reprogram the
pacer to an asynchronous mode
* Cardioversion
Used to convert an arrhythmia with a pulse into a sinus rhythm
Example: atrial fibrillation or ventricular tachycardia with a pulse

¥

¥

OPERATING ROOM ELECTRICITY AND FIRES

= Operating room electricity
* A transformer connects the grounded hospital to ungrounded electricity in the
operating room
* Operating rooms use an isolation transformer to convert grounded power to an



ungrounded or isolated power system to avoid macroshocks
= Line-isolation monitor
* Measures total amount of current leakage in an isolated power system by
monitoring the integrity of the isolated power system
Intact equipment ground wires key to function
Detects 2 to 5 mA
» Prevents macroshocks, not microshocks
-~ Understanding shocks
1 mA = perceived
10 to 2 mA = muscle contractions
100 mA to 4 A = ventricular fibrillation
Does not suggest current is actively leaking, but suggests the potential for
leaking
 Ifline isolation monitor alarm goes off — unplug unneeded equipment or the last
piece of equipment plugged in
= Electrocautery
* A metal probe is heated by an electric current
Used to stop bleeding or cut through tissue
* Monopolar vs. bipolar
Monopolar: a small electrode contacts the tissue — current exits through
grounding pad
Bipolar: circuit established between two tips of forceps — does not require a
grounding pad
* Grounding pads should have large surface area and be placed away from the heart
= Lasers
* Frequently used in otolaryngology, urological, and gynecological surgery
* Greatest safety concern with laser usage is corneal and retinal damage
Milliseconds of exposure can cause permanent damage
* Types of lasers
KTP-Nd: YAG (potassium, titanyl, phosphate-neodymium: ytrium, aluminum,
garnet)
-~ Light passes through cornea without causing damage — absorbed by
pigment tissue — burns retina
Ruby lasers
-~ Higher frequency light penetrates corneas — risk to retina
CO, lasers

-~ Highest wavelength in the infrared range
- Energy absorbed at water and tissue — increases corneal damage risk



-~ Any clear glass or plastic is opaque to CO, energy, making this protective

Contact lenses fail due to high moisture
Patients can have water/saline soaked gauzes or metal shields at eyes
= Operating room and airway fires
« National Fire Protection Association (NFPA) governs and regulates operating
room fire safety
* Triad for fire
Ignition
Fuel
Oxidizer
 Skin antiseptic solutions contain flammable isopropyl alcohol
Must be allowed to dry prior to surgical draping
* Airway fires
Airway fires typically begin on the outside of tube, but it can have a
devastating blowtorch effect if it reaches the inside of the tube
Immediate interventions in the event of an airway fire
~ Remove the endotracheal tube
- Stop flow of all gases, especially oxygen
- Remove burning material from the patient
-~ Pour saline on airway
~  Mask ventilate with minimal inspired oxygen
- Examine endotracheal tube for fragments
-~ Perform a bronchoscopy to assess for debris, fragments, and degree of
injury

RADIATION

= Radiation exposure
« Radiation use is increasing in the medical field and in anesthetic locations
Locations and methods include interventional radiology, vascular operating
rooms, cardiac catheterization suits, computerized tomography, and x-rays
« Radiation exposure is permanent and cumulative
Radiation impart energy that can dislodge electrons and result in free radicals
— adverse biological effects
= Radiation doses and safety
*  Maximum recommended annual accumulation is 50 mSv
* Non-blood-forming agents, gonads, and lens should have maximum annual
accumulation of 150 mSv



Cover eyes to prevent cataract formation

* Total recommended dose of pregnancy should be <5 mSv

= Examples of radiation from typical medical equipment

« Single x-ray
Chest x-ray: 0.1 mSv
Hip x-ray: 5 to 6 mSv
Fluoroscopy: 12 to 40 mSv/min

* CT=5t0 10 mSV

* Interventional radiology or catheterization lab =20 to 80 mSv

= Strategies to avoid radiation exposure

* Minimize time near radiation source

* Maintain distance from radiation source
Relationship of radiation and distance is the inverse of distance squared

» Doubling distance — one-quarter of radiation

1 m distance = 0.1% of patient’s dose
5 m distance = background radiation levels

 Shielding
Lead aprons that contain 0.5-mm thick lead reduce 75% of radiation dose
Use barriers, such as a leaded glass, when possible

* Be perpendicular to beam

MAGNETIC RESONANCE IMAGING (MRI)

= MRI mechanism
* A magnetic field aligns nuclei in a patient
» Radiofrequency pulses are emitted by the MRI machine and absorbed by the
patient’s cells
Different tissues emit a different response to radiofrequency
The various signals are compiled to form an image
= Equipment selection
* All equipment used in an MRI suite must not interfere with the magnetic field
* All equipment must function properly in the setting of a strong magnet
= Positioning
 Careful attention must be made to avoid any metal objects being on, in, or near the
patient
* Prevent burns by avoiding loops in leads and cables
= Monitoring
* ST-segment and T wave interpretation may not be possible during MRI



acquisition

If a patient is at high risk of a cardiac event, a 12-lead ECG before and after
the MRI may be advisable

¢ Temperature
Body temperature can increase from heat created by the radiofrequency pulses
Body temperature can decrease due to the cold temperature in the scanner

= Quench

* Termination of magnet operation
Can be done intentionally for a life-threatening emergency

* Magnet turns resistive and all stored energy is released
Coolant evaporates — oxygen supply in the room can drop rapidly if venting
does not occur

* Procedures
Remove patient from scanner immediately
Oxygen should be administered to the patient
Oxygen should be available for all personnel in the room

MEDICAL INFORMATICS

= Computer hardware and software
* Central processing unit
Receives input from various sources, integrates information, and responds with
output
Conduit for information transmission
e Operating system
Coordinates activity between hardware and software programs
Sets up the framework for software to operate (e.g., Apple, Windows)
Responsible for management of storage, memory, and user interfacing
= Anesthesia information management system (AIMS)
* Electronic version of the anesthesia record
Captures information from monitors and laboratory services
Integrates record into hospital system for documentation and billing
Largely replaced paper charting
- Up to 40% of operating room time can be spent charting
* Benefits
Increased accuracy of data from monitoring
Increased legibility
Allowing the anesthesiologist to focus more on patient care than documentation



-~ Patients that require the most charting are usually also the most unstable
Ability to program reminders such as antibiotic dosing and missing
documentation
Data can be collected for research and quality improvement



QUESTIONS . |
1.

Which of the following statements regarding the sensitivity setting of a temporary

pacemaker is most correct?

A. Increasing the sensitivity setting will reduce the occurrence of “R on T”
phenomenon

B. Increasing the sensitivity setting will result in an asynchronous pacing

C. Decreasing the sensitivity setting will make the pacemaker more sensitive is
to intracardiac signals

D. Once the sensitivity threshold is determined, the sensitivity setting should be
set 1-2 times higher

During an MRI scan for a patient, an unintentional shutdown of the magnet
(quench) occurs. Which of the following statements regarding emergency
management is most correct?

Emergency personnel can safely enter the scanner

Oxygen can safely be administered in the scanner

The patient should be cared for in Zone IV if possible

Ferromagnetic materials can safely enter the scanner

SOw>

The annual whole-body effective dose limit for an occupational worker 1s 50
mSv. The average effective dose of radiation from a CT scan is:
A. 0.05-0.25 mSv

B. 0.5-1 mSv
C. 220 mSv
D. 5-70 mSv

Which of the following factors reduces the production of CO during the
degradation of volatile anesthetics and CO, absorbers?

A. Use of Baralyme instead of soda lime

B. Increasing FGF

C. Use of sevoflurane instead of desflurane

D. Flushing the breathing circuit with fresh gas before use

Which of the following circuits is most efficient for spontaneous respiration?






g cHarER Monitors and Labs

ASA STANDARD MONITORS

= Circulation

* Continuous ECG monitoring

* Blood pressure (BP) at least every 5 minutes
= Oxygenation

 Inspired oxygen analyzer with a low-oxygen-concentration alarm

* Blood oxygenation via pulse oximetry with pitch tone and a low-saturation alarm
= Ventilation

* Capnography with alarm to indicate low end-tidal CO, for inadequate ventilation

or circuit disconnect
= lemperature

ECG MONITORING (FIG. 2.1)

= Unipolar vs. bipolar
 Unipolar leads measure the electrical activity at one location
 Bipolar leads measure difference in electrical activity between two locations
. Example: I, 11, IIT
= Types of ECG monitoring
* 3-lead
. Right atrium (RA), left atrium (LA), and left leg (LL) leads
» Allows calculation of leads 1, II, and III
. Adequate for assessing sinus rhythm and detection of dangerous arrhythmias
. Inadequate for ST-segment monitoring due to lack of precordial leads and
ability to detect a right bundle branch block, left bundle branch block, or more
complex arrhythmias
* 5-lead
. LA, RA, LL, RL (right leg), and V5



Allows calculation of I, II, III, aVR, aVL, and aVF
Superior monitoring for patients with suspected ischemia
e 12-lead
Most comprehensive electrocardiogram
Used for preoperative risk assessment and to further assess intraoperative
arrhythmias

BLOOD PRESSURE MONITORING

= Noninvasive
* BP cuff should have a width equal to 40% of the arm circumference
If width is too narrow or cuff is too loose — more pressure is needed to
occlude artery — falsely elevated BP
If width 1s too wide — less pressure is needed to occlude artery — falsely
low BP
* Devices
Auscultation
~ Use a stethoscope over the brachial artery
~ Inflate the cuff to 180 mm Hg, and slowly release the cuff



Angle of Louis

FIGURE 2.1 ECG Lead Placement. Placement of precordial and limb ECG leads
for cardiac monitoring. (Reproduced from Badescu GC, Sherman B, Zaidan JR, et
al. Atlas of electrocardiography. In: Barash PG, Cullen BF, Stoelting RK, eds.
Clinical Anesthesia. 7th ed. Philadelphia, PA: Wolters Kluwer Health; 2013:1701.)

» The first sound (Korotkoff) is heard at the systolic pressure
» The sound disappears at the diastolic pressure
Oscillometry



~ An electronic pressure sensor monitors cuff pressure oscillations
~ Inflate the cuff to 180 mm Hg, and slowly release the cuff
~ Blood flow returns and causes oscillations from expansion and contraction
of the artery
., An algorithm determines systolic, mean, and diastolic pressure
Doppler
~ Place a Doppler probe on an artery distal to the BP cuff
~ Inflate the cuff until the pulse is no longer audible, and slowly deflate the
cuff
~ The first Doppler sound is the systolic BP
~ The point where the Doppler sound disappears is the diastolic BP
* Complications
Frequent cuff inflations can cause distal edema, nerve paresthesias
(particularly ulnar), compartment syndrome, drip failure, or friction blisters
= Invasive
* Arterial line
Commonly inserted into the radial artery, but can also be inserted into the
brachial, ulnar, femoral, or dorsalis pedis artery

150 150 150

VAVA

50 50 50

Normal Overdamped Underdamped

FIGURE 2.2 Arterial Line Dampening. Depiction of arterial line over- and
underdampening. Systolic and diastolic pressures vary, but the mean arterial
pressure 1s unchanged.

Connected to a pressure transducer that transmits BPs in real time
* Level of transducer should align with the phlebostatic axis
Phlebostatic axis is at the 4th intercostal space along the midaxillary line
» Not the level of the arterial catheter



If the transducer 1s not leveled properly, BP readings can be falsely high or
low
~  Conversion: 10 cm H,O =7.5 mm Hg

- Example: a transducer that is 10 cm below the patient will have a BP
reading that 1s falsely elevated by 7.5 mm Hg
Transducer should be zeroed to eliminate the effects of atmospheric pressure
* Dampening (Fig. 2.2)
Can be tested using the square test
~ Evaluation of the waveform immediately following a flush of the catheter
from the transducer
Underdamped
-~ Exaggerated oscillations
Overestimates systolic pressure, underestimates diastolic pressure
Widened pulse pressures
-~ Causes
Catheter whip, noncompliant tubing
Overdamped
-~ Diminished oscillations
Underestimates systolic pressure, overestimates diastolic pressure
»  Narrow pulse pressures
-~ Causes
. Narrow tubing, increased tubing length, kinks, air bubbles, loose tubing
connections
Mean BP is often accurate in both over- and underdamping

OXYGEN ANALYZER

= Inspired oxygen
* Oxygen analyzers on anesthesia machines indicate inspired oxygen concentration
(F10,)
Types
-~ Clark electrode uses oxygen to generate a current
~ Paramagnetic analyzers use the magnetic properties of oxygen to
distinguish oxygen from other gases
* FI0, from supplemental oxygen sources

Room air: 21% O,
Oxygen by nasal cannula



- 4% increase per liter of oxygen
-~ FI10, concentration is no longer reliable beyond 6 L O,

Example: 6 L oxygen by nasal cannula
4% x 6 L=24%
24% + 21% = 45% F10,

Oxygen by non-rebreather
-~ Can deliver 100% oxygen
-~ F10, may not be 100%, depending on flow rate, minute ventilation, and

respiratory pattern
Example: minute ventilation > flow rate

= Pulse oximetry
* Properties of oxygen
Oxyhemoglobin absorbs light poorly at 660 nm, but well at 940 nm
Deoxyhemoglobin absorbs light well at 660 nm, but poorly at 940 nm
* Pulse oximetry measures the amount of light transmitted through a pulsatile
vascular bed
Measures the difference between background absorption during diastole and
peak absorption with systole
Divides alternating current at 660 and 940 nm, direct current at 660 and 940

nm

(AC660/DC660)/(AC940/DC940)
* Causes of inaccurate readings
Fixed reading

2

2

Methemoglobin: 85% regardless of saturation
Prilocaine can cause methemoglobin

Falsely low readings

2

2

Blue nail polish absorbs at 660 nm

Hypothermia
Due to peripheral vasoconstriction

Severe anemia (Hb <5 g/dL)

Sulfhemoglobin
Caused by medications such as dapsone, metoclopramide, phenacetin,
and sulfonamides

Dyes
Indigo carmine, indocyanine green, methylene blue

Significant venous pulsations
Caused by severe tricuspid regurgitation, intra-aortic balloon pump, or
high airway pressures



Falsely high readings
~ Carboxyhemoglobin absorbs at same frequency as oxyhemoglobin
. Requires the use of a co-oximeter to distinguish the difference

~ Fluorescent light

CAPNOGRAPHY

= Monitors the partial pressure of carbon dioxide of exhaled gas
* A beam of infrared light is passed through the gas sample
CO, absorbs infrared light

* A reduced amount of infrared light reaches the sensor for analysis
= Capnography phases (Fig. 2.3)
 0: inspiratory downstroke
* [: inspiratory phase
 II: expiratory upstroke
 [II: alveolar plateau
= Shape and level of the curve can be diagnostic
» Height, frequency, shape, and baseline value can give information about the
ventilator, connections, and underlying pulmonary disease
* Increased ETCO, causes

Increased metabolic rate or cardiac output (malignant hyperthermia)
Tourniquet release

Hypoventilation

Rebreathing

CO, D

TIME

FIGURE 2.3 Capnograph Waveform. Normal capnograph inspiratory and
expiratory phases. Variation from this waveform can suggest specific respiratory
diseases or circuit malfunctions. (Reproduced from Connor CW. Commonly used



monitoring techniques. In: Barash PG, Cullen BF, Stoelting RK, eds. Clinical
Anesthesia. 7th ed. Philadelphia, PA: Wolters Kluwer Health; 2013:704.)

Exhausted CO, absorber (bicarbonate infusion)
* Decreased ETCO, causes

Reduced metabolic rate or cardiac output
Hypotension or hypovolemia
Embolism
Hyperventilation
Bronchospasm
e Zero ETCO,

Circuit disconnect/extubation
Kinked endotracheal tube

 Specific patterns
Prolonged upward slope at alveolar plateau may indicate obstructive lung
disease
Steeple sign may be due to a leak at the sampling tube
Prolonged downstroke may be due to an incompetent inspiratory valve
Failure to return to zero during the inspiratory phase may be due to rebreathing
or an incompetent expiratory valve

= Esophageal detector device
» Bulb used to detect esophageal intubations (inflates when in trachea)
« Poor sensitivity and specificity for intubations

TEMPERATURE

= Temperature should be monitored during general anesthetics to avoid
hypothermia/hyperthermia and monitor for malignant hyperthermia
= Body temperature is not homogenous, and the site of monitoring is important
* Core temperature monitoring sites
Tympanic membrane, pulmonary artery, distal esophagus, and nasopharynx
Sites remain valid during cardiopulmonary bypass
* Near-core sites
Axilla, mouth, bladder, rectum, and skin surface



CENTRAL VENOUS AND PULMONARY ARTERY
CATHETERIZATION

= Central venous catheterization
« Sites
Central venous cannulation can be done at the internal jugular, subclavian, or
femoral vein
» Risk of infection
» Femoral > internal jugular > subclavian
» Left subclavian most likely to cause thoracic duct injury
» Left pleural apex is higher than the right and has a higher risk of causing a
pneumothorax
Ultrasound is commonly used for internal jugular and femoral vein cannulation
» The internal jugular vein is lateral to the common carotid artery
» The femoral vein is medial to the femoral artery
* Central venous pressure (CVP) (Fig. 2.4)
CVP is measured at the junction of the vena cava and right atrium
~ Reflects filling pressure of the right atrium
»~ CVP is used as a surrogate for cardiac volume
Normal value is 1 to 7 mm Hg in a spontaneously breathing patient
Causes of CVP increase
» Mechanical ventilation
~ High positive end-expiratory pressure
~ Valsalva
» Abdominal muscle contraction
~ Venous constriction
» Cardiogenic shock or heart failure
» Tricuspid regurgitation
» Volume overload
* CVP trace
a Peak: atrial contraction
c Peak: ventricular contraction
x Descent: atrial relaxation
v Peak: venous filling of atrium
y Descent: tricuspid valve opening
= Pulmonary artery (PA) catheterization (Fig. 2.5)
* Placement
Placed through an introducer at any central venous cannulation site



~ Right internal jugular provides the most linear path to the heart
“Floated” through the right side of the heart with the distal balloon inflated

~ Passage is monitored by the tracings from the distal port

» Inthe vena cava and right atrium: CVP trace

~ Inthe right ventricle: rapid systolic upstroke and beats

SYSTOLE DIASTOLE

CVP

FIGURE 2.4 Central Venous Pressure Waveform. Central venous pressure
waveform with atrial contraction (a peak), ventricular contraction (¢ peak), venous
atrial filling (v peak), atrial relaxation (x descent), and tricuspid valve opening (y
descent). (Reproduced from Connor CW. Commonly used monitoring techniques. In:
Barash PG, Cullen BF, Stoelting RK, eds. Clinical Anesthesia. 7th ed. Philadelphia,
PA: Wolters Kluwer Health; 2013:711.)
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FIGURE 2.5 Pulmonary Artery Line Placement Waveform. Progression of
waveforms as the pulmonary artery catheter is inserted into the right atrium, right
ventricle, pulmonary artery, and pulmonary artery wedge. (Reproduced from Connor
CW. Commonly used monitoring techniques. In: Barash PG, Cullen BF, Stoelting
RK, eds. Clinical Anesthesia. 7th ed. Philadelphia, PA: Wolters Kluwer Health;
2013:711.)

» In the pulmonary artery: similar systolic pressure, but increased diastolic
pressure

» In the pulmonary artery wedge: decreased systolic pressure and a, c, v
trace, reflecting the left heart

. PA placement distances

~ Distance from entry at the right internal jugular vein
» Right atriumis at 20 cm
+ Right ventricle is at 30 to 35 cm
+ PAisat40to 45 cm
+» Wedge is at45to 55 cm

~ Distance from entry at the left internal jugular vein
+ Add 10 cmto all right internal jugular distances

~ Distance from entry at the femoral vein
+ Add 15 cmto all right internal jugular distances



~ Distance from entry at an antecubital vein
., Add 30 cm from all right internal jugular distances
Complications

~ Bundle branch block
., If a patient has a preexisting left bundle branch block, a PA catheter

could cause a right bundle branch block, leading to complete heart
block
~ Pulmonary artery rupture
. Risk increased with age, hypothermia, pulmonary hypertension,
anticoagulation, and catheter migration
. Presents with hemoptysis
. Requires endobronchial intubation and emergent surgical management

¢ Measurements
Pulmonary artery pressure: monitored at the distal port with the balloon

down
Pulmonary artery occlusion pressure (wedge pressure): monitored at the
distal port with the balloon inflated

~ The wedge pressure provides an indirect measurement of left atrial

pressure
~ Left atrial pressure is a surrogate for left ventricular end-diastolic

pressure
Mixed venous saturation can be collected from the distal PA port

The normal Svo, is 65% to 75%, which denotes tissue oxygen extraction to
be 25% to 35%

CARDIAC OUTPUT ASSESSMENT AND
CALCULATION

= Cardiac output is the volume of blood pumped by the heart per minute
= Methods for measurement
* Fick principle

Calculated by knowing oxygen consumption and oxygen content
» Values can be found or extrapolated from an anesthesia machine
Assumes that rate of oxygen consumption relates to rate of blood flow and
oxygen uptake
Oxygen consumption = (cardiac output x oxygen content of arterial blood) —
(cardiac output X oxygen content of venous blood)



* Dye dilution
Calculated by sampling blood distal to a site of injection
Cardiac output = dye injected/concentration in arterial blood at a downstream
sampling site
* Thermodilution
Calculated by measuring temperature change from a pulmonary artery catheter
Cold or room temperature fluid is injected into the proximal port, and the
temperature of blood is assessed at a distal site
~ Change in temperature reflects cardiac output
~ High cardiac output — rapid temperature change
~ Low cardiac output — slow temperature change
Risk of inaccurate calculations are increased in patients with tricuspid
regurgitation, intracardiac shunts, and atrial fibrillation
* Doppler ultrasound
Uses flow seen on echocardiography to calculate a cardiac output
~ Both transthoracic and transesophageal echocardiography can be used
Cardiac output = heart rate % (velocity time integral over the left ventricular
outflow tract x valve cross-sectional area)
* Pulse wave analysis
Uses an algorithm to calculate cardiac output using the arterial BP tracing
* Impedance
Uses an algorithm that measures current transmitted through the chest to
calculate cardiac output
~ Current uses the path of least resistance to transverse the body
~ The aorta offers the least resistance
Uses the velocity and volume changes in the aorta per heartbeat to calculate a
cardiac output

ANESTHETIC DEPTH MONITORING

= Expired gas analysis
* Mass spectrometry
Concentrations of gas are determined by the volatile’s mass to charge ratio
Procedure
~ A gas sample is passed through an ionizer — particles become positively
charged — particles separated by mass
~ A detector converts the number of ions at each mass into a concentration
Largely phased out of clinical use due to inconvenience



* Infrared absorption
Concentrations of gas are determined based on intensity of transmission after
being passed through an infrared light
* Raman Scatter analysis
Concentrations of gas are determined by energy scatter patterns
-~ Light strikes gas molecules — energy scatters
- Gases produce unique patterns
= Bispectral index
« Uses electroencephalography (EEQG) to evaluate the depth of anesthesia and
sedation
EEG is monitored at multiple locations along the scalp
EEG is converted into a number using an algorithm that indicates anesthetic
depth
- Value of 0 to 100
- Lower values — increased anesthetic depth
* Spectral edge is the EEG frequency below which 95% of the power exists

NERVOUS SYSTEM MONITORING

= Evoked potentials
* Used to monitor the integrity of the nervous system during surgery
May be sensitive to anesthetic drugs, perfusion pressure, and surgical insult
* Order of sensitivity to volatiles (most sensitive to least sensitive)
Visual evoked potentials, motor evoked potentials, somatosensory evoked
potentials, brain stem auditory potentials
* Somatosensory evoked potentials (SSEP)
Transmission pathway for sensory inputs
-~ Peripheral nerve — dorsal column — brain stem — medial lemniscus —
internal capsule — contralateral somatosensory cortex
Monitoring
-~ Peripheral nerve is stimulated — amplitude and latency are measured
» Amplitude: peak response
Latency: time from stimulus to peak response
- Decrease in amplitude of >50% or latency increase of 10% is significant
Represents hypoperfusion, ischemia, temperature, drugs
-~ Incidence of sensory deficit without SSEP changes was 0.6% in scoliosis
surgery
Effects of drugs



- Midazolam: decreases amplitude
- Etomidate: increases latency and amplitude
- Opioids: small increases in latency, decreases in amplitude
- Ketamine: increases amplitude
-~ Volatiles, barbiturates: decreases amplitude, increases latency
Up to 0.5 to 0.75 MAC can be used for SSEPs
If SSEP is difficult to obtain, consider switching to IV anesthetic
- Neuromuscular blockers: no effects
May reduce muscle movement artifact and improve SSEP quality
* Motor evoked potentials (MEP)
Transmission pathway for motor response
-~ Electrical or magnetic stimulation of the motor cortex — evoked potential
sent down descending motor pathways — recorded at muscle, nerve, or
spinal cord
Monitoring
- Motor cortex 1s stimulated — amplitude and latency measured at
peripheral muscle
-~ Increased mean arterial pressure may improve perfusion
Effects of drugs
- Volatiles, IV anesthetics decrease amplitude, increase latency
Total IV anesthetic (TIVA) advocated for all MEP testing due to
increased sensitivity of MEPs to volatiles
0.25 MAC or less of volatile likely will not influence readings
-~ Do not use neuromuscular blockers
= Electroencephalography
* EEG can be used to monitor depth of anesthesia and cerebral hypoperfusion
 EEG wave patterns
Delta waves
- Slow waves with frequency of up to 4 Hz
- Seen in adult sleep
Theta waves
- Waves with frequency from 4 to 7 Hz
- Seen in drowsy state
Alpha waves
- Waves with frequency from 7 to 14 Hz
- Seen in relaxed state
Beta waves
- Waves with frequency from 15 to 30 Hz



-~ Associated with activity and concentration
Gamma waves
- Waves with frequency from 30 to 100 Hz
- Associated with higher-level cognitive or motor activity
* Changes with anesthesia
Subanesthetic doses
-~ Increased frontal B activity
~ Diminished a activity in occipital leads
General anesthesia effects
~ Frontal B activity converts to a activity
~ Loss of activity in occipital leads
-~ Increased anesthetic depth slows EEG and may induce burst suppression
» Specific patterns
Convulsions: spikes may represent seizure activity
Burst suppression: alternating high-voltage activity with intervals of electrical
silence
- Volatiles, barbiturates, etomidate, and propofol are capable of causing
burst suppression
= Cerebral oxygenation and blood flow
* Jugular venous bulb oxygen saturation
A fiber-optic catheter is placed retrograde through the internal jugular vein
into the jugular bulb under fluoroscopic guidance
-~ Fiber-optic catheter emits near infrared light and records light reflected
back to the catheter
- Measures the degree of oxygen extraction
Reflects balance between oxygen supply and demand
¢ Cerebral oximetry
Noninvasive technique using two sensors applied to the forehead to determine
local venous oxygen saturation
Can be used to assess both arterial and venous oxygen saturation
Low levels reflective of hypoxia or increased oxygen consumption
-~ Can be a marker of cerebral ischemia
e Transcranial Doppler
Ultrasound technique that measures blood flow velocity at cerebral arteries
~  Commonly utilizes the temporal window to image the middle cerebral
artery
Used to diagnose vasospasm, emboli, and vascular stenosis
= Intracranial pressure (ICP)



* Frequency monitored in traumatic brain injury to prevent secondary injury
ICP can be monitored through a bolt pressure monitor or external ventricular
drain
 Cerebral perfusion pressure = MAP — ICP or CVP (whichever is higher)
= Electromyography (EMG)
* Intraoperative monitoring of EMG responses can be used to detect surgically
induced nerve injury



QUESTIONS N |

1. High-velocity flow in a patient with aortic stenosis is most accurately measured
with which of the following modes of Doppler echo?
A. Pulsed wave
B. Continuous wave
C. Color mode
D. Aliasing

2. Under normal conditions, the mixed venous oxygen partial pressure is:

A. 30 mmHg
B. 40 mm Hg
C. 50 mm Hg
D. 60 mm Hg
3. The pulmonary artery wedge pressure associated with the onset of pulmonary
edema is:
A. 0-5
B. 6-18
C. 1924
D. 25-30

4. The component of the CVP waveform that corresponds to ventricular systole and
atrial relaxation is the:

A. awave
B. v wave
C. xdescent
D. ydescent

5. Compared with the waveform obtained from a radial artery catheter, the
waveform of a catheter placed in the dorsalis pedis artery would be expected to
have:

A. Lower systolic pressure

B. More prominent dicrotic notch
C. Lower diastolic pressure

D. Elevated mean arterial pressure



s Induction Drugs

PHARMACOKINETICS AND
PHARMACODYNAMICS

= Vessel-rich group
* Collection of organs including the heart, lungs, brain, liver, and kidneys that
receive a disproportional amount of blood flow relative to their mass
* Intravenous agents reach and distribute in the vessel-rich group rapidly — rapid
onset of induction agents
= Volume of distribution
*  Amount of volume that dilutes an administered drug
* Volume of distribution is dependent on the drug’s solubility in blood and tissues
= Context-sensitive half-time (CSHT; Fig. 3.1)
* Time required for a 50% decrease in the central compartment drug concentration
after a steady-state infusion
* More reflective of clinical effects than half-life

HYPNOTICS

= Propofol
« Uses
. Most widely used hypnotic agent for induction of anesthesia in the operating
room and sedation in the intensive care unit

¢ Mechanism
. Binds to the B-subunit of GABA 4

. NMDA receptor antagonist
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FIGURE 3.1 Context-Sensitive Half-Time. Context-sensitive half-time reflects the
drug concentration in the central compartment based on the duration of drug infusion.
(Reproduced from Gupta DK, Henthorn TK. Basic principles of clinical
pharmacology. In: Barash PG, Cullen BF, Stoelting RK, et al., eds. Clinical
Anesthesia. 7th ed. Philadelphia, PA: Wolters Kluwer; 2013:178.)

Direct spinal cord depressant
Inhibits acetylcholine (ACh) release at the hippocampus and prefrontal cortex
Increases dopamine concentrations in nucleus accumbens
Decreases serotonin levels in area postrema
* Pharmacodynamics and kinetics
Dosing
» Standard induction dosing is at 2.0 to 2.5 mg/kg, but dosing should be
adjusted based on age, desired effect, cardiovascular risk factors, and
other drugs being administered
» Propofol should be used cautiously or avoided entirely in the following
situations
Severe hypovolemia or hemorrhage
. Hemodynamically unstable patients
., Conditions that may not tolerate hypotension (critical aortic stenosis)
Formulation
» 2, 6-diisopropylphenol in a highly lipid soluble solution



Contains egg lecithin, glycerol, and soybean oil
- Disodium edentate or sulfite added to reduce bacterial growth
Draw up propofol under sterile conditions and discard after 6 to 12
hours (see individual label)
Single bolus injection
-~ Propofol levels peak and then rapidly decrease through redistribution and
elimination
Peak effect from a bolus dose is after ~90 seconds
-~ Initial distribution half-time is 2 to 8 minutes, but elimination following
redistribution can take hours
Prolonged infusion
- Context-sensitive half-time increases substantially with prolonged
infusions due to effects of redistribution
* Metabolism
Metabolized by conjugation at liver, but extrahepatic metabolism also occurs
Eliminated at kidneys
* Organ system effects
Cerebral
~ Decreases intracranial pressure
-~ Decreases intraocular pressure
~ Decreases cerebral perfusion pressure (secondary to hypotension)
-~ Increase seizure threshold
-~ Less vasodilating than other anesthetics
Cardiovascular
-~ Vasodilating — decreases preload and afterload — decreases blood
pressure
Reduces cardiac output, stroke volume, and systemic vascular
resistance
- Mild decrease in cardiac contractility
-~ Heart rate generally unaffected, but there are reports of bradycardia or a
blunted tachycardic response to hypotension
Respiratory
-~ Respiratory depressant
Decreases ventilatory response to carbon dioxide (CO,)

Decreases ventilatory response to hypoxia

Apnea follows induction doses

Decreases tidal volume and respiratory rate
-~ Bronchodilating



Other
- Decreases postoperative nausea and vomiting
* Side effects
Hypotension
Apnea
Pain on injection due to formulation
- Fospropofol is a prodrug of propofol that is water soluble and does not
burn on injection
Hypertriglyceridemia and pancreatitis with prolonged infusion
- Avoid in patients with lipid metabolism disorders
Propofol infusion syndrome
-~ Rare condition associated with prolonged propofol infusions (often >48
hours) in pediatric population
Theorized to be due to the mitochondrial toxicity of propofol
-~ Associated with bradycardia, metabolic acidosis, rhabdomyolysis, and
cardiovascular collapse
= Ketamine
e Uses
Can be used for induction and maintenance of anesthesia
Used for perioperative and intraoperative pain management
-~ Potent analgesic properties
-~ Far better for somatic than visceral pain
* Mechanism
NMDA receptor antagonist at glutamate receptor
Analgesic with dissociative properties
Agonist at opioid receptors
- Decreases opioid tolerance
Inhibits nociceptive central hypersensitization
Inhibitor of norepinephrine, serotonin, and dopamine uptake
* Pharmacodynamics and kinetics
Dosing
-~ Induction dosing is 2 mg/kg
Formulation
~ Ketamine consists of two stereoisomers, S and R
- S isomer 1s more potent with fewer side effects
Single bolus injection
-~ Levels rapidly peak and ketamine is rapidly redistributed due to high lipid
solubility



Onset 1s within 30 to 60 seconds of intravenous administration
Onset is within 5 to 15 minutes of intramuscular injection
- Following induction dose, patients are anesthetized and unresponsive, but
may appear awake
Eyes open, remains breathing
Infusion
- Ketamine can be infused for general anesthesia, as an adjunct to general
anesthesia, or for sedation/pain at subanesthetic doses
* Metabolism
Broken down by the liver through demethylation to form norketamine, which is
then conjugated to water-soluble products
~ Norketamine has one-third of ketamine’s potency
Metabolites are excreted in the urine
* Organ system effects
Cerebral
-~ Creates dissociative anesthesia
Depresses cortex and thalamus
Stimulates limbic system
~ Corneal, cough, and swallow reflexes are all present
Retain pharyngeal and laryngeal reflexes
~ Increases cerebral metabolism, cerebral blood flow, and intracranial
pressure
Cardiovascular
- Ketamine stimulates the sympathetic nervous system, but is a direct
myocardial depressant
-~ Increases cardiac output, heart rate, and blood pressure
Increased myocardial oxygen consumption
-~ Can increase pulmonary artery pressure
-~ In stress states where patients are dependent on sympathetic tone
(hemorrhage, septic shock) and have depleted endogenous
catecholamines, ketamine may decrease blood pressure
Respiratory
- Minimal respiratory effects
Transient decrease in minute ventilation and even apnea may occur
briefly following a bolus dose
Response to hypercarbia remains intact

~ Bronchodilator
Other



-~ Increases skeletal muscle tone
* Side effects
Emergence reactions
-~ Hallucinations, illusions, euphoria, and fear
~ Less common in children
~ Decreases when administered with a benzodiazepine or other hypnotic
Increased intracranial pressure
Increased intraocular pressure (dose dependent)
Increased pulmonary artery pressure
Nystagmus
Increased salivation
-~ Can cause upper airway obstruction and laryngospasm
Lacrimation
= FEtomidate
* Uses
Primarily used to induce general anesthesia in patients with concern for
cardiovascular instability and in whom other hypnotics may not be well
tolerated
Used for induction or maintenance of anesthesia
* Mechanism
Imidazole derivative
Anesthetic mechanism is likely GABA , related, but understanding remains

unclear
* Pharmacodynamics and Kinetics
Dosing
- Bolused at 0.2 to 0.6 mg/kg for induction dosing
Formulation
~ Water insoluble, so formulated in propylene glycol
- Hyperosmolar solution
Bolus
~ Onset and recovery are rapid
- Bolus dose quickly redistributes, but even redistributed drug is
metabolized quickly by the liver and esterases
Infusion
~ Can be used, but rare given concerns for increased mortality due to adrenal
insufficiency
* Metabolism/excretion
Metabolized by ester hydrolysis (plasma esterases) or dealkylation at the liver



Excreted by the kidney and in the bile
* Organ system effects
Cerebral
- Decreases cerebral blood flow without altering mean arterial pressure
~ Decreases intracranial pressure
-~ Increases cerebral oxygen supply due to increased cerebral perfusion
pressure
-~ Activates epileptic seizure foci
Use with caution in patients with focal epilepsy
Cardiovascular
-~ Induction doses result in almost no change in mean arterial pressure, heart
rate, cardiac output, or pulmonary artery pressure
-~ Slight (~15%) reduction in mean arterial pressure
- Minimal effects on the sympathetic nervous system and on baroreceptor
function
Respiratory
~ Decreases respiratory drive, but not as much as propofol or barbiturates
-~ Induction doses cause brief hyperventilation followed by a brief period of
apnea
Other
-~ Adrenal suppression
Dose-dependent inhibition of 11B-hydroxylase, which is required for
cortisol production
Minimal inhibition of 17a-hydroxylase
Effects of adrenal suppression may be minimal in otherwise healthy
individuals, but can be contributors to mortality in septic or ICU
patients
* Side effects
Myoclonic activity in up to 70% of patients
Nausea and vomiting in up to 40% of patients
Superficial thrombophlebitis on injection in 20% of patients
Burns on injection due to propylene glycol
= Barbiturates
* Uses
Used for induction and maintenance of anesthesia
* Mechanism
Acts to activate or prolong GABA 4 effects

May also decrease NMDA activity



* Pharmacodynamics and kinetics
Dosing
-~ Induction dosing for methohexital is 1 to 1.5 mg/kg
-~ Induction dosing for thiopental is 3 to 4 mg/kg
Formulation
~  Combined with sodium salts
- Highly alkaline solutions — may precipitate in acidic solutions (e.g.,
succinylcholine)
Bolus
-~ Induction dosing leads to rapid onset (30 to 45 seconds) and redistribution
for termination of action
Infusion
-~ Infusions can lead to prolonged effects due to lipid solubility and slow rate
of hepatic clearance
* Metabolism/excretion
Hepatic metabolism via oxidation, dealkylation, and desulfuration
Renal elimination
* Organ system effects
Cerebral
- Decreases cerebral metabolic oxygen consumption, cerebral blood flow,
and intracranial pressure
-~ Maintains cerebral perfusion pressure
Cardiovascular
~ Decreased myocardial contractility
- Venodilation — decreased blood pressure and cardiac output
-~ Inhibition of sympathetic nervous system
Respiratory
- Respiratory depression with transient apnea following bolus
administration
-~ Blunts response to carbon dioxide
* Side effects
Induces porphyrin synthesis — worsens porphyrias and precipitates attacks
Hypotension
Respiratory depression
Hiccups and myoclonic activity
= Benzodiazepines
e Uses
Used for anxiolysis, sedation, general anesthesia, and as antiepileptic agent



* Mechanism
Interacts with GABA , receptor to mediate amnesia, anxiolysis, and

anticonvulsant properties
Drugs are often more amnestic than sedative
- Provides anterograde, not retrograde, amnesia
* Pharmacodynamics and Kinetics
Induction dosing
~ Midazolam: 0.05 to 0.15 mg/kg
~ Lorazepam: 0.1 mg/kg
~ Diazepam: 0.3 to 0.5 mg/kg
Properties
» Midazolam is water soluble — converted to lipid soluble compound in
blood — rapidly cross the blood—brain barrier
~ Midazolam levels are reduced from first-pass metabolism due to liver
metabolism
* Metabolism/excretion
Liver oxidation or glucuronidation
Metabolites of benzodiazepines
~ Midazolam forms hydroxymidazolams
-~ Lorazepam forms lorazepam-glucuronide
~ Diazepam forms oxazepam and desmethyldiazepam
Elimination half-life is varied
~ Midazolam: 2 hours
~ Lorazepam: 11 hours
~ Diazepam: 20 hours
Context-sensitive half-time
-~ Similar between midazolam, lorazepam, and diazepam with single-bolus
dosing due to effects of redistribution
* Organ system effects
Cerebral
- Reduce cerebral metabolic rate and cerebral blood flow
-~ Increase seizure threshold
~  Will not induce burst suppression
Cardiovascular
~ Very minor hemodynamic effects
~ Mild decrease in systemic vascular resistance and blood pressure
Respiratory
-~ Mild respiratory depressant



~ Decreased response to CO, is more profound when combined with other

anesthetic agents
* Side effects
Thrombophlebitis
Mild respiratory depressant
Prolonged sedation when used as maintenance anesthetic
* Reversal: flumazenil
Inhibits benzodiazepine activity at the GABA 4-receptor

- Flumazenil is a competitive antagonist that binds benzodiazepine receptor
with high affinity
Dose at 0.2 mg and uptitrate gradually for suspected overdose
~ Onset is 6 to 10 minutes, with half-life of ~30 minutes
- Repeated administration may be needed due to short half-life
- May induce seizures, withdrawal in chronic benzodiazepine users
Does not reliably reverse respiratory depressant effects of benzodiazepines
Side effects include nausea and vomiting
= Dexmedetomidine
e Uses
Adjunct to general anesthesia or sedation in the operating room or intensive
care unit
Provides sedation, hypnosis, and analgesia
~ Decreases MAC by up to 90%
Can also be used for withdrawal of alcohol, opioids, and cocaine
May reduce perioperative cardiovascular risk
* Mechanism
a,-adrenergic agonist that acts at the locus coeruleus,

» 1,600x more selective for a, than a;
~ 8% more selective than clonidine for a,

Activates sleep pathways
Analgesic effects are likely at the spinal cord
* Pharmacodynamics and Kinetics

Often bolused at 0.5 to 1 pg/kg over 10 minutes and then infused at a rate of
0.1 to 1.0 pg/kg/hr

~ Onset is at 5 minutes, peaks at 15 minutes

-~ No bolus necessary if rapid onset 1s not desired

» Can also be started as a continuous infusion without a bolus dose

Highly protein bound (94%)



~ CSHT ranges from 4 minutes after a 10-minute infusion to 3 hours
following an 8-hour infusion
* Metabolism/excretion
Metabolized at liver by conjugation, methylation, or hydroxylation
Excreted in kidneys and GI tract
* Organ system effects
Cerebral
~ Sedative effects through the locus coeruleus
~ Dose-dependent decrease in cerebral blood flow and cerebral metabolic
rate
Cardiovascular
~ A bolus injection causes an initial increase in blood pressure and decrease
in heart rate due to vasoconstrictive effects at peripheral a, receptors

» Prolonged infusion causes bradycardia and hypotension through central o,

receptors
~ Decreases systemic vascular resistance and myocardial contractility
~ Reduces perioperative myocardial ischemia
Respiratory
~ Reduces minute ventilation, but respiratory changes are similar to normal
sleep
» Mild increase in Paco,

 Side effects
Bradycardia
Hypotension
Prolonged sedation

OPIATES/OPIOIDS (TABLE 3.1)

= Opioid receptors and their functions
* W analgesia, muscle rigidity, constipation, respiratory depression, and prolactin
release
* K: constipation and shivering
* o: hallucinations and dysphoria
= Mode of delivery
* Opioids can be delivered intravenously, intramuscularly, in the epidural space, or
in the intrathecal space
* Potency



. Intrathecal > epidural > intravenous > intramuscular
= Non-analgesic effects

* Respiratory depression

. Effects increased with age, reduced clearance, and synergy with other
anesthetics

» Bradycardia
. Direct inhibition of cardiac pacemaker cells

* Hypotension
. Secondary to bradycardia and/or histamine release

TABLE 3.1 Opioid equivalents

Morphine (MS Contin) 10 mg 30
Hydromorphone (Dilaudid) 1.5-2 mg 68
Hydrocodone (Vicodin) NA 30-45
Oxymorphone (Opana IR and ER) 1 mg 10
Oxycodone (Percocet, Oxycontin)  10-15 mg 20
Levorphanol (Levo-Dromoran) 2 mg 4
Fentanyl 100 pg NA
Meperidine (Demerol) 100 mg 300
Codeine 100 mg 200

The conversion ratio for methadone

Methadone ) .
is variable.

IV, intravenous; IM, intramuscular; SQ, subcutaneous; IR, immediate release; ER, extended release.
(Reproduced from Macres SM, Moore PG, Fishman SM. Acute pain management. In: Barash PG, Cullen BF,
Stoelting RK, et al., eds. Clinical Anesthesia. 7th ed. Philadelphia, PA: Wolters Kluwer; 2013:1621.)

* Pruritis

. Histamine release and mast cell activation can be caused by certain opioids
* Muscle rigidity

. Increase muscle tone, vocal cord closure



* Gl effects
Constipation through decreased GI motility
-~ Constipation persists despite tolerance to analgesic activity
Nausea and vomiting through stimulation of the chemoreceptor trigger zone in
area postrema of the medulla
Increased sphincter of Oddi tone
= Properties of specific opiates/opioids
* Fentanyl
Synthetic opioid commonly used for anesthetic induction
-~ Highly lipid soluble, rapid onset, and undergoes widespread redistribution
following dosing
-~ Short-acting, but prolonged effect with higher doses and infusions due to
CSHT
Metabolized in the liver and excreted in urine
Approximately 100x more potent than morphine
Fentanyl patches are frequently used for chronic pain
-~ Patches require significant amounts of time to become therapeutic, onset is
slow
~ Patch removal — serum concentrations require up to 17 hours to be halved
-~ Heating patch could increase fentanyl release
* Hydromorphone
Synthetic opioid commonly used for intraoperative and postoperative pain
relief
Metabolized by glucuronidation at the liver
~ Hydromorphone-3-glucuronide can cause cognitive dysfunction and
myoclonus
Hydromorphone-to-morphine conversion is ~1 to 8
-~ Less histamine release than morphine
* Morphine
Commonly used opioid for intraoperative and postoperative pain relief
Metabolized by glucuronidation at the liver
~ Morphine-3-glucuronide with analgesic activity
~  Morphine-6-glucuronide has analgesic activity and requires renal
elimination
May cause respiratory depression in renal failure
- Histamine release can cause hypotension via decreased sympathetic tone
PO to IV conversionis 3 to 1
 Sufentanil



Synthetic opioid commonly used for intraoperative pain relief
5% to 10x the potency of fentanyl
Compared to fentanyl, CSHT is shorter and does not accumulate as rapidly
with time
Alfentanil
Synthetic opioid commonly used for intraoperative pain control
One-fifth to one-tenth the potency of fentanyl
Rapid onset at 1 to 1.5 minutes
Compared to fentanyl, shorter duration of action and CSHT
Can also be used to induce seizure activity for mapping in neurosurgery
Meperidine
Synthetic opioid used for postoperative pain or to decrease postoperative
shivering
Unique features include the ability to cause tachycardia due to atropine-like
structure and its depression of myocardial contractility
Metabolite normeperidine can cause seizures and hallucinations — not
reversed with naloxone
Remifentanil
Synthetic ultra-short-acting opioid used intraoperatively in cases where high-
dose opioids are beneficial, but other opioids may be too long-acting
Ester structure that makes it susceptible to ester hydrolysis
- Metabolized by nonspecific plasma cholinesterases
Does not accumulate with prolonged infusion
Tramadol
Mechanism
-~ Centrally acting analgesic that is a weak p-agonist
One-tenth the potency of morphine
-~ Inhibits serotonin and norepinephrine uptake, enhances serotonin release
Ondansetron may interfere with part of tramadol’s analgesic action
Side effects
- Decreases seizure threshold
-~ High rate of nausea and vomiting
* Codeine
300x less affinity for p-opioid receptor
2% to 3% metabolized to morphine through demethylation via P450 2D6
- Must be metabolized for pain control
- Some individuals are rapid metabolizers and some are slow metabolizers
— unpredictable effects



Rapid metabolism — potent effects
Slow/nonmetabolizers — minimal effects
-~ Possesses cough suppressant properties
* Buprenorphine
Partial agonist—antagonist opioid with strong affinity for p-receptors
~ 50x% greater affinity than morphine with prolonged effects
- Due to partial agonist effects, unlikely to cause severe respiratory
depression with overdose
Used to treat opioid addiction
Anesthetic implications
-~ Should be discontinued at least 3 days prior to surgery
-~ Ifnot discontinued, opioids administered during the perioperative period
will compete with buprenorphine and have fewer therapeutic effects
~ Buprenorphine is resistant to reversal with naloxone
* Methadone
Mechanism
-~ U-receptor agonist
~ NMDA receptor antagonist
- Norepinephrine and serotonin reuptake inhibitor
Risks
- QT prolongation
-~ Profound pharmacologic variability based on the individual
Elimination
~ Cytochrome P4503A4 and 2D6
-~ Half-life varies between 5 and 130 hours based on person
- Methadone may induce its own metabolism (half-life decreases with
steady state)
= Opioid reversal
* Naloxone
Competitive antagonist at opioid receptors
- Used primarily to reverse respiratory depression
Initial doses should be ~40 pg and uptitrated slowly if not an emergent
situation
- Onsetis 1 to 2 minutes and half-life 1s ~30 minutes
- Opioid may outlast naloxone and require repeat dosing
- May cause tachycardia, hypertension, and even pulmonary edema if opioid
reversal is too rapid
Naloxone can be used to reverse the euphoric effects of alcohol



* Naltrexone
Oral or intramuscular opioid receptor antagonist that has a longer half-life (8
to 12 hours) than naloxone
IM naltrexone dosed monthly
~ Half-life is 5 to 10 days
~ Recommend discontinuing 6 to 8 weeks prior to surgery
Uses
~ Block euphoria for heroin addicts
~ Block euphoria from alcohol

MUSCLE RELAXANTS

= Neuromuscular junction (Fig. 3.2)

 Structure
Nicotinic acetylcholine (ACh) receptor composed of two a-subunits, and one
B-, 0-, and e-subunit
Two a-subunits have ACh binding sites

* Mechanism of action
Binding of two ACh molecules to the paired a-subunits — sodium and calcium
flow into the cell and potassium flows out of the cell — induces a
conformational change in the channel — channel opens and depolarizes —
muscle is activated — muscle relaxes when ACh is hydrolyzed by
acetylcholinesterase at the neuromuscular junction

Extracellular fluid
€ —y—Hydrophilic polar head

Phospholipid

bilayer Hydrophobic tail

Intracellular fluid

FIGURE 3.2 Neuromuscular Junction.

¢ Interference of muscle relaxants
Depolarizing muscle relaxants



- Produces prolonged depolarization of the receptor
- Action potential fails to generate
Nondepolarizing muscle relaxants
- Competitively binds to the ACh receptor and inhibits channel opening
= Depolarizing muscle relaxant
* Succinylcholine is the only depolarizing muscle relaxant used clinically
* Pharmacokinetics and pharmacodynamics
Qualities
- Rapid onset
-~ Short duration of action
~ Excellent muscle relaxant conditions
~ Drug of choice for rapid sequence intubation (unless contraindications
exist)
Dosing
-~ Succinylcholine at 1 mg/kg results in good intubating conditions in ~60
seconds
- An infusion can be used for a brief period of paralysis
Prolonged infusions can result in a phase II block of unpredictable
duration
Normally requires a total dose >4 mg/kg
Repeated stimulus of ACh receptor — desensitization at nerve
terminal — nerve is less responsive to ACh
Phase II blocks take on the properties of a nondepolarizing muscle
relaxant
* Metabolism
Rapidly hydrolyzed by butylcholinesterase to succinylmonocholine and choline
Butylcholinesterase exists in the circulation and not at the neuromuscular
junction
-~ Succinylcholine must diffuse from the neuromuscular junction back to the
circulation to be metabolized
Deficiencies in succinylcholine metabolism
-~ Pseudocholinesterase (butylcholinesterase) deficiency
Butylcholineterase is made by liver, so levels can be low in liver
disease, malnutrition, and patients on drugs that affect liver
metabolism
Must have greater than 75% reduction in butylcholinesterase function
to have significant prolongation of neuromuscular blockade
Rarely of clinical significance



- Pseudocholinesterase variation
A genetically abnormal butylcholinesterase that cannot metabolize
succinylcholine exists in a small population
Testing for variation is done with the dibucaine number test
Unlike normal butylcholinesterase, the genetic variant is only
minimally inhibited by dibucaine
Patient’s butylcholinesterase is combined with dibucaine
If dibucaine inhibits plasma cholinesterase by 80% — dibucaine
number 80 (normal)
If dibucaine inhibits plasma cholinesterase by 20% — dibucaine
number 20 (due to atypical plasma cholinesterase)
Dibucaine number represents quality, not quantity, of cholinesterase
Duration of succinylcholine bolus in butylcholinesterase variant
patients
In normal patient, up to 10 minutes
In butylcholinesterase heterozygote, paralysis of up to 30 minutes
In butylcholinesterase homozygote deficiency, paralysis of up to 3
hours
Increased butylcholinesterase
- Obesity increases concentration of butylcholinesterase
Succinylcholine should be dosed by total weight, not ideal weight
~ (5 1soenzyme variant
Increased plasma cholinesterase activity — rapid breakdown of
succinylcholine — shorter duration of action
-~ Glaucoma patients on ecothiophate
Ecothiophate is an organophosphate that irreversibly inhibits
acetylcholinesterase
Ecothiophate forms complex with acetylcholinesterase — prolongs
succinylcholine (up to 25 minutes)
 Side effects
Arrhythmias
~ Succinylcholine can cause causes of arrhythmias through the following
mechanisms
Histamine release from mast cells
Stimulation of the autonomic ganglia at the parasympathetic and
sympathetic nervous system
Stimulation of the cholinergic autonomic receptors at the sinus node
~ Common rhythms are sinus bradycardia, nodal rhythms, and ventricular



dysrhythmias
Children are more prone to bradycardias
Adults are more prone to tachycardias
Hyperkalemia
~ Succinylcholine increases K outflow from cells
Increases plasma concentration in healthy patients by 0.5 mEq/dL
~ Exaggerated potassium response
Increase in potassium can be profound in extrajunctional cholinergic
receptor proliferation
Cause of hyperkalemic cardiac arrest
Spinal cord injury (causing atrophy), burns, strokes, muscle trauma,
abdominal infections can result in extrajunctional receptor
proliferation
Receptor upregulation takes a few days to develop
Rare on the first day of injury
Peaks at 10 to 50 days after initial injury
Succinylcholine should be avoided from 24 hours to 2 years following
severe burn injuries
Myalgias
-~ Succinylcholine causes systemic fasciculations — significant myalgias
- Approximately 50% of patients are affected
NSAIDs and pretreatment with a nondepolarizer prior to
succinylcholine decrease myalgias
Opioids and propofol do not decrease myalgias
Increased intracranial pressure and intraocular pressure
~ Mechanism is not well known, and succinylcholine has been used for
emergent neurosurgical and ophthalmologic cases given its brief duration
and need to secure the airway rapidly
~ Succinylcholine should be avoided if the anterior chamber of the eye is
open
= Nondepolarizing muscle relaxants
* Nomenclature
Classes
-~ Aminosteroids: ends with -onium
Example: rocuronium, vecuronium
-~ Benzylisoquinolinium: ends with -urium
Example: cisatracurium, atracurium
Pharmacodynamics and kinetics



- Bolus dosing can be used to create excellent intubating conditions
-~ Infusions or intermittent dosing can be used to maintain muscle relaxation
during a general anesthetic
Dosing (for intubating conditions based on ideal body weight)
~  Rocuronium: 0.6 to 1.0 mg/kg
- Vecuronium: 0.1 mg/kg
-~ Atracurium: 0.5 mg/kg
-~ Cisatracurium: 0.2 mg/kg
Specific qualities of muscle relaxants
- Rocuronium has the shortest duration for adequate intubating conditions
(~60 seconds following 1.0 mg/kg dosing)
-~ Atracurium is associated with histamine release
* Metabolism
Nondepolarizing muscle relaxants vary based on their time of onset and
clearance
Rocuronium
~ Metabolized and eliminated by the liver, biliary system, and kidneys
- Sugammadex reverses steroidal muscle relaxants at 3 minutes without
needing to wait for return of twitches
Vecuronium
- Deacetylated at the liver
- Metabolite (3-deacetylvecuronium) has 80% of vecuronium’s potency and
has a longer duration of action
-~ Cleared in bile and kidneys
Atracurium
- Metabolized by Hofmann elimination and ester hydrolysis
~ Laudanosine is a tertiary amine metabolite formed from atracurium that
requires liver metabolism and kidney elimination
May cause central nervous system stimulating properties due to ability
to cross the blood—brain barrier
Accumulation occurs after prolonged infusion
Cisatracurium
- Metabolized by Hofmann elimination, although a small fraction requires
renal elimination
~ Does not create laudanosine due to increased potency compared to
atracurium
= Conditions and drugs that alter muscle relaxant duration
* Enhancers of muscle relaxants



Drugs
~ Anesthetics
. Volatiles, local anesthetics (quinidine and procainamide)
~ Antibiotics
. Aminoglycosides: gentamicin, tobramycin, streptomycin, neomycin
» Lincosamines: clindamycin, lincomycin
» Others
,  Magnesium, furosemide, dantrolene, calcium channel blockers, lithium
Conditions
~ Acidosis
~ Hypothermia
 Shorteners of muscle relaxants
Carbamazepine or phenytoin
= Neuromuscular blockade monitoring
* Sequence of neuromuscular blockade
Faster onset, shorter duration
~ Airway muscles (larynx, jaw, diaphragm), orbicularis oculi
Slower onset, longer duration
~ Peripheral muscles
* Train of four (TOF) monitoring
Electrical stimulation at peripheral nerves is used to assess neuromuscular
recovery
~ Sequentially provides four stimulations and monitors twitch response at
innervated muscle
Residual blockade
» TOF less than 0.9 is defined as residual neuromuscular blockade
» Risks of residual blockade
. Pharyngeal dysfunction occurs in 25% of patients with TOF < 0.8 —
increased aspiration risk
. Upper airway obstruction occurs in 33% of patients with TOF < 0.8
. Increased risk of postoperative pneumonia and atelectasis occurs with
TOF < 0.7
~ Return of function
Swallowing returns at TOF of 0.8
Speaking clearly at TOF of 0.9
. Aspiration protection at TOF of 0.9
Extubation timing
» TOF of 0.7 considered absolute lowest TOF for safe extubation



At TOF of 0.7, patients can lift their heads for 5 seconds, lift their legs
for 5 seconds, have normal tidal volumes with a vital capacity of 15 to
20 cc/kg, and can generate a negative inspiratory pressure of 20 cm
H,0
~ Provider visual fade assessment is insufficient
50% of patients are extubated prior to a TOF of 0.7 based on visual
fade assessment
= Reversal (Fig. 3.3)
* Specific drugs
Edrophonium works at 1 to 2 minutes
-~ Increases ACh release
~ Use with atropine because onset is so rapid
Neostigmine at 7 to 11 minutes
-~ Acetylcholinesterase inhibition
-~ Use with glycopyrrolate
-~ Effect inhibited by acidosis, alkalosis, and hypokalemia
Pyridostigmine at 16 minutes
-~ Acetylcholinesterase inhibition
-~ Use with glycopyrrolate
¢ Timing
Patients should have a TOF of at least 1 twitch prior to reversing
neuromuscular blockade
* Specific conditions
Nondepolarizing block and a phase II block can both be reversed with
anticholinesterases
If a patient is reversed and then given succinylcholine
-~ Anticholinesterase agents inhibit butylcholinesterase — prolonged
succinylcholine effect
* Muscle reversal in parturients
Neostigmine crosses placenta, but glycopyrrolate does not — fetal bradycardia
Neostigmine should be paired with atropine
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FIGURE 3.3 Train-of-Four Reversal. Train of four as an assessment tool for
adequate neuromuscular reversal. TV, tidel volume; MV, minute volume; TOF,
Train-of-four. (Reproduced from Donati F. Neuromuscular blocking agents. In:
Barash PG, Cullen BF, Stoelting RK, et al., eds. Clinical Anesthesia. 7th ed.
Philadelphia, PA: Wolters Kluwer; 2013:548.)

* Direct neuromuscular blocker inactivation
Sugammadex
~ Modified gamma-cyclodextrin
Selective binding agent for aminosteroid neuromuscular blockers
Binds and encapsulates aminosteroids within lipophilic core —
prevents aminosteroid from binding to neuromuscular acetylcholine
receptors
-~ Approval
. Used 1n other countries, but did not receive FDA approval until 2015
Concern for anaphylaxis and arrhythmias delayed approval
~ Use
Reverses deep rocuronium or vecuronium neuromuscular blockade
rapidly with low incidence of residual blockade
Works within 1 to 3 minutes depending on level of blockade
Allows rocuronium as an alternative to succinylcholine in cases where
succinylcholine may be detrimental due to rapid reversal
= Specific conditions affecting muscle relaxant use



Myasthenia
Fewer ACh receptors due to autoimmune destruction
More resistant to succinylcholine
Increased sensitivity to nondepolarizers
Myasthenic syndrome (Eaton—Lambert)
Decreased ACh release
Increased sensitivity to succinylcholine and nondepolarizers
Huntington Chorea
Degenerative central nervous system disease associated with decreased
plasma cholinesterase
Prolonged succinylcholine response
Duchenne muscular dystrophy
Sex-linked recessive trait that affects 1/3,500
-~ Presents with proximal muscle weakness, frequent falls, difficulty climbing
stairs, abnormal gait
Ability to ambulate lost before 12 years of age
-~ Other effects
Loss of deep tendon reflexes, up to 70% with heart defects, including
dilated cardiomyopathy, left ventricular scarring, and mitral
regurgitation with papillary muscle dysfunction
Decreased respiratory muscle function at third decade of life with
increased pneumonias
Succinylcholine can cause rhabdomyolysis and hyperkalemic cardiac arrest
Nondepolarizers unaffected
* Myotonic dystrophy
Normal muscle contraction followed by inability to achieve muscle relaxation
in a normal time frame
- Episodes of prolonged skeletal muscle contracture
- Wasting of distal muscles is a common presentation
Succinylcholine and reversal agents can precipitate a myotonic crisis
* Multiple sclerosis (MS)
Demyelinating disease of CNS
-~ Presents with motor weakness, sensory disturbance, autonomic dysfunction
-~ Cranial nerve involvement leads to pharyngeal and laryngeal muscle
weakness
-~ Stress of surgery and hyperthermia — increases exacerbation of MS
Succinylcholine can precipitate hyperkalemic crisis



QUESTIONS |
1.

Administration of etomidate is most likely to result in which of the following
pharmacologic effects?

Decreased aldosterone

Decreased progesterone

Increased histamine

Increased ACTH

SOw>

The “context” in context-sensitive half-time refers to which of the following:
A. Duration of administration

B. Method of administration

C. Clearance of the drug

D. Elimination half-life

A 55-year-old woman with metastatic colon cancer and a bowel obstruction
receives succinylcholine for rapid sequence intubation and remains paralyzed for
2 hours. Her blood is sent to the lab for pseudocholinesterase (PChE) testing and
the dibucaine number is 80. Which of the following is the most likely abnormality
in this patient?

A. PChE deficiency heterozygote

B. PChE deficiency homozygote

C. PChE allergy

D. Decreased quantity of PChE

Sugammadex 1s most effective at reversal of neuromuscular blockade for which
of the following neuromuscular blocking agents?

A. Cisatracurium

B. Succinylcholine

C. Vecuronium

D. Pancuronium

Ondansetron 1s most likely to antagonize the analgesics effects of which of the
following analgesics?

A. Morphine

B. Meperidine

C. Tramadol



D. Ketorolac



g CHarER Inhaled Anesthetics

GAS LAWS AND PROPERTIES

= Gas laws
* Boyle law: at constant temperature, pressure and volume are inversely related
* Charles law: at constant pressure, volume and temperature are directly related
* Gay-Lussac law: at constant volume, pressure and temperature are directly related
= Humidity
* Absolute humidity is amount of water vapor in a gas
* Relative humidity is amount of water vapor in a gas expressed a percentage of the
amount that would be held if the gas was fully saturated
= Critical temperature and pressure
 Critical temperature is the temperature at which a vapor of a substance can no
longer be liquefied

 Critical pressure is the pressure at which a vapor of a substance can no longer be
liquefied

INHALATIONAL AGENT PROPERTIES

= Mechanism
* The mechanism of volatile anesthetics at the molecular level is a well-studied
area, but an integrated understanding of how volatiles affect consciousness
remains an area under investigation
. Volatile anesthetics depress excitatory synapses and augment inhibitory
synapses
. Prolong GABA , inhibitory potentials and act at nicotinic acetylcholine and
glutamate receptors
* Provide amnesia and immobility at therapeutic levels
= Qualities of an ideal agent
* Rapid onset/emergence
* Muscle relaxation



* Hemodynamically stable
* Bronchodilating
* Not inflammable
* Lack of biotransformation
 Ability to estimate concentration at site of action
= Minimum alveolar concentration (MAC)
* Definition
Concentration of volatile anesthetic that prevents a motor response to a
surgical stimulus in 50% of the population
Measure of potency of a volatile anesthetic
~ Low MAC = increased potency
 Factors that affect MAC
Increased MAC
~ Hypernatremia
~ Hyperthermia
~ Chronic opioid, alcohol use
~ Drugs that increase central catecholamines
. Acute cocaine/amphetamine abuse
» Monoamine oxidase inhibitors
~ Red hair
~ Infant (highest MAC ~6 months)
Decreased MAC
~ Increased age
~ Hypotension
~ Hypothermia
» Lithium
~ Pregnancy
~ Severe anemia (Hb <5 g/dL)
~ Elderly
~ Hypercarbia
~ Hyperbaric conditions
» Cholinesterase inhibitors
~ Drugs that lower central catecholamines
., Chronic cocaine/amphetamine use
., Cholinesterase inhibitors
., Clonidine
a-methyl dopa
., Reserpine



* MAC values for common anesthetics
Halothane: 0.8
I[soflurane: 1.2
Sevoflurane: 1.8
Desflurane: 6.6
Nitrous oxide: 104

» Application of MAC
While MAC is derived from population studies, it has been used in research to
study the depth of anesthesia
Unconsciousness 1s generally obtained at a MAC of 0.3 to 0.4

* Recall
BIS or Anesthetic Gas to Reduce Explicit Recall (BAG-RECALL) trial
showed BIS-guided anesthesia (40 to 60) was not superior to using end-tidal—
guided anesthesia (MAC 0.7 to 1.3) for preventing recall in patients at high
risk for awareness

VOLATILE UPTAKE

= Alveolar uptake
» F,/Fjis the alveolar concentration divided by the inspired concentration (Fig.

4.1)
* Increased rate of rise of F,/F; — faster inhalational induction and equilibration

= Factors associated with increased volatile uptake
 Increased inspired gas concentration
* High flow rates
* Increased minute ventilation
Neonates have a greater ratio of minute ventilation to functional residual
capacity and undergo faster inhalational induction
* Decreased volatile solubility
Blood—gas partition coefficient reflects solubility
~ Increased value — increased solubility
Blood—gas solubility coefficient for inhalational anesthetics
~ Halothane: 2.54
~ Enflurane: 1.9
~ Isoflurane: 1.46
~ Sevoflurane: 0.69
~ Desflurane: 0.42



~ Nitrous: 0.46
Oil—gas partition coefficient
» Oil—gas partition coefficient = 150/MAC
~ Higher oil—gas partition coefficient — lower MAC

N,O
e e P

0.8 Sevoflurane

P e
Isoflurane
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Halothane
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| | |
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FIGURE 4.1 F,/F; Ratio of Anesthetic Agents. Alveolar to inspired anesthetic

agent uptake. (Reproduced from Ebert TJ, Lindenbaum L. Inhaled anesthetics. In:
Barash PG, Cullen BF, Stoelting RK, et al., eds. Clinical Anesthesia. 7th ed.
Philadelphia, PA: Wolters Kluwer; 2013:451.)

» Higher partition coefficient indicates greater uptake and lower F ,/F;
* Reduced cardiac output
Increased blood passing through the lungs lowers the F ,/F; ratio



Increased cardiac output

Quicker equilibration of anesthetic, but not speed of induction
Decreased alveolar to venous partial pressure difference

Gradient of alveolar to venous partial pressure reflects tissue uptake
Left-to-right cardiac shunt

Associated with more rapid increase in F ,/F; ratio due to blood from the left

side of the heart being shunted back to the right side and pulmonary circulation
Right-to-left cardiac shunt
Associated with a slower induction
= Concentration effect (Fig. 4.2)
 Increase in rate of alveolar uptake as concentration of a gas is increased
* Refers to two mechanisms
Increased concentration of inspired gas
Augmentation of inspired ventilation following uptake of the anesthetic gas
* Primarily applies to nitrous oxide as volatiles are not inspired at a high enough
concentration to make the concentration effect clinically significant
= Second gas effect
* Applies to nitrous oxide administered at a high concentration
*  When nitrous oxide is absorbed into the pulmonary circulation, the concentration
of remaining gases in the alveoli is increased
= Time constant
* Time constant is volume divided by flow
Volume of the lungs at functional residual capacity/minute ventilation

A B

1% second gas

Second gas

80%

50%
of N2O
taken up

1.7%
second gas

31.7%

-66.7%

Inspiration

Containing
80% N,O
19% O2
and
1% second gas

- 19%

- 40%

0.4%
< second gas

" 7.6%

- 32%

FIGURE 4.2 Concentration Effect of Anesthetic Agents. Concentration effect
demonstrating increased volatile anesthetic uptake from usage of nitrous oxide.



* For volatile anesthetics, time constant determined by capacity of a tissue to hold
the anesthetic relative to tissue blood flow
Brain time constant ~2x brain/blood partition coefficient
Sevoflurane and desflurane time constant is 2 minutes
~ Brain equilibrium at 6 minutes
Isoflurane time constant is 4 minutes
~ Brain equilibrium at 12 minutes
= Tissue-rich organs
* Vessel-rich group includes the heart, brain, spleen, liver, kidneys, and endocrine
glands
Represents 10% of body mass, but 75% of cardiac output
» Vessel-rich group equilibrates first during induction
For sevoflurane, ~12 minutes
 Fat takes a prolonged period of time to reach equilibrium
For sevoflurane, ~30 hours

VOLATILE ELIMINATION

= Elimination
* Blood/gas partition coefficient correlates with elimination and emergence
Higher coefficient = higher dissolved quantity — slower emergence
50% decrement of alveolar partial pressure 1s similar for most anesthetics
80% to 90% decrement is very different for most volatiles
~ Example: desflurane has a more rapid emergence than isoflurane
* Increased duration of anesthetic — slower emergence
= Metabolism
» Halothane: 20% metabolized at liver and lungs
» Sevoflurane: 5% metabolized
 Enflurane: 3% metabolized
¢ Isoflurane: 0.2% metabolized
* Desflurane: 0.02% metabolized

ORGAN-SPECIFIC EFFECTS

= Cardiovascular
* Systemic vascular resistance
Decreases LV afterload and SVR — decreases MAP



~ 1 MAC isoflurane decreases MAP by ~25%
Decreases stroke volume — decreases cardiac output
* Arrhythmias
Volatiles depress sinoatrial node more than atrioventricular node increased
junctional rhythms
Increase QT interval
= Pulmonary
* Increase vagal tone
* Bronchodilating
* Activate respiratory centers in central nervous system
Increased respiratory rate
Decreased tidal volume
= Central nervous system
* Blood flow
Volatiles possess cerebral vasodilatory activity due to effects on vascular
smooth muscle
Volatiles (except for nitrous oxide) produce a dose-dependent decrease in
cerebral metabolism; however, they frequently increase cerebral blood flow
» Predominate when MAC > 1
» “Uncoupling” relationship of cerebral blood flow and metabolic rate
Cerebral autoregulation is dose-dependently altered
Intracranial pressure (ICP) increases at MAC > 1
= Neuromuscular system
* Decreased muscle tone through effect on spinal cord
* Reduction in evoked potentials
= Renal
* Volatiles tend to decrease glomerular filtration rate
* Volatiles tend to decrease renal blood flow through hypotension
* Sevoflurane is associated with the highest serum fluoride levels, but there is no
association with renal failure
= Hepatic
* Hepatotoxicity is possible with fluorinated inhaled anesthetics
» Halothane is the most likely agent responsible given its degree of oxidative
metabolism

VOLATILES AND UNIQUE PROPERTIES (FIG. 4.3)

= Sevoflurane



* Unique among anesthetics in that sevoflurane’s MAC is highest in neonates (0 to
30 days)
Most volatile anesthetics have a higher MAC for infants than neonates
* Minimal airway irritation and lack of unpleasant scent — sevoflurane is the
volatile anesthetic of choice for inhalational induction
= Isoflurane
* Coronary vasodilator
Most likely to cause coronary steal syndrome (where atherosclerotic vessels
cannot dilate, but normal vasculature can)
* Preserves cardiac output due to preserved carotid baroreceptor reflex that senses
a decrease in MAP and increase HR
* Dissolves in rubber and plastic
= Desflurane
* Causes increased airway irritation
Should not be used for inhalational induction
* Increased sympathetic response
May increase HR and BP
» Tachycardia rare at <1 MAC
~ Dose-dependent increase in HR with >1 MAC
Can be blunted by opiates

* Due to vapor pressure of 660 mm Hg (which is near atmospheric pressure), it will
boil at room temperature
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FIGURE 4.3 Fluoride Concentration of Volatile Anesthetics. Fluoride
concentrations with various volatile anesthetics. Sevoflurane is associated with the
highest serum fluoride levels, but enflurane is associated with the highest risk of
fluoride-induced nephrotoxicity. (Reproduced from Ebert TJ, Lindenbaum L. Inhaled
anesthetics. In: Barash PG, Cullen BF, Stoelting RK, et al., eds. Clinical Anesthesia.
7th ed. Philadelphia, PA: Wolters Kluwer; 2013:473.)

Heating desflurane to 39°C raises the partial pressure inside vaporizer to
1,500 mm Hg
* Higher elevation — partial pressure of inhaled agent decreases — increase in
delivered concentration is required to achieve the same anesthetic effect
Partial pressure of anesthetic gas determines effect on patient, not vapor



concentration
Enflurane
* Causes fluoride-induced nephrotoxicity
Fluoride inhibits adenylate cyclase activity — inhibits ADH — inability of
kidneys to concentrate urine — nephrogenic DI
Presents with polyuria, dehydration, hypernatremia, increased serum
osmolality
Halothane
» Unique that it is not an ether derivative
Halothane hepatitis typically associated with middle-aged obese women exposed
to multiple halothane anesthetics over short period of time
Cardiovascular effects
Halothane inhibits baroreceptor reflex responses — no reflex tachycardia to
decreased BP
Most likely to cause a junctional rhythm
- Slows conduction through sinoatrial node — bradycardia
Direct cardiac depressant
Sensitizes the myocardium to epinephrine — avoid excessive doses
Metabolism
Oxidative metabolism — trifluoroacetic acid
Reductive metabolism — fluoride ions
Stored with preservative (unlike others)—thymol
Therefore, stored in amber-colored bottles

NITROUS OXIDE (N,O)

Used for general anesthesia or sedation
* NMDA receptor antagonists
* High MAC (104%) requires supplementation with other anesthetics for general
anesthesia
Organ-specific effects
* Cardiovascular
Increases heart rate, increases cardiac output
Dose-dependent myocardial depressant, but effects overcome by sympathetic
activation
* Pulmonary
Response to CO, 1s mostly unchanged



-~ Slight decrease in tidal volume and minute ventilation
Dose-dependent decreased response to hypercapnia and hypoxia
Potential to expand and rupture blebs in patients with emphysema
Can increase pulmonary artery pressures in the presence of severe pulmonary
hypertension
* Cerebral
Increases cerebral blood flow
Increases cerebral metabolic rate
Increases intracranial pressure
= Side effects
* Closed air spaces
34x more soluble than nitrogen in blood
~ Can accumulate in closed air spaces
-~ Can accumulate in endotracheal tube cuffs and increase cuff pressure
Contraindicated in middle ear surgery, open globe injury, bowel obstruction,
and severe emphysema (increased pneumothorax risk)
* Megaloblastic anemia
Nitrous oxide inhibits B;, — inhibits methionine synthetase and folate

metabolism
-~ Impaired DNA synthesis and pancytopenia
-~ Increased teratogenicity and immunodeficiency
Peripheral smear with anisocytosis, macrocytosis, and larger neutrophils
Associated with first trimester pregnancy loss, but not teratogenicity
-~ Studies have been poor and done before operating room scavenging units
 Diffusion hypoxia
Occurs during emergence from a high concentration of nitrous oxide
» Shift of NO, to lungs — reduction of O, and reduction in CO, — reduced

drive to breath — hypoxia
To avoid diffusion hypoxia, 100% O, should be administered for at least 10

minutes

-~ Saturation more likely drops in patients with some degree of airway
compromise

~ Most events occur in operating room en route to PACU (postanesthesia
care unit)



QUESTIONS |
1.

Administration of nitrous oxide is associated with an increased concentration of
which of the following metabolites?

A. Methionine

B. Homocysteine
C. Folate

D. Methemoglobin

A 50-year-old man develops transaminitis (elevated AST, ALT) 2 days after
undergoing general anesthesia for a shoulder repair. He is least likely to have
received which of the following volatile anesthetic agents?

A. Desflurane

B. Isoflurane

C. Halothane

D. Sevoflurane

A patient undergoes general anesthesia with nitrous oxide and desflurane. On
emergence from anesthesia her minute ventilation is 5 L/min, and after extubation
her oxygen saturation is 99% on 6 L/min oxygen by face mask. The patient is
transported to the PACU on room air and her oxygen saturation on arrival is 85%.
If her minute ventilation remained constant during transport, what is the most
likely explanation for the decreased oxygen saturation?

A. Second gas effect

B. Concentrating effect

C. Diffusion hypoxia

D. Hypoventilation

The MAC of desflurane is 6 vol% at 1 atm. The concentration of desflurane (in
vol%) that prevents a motor response to surgical incision in 99% of patients is
closest to:

A. 8

B. 10
C. 12
D. 14

The time constant for sevoflurane is ~2 minutes and its MAC is 2. The amount of



time required for complete equilibration with the brain is closest to?
2.5 minutes

4 minutes

6 minutes

10 minutes

SOw>



Perioperative

CHAPTER

o Management

PREOPERATIVE RISK

= Risk assessment
 Classifications and scores
. American Society of Anesthesiologist (ASA) risk classification
~ Higher scores — increased perioperative mortality
» Stratification

n:;

ASA 1: healthy without medical comorbidities

ASA 2: mild systemic disease that does not impact daily activity
ASA 3: significant systemic disease that limits normal activity

ASA 4: severe systemic disease that is a constant threat to life

ASA 5: moribund patient likely to die within 24 hours with or without
surgery

ASA 6: brain-dead organ donor

. Revised cardiac risk index (RCRI)
~ Predicts perioperative risk in patients undergoing noncardiac surgery

n:;

Created 1n 1977 with nine risk factors, but revised in 1999 to six
factors

= Predictors

n:;

n:;

n:;

High-risk surgery
Intraperitoneal, intrathoracic, suprainguinal vascular surgery
Ischemic heart disease
Congestive heart failure
Cerebrovascular disease
Diabetes mellitus on insulin
Creatinine >2

~ Risk for cardiac event (death, cardiac arrest, or myocardial infarction)

n:;

n:;

n:;

One predictor — 0.9%
Two predictors — 6.6%
Three or more predictors — 11.0%



= Surgical risk
* High-risk surgery
Emergency surgery
Vascular surgery (except carotid endarterectomy)
Surgeries with large fluid shifts
* Intermediate risk
Carotid endarterectomy
Radical neck procedures
Short thoracic procedures
Abdominal surgery
Orthopedic procedures
* Low-risk surgery
Superficial (skin, breast)
Endoscopic
Cataract
Ambulatory procedures
= Functional status
* Functional status is used as a marker of cardiovascular health and ability to
tolerate surgical stress
* Metabolic equivalents of task (MET) 1s often used to characterize functional
status
1 MET = at rest
3 METs = walking
4 METs = climbing one flight of stairs
8 METs = jogging
>10 METs = intense aerobic activity
 Patients capable of four or more METs of activity without discomfort are
generally able to tolerate the stress of most surgeries

PREOPERATIVE GUIDELINES

= Definitions
* Sedation/anesthesia definitions
Light sedation: verbal stimulation — purposeful response
Moderate sedation: verbal/tactile stimuli — purposeful response
~ Patent airway without assistance
Deep sedation: painful stimulus — purposeful response
~ May need airway assistance



General anesthesia: patient cannot be aroused, even with pain
* Guidelines vs. practice advisories
Guidelines
- Systematically developed recommendations that provide recommendations
based on a comprehensive analysis of the literature
Often compare two interventions through well-controlled studies
-~ Involves statisticians and numerous experts in the field
Practice advisory
- Systematically developed reports that assist decision making based on a
comprehensive review of the literature
-~ Lack of high-quality studies in the area — practice advisories are not as
well supported as guidelines
- Not intended to define clinical standards
= Preoperative testing
* ASA preoperative testing recommendations
History and physical
- Mandatory for every patient
Electrocardiogram (ECG)
~ Age alone is not an indication for ECG testing
-~ Indicated for patients with cardiovascular risk factors
Chest x-ray (CXR)
- Recommended for patients >50 undergoing high-risk surgery with
cardiovascular or pulmonary risk factors
- Age, smoking, chronic obstructive pulmonary disease (COPD), cardiac
disease, and recent upper respiratory infection may increase the likelihood
of an abnormal CXR, but do not mandate a presurgical chest x-ray
Preoperative labs indications
- Type and screen
Potential for significant intraoperative blood loss
- Hemoglobin
Preoperative history of anemia
Potential for significant intraoperative blood loss
~ Coagulation studies
History of bleeding disorders, renal dysfunction, or liver dysfunction
Use of anticoagulants (such as Coumadin) that can be monitored by
coagulation studies
Potential for significant intraoperative blood loss
Insufficient data to suggest need for routine coagulation studies prior to



regional or neuraxial anesthesia

-~ Electrolytes
History of endocrine, kidney, or liver disorders

Use of chronic medications that may cause electrolyte irregularities
(e.g., diuretics)
-~ Urinalysis
Only indicated for urological procedures or when an infection is
suspected
-~ Pregnancy testing
May be offered to females of childbearing age, but not mandatory prior

to surgery
ASA makes no specific recommendations for echocardiography, stress testing,

catheterization, or pulmonary function testing
* American College of Cardiology/American Heart Association (ACC/AHA)
recommendations for cardiovascular testing for noncardiac surgery (Fig. 5.1)

Active cardiac conditions
-~ Unstable coronary syndromes such as recent myocardial infarction, angina

~ Decompensated heart failure
-~ Significant arrhythmias such as Mobitz I, 3rd degree heart block, atrial
fibrillation with rapid ventricular rate, and ventricular arrhythmias

- Severe valvular disease
Active cardiac conditions — warrant further investigation or postponing

surgery
- Only order testing or delay surgery if the test will change perioperative
management

Surgery risk and decision to proceed
- Emergency surgery should proceed without further testing
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FIGURE 5.1 ACC/AHA Algorithm. (Reproduced from ACC/AHA 2007
Guidelines on perioperative cardiovascular evaluation and care for noncardiac
surgery. Circulation 2007;116:e418—-e500, with permission.)

» High-risk and intermediate-risk surgery should be considered on a case-
by-case and patient-by-patient basis
» Ischemic heart disease, compensated heart failure, cerebrovascular
disease, diabetes, and renal insufficiency may warrant additional
testing depending on the surgical procedure and whether it will change
management
» Low-risk surgery in a patient with good functional capacity (>4 METs) can
proceed without testing
= Fasting and NPO recommendations
*  Minimum fasting period
Clear liquids: 2 hours
Breast milk: 4 hours
Infant formula: 6 hours
Nonhuman milk: 6 hours
Light meal: 6 hours
Heavy meal: 8 hours
* Preoperative antiemetics



Preoperative antiemetics and anticholinergics should not be routinely
administered to patients with no increased risk for aspiration

PREOPERATIVE MEDICATIONS

= Management of chronic medications
* Most chronic medications can be continued on the day of surgery, although some
medications warrant consideration for whether discontinuation may be beneficial
 Antiplatelets/anticoagulants
Aspirin
-~ A large meta-analysis of periprocedural aspirin withdrawal — increased
rate of an acute coronary syndrome perioperatively when aspirin held
prior to surgery
-~ Perioperative Ischemic Evaluation 2 (POISE-2) trial — no increase in
myocardial infarction or mortality for patients holding aspirin prior to
surgery
-~ Aspirin use perioperatively should be considered on a case-by-case basis
Clopidogrel
~ Commonly prescribed for coronary artery disease or following coronary
stent placement
-~ Holding clopidogrel for coronary artery disease should be assessed on a
case-by-case basis
-~ Clopidogrel should not be held for recent bare metal stents (at least 6
weeks from placement) and drug-eluting stents (ideally 1 year from
placement) due to risk of stent thrombosis
Coumadin
~  Coumadin for a history of atrial fibrillation or thrombus should be
assessed on a case-by-case scenario based on the surgery and patient risk
factors
-~ High-risk patients may be transitioned to low-molecular heparin or an
intravenous heparin infusion preoperatively to minimize time off
anticoagulation prior to surgery
* Antihypertensives
B-blockers
~ The Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress
Echocardiography (DECREASE) trial supported B-blockade in the
perioperative period due to decreased mortality and myocardial
infarctions — trial recently discredited



-~ Perioperative Ischemia Evaluation (POISE-]) trial showed decreased
myocardial events, but increased risk of stroke and mortality with
continuation of B-blockade

Angiotensin-converting enzyme (ACE) inhibitors

~ ACE inhibitors should be held on the day of surgery if possible due to the

increased risk of refractory hypotension during general anesthesia
Clonidine
-~ Clonidine should be continued on the day of surgery if possible due to
rebound hypertension following withdrawal

* QGastric reflux medication
Proton pump inhibitors and H2-blockers should be continued on the day of
surgery to minimize pulmonary injury in the event of aspiration

= Management of herbals
* Herbals should be stopped ~1 week prior to surgery due to unpredictable
antiplatelet effects, alterations in hepatic metabolism, and possible interactions
with anesthetics

 Effects of herbals
Ginger: increased bleeding
Ginseng: increased bleeding, hypertension, hypoglycemia, interference with
Coumadin
Garlic: increased bleeding
Gingko: increased bleeding
Kava: potentiates sedation
Valerian: potentiates sedation
St. John’s wort: inhibits serotonin, norepinephrine, and dopamine reuptake;
induces hepatic enzymes
Saw Palmetto: increased bleeding due to cyclooxygenase inhibition
Echinacea: inhibits hepatic enzymes and alters drug metabolism

PREMEDICATIONS

= Anxiolysis and analgesia
e Adults
Preoperative anxiolysis frequently utilizes midazolam and fentanyl for their
pharmacokinetic predictability, rapid onset, rapid clearance, and minimal
hemodynamic effects
Patient age, comorbidities, and substance use history should guide dosing
* Pediatrics



Intravenous access may not be available
Oral midazolam, intramuscular ketamine, and intramuscular or rectal
methohexital are non-IV options
= Gastric reflux
* H2-blockers
Examples: cimetidine, ranitidine, famotidine, nizatidine
Increases gastric pH — decreases pulmonary injury if aspiration occurs
Side effects: bradycardia (cardiac H2 receptors), elevated liver function tests,
impaired liver metabolism, change in mental status or delayed awakening
¢ Metoclopramide
Increases lower esophageal sphincter tone
Stimulates gastric, upper gastrointestinal motility
Side effects
- Extrapyramidal symptoms
- Mild sedation, dysphoria, agitation, dry mouth
* Sodium citrate
Oral antacid
~ 30 cc neutralizes 250 cc of HCl ata pH of 1.0
Onset time of 5 minutes
Effective 1 hour
= Deep vein thrombosis (DVT) prophylaxis
* Subcutaneous heparin
Administered 2 hours prior to surgery and every 8 or 12 hours postoperatively
decreases DVT risk from 30% to 10%
* Early ambulation is the best prophylaxis for DVT

TYPES OF ANESTHETICS

= Monitored Anesthesia Care (MAC)
* Anesthesia care where the anesthesiologist provides sedation, analgesia, and
supports vital functions
Utilizes the same medications as general anesthetics, but often at lower doses
* Distinguished from sedation
Must have ability to convert to a general or neuraxial anesthetic if needed
Level of sedatives may require airway support
Anesthesiologist also supports vital functions through hemodynamic
management
= General anesthesia



* Anesthesia to produce a state of unconsciousness
Uses drug(s) with hypnotic and analgesic qualities
Concentrations and potency of anesthetics often result in blunting of airway
reflexes and respiratory depression — airway management often necessary
* Airway assessment
Assess for history and signs associated with difficult mask ventilation or
intubation
~ Exam findings

&

&

&

&

Limited mouth opening

Limited jaw protrusion

Limited neck extension

Limited neck mobility

Short thyromental distance

Increased neck girth

Dentition increases the difficulty of intubation, but facilitates mask

ventilation

High Mallampati class
Technique: visualize the oropharynx with the patient’s mouth wide
open and tongue protruded while the patient is sitting in an upright
position
Class 1s determined by structures seen (Fig. 5.2)
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FIGURE 5.2 Mallampati Classification. In Mallampati Class I, the hard palate, soft
palate, uvula, fauces, and tonsillar pillars are visible. In Class II, the tonsillar pillars
cannot be seen. In Class III, the fauces cannot be seen. In Class IV, the soft palate
cannot be seen. (Reproduced from Lippman M. Endotracheal intubation. In: Kollef
MH, Isakow W, eds. The Washington Manual of Critical Care. 2nd ed. Philadelphia,
PA: Lippincott Williams & Wilkins; 2012, with permission.)

Mallampati I: hard palate, soft palate, faucal pillars, uvula
Mallampati II: hard palate, soft palate, faucal pillars
Mallampati III: hard palate, soft palate
Mallampati IV: only hard palate visible
~ Medical history suggesting airway difficulty
» Documented history of difficult intubation or mask ventilation



Head and neck tumor
History of head and neck radiation
Obstructive sleep apnea
Obesity
Voice changes or hoarseness
ASA dlfﬁcult airway definitions
-~ Difficult laryngoscopy: unable to visualize any portion of the vocal cords
after multiple attempts
-~ Difficult tracheal intubation: unable to intubate after multiple attempts
despite no evidence of tracheal pathology
ASA closed claim findings of airway lawsuits
- 76% of claims involved substandard care
Death or brain damage in half of cases
- 38% of claims were for inadequate ventilation
~ 185 of claims were for difficult intubation
- 17% of claims involved an esophageal intubation
* Preoxygenation
Preoxygenation washes out nitrogen — reduces likelihood and duration of
hypoxia during securing the airway
Deep breathing for 1.5 minutes or tidal volume breathing for 3 minutes is
sufficient for preoxygenation
-~ Expired oxygen concentration >80% is often accepted as sufficient
* Induction
Intravenous or inhaled (see Chapters 3 and 4)
Muscle relaxants can be used to facilitate mask ventilation and intubation
-~ Selection of muscle relaxant may depend on ability to mask
ventilate/intubate
-~ A short-acting muscle relaxant (succinylcholine) may be used for difficult
airways to minimize the duration of a “cannot intubate, cannot ventilate”
scenario if the airway cannot be secured
* Airway management: supraglottic airways
Laryngeal mask airway (LMA)
~ Laryngeal mask airways can be used for general anesthesia or as a rescue
technique
-~ Since the vocal cords are not manipulated, paralysis is not needed for
placement
- Not a definitive airway
Laryngospasm and vocal cord closure can still occur



Improper seating may limit ability to adequately ventilate
Does not prevent aspiration since the esophagus lies within the opening
of the LMA
Esophageal obturator devices
- A tube with a closed distal end designed for passage into the esophagus
-~ Proximal holes in the tube allow gas delivery to the airway
« Airway management: endotracheal tubes
A secure airway through the trachea
Types of endotracheal tubes
~ Cuffed vs. uncuffed
Cuffed tubes are almost always used
High-volume, low-pressure cuffs
Large size, increased compliance, thinner cuff wall
Exerts lower pressure on the lateral wall of the tracheal
Low-volume, high-pressure cuffs
Smaller size, less compliant
Associated with increased risk of sore throat and tracheal

distortion
Uncuffed tubes generally reserved for neonates due to differences in
airway anatomy
- Orotracheal vs. nasotracheal
-~ Single lumen vs. double lumen
-~ Plastic vs. armored
-~ Antibacterial coated vs. non-coated
* Airway management: endotracheal tube placement
Direct laryngoscopy
-~ Miller blade (straight) lifts the epiglottis to reveal the cords
- Macintosh blade (curved) is placed in the vallecula to reveal the cords
- A bougie can be bent anteriorly and passed into the cords if a tube is
difficult to pass
Video-assisted laryngoscopy
-~ Uses a camera attached to the end of a laryngoscopy blade to visualize the
cords
~ Does not require a direct line of site to visualize the cords
Fiberoptic intubation

~ Can be done awake or asleep
~ A bronchoscope with an endotracheal tube loaded on the scope is passed

through the cords and the tube advanced off the scope



Retrograde intubation
- A percutaneous wire is inserted into the trachea through the cricothyroid
membrane and advanced cephalad
~ The wire 1s passed into the oropharynx and connected to an endotracheal
tube
-~ The endotracheal tube is passed into the trachea and the guidewire
removed
Lighted stylet
- An endotracheal tube 1s loaded on to a lighted stylet
-~ The stylet transmits light through the skin of the neck
» Alocalized glow at the midline indicates the location of the trachea
- The tube 1s passed off the lighted stylet
« Difficult intubation strategies
In a scenario where a difficult intubation is anticipated, maintaining
spontaneous respirations may be beneficial to prevent a “cannot intubate,
cannot ventilate” scenario
Strategies to maintain spontaneous respirations
- Awake intubation
Requires adequate topical anesthetic of the airway with/without
sedation
-~ Inhalational induction with nitrous and/or sevoflurane
Tube exchangers
~ Can be used when a difficult extubation is anticipated
Smaller diameter allows spontaneous respirations around the tube
~ Can be used to switch an endotracheal tube (e.g., double-lumen tube to
single-lumen tube) that was difficult to place
Translaryngeal or transtracheal jet ventilation
- Methods to deliver oxygen to the lungs
- Does not guarantee adequate ventilation
 Difficult airway algorithm
Decisions to make
- Awake vs. asleep intubation
- Noninvasive or invasive airway during initial attempt
-~ Preservation of spontaneous breathing vs. muscle relaxation
General principles
-~ If mask ventilation is adequate — no longer emergency
~ Consider an LMA if intubation 1s unsuccessful
~ Consider aborting the airway attempt and allowing the patient to awaken if



possible
-~ Call for help early
* Surgical airways
Tracheostomy
-~ Can be performed percutaneously or open
-~ Indicated to gain access to the airway during an emergency or for
prolonged mechanical ventilation
Cricothyroidotomy
-~ Performed during need for emergent airway by making an incision through
the cricothyroid membrane
* Lung protective ventilation
Low-tidal volume ventilation using 6 to 8 cc/kg may decrease lung injury
associated with mechanical ventilation
* Extubation criteria
Vital capacity > 15 cc/kg
Pao, > 60

PaC02 <50

A-a gradient less than 350 at 100%
pH>73
Dead space/tidal volume ratio <0.6
Maximum inspiratory pressure of —20 cm water
Rapid Shallow Breathing Index = RR/TV Less than 105
= Neuraxial
» Use of neuraxial anesthesia
Indications
-~ Neuraxial blockade (spinal, epidural, or caudal) can create a sensory
block sufficient for the surgical procedure
-~ Choice of neuraxial (spinal vs. epidural) depends on the patient’s
cardiovascular risk factors, expected surgical duration, urgency of
surgery, desired areas of sensory coverage, and strategy for postoperative
pain management
-~ Neuraxial blockade can be used as the primary anesthetic or as an adjuvant
to general anesthesia
Contraindications
- Anticoagulation status or use of certain antiplatelet agents
- Neurological disease that may be worsened by the placement of the
neuraxial or the use of a local anesthetic
-~ Soft tissue infections at the site of placement is a relative contraindication



Anesthetic considerations and risks all neuraxial procedures
-~ Cardiovascular instability
A neuraxial block that reaches the sympathetic nervous system may
cause a sympathectomy — hypotension
A neuraxial block reaching T1-T4 may block the cardioaccelerator
fibers — bradycardia
-~ Infection
Bacterial meningitis presents with fever, altered mental status, neck
pain, headache
Most cases develop 6 to 36 hours after dural puncture
Most common organism is strep viridians from oral bacteria of
medical personnel (49%)
-~ Pruritus
Common following the administration of opioids into the intrathecal or
epidural space
Treatment options
Nalbuphine as agonist-antagonist
Diphenhydramine and hydroxyzine as antihistamines
Low-dose propofol
* Spinal anesthesia
Procedure
~ A spinal needle is inserted into the intrathecal space at the lower lumbar
level
- When cerebrospinal fluid (CSF) returns from the needle, local anesthetic is
injected into the intrathecal space
Anatomy
-~ Spinal cord extends to L1-2 in adults (L2-L3 in children), dural sac
extends to S3
Duration and drugs
- Drugs
Local anesthetic
Opioids
Opioids with 100x potency of IV opioids
Clonidine
-~ Duration is dependent on
Local anesthetic selected
Local anesthetic concentration
Local anesthetic volume



Use of a vasoconstrictor
Patient characteristics
Coverage
- Block height and sensory coverage are determined by the baricity of the
solution, volume of injection, and patient positioning
Side effects and intraoperative problems
-~ High spinal
A spinal level that reaches into the cervical spine can block the phrenic
nerve and cause respiratory distress
A spinal level that reaches the brain can cause unconsciousness and
hemodynamic instability
~ Transient neurological syndrome (TNS)
Pain or sensory abnormalities at the back, buttocks, or lower
extremities following a spinal anesthetic
Risk factors
Lidocaine use
Increased local anesthetic dose
Lithotomy position
Treatment
NSAIDs
Nearly all cases of TNS resolve with time
- Cauda equina
Symptoms included low back pain, sensory disturbances, leg
weakness, and bowel/bladder dysfunction following a spinal
anesthetic
Attributed to 28 to 32G microcatheters used to deliver a continuous, a
concentration (5% lidocaine) spinal anesthetic
Suggested mechanism: microcatheter — pooling of local anesthetic
in intrathecal space — neurotoxicity — irreversible conduction
block
Further studies suggested that nearly all cases of reported cauda equina
were not attributable to the spinal anesthetic
-~ Post-dural-puncture headache (PDPH)
Risk factors
Increased needle size
Cutting needles
Young age
Females



Pregnancy
Increased dural punctures and attempts
Less common with modern 25G pencil point needles
* Epidural anesthesia
Procedure
- Anepidural needle is inserted into the epidural space at the lumbar or
thoracic level
-~ Local anesthetic is directly injected into the epidural space or a catheter is
threaded into the epidural place for prolonged use/infusion
Anatomy
- The epidural space lies between the ligamentum flavum posteriorly,
posterior longitudinal ligament anteriorly, and intervertebral foramina and
pedicles laterally
Drugs/duration
- Drugs
Local anesthetics
Opioids
Opioids with 10x the potency of IV opioids
Clonidine
- Continuous catheters allow prolonged drug infusions and use for
postoperative analgesia
Duration is dependent on
Local anesthetic selected
Local anesthetic concentration
Local anesthetic volume
Use of a vasoconstrictor
Patient characteristics
Onset is slower than spinal anesthesia
Allows gradual titration of medications to avoid hemodynamic
compromises and minimize side effects
Coverage
- Dependent on level of epidural, volume of drug used, and patient age
- Level of epidural
Two-third of segments above the epidural are blocked
One-third of segments below the epidural are blocked
-~ Increased volume — increased spread
-~ Increased age — decreased anesthetic requirement
Thoracic epidurals



-~ Unique benefits following upper abdominal and thoracic surgery
Decreased pain — decreased splinting — improved ability to
oxygenate, ventilate, and participate in recovery
-~ Pulmonary effects
Decrease pulmonary infection, atelectasis, hypoxemia, and duration of
mechanical ventilation
Decreased mortality following rib fractures
-~ QGastrointestinal effects
» Decreased postoperative ileus
Side effects
- PDPH
Possible if the intrathecal space is entered
PDPH is often worse following epidural placement due to the
increased gauge of the needle
-~ Cardiovascular instability
Like a spinal anesthetic, an epidural block that reaches the sympathetic
nervous system or cardioaccelerator fibers can cause bradycardia and
hypotension
-~ Epidural hematoma
Highly rare complication typically occurring in patients on
anticoagulation
69% with coagulation deficit at time of placement
Presentation
Back pain
Motor weakness is first sign in 46%
Sensory deficit is first sign in 14%
Warrants rapid MRI and neurosurgical intervention
= Regional anesthesia
» Used as a primary anesthetic or to supplement a general anesthetic
* See Chapter 18 for more information
= Sedation for nonanesthesiologists
* Necessary skills
Understand the pharmacology of sedative and analgesic agents
Understand the pharmacology of agents to reverse sedatives and analgesics
Recognize sedation-related complications and respond appropriately
Be able to provide positive pressure ventilation
* Preparation
Clinicians should be aware of a patient’s medical history, medications,



allergies, time of last oral intake, and substance use history
Patients should undergo a basic physical examination and airway assessment
Preoperative labs should be ordered if indicated
 Intraprocedural recommendations
The clinician administering sedation should monitor the patient
-~ During deep sedation, this clinician should have no other tasks
-~ During moderate sedation, this clinician may have a minor role in the
procedure
Oxygen should be readily available and/or administered to the patient
Monitors
-~ Pulse oximetry should be used for monitoring oxygenation
-~ Ventilation should be monitored through observation or auscultation
-~ Blood pressure should be checked at least every 5 minutes
Patient responsiveness
-~ Verbal response should be sought during moderate sedation
~ Purposeful response to an increased stimulus should be sought during deep
sedation
¢ Drugs and dosing
Sedatives and analgesics should be titrated in small, incremental doses
Drugs should be administered individually to assess for effect
Use of propofol or methohexital should warrant monitoring consistent with
deep sedation, even if the patient is only moderately sedated

INTRAVENOUS FLUID SELECTION

= Uses

* Maintenance fluids

» Resuscitation from active blood and fluid losses

* Replace third space losses from surgical swelling
= Adult maintenance: 2 cc/kg/hr
= 3rd Space deficit calculation

* Minor: 6 cc/kg/hr

* Moderate: 8 cc/kg/hr

* Major: 10 cc/kg/hr
= Crystalloid solutions

* Lactated ringers (LR)

Properties
. Na 130, Cl1 109, K 4, Ca 3, lactate 28



- pH 6.5, 0sm273
Use
~ LR is the primary resuscitation fluid used in the operating room
Can be administered in large volumes without causing an acidosis
-~ Original intent of LR was to act as a buffer for acidosis
Bicarbonate is unstable in electrolyte solutions
Lactate — metabolized by the liver to CO, and water

Contraindications
- Avoid in a diabetic crisis due to conversion of lactate to glucose
~ Some clinicians avoid LR in renal failure due to concerns for
hyperkalemia
However, the nongap acidosis created by normal saline likely
contributes more to hyperkalemia than the minimal potassium content
in LR
* Normal saline (NS)
Properties
~ Na 154, Cl 154
~ pH S, osm 308
Use
~ Commonly used as a resuscitation fluid
-~ Used preferentially in neurosurgery due to hypertonic properties
Contraindications
-~ May cause a nongap acidosis with significant resuscitation due to the high
chloride content
= Colloid
* Albumin (5%)
Properties
~ 50 g/LL albumin in NS solution
Use
~ Used as a resuscitation fluid in cases where maintaining volume in the
intravascular space is vital
» Used to increase oncotic pressure in patients with low baseline albumin
levels
Contraindications
~ May increase mortality in head injury based on the results of the Saline vs.
Albumin Fluid Evaluation (SAFE) trial
*  Albumin (25%)
Properties



~ 250 g/L albumin in a salt poor solution
Use
» 25% albumin increases oncotic pressure to pull extravascular fluid
intravascularly
Contraindications
~ Avoid albumin in head injury
 Hetastarch
Properties
~ 6% solution of hydroxyethyl starch in a sodium chloride solution
Use/contraindications
~ Used as a volume expander, but has fallen out of favor due to renal failure
and effects on coagulation (reduced factor VIII and von-Willebrand factor
(VWF) levels)
¢ Dextran
Properties
~ Highly branched polysaccharide molecules
Use
~ Used as a volume expander, but has fallen out of favor due to side effects
Contraindications
~ Increased rate of anaphylaxis
~ Increased bleeding and coagulopathy through antiplatelet activity and
antifibrinolytic effects
» Increased rates of renal failure
= Glucose requirements
* In some patient populations, glucose or a caloric source may be needed
Example: diabetics on insulin
* D5 canbe added to NS or LR
= Free water
* Free water should not be infused intravenously
 If free water is desired (e.g., hypernatremia), DSW may be administered at a slow
rate to prevent rapid corrections in electrolyte levels

TEMPERATURE REGULATION

= Intraoperative heat loss mechanisms
» Radiation
Most significant form of heat loss perioperatively
Magnitude of heat loss is proportional to temperature differential to the 4th



power
* Conduction
Due to contact with cooler surfaces
» Convection
Due to air movement in room
» Evaporation
Due to sweating or open procedures
= Consequences of hypothermia
* Increased wound infections
* Increased coagulopathy
* Delayed emergence
* Increased shivering and metabolic demands
= Mechanisms to counter heat loss
* Increase temperature of operating room
* Forced air heating blankets
 Insulation devices
* Heat lamps
* Blankets to minimize uncovered skin
= Malignant hyperthermia
* Life-threatening condition of uncontrolled skeletal muscle activation triggered by
succinylcholine or volatile anesthetics
Patients can have an anesthetic with a nontriggering reaction and then trigger
on the second anesthetic
* Mechanism
Hypothesized to be due to decreased control of intracellular calcium stores
Inherited as an autosomal dominant disorder attributed to the ryanodine
receptor
Risk increased with central core disease and King-Denborough syndrome
* Symptoms and detection
Most sensitive finding: hypercarbia
~  Metabolic disorder with increased CO, — significant ETCO, rise

Paco, can be 100 to 200 mm Hg range

Most specific finding: muscle rigidity
~ Masseter muscle rigidity
Masseter muscle spasm following succinylcholine administration
represents malignant hyperthermia in 30% of cases
If surgery 1s not emergent or urgent, it should be delayed
Masseter muscle spasm can occur with or without triggering agents



Not improved with neuromuscular blockers
~ Despite muscle rigidity, peripheral nerve stimulator shows flaccid
paralysis
Associated findings
~ Hypertension
~ Tachycardia
» Dysrhythmias
~ Respiratory acidosis
~ Metabolic acidosis
~ Rhabdomyolysis
-~ Fever
~ Disseminated intravascular coagulation (DIC)
., DIC due to shock and core temperature >41°C
Unlike neuroleptic malignant syndrome (NMS)
~ NMS responds to muscle relaxation from neuromuscular blockers and
succinylcholine
* Testing
Rule out malignant hypothermia with muscle biopsy and caffeine-halothane
contracture testing
~ Four testing centers in United States
~ Biopsy is only good for 5 hours, so must test near a center
Sensitivity ~100%, but specificity is only 80%
~ Lots of false positives
* Treatment and monitoring
Avoid triggering agents
If history of malignant hyperthermia, but no symptoms during anesthetic
» Maintain in PACU for 6 hours prior to discharge
Dantrolene
~ Used to treat malignant hyperthermia
» Mechanism
. Binds at RYRI receptor — blocks calcium release at the sarcoplasmic
reticulum of smooth muscle — decreases muscle contractility
~ Formation
. 20 mg dantrolene with 3 g mannitol in vials
Mix with sterile water
Dose at least 1 mg/kg to start and continue up to 10 mg/kg total dose
., Target adequate urine output
May need to alkalinize urine



~ May need postop infusion or oral conversion (4 mg/kg) for several days
. Malignant hyperthermia symptoms may recur following initial
treatment
~ Side effects
. Weakness, nausea, diarrhea, blurred revision
. Hepatitis in 0.5% receiving dantrolene for >60 days
. Increased aspiration and respiratory weakness
» Pleural effusion, fibrosis, pericarditis, and hearing loss

POSITIONING INJURIES

= Visual injuries
* Corneal abrasions
Causes
~ Chemical (antiseptics), trauma, pressure from instruments, self-infliction
when emerging from anesthesia
Risk factors
» Dry corneas
~ General anesthesia associated with less tearing
Presentation
~ Ocular pain with sensation of foreign body in eye
~ Photophobia, tearing, blurred vision
~ 16% of cases with permanent injury
Diagnosis requires slit-lamp examination with fluorescein
Treatment
~ Topical ketorolac
~ Topical antibiotic may be helpful to decrease further ulceration
~ Eye patch not helpful
~ Mydriatic agents not helpful
~ Topical local anesthetics inhibit healing
* Ischemic optic neuropathy
Mechanism
~ Lack of perfusion to optic nerve from ischemia — axonal swelling —
vision loss
Presentation
~ Painless loss of visual acuity
~ Typically presents after surgery, but presentation could be delayed up to
24 hours postoperatively



~ 43% of patients show visual improvement in symptoms
Types
~ Anterior ischemic optic neuropathy
. Associated with cardiac surgery
. Due to watershed infarct at short posterior ciliary arteries
~ Posterior ischemic optic neuropathy
. Associated with back surgery and steep Trendelenburg position
Often bilateral visual loss
Surgical risk factors
Increased length of surgery
Increased blood loss
. Patient risk factors
Diabetes
Coronary artery disease
Smoking history
Hypotension
Anemia
. Fundoscopic examination cannot immediately diagnose posterior
ischemic optic neuropathy, but it can diagnose anterior ischemic optic
neuropathy
» Retinal vessel occlusion
Central retinal artery occlusion often with carotid, spine, and cardiac surgery
Central retinal vein occlusion: follows low long back surgeries with facial
edema
= Upper extremity injuries
 Ulnar neuropathy (Fig. 5.3)
Cause
~ Direct pressure to the ulnar nerve at the medial epicondyle of the humerus
» Associated with male gender, extremities of body mass index (both
high and low), and prolonged hospital stay
~ Not associated with case length
Prevention
» Limit arm abduction to less than 90° at the shoulder
~ Hand and forearm should be in neutral position or supinated
~ Adequately pad the elbow
» Brachial plexus neuropathies
Cause
~ Compression of brachial plexus, commonly occurring in the lateral



position
Prevention
~ Avoid high axillary rolls when placing patient in the lateral position
~ Minimize head rotation
* Suprascapular nerve and long thoracic nerve injury
Cause
~ Suprascapular nerve is injured when the patient is shifted ventrally in the
lateral position
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FIGURE 5.3 Ulnar Nerve Impingement. The ulnar nerve can be compressed and
injured at the medial epicondyle during general anesthesia.

~ Long thoracic nerve is injured during stretch or direct trauma in the lateral
position
Prevention
~ Move entire body carefully when shifting a patient in the lateral position
= Lower extremity nerve injuries
« Common peroneal nerve injury (Fig. 5.4)
Cause



-~ Direct trauma or compression of the nerve at the lateral head of the fibula,
commonly during lithotomy positioning
Prevention
-~ Avoid lateral compression of the knee or fibula in lithotomy
 Sciatic nerve injury
Cause
- Hyperflexion of hips and extension of knees in lithotomy
Prevention
-~ Avoid hyperflexion of the hips in lithotomy
* Femoral and obturator nerve injury
Causes
-~ Traction on the nerves from retractors used in abdominal surgery
~ Femoral injury presents with decreased extension at the knee, sensory loss
on anterior thigh
-~ Obturator injury presents with inability to adduct the leg and numbness
over the medial thigh
Prevention
- Surgical care when placing retractors near the lower extremity nerves
 Lateral femoral cutaneous nerve
Cause
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FIGURE 5.4 Common Peroneal Nerve Injury. The common peroneal nerve is
commonly injured during surgeries in the lithotomy position due to mechanical
compression of the lateral leg.

» Excessive hip flexion

» Presents with numbness of the lateral thigh
Prevention

» Avoid excessive hip flexion, especially in lithotomy



= Special cases
* Tourniquets
Often used in orthopedic, vascular, and general surgery to create a bloodless
field
Mechanism of injury to structures
-~ Cuff may cause direct pressure to underlying structures
-~ Cuffrestricts blood flow to distal structures — ischemia and anoxia
Prolonged and frequent use can cause skin, nerve, and muscle injury
* Intravenous access
The median nerve can be injured at the antecubital fossa through intravenous
access
Mechanism
-~ Direct trauma
-~ Drug extravasation
Presents with motor weakness for thumb abduction, flexion, wrist flexion, and
forearm protonation due to innervation of the abductor pollicis brevis, flexor
pollicis brevis, opponens pollicis, and forearm flexor muscles
Presents with sensory deficit to palmar surface and the lateral three-and-half
fingers
* IV infiltration
Most cases can be treated supportively by discontinuing use of the IV, raising
the extremity, and warm compresses
Hazardous drugs
-~ CaCl,, NaHCO;, or other vesicant — blistering

Treat with injection of hyaluronidase to promote absorption
-~ Phenylephrine — vasoconstriction
Treat phenylephrine infiltration with an injection of phentolamine

ALLERGIC REACTIONS

= Anaphylaxis
* Mechanism
Life-threatening allergic reaction mediated by an IgE reaction
Allergen binds to IgE antibodies on surface of mast cells and basophils —
histamine and eosinophilic chemotactic factors released (leukotrienes, kinins,
tryptase, chymase, and prostaglandins)
Effects of released factors
-~ Urticaria



~ Bronchospasm and laryngeal/airway edema
~ Systemic vasodilation
-~ Pulmonary vasoconstriction
-~ Cardiovascular instability
Predicting severity
Rapid — more severe
Rash is not required for an anaphylactic reaction
Bradycardia is predictive of severe reaction
Grades
[: cutaneous-mucous signs
II: multivisceral signs (GI upset, dyspnea, rash)
III: life-threatening
IV: CV collapse
Tryptase
Neutral protease stored in mast cells — released during anaphylactic (but not
anaphylactoid) reactions
Measure within 1 to 2 hours of suspected onset
Treatment
Antihistamines
~ Do not stop the release of histamine, but they compete with histamine at the
receptor sites
-~ Aid in the attenuation of the response and can decrease the severity of the
cardiovascular reaction (i.e., hypotension from vasodilatation)
Steroids
Epinephrine
-~ Vasopressor (increases contractility and vasoconstriction)
-~ Bronchodilator
~ Decreases the release of vasomotor mediators in the mast cells
= Anaphylactoid
» Presentation similar to anaphyalatic reactions, but not IgE mediated
Pretesting is not helpful because tests are for IgE reactions
* Can be similarly severe and life-threatening due to mast cell release of histamine,
proteoglycans, and inflammatory mediators
Pretreatment with steroids and histamine blockers may be beneficial in
preventing reactions
Intravenous contrast most likely agent of anaphylactoid reactions
= Drugs
* Muscle relaxants



>60% of allergic reactions in perioperative period
70% cross-reactivity between different muscle relaxants

 Latex

15% of allergic reactions
~ Cornstarch added to gloves is associated with leaching of allergenic
proteins from the gloves and increased aerosolization — increased latex
reactions
-~ At-risk populations include those with congenital urinary tract infections,
spina bifida, spinal cord injury, multiple childhood surgeries, and food
allergies (banana, passion fruit, pineapple, mango, kiwi)
-~ Health-care workers have twice the risk as the general population
Reactions take 30 minutes to develop
Types of reactions
-~ Irritant contact dermatitis
Local rash
-~ Allergic contact dermatitis
Type IV cell mediated immune response
Type I IgE mediated hypersensitivity reactions
Antibiotics
14% of allergic reactions
2% to 10% cross-reactivity between cephalosporins and penicillin
-~ Older cephalosporins (first generation) more likely to cross-react
Skin testing for a penicillin allergy is specific, but not sensitive
Local anesthetics
Local anesthetic esters more likely to cause allergies than amines
-~ Esters cause allergies through p-aminobenzoic acid (PABA) metabolites
Methylparaben is preservative in both esters and amides that may cause
allergic reactions
Sulfites
5% to 10% of patients with asthma may have a sulfite allergy
Examples of drugs that may be made with sulfite
-~ Proprofol (generic), dexamethasone, epinephrine, hydrocortisone,
meperidine, norepinephrine, and tobramycin
Propofol
Often avoided for egg allergies
- Propofol 1s made with egg phosphatide
- Most egg allergies are due to egg albumin in egg whites, not the component
in Propofol



Generic Propofol is made with sodium metabisulfite — allergic reaction in
those with sulfite allergy
Diprivan is made with EDTA and not sulfite

AIRWAY COMPLICATIONS

= Airway injuries

* Facial ulcerations
Prolonged pressure from a mask to create a tight seal can cause facial
ulceration
Most common source is prolonged continuous positive airway pressure
(CPAP) or biphasic positive airway pressure (BiPAP) in an intensive care
unit, but can also happen with prolonged mask ventilation in the operating
room

e Tracheal injury
Causes: direct trauma (during intubation), prolonged elevated tracheal cuff
pressures
Trauma to the trachea can cause tracheomalacia or tracheal stenosis

* Prevention
Endotracheal tube cuff pressures should be between 15 and 25 cm H,O

LMA cuff pressures should not exceed 60 cm H,O

Minimize nitrous oxide use or check cuff pressures frequently when using
nitrous oxide
= Intraoperative complications
* Laryngospasm
Uncontrolled closure of the vocal cords that persists after the stimulus is
removed — obstructs ventilation
Causes
~ Airway manipulation, secretions, regurgitation, moving the patient, and
stimulation of the superior laryngeal nerve
~ Commonly occurs during light planes of anesthesia (induction and
emergence)
Prevention
- Minimize airway irritation
-~ Intravenous lidocaine
~ Consider deep extubation
Treatment



- Remove stimulus (suction fluid and debris at airway)
-~ Provide positive pressure ventilation
-~ Consider muscle relaxation
* Negative-pressure pulmonary edema
Complication of laryngospasm when a patient generates a high negative
inspiratory pressure against closed vocal cords
- Occurs in 4% to 6% of those that experience laryngospasm
~ Hydrostatic exudation of plasma through capillary membrane and alveolar
basement membrane — pulmonary edema, shear forces damage pulmonary
basement membranes
Mortality between 10% and 40%
Treatment
- Supportive
-~ Consider diuretics
- Most cases resolve in less than 24 hours
* Bronchospasm
Spasm and constriction of the bronchiolar wall muscles
~ Causes: reactive airway disease, airway irritation, allergic reactions
Presentation
- Wheezing, decreased expiratory flow, shortness of breath, difficulty
ventilating
~ Could become an emergency if ventilation is impossible
Treatment
-~ P-agonists, anticholinergics, and steroids
~ Deepen anesthetic level
Volatiles are bronchodilators
* Aspiration
Patients under anesthesia are at greater aspiration risk due to the blunting of
airway reflexes
-~ Aspiration volumes greater than 0.4 cc/kg with pH <2.5 — potential for
pneumonitis with high morbidity
Effects of aspiration: bronchospasm, hypoxemia, atelectasis, hypotension, and
lung injury
Treatment
~  Minimize gastric flow to the lungs
Trendelenburg position
Head to the side
Suction gastric contents



~ Secure the airway (if not already secured)

UNIQUE ANESTHETIC CONSIDERATIONS

= Controlled hypotension
* Controlled hypotension must be done carefully and with consideration of the risks
* Risks
Decreased perfusion may increase the risk of stroke, renal injury, and
splanchnic hypoperfusion
* Beneficial scenarios
Surgeries where bleeding cannot be controlled with pressure or vascular
control (e.g., orthopedic surgery, maxillofacial surgery)
Aneurysm surgery to prevent rupture
Trauma to minimize bleeding while hemostasis 1s obtained
= Controlled hypothermia
* Suggested benefits
Hypothermia decreases metabolic rate — decreases oxygen consumption —
protects against ischemia
Reduces inflammation and cytokine release
Therapeutic hypothermia following ventricular fibrillation arrest improves
mortality
* Anesthetic implications
Hypothermia may be intentionally induced when circulatory arrest is necessary
or be used during cardiac surgery for its protective effects
Paralysis 1s often needed to prevent shivering and minimize oxygen
consumption
= Hyperbaric oxygen
* An environment of >1 atmospheric pressure
Provides increased pressure and increased oxygen concentration
* Indications
Air embolism
Decompression sickness
Profound hypoperfusion
Severe carbon monoxide poisoning
Poor wound healing
* Anesthetic affects
Decreases MAC due to increased partial pressure of volatiles at higher
barometric pressure



Intravenous anesthetics are unaffected

POSTOPERATIVE ISSUES

= Respiratory
* Airway edema
Anesthetic and surgical factors
-~ Large fluid shifts
- Massive resuscitation
-~ Long prone procedures
-~ Surgery on the head, neck, or airway
Intervention
~ Airway edema should warrant prolonged intubation or repeat visualization
of the airway to assess if extubation would be tolerated
-~ Placing patients in an upright position
-~ Consider steroids and/or diuresis on a case-by-case scenario
* Hypoxemia
Anesthetic and surgical factors
~ Anesthetic agents are associated with inhibition of hypoxic drive
-~ General anesthesia is associated with atelectasis
-~ Diffusion hypoxia is possible with the use of high nitrous oxide
concentrations
-~ Pneumothorax and pulmonary embolisms should be considered in the
differential
Preexisting comorbidity factors
- Reactive airway disease — bronchospasm and hypoxemia
-~ Heart failure — pulmonary edema
Intervention
~ Treat any reversible causes
- Supplemental oxygen may treat hypoxemia, but may also mask
hypoventilation
-~ In cases of severe hypoxemia, consider noninvasive ventilation or re-
intubation
* Hypoventilation
Anesthetic and surgical factors
-~ Anesthetic agents inhibit hypercapnic ventilatory drive
-~ Opioids and benzodiazepines decrease respiratory drive and increase the
apneic threshold



-~ Residual neuromuscular blockade
-~ Splinting due to pain
Preexisting comorbidity factors
-~ Patients with severe COPD or obstructive lung disease may have a higher
resting Paco,

- Sleep apnea may predispose patients to airway collapse and
hypoventilation
Interventions
-~ Treat any reversible causes
Consider naloxone or flumazenil if drugs are the likely culprit
~ Consider noninvasive ventilation such as BiPAP or repeat intubation
= Cardiovascular
* Hypertension
Anesthetic and surgical factors
-~ Pain
-~ Fluid overload
~ Hypothermia and shivering
~ Increased intracranial pressure
Preexisting comorbidity factors
-~ Patients with preexisting hypertension are likely to have postoperative
hypertension, especially if medications were withheld preoperatively
Interventions
-~ Treat underlying cause
-~ Consider antihypertensive agents
* Hypotension
Anesthetic and surgical factors
- Hypovolemia following inadequate resuscitation or continued fluid
sequestration
.~ Hypovolemia due to active hemorrhage
» Vasodilation due to inflammatory response
- Residual anesthetic effects
Preexisting comorbidity factors
-~ Cardiogenic cause should be considered in patients with a history of
coronary artery disease or arrhythmias
-~ Vascular tone may be affected by chronic medications
Interventions
-~ Dependent on likely cause
-~ Consider a fluid bolus or inotropic support



= Renal dysfunction
* Anesthetic and surgical factors
Hypovolemia (pre-renal) and hypotension are the most likely causes of renal
injury in the perioperative period
Surgical causes of decreased renal perfusion include renal clamping, renal
artery stenosis, abdominal compartment syndrome, or ureteral obstruction
* Interventions
Determine if the likely cause is prerenal, intrarenal, or postrenal, and address
appropriately
Treat any electrolyte disturbances
Consider dialysis if medical management is insufficient
= Neurologic
* Delirium
Presents as disorientation and inappropriate behavior on emergence from
anesthesia
Risk increased in elderly and in those with dementia
Nearly all anesthetic drugs can precipitate delirium
Interventions

»>

»>

»>

»>

»>

Treat underlying cause
., Infection, hypoglycemia, or electrolyte disturbances
Adequate analgesia
Antipsychotics
Minimizing polypharmacy
Supplemental oxygen

* Postoperative cognitive dysfunction
Decline in cognitive function following surgery

»>

»>

Cause is not clear
., May be due to inflammatory response following surgery
. Not linked with hypotension

Risk equal under regional and general anesthesia

Risk factors

Age

Cardiac surgery

High-risk or major surgery

Significant alcohol use

Lower educational levels

History of stroke

History of cognitive impairment (such as Alzheimer disease)



-~ Prolonged hospitalization
* Central anticholinergic syndrome
Patients present postoperatively with symptoms that resemble atropine
intoxication
-~ Dizziness, blurred vision, nausea, dilated pupils, photophobia,
dissociative hallucinations, seizure, and disorientation
-~ Diagnosis is difficult and other causes of disorientation must be considered
-~ If symptoms resolve with physostigmine, central anticholinergic syndrome
is likely the cause
-~ Physostigmine
Anticholinergic
Lipid soluble, tertiary structure allows it to cross the blood—brain
barrier (neostigmine is quaternary)
Side effects: bradycardia, salivation, vomiting
Metabolized by plasma cholinesterases
Only works 20 minutes, so repeat dosing may be needed
= Hypothermia
* Common following anesthetics due to the cold temperature of the operating room,
skin and visceral exposure, and room temperature IV fluids
 Effects
Postoperative shivering
- Shivering increases metabolic rate — increases oxygen consumption
- Benign in healthy, but may be detrimental in those who will not tolerate an
increased heart rate
-~ Shivering can also occur without hypothermia after anesthetics
Impairs platelet function
Decreased drug metabolism
Immune suppression
¢ Treatment
Increase ambient temperature
Use fluid warmer
Forced air blankets
Medications to reduce shivering include opioids, clonidine, dexmedetomidine,
propofol, meperidine, and physostigmine
= Postoperative nausea and vomiting (PONYV)
* Common following general anesthetics
* Predicting risk
Apfel score predicts PONV



-~ Four factors
Nonsmoker
Female
History of PONV/motion sickness
Intraoperative opioids
- Risk of PONV is dependent on number of positive factors
0 factor = 10%
1 factor =20%
2 factors =40%
3 factors = 60%
4 factors = 80%
 Risk factors
Anesthetic risk factors
- Use of volatiles, nitrous oxide, opioids, neostigmine
Surgical risk factors
-~ Strabismus surgery, tonsillectomy, breast surgery, gynecological surgery,
orchiopexy, otolaryngology surgery
Patient risk factors
-~ Female, nonsmoking, history of PONV and motion sickness
-~ Risk not gender-related until puberty
* Preventative techniques
Administer prophylactic antiemetics, supply adequate hydration, and modify
anesthetic plan to minimize anesthetic risk factors
-~ Gastric evacuation does not help
Drugs
- Antiemetics
Ondansetron: serotonin antagonist
Droperidol/haloperidol: dopamine antagonist
Metoclopramide: dopamine and serotonin antagonist
Dexamethasone: central inhibition of prostaglandin synthesis
Scopolamine: block muscarinic cholinergic emetic receptors at pons
and cortex
» Phenothiazines: dopamine antagonist
~ Antacids
Proton pump inhibitors
H2-blockers
Sodium citrate
Acupuncture



-  Works at P6 site to reduce PONV, but only if done prior to anesthesia

PACU DISCHARGE

= Phase
* I: OR to PACU discharge
« II: PACU discharge to home discharge
 [III: home discharge to resumption of daily activities
= PACU discharge criteria
* Discharge criteria continues to evolve and are often institution-dependent based
on resources and monitoring capabilities
* Aldrete scoring system
Factors (0, 1, or 2 points each)
-~ Activity (not moving, moving two extremities, moving four extremities)
-~ Breathing (apnea, shallow breathing, deep breathing, and coughing)
-~ Circulation (SBP greater than 50 mm Hg off from pre-anesthetic level,
SBP within 50 mm Hg of pre-anesthetic level, SBP <20 mm Hg from pre-
anesthetic level)
~ Consciousness (no response, drowsy, alert)
-~ Oxygen saturation (cyanotic, pale, normal)
Score of 9/10 considered adequate for discharge

ORGAN DONATION

= Donation after brain death
* Neurologic death criteria

Unresponsive
No spontaneous motor activity
Absent papillary, corneal, oculocephalic/oculovestibular reflexes
Absent cough with suctioning
No increase in HR with 2 mg of atropine
No respiratory efforts on apnea testing (Paco, > 60 mm Hg)

EEG silence
* Pathophysiological changes
Decreased SVR — hypotension
Central diabetes insipidus
~ Due to injury to neurohypophysis and reduction of vasopressin



-~ Presents with polyuria, hypernatremia, hypokalemia, hypocalcemia
Treat with DDAVP or vasopressin
Myocardial dysfunction
Decreased antidiuretic hormone
Hypothyroid
Adrenal insufficiency
* Intraoperative considerations
Hemodynamic goals
-~ Systolic BP > 100 mm Hg
~ Pao,> 100 mm Hg

-~ Urine output > 100 cc/hr
Resuscitation
» IV fluids and vasopressors may be needed to maintain adequate blood
pressure and urine output
-~ Excessive fluid resuscitation can cause organ swelling and decrease
transplant quality
Organ procurement
-~ Done in order of susceptibility to ischemia
- Heart removed first, kidneys removed last
F10, <40% for lung retrieval

Goal glucose <200 mg/dL
= Donation after cardiac death
* Due to removal of organs after cardiac arrest, organs have a longer ischemia time
that can affect organ quality
Controlled donation: transplant team awaits arrest in operating room
Uncontrolled donation: unplanned arrest with either unsuccessful resuscitation
or no attempted resuscitation



QUESTIONS |
1.

A 42-year-old man with morbid obesity is scheduled to undergo a right
colectomy. He has a history of a silent MI, hypertension, elevated cholesterol,
chronic renal insufficiency (Cr, 1.7), and noninsulin-dependent diabetes mellitus.
His medications are metoprolol, amlodipine, metformin, and simvastatin. His

revised cardiac risk factor score is:
1
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A 72-year-old man is undergoing preoperative evaluation for noncardiac surgery.
He 1s able to walk up one flight of stairs without difficulty. This activity is
equivalent to which of the following in terms of oxygen uptake?

A. 3.5 mL O, uptake/kg per min

B. 7 mL O, uptake/kg per min
C. 14 mL O, uptake/kg per min
D. 21 mL O, uptake/kg per min

Which of the following therapies is contraindicated for the brain-dead patient
undergoing lung donation?

A. Solu-Medrol

B. Recruitment maneuvers

C. 10 cc/kg tidal volumes

D. Fluid restriction

Which of the following factors is associated with the development of
postoperative cognitive dysfunction?

A. Intraoperative hypotension

B. General anesthesia vs. regional anesthesia

C. Age > 60 years

D. Higher educational levels

Which of the following statements regarding the use of aprepitant compared with
ondansetron for PONV is most correct?



SOw>

It is more effective for prevention of PONV

Its use is associated with greater QT prolongation

It is more sedating than ondansetron

It is most effective when administered at the end of surgery



g CHaPTER Cardiovascular System

STRUCTURE AND MECHANISMS

= Anatomy
 Position of the heart (Fig. 6.1)
. Positioned in the mediastinum at ~T5-8
. Anchored in pericardium
. Slightly rotated
~ Right ventricle is the most anterior structure and lies in the left parasternal
area closest to chest wall — most likely injured in trauma
~ Left atrium 1s against esophagus — essential for understanding mid-
esophageal transesophageal echocardiogram (TEE) views
¢ Chambers
. Right atrium (RA)
~ Receives deoxygenated blood from the inferior vena cava (IVC) and
superior vena cava (SVC)
~ Fossa ovalis 1s fetal remnant of foramen ovale
» Patient foramen ovale (PFO) exists in ~25% of population
. Right ventricle (RV)
~ Receives deoxygenated blood from RA
~ Contains anterior, posterior, and septal papillary muscles connected to
tricuspid valve
~ Empties into the right ventricular outflow tract to the pulmonary artery
* Left atrium (LA)
. Receives oxygenated blood from four pulmonary veins
. Left atrial appendage is a muscular pouch
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FIGURE 6.1 Position and View of the Heart. Basic cardiac anatomy depicting the
chambers and valves of the heart. Ant., anterior; descend., descending; Br., branch;
Post, posterior. (Reproduced from Pagel PS, Kampine JP, Stowe DF. Cardiac
anatomy and physiology. In: Barash PG, Cullen BF, Stoelting RK, et al., eds.
Clinical Anesthesia. 7th ed. Philadelphia, PA: Wolters Kluwer; 2013:242.)

~ Location of thrombus formation specifically in low flow states like atrial

fibrillation (A-fib) and dilated cardiomyopathy-related heart failure (HF)
* Left ventricle (LV)

Receives oxygenated blood from left atrium

Contains anterior and posterior papillary muscles connected to mitral valve

More muscular and capable of higher pressures than the RV
= Valves

* Tricuspid
Composed of three-valve leaflets — connects RA to RV
Common valve infected in endocarditis

¢ Pulmonic

Semilunar valve composed of three-valve leaflets — connects RV to PA
(pulmonary artery)

* Mitral
Composed of two-valve leaflets — connects LA to LV

* Aortic

Semilunar valve composed of three-valve leaflets — connects LV to aorta
Two percent of the population has a bicuspid aortic valve
= Coronary vessels (Fig. 6.2)
» Aortic sinuses, located just below the aortic valve, give off right coronary artery
(RCA) from the right aortic sinus and left coronary artery from the left aortic sinus



Left

: coronary artery

Left
circumflex artery

,‘.,1;"’/})(.’,//// -

Right
coronary artery

Left anterior
descending artery

Posterior
descending artery

FIGURE 6.2 Coronary Circulation. Coronary circulation showing the right- and
left-sided coronary vessels and their associated branches.

. Posterior aortic sinus — no vessel and hence called the noncoronary sinus
* Coronary arteries originate at the root of the aorta
. RCA — supplies blood to the RA, RV, as well as a minority of the LV
» Branches into posterior descending artery (PDA) in the right-dominant
system and the right marginal artery
» PDA runs along the posterior interventricular sulcus to the apex
» Supplies posterior one-third of the interventricular septum
» Supplies the sinus node and is implicated in dysrhythmias
» Right marginal artery
» Supplies blood to the RV
. Left coronary artery (left main) divides into left anterior descending (LAD)



and circumflex (Cx) — supplies blood to majority or left heart and septum
- LAD supplies blood to anterior, lateral, and apical LV
LAD branches into diagonal arteries and septal perforators
Diagonal arteries travel from the anterior interventricular groove
toward the anterolateral heart
Septal perforators travel into the septum
~ Cx supplies blood to the LA and posterior LV
Cx branches into obtuse marginal (OM) arteries
Obtuse marginal arteries travel from the interventricular sulcus to the
apex
Coronary veins return deoxygenated blood to the coronary sinus at the right
atrium
» Coronary artery dominance
Vessel that supplies PDA determines dominance
~ RCA supplies PDA — right dominant
Majority of population
~ Cx artery supplies PDA — left dominant
~ RCA and Cx both supply PDA — codominant
= Cardiac cycle
 Sinoatrial (SA) node in the right atrium is the pacemaker of the heart
SA node transmits signal to both atria — atrial systole (ECG
[electrocardiogram] P wave)
Right vagus and sympathetic chain supply the SA node
-~ Right carotid massage more effective than left carotid massage
* Atrioventricular (AV) node receives signal at junction of atria and ventricles
(ECG R wave)
AV node transmits signal to Bundle of His and Purkinje fibers
Left vagus and sympathetic supplies the atrioventricular node
* Purkinje system sends signal to ventricular myocytes — ventricular systole
(ECG QRS complex)
= Blood flow
* Flow into the atria is passive through venous return
Venous return equals cardiac output
Negative intrathoracic pressure during the spontaneous inspiratory phase aids
venous return
* Flow into ventricle is both passive and active
Eighty-five percent of flow into ventricle is passive
Fifteen percent of flow into ventricle is active through atrial systole



* Flow into pulmonary artery and aortic valve is active
Ventricles undergo isovolemic contraction — increased pressure opens PV or
AV — ventricular ejection

* Flow into coronary vessels occurs during diastole
Ventricles undergo isovolemic relaxation after contraction — pulmonic and
aortic valves close

= Cardiac action potential

* Cardiomyocytes are the muscle cells of the heart
Depolarization of plasma membrane — calcium enters the plasma membrane
across receptors on T-tubules — activate ryanodine receptors on
sarcoplasmic reticulum to open — calcium releases into cell — bind to
troponin C — actin—myosin contraction — ATP-ase dependent relaxation and
uptake of calcium back into the sarcoplasmic reticulum

* Volatile anesthetics decrease calcium release from the sarcoplasmic reticulum

CARDIAC PHYSIOLOGY

= Definitions of heart function
 Inotropy: strength of muscular contraction
Chronotropy: heart rate
Dromotropy: conduction speed of impulses
Bathmotropy: threshold for excitation
 Lusitropy: myocardial relaxation
= Preload, afterload, and contractility
¢ Preload
Ventricular load at end-diastole
- Determined by stretching of cardiomyocytes prior to contraction
-~ Linear relationship between sarcomere length and myocardial force
Determinants
-~ Increased venous return (both venous pressure and volume) — increased
preload
-~ Increased intrathoracic pressure (mechanical ventilation, mass effect) —
decreased preload
* Afterload
Systolic load on left ventricle after contraction is initiated
- Determined by resistance to contraction
Determinants
-~ Increased hypertension — increased afterload



» Increased aortic stenosis — increased afterload
~ Increased aortic compliance — decreased afterload
* Contractility
Contractile strength of the heart
Determinants
~ Increased adrenergic input — increased contractility
~ Aberration in pH — decreased contractility
= Frank—Starling relationship (Fig. 6.3)
* Relationship between myocardial work and preload
 Increased load on heart — increased myocardial stretch — increased myocardial
contraction
Force of cardiac muscle fiber proportional to sarcomere length

Normal heart

Stroke | - -
Volume | Failing
heart
I
No congestion Congestion

Preload

FIGURE 6.3 Frank—Starling Relationship. Frank—Starling curve demonstrating the
effects of preload on cardiac function in a normal and failing heart. (Reproduced
from Urman RD, Ehrenfeld JM. Pocket Anesthesia. Philadelphia, PA: Wolters
Kluwer; 2012.)



* Frank—Starling curve
Graph
~ X-axis: ventricular end-diastolic volume
~ Y-axis: ventricular performance
Normal performance: increased ventricular end-diastolic volume — increased
ventricular performance
Heart failure: increased ventricular end-diastolic volume — limited increase
in ventricular performance
= Cardiac work
» Cardiac oxygen consumption determined by stroke work and energy required to
change shape to fill and relax
» Cardiac work determined by heart rate, stroke volume, and myocardial wall
tension
Heart rate has most significant impact on oxygen consumption (then afterload,
then preload)
Wall tension is determined by end-diastolic ventricular pressure, preload, and
systemic vascular resistance
~ Tension = pressure x radius/(2 % wall thickness)
* Heart failure increases wall stress — increases oxygen consumption
= Oxygen consumption
* Normal heart: 8 to 10 ¢c¢/100 g/min
» Cardioplegic fibrillating heart: 2 cc/100 g/min
» Cardioplegic quiescent heart: 0.3 cc/100 g/min
= Metabolic equivalent of task (MET)
» Used to assess energy consumption
» Ratio of metabolic rate during activity to baseline metabolic rate
* Application
1 MET = amount of energy expended during 1 minute at rest
» Average value of 1 MET = 3.5 cc O,/kg/min

Example: if patient consumes 250 cc O,/min at baseline, then a consumption of
2,500 cc O,/minis 10 METs

BLOOD PRESSURE AND FLOW

= Blood pressure (BP) modulation
* Sympathetic nervous system
Complex set of nerves that release norepinephrine and epinephrine from the



adrenal medulla to produce vasoconstriction and shunt blood to the heart,
lungs, and brain
Works in response to stress, hypotension, and hypovolemia

* Renin—angiotensin—aldosterone system

Signaling pathway that increases aldosterone and sodium retention to increase
fluid and blood volume

Works in response to hypotension, hyponatremia, and sympathetic nervous
system stimulation

* Vasopressin
Peptide hormone produced in the hypothalamus that regulates fluid retention at
the kidneys and vasoconstriction at the V| receptors on vascular smooth
muscle

Works in response to hypovolemia, hypotension, increased serum osmolality,
and increased angiotensin II

Does not constrict pulmonary vasculature, hence can be used in pulmonary
hypertension
= Baroreceptors
» Sensory neurons that monitor blood vessel stretch and pressure
Located at the carotid sinus, aortic arch, and right atrium
Carotid baroreceptors send signals via cranial nerve IX
Aortic baroreceptors send signals via cranial nerve X
» Baroreceptor firing slows with decreased BP — initiates baroreceptor reflex to
restore BP
» Baroreceptors adapt with time — patients with essential hypertension may have a
higher set point for BP
= Vascular resistance
* Systemic vascular resistance (SVR) from peripheral circulation
SVR =80 x (MAP — CVP)/cardiac output
Reference range: 700 to 1,600 dyn - s/cm’
* Pulmonary vascular resistance (PVR) from pulmonary circulation
PVR = 80 x (mean PA pressure — pulmonary artery occlusion
pressure)/cardiac output
Reference range: 20 to 130 dyn - s/cn?
= Autoregulation of blood flow
* Autoregulation is the maintenance of normal blood flow despite variations in BP
and volume
* Brain, heart, and kidneys maintain excellent autoregulation
» Skeletal and splanchnic organs have moderate autoregulation



 Uterus and skin has little autoregulation

HEMODYNAMIC DRUGS

= Uppers
* Primary a-agonists
Phenylephrine
-~ Direct o;-agonist that increases SVR
-~ No direct heart rate effect
Can see reflex bradycardia — reduction in cardiac output
Norepinephrine
-~ Direct a;, o, and ;-agonist that increases SVR, but a-effects predominate
-~ Venous return increases
-~ Cardiac output is normally unchanged
-~ Oxygen consumption increases
- Increases PVR
~ Decreases blood flow to renal vasculature, mesenteric vascular beds, and
peripheral circulation
e Primary -agonists
Dobutamine
-~ Primarily B, effects, although some o, and 3, agonist effects as well

More inotropy than chronotropy (unlike isoproterenol)
Increases cardiac output without major alterations in heart rate or
blood pressure
~ Effective in low cardiac output states
~ Unlikely to increase size of infarct or cause arrhythmias
~ Useful in cardiogenic shock
Isoproterenol
~ Nonselective B-adrenergic stimulation
B> B
-~ Primarily used as chronotropic agent after heart transplant
-~ Can use to treat hemodynamically unstable bradycardia or 3rd degree heart
block when a temporary pacemaker is unavailable
Dopexamine
-~ Synthetic dopamine analog with 3; and B, activity

By > By

~ B, — vasodilation — decrease afterload



-~ Vasodilation of renal and splanchnic vessels
-~ Increased inotropy
-~ Increased diuresis
* Mixed a and 3 agonists
Ephedrine
-~ Indirect - and B-agonist that increases SVR and inotropy
Releases NE at sympathetic nerve endings
-~ Depletion of norepinephrine stores may result in tachyphylaxis
~ Do not use in patient’s taking monoamine oxidase inhibitors
Epinephrine
-~ Direct oy, 0, B, and B,-agonist
-~ Increases SVR
-~ Increases inotropy
-~ Increases chronotropy
~ Compared to norepinephrine, epinephrine vasodilates the pulmonary bed
through [3, receptors and can be used in anaphylactic shock

~ Often diluted
1:100,000 is interpreted as 1 g per 100,000 mL, or 10 pg/mL
- Eliminated by reuptake into sympathetic nerve terminals (90%) and
diffusion to liver for metabolism (20%)
Dopamine
-~ a, B, and dopaminergic agonist
At low doses (0.5 to 3 pg/kg/min) — acts at renal receptors to promote
renal vasodilation
No evidence of improvement in renal function
May promote diuresis that can worsen hypovolemia in certain
shock states
At moderate doses (3 to 10 pg/kg/min), B-agonist and increased
chronotropy
At high doses (10 to 20 pg/kg/min), mixed o- and B-stimulation
A very high doses (>20 pg/kg/min), primarily o-stimulation
~ Increased tendency to cause dysrhythmias
-~ No longer the preferred agent in septic shock
* Other
Vasopressin
-~ Acts at vasopressin V| receptors to increase SVR without increase in PVR

-~ Levels of vasopressin are low in vasodilatory/septic shock
-~ Effective in acidemia



~ Other receptors include V, (water retention) and V; (corticotropin

secretion)
Milrinone
-~ Phosphodiesterase III inhibitor that causes positive inotropy and arterial
vasodilation
» Used in HF to decrease preload and afterload
Renally excreted; therefore, no need for decreasing dose in renal failure
- Adverse effects
Arrhythmias, especially atrial fibrillation
Hypotension if administered too quickly

¥

= Downers
* p-blockers
Can be targeted at 3, B; and B3,, or f and o

-~ B-receptors are found on the cells of the heart (3;) as well as the cells of
smooth muscle, airways, and arteries (3,)

-~ Blocking B-receptors inhibits stimulation from 3-agonists, such as
epinephrine and other stress hormones
Useful in decreasing myocardial oxygen consumption, arrhythmia management,
and hypertension
Types
-~ Selective B,: atenolol, bisoprolol, esmolol, metoprolol
~ Nonselective (f; and p,): nadolol, pindolol, propranolol, timolol

- P and a: carvedilol, labetolol
Contraindications
-~ Can worsen asthma and bronchospasm through 3,-blockade

-~ Can induce profound unmitigated a-agonism in cocaine use and
pheochromocytoma
-~ Can blunt response to hypoglycemia
Glucagon can be used in an overdose
* Calcium channel blockers
Target and block the movement of calcium through calcium channels
~ Effective at reducing heart rate, BP, and cerebral vasospasm
~ Avoid in patients with congestive heart failure (CHF), cardiogenic shock,
low cardiac output states, and AV block
Classes
-~ Phenylalkylamine
Selective for myocardium and reduce myocardial oxygen consumption



Vasodilatory effects are less than other classes — less reflex
tachycardia
Example: verapamil
Effective for supraventricular tachycardia
AV node depressant, negative inotrope
Moderate vasodilator on coronary and systemic arteries
-~ Dihydropyridines
More selective for vasodilation
Hypotension may induce reflex tachycardia
Examples: nifedipine, nicardipine, nimodipine, amlodipine
Nicardipine
Arterial vasodilator without negative inotropy, chronotropy
. Minimal venodilator
. Increases stroke volume and coronary blood flow
Decreases cerebral and cardiac ischemia
Safer profile than nitroprusside and nitroglycerin
. Adverse effects: headache (21%), nausea and vomiting
(7%), peripheral edema
Nifedipine
Treats angina as it has powerful effects on coronary artery
smooth muscle
Relieves coronary vasospasm
Nimodipine
Crosses the blood—brain barrier — treats subarachnoid
hemorrhage-induced vasospasm
- Benzothiazepine
Selective for both cardiac depressant and vasodilatory effects
Vasodilates, but with less reflex tachycardia
Example: diltiazem
Effective AV nodal drug with mild-to-moderate myocardial
depressant effects
= Nitric oxide (NO) releasers
* Sodium nitroprusside (SNP)
Structure
~ Na,[Fe(CN)sNO]
Five cyanide moieties for every NO moiety
- Releases NO as active ingredient
Function



- Venodilator and vasodilator
Decreases preload and afterload, but more preload than afterload since
it is a venodilator
- Rapid onset, effective in hypertensive crisis
- Rebound hypertension when discontinued due to increased catecholamine
secretion during SNP infusion
Adverse effects
. Metabolism of SNP requires conversion of Fe?" to Fe** (oxidation) —
methemoglobinemia
~ Can increase intracranial pressure (ICP)
-~ Can cause coronary steal in patients with CAD (coronary artery disease)
Has been shown to increase mortality when administered to patients
following myocardial infarction (MI)
-~ Attenuates pulmonary hypoxic vasoconstriction — decrease in Pao,

¥

Cyanide toxicity

Metabolized to cyanide — metabolized to thiocyanate — excreted by

kidneys
Thiocyanate toxicity can occur with renal failure
Presents with nausea, vomiting, mental confusion, weakness, and
thyroid dysfunction

Cyanide toxicity typically requires doses greater than 2 ug/kg/min
First sign is resistance to hypotensive effects of drug
Cyanide binds to iron — inhibits cellular respiration — lactic
acidosis and cytotoxic hypoxia

Mixed venous Pao, elevated in presence of cyanide toxicity

Venous blood is well oxygenated and patients are not cyanotic
Treatment options: sodium nitrate, amyl nitrite, sodium thiosulfate,
hydroxycobalamin
Sodium thiosulfate (preferred drug) converts cyanide to thiocyanate
Light protection
Exposure to light — release of cyanide
Studies show 8 hours of light exposure does not make much
difference in cyanide release
* Nitroglycerin
Converted to nitric oxide
Smooth muscle relaxant and venodilator
Decreases angina
-~ Decreases myocardial preload — decreased wall tension and oxygen



consumption
-~ Dilates coronary arteries and improves blood flow
Vasodilator at higher doses
= Other downers
¢ Fenoldopam
Dopamine-1 receptor agonist with significant vasodilating properties
- Augments renal blood flow through renal vasodilation
Lack of significant systemic vasodilation
Increases creatinine clearance and promotes diuresis
- Metabolized in the liver
Used for treatment of severe hypertension (HTN) with to minimize renal insult
- Reduces acute renal injury, need for hemodialysis, death, and length of stay
in ICU after long-term infusion
Alternative to SNP and has the advantage of less toxicity, rebound effect, or
coronary steal
* Hydralazine
Vasodilator via smooth muscle relaxation
- Works on potassium channels
Metabolized at liver
Can cause an systemic lupus erythematosus—like syndrome
* Nesiritide
Recombinant form of human brain natriuretic peptide that has vasodilatory,
natriuretic, and diuretic effects
Effective in CHF
* Angiotensin-converting enzyme (ACE) inhibitors/Aldosterone receptor
blocker (ARB)
Inhibit renin—angiotensin—aldosterone system to prevent hypertension
May cause refractory hypotension during general anesthetics

HYPERTENSION

= Types of hypertension
 Essential hypertension
Form of HTN without a clear cause
- Affects > 95% of hypertensive patients
Defined as systolic blood pressure (SBP) > 140 and diastolic blood pressure
(DBP) > 90
* Secondary HTN



Clear etiology of HTN
~ Frequently causes more severe forms of HTN that are more refractory to
treatment
Causes
~ Renal artery stenosis
~ Pheochromocytoma
~ Hyperaldosteronism
» Cushing syndrome
~ Hyperthyroidism
~ Obstructive sleep apnea
~ Autonomic hyperreactivity
= Hypertension morbidity
» Systolic and diastolic hypertension are independent predictors of MI, stroke, and
renal injury risk
* Pulse pressure >65 is associated with increased risk of stroke, CHF, and
mortality
= Preoperative evaluation
» Evaluate for causes of HTN, cardiovascular risk factors, signs of end-organ
damage, and current medical therapy
Long-standing HTN warrants an ECG and preoperative renal labs
Long-standing HTN with ECG abnormalities may be considered for an
echocardiogram
* Generally recommended to delay surgery for BP >200/115
Goal 1s to normalize BP as much as possible prior to surgery
No evidence to support cancellation for BP <180/110
 Urgent/emergent surgery should proceed
= Anesthetic considerations
* Avoid large fluctuations in blood pressure
Consider arterial line
If not using an arterial line, use appropriate sized BP cuff
» Relative intraoperative hypotension may cause end-organ damage

CORONARY ARTERY DISEASE AND HEART
FAILURE

= Coronary artery disease
» Narrowing of coronary arteries that supply the heart



Plaque buildup along the inner walls of the heart arteries — decreases
coronary blood flow

 Stable angina: chest pain at stable levels of exertion
* Acute coronary syndrome: chest pain indicative of a MI

Includes unstable angina, non-ST elevation myocardial infarction (NSTEMI),

and ST elevation myocardial infarction (STEMI)
= Coronary perfusion

 Difference between aortic diastolic pressure and right and left ventricular end-
diastolic pressures

LV is perfused during diastole
-~ During systole, LV pressure increases and occludes intramyocardial
portions of coronary arteries
RV is perfused during both systole and diastole
- During systole, RV pressure is lower and perfusion pressure is sufficient

to supply coronary arteries
= Coronary changes with age

* Decreased cardiac myocytes, sinus node cells, and conduction fibers
 Elastic and collagen break down

At large arteries — increase aortic diameter
At venous system — reduce compliance

* Sympathetic nervous system responsiveness decreases
Lower resting and maximal heart rate

B-receptor responsiveness decreases
= Myocardial infarction

* Occurs when blood stops flowing to part of the heart and causes myocardial
1schemia

» Diagnosis of MI
Symptoms

-~ Chest pain with possible radiation to left arm or neck, shortness of breath,
diaphoresis, and exacerbation of symptoms with exertion

- Women and diabetics may present with atypical symptoms
Testing

- ECG changes

ST-elevation, ST-depressions may signify acute coronary syndrome
Transmural MI is due to a major MI that extends through the whole
thickness of the heart muscle — ST elevations

Subendocardial MI is due to ischemia in the subendocardial wall
— ST depressions



. T wave inversions may be a sign of ischemia
» Q waves may be a sign of a previous ischemic event
. ECG leads and their heart distribution
Lateral: I, avL, V5, V6
Inferior: II, III, aVF
Septal: V1, V2
Anterior: V3, V4
~ Enzymes
. Cardiac troponin I is a protein marker for cardiac ischemia
May not increase until 3 hours after coronary event
. CK-MB is also a marker for ischemia, but troponin is more commonly
used
Coronary artery and MI location
~ LAD: anterior or septal MI
» Circumflex: lateral MI
» RCA: inferior MI
. Often causes heart block due to AV nodal damage
* Antianginal treatment
Oxygen
Antiplatelet therapy
~ Aspirin
~ Clopidogrel
~ Other antiplatelets agents
Nitroglycerin and/or opioids to decrease sympathetic drive
B-blockers
Statins
Revascularization
~ Angioplasty
~ Stent placement
~ Coronary artery bypass surgery
* Complications
Septal rupture
» Occurs with the highest frequency within the first week post-MI
» More common after a transmural infarction and in an anterior wall Ml vs.
inferior wall MI
~ Resulting ventricular septal defect that is created is often irregular in shape
~ Presents with sudden deterioration and cardiogenic shock
. Without corrective surgery, mortality is 100%



With corrective surgery, mortality is still 50% to 75%
- Many patients are placed on an intra-aortic balloon pump (IABP) to help
decrease afterload
= Heart failure
* Defined by inability of the heart to pump a sufficient amount of blood
Can be caused of coronary artery disease, hypertension, cardiomyopathy,
valvular disease, or arrhythmias
» Can be caused by systolic or diastolic dysfunction
Systolic dysfunction: decreased ejection fraction (EF)
Diastolic dysfunction: abnormal heart relaxation
* Symptoms include dyspnea on exertion, orthopnea, peripheral and pulmonary
edema (increased peak airway pressures + pink, frothy fluid)
* CXR (chest X-ray) will show cardiomegaly
* Echocardiogram will demonstrate hypokinesis
 Cardiac catheterization
Left ventricular end diastolic pressure (LVEDP) >15
Ejection fraction (EF) <35%
Cardiac Index (CI) <2.5
* Goals
Decrease preload and pulmonary blood flow via TNG and morphine
Increase LV function via dobutamine
Optimization of blood pressure, heart rate, preload, and afterload
* New York Heart Association (NYHA) Classification
Class I: no limitation in physical activity
Class II: slight limitation in physical activity
Class III: marked limitation of physical activity
Class IV: inability to perform any physical activity without discomfort
* The most common cause of right heart failure is left heart failure
= Takotsubo cardiomyopathy (broken heart syndrome)
 Unique case of cardiomyopathy caused by reversible left ventricular dysfunction
« Common in postmenopausal females under severe and sudden physiological stress
e Treatment
If stable: diuretics, ACE inhibitors, B-blockers, and anticoagulation
If unstable: consider balloon pump or mechanical support
- Epinephrine may increase stunned heart since condition may be mediated
by increased catecholamines
Full recovery is common after a few months
= Preoperative evaluation



Identify heart disease risk, physical symptoms, need for interventions, and
medical management
Risk factors and stratification
Risk factors for coronary artery disease
~ Hypertension
~ Hyperlipidemia
» High LDL, low HDL
~ Diabetes
~ Smoking
~ Obesity
~ Family history
Revised cardiac risk index
~ Scoring system to predict perioperative risk in patients undergoing
noncardiac surgery
~ Predictors
» High-risk surgery
» Ischemic heart disease
» CHF
» Cerebrovascular disease
» Diabetes mellitus on insulin
» Creatinine >2.0
~ Risk for cardiac event (death, cardiac arrest, or myocardial infarction)
» 1 predictor — 0.9%
» 2 predictors — 6.6%
» 3 or more predictors — 11%
Physical symptoms
~ Chest pain and its qualities
~ Dyspnea and its qualities
~ Exercise tolerance
» 4 METS or ability to walk a flight of stairs is generally a good marker
of functional capacity
Interventions
12-lead ECG testing
~ Not needed in patients without risk factors or symptoms regardless of age
~ Worth consideration in patients with one or more risk factors undergoing
nonvascular surgery
~ Recommended in patients with one or more risk factors undergoing
vascular surgery



-~ Pulsus alternans: small and larger waves seen in severe LV dysfunction
Stress testing
-~ Stress testing can be combined with ECG and/or echocardiography to
assess wall motion and coronary vessels
- Types
Exercise testing on a treadmill or bicycle
Patients should be able to reach 85% of their maximum heart rate
(220 — age) for test to be valuable
Chemical stress test for those who cannot exercise
Dobutamine stress test
Dobutamine increases heart rate
Test uses rapid heart rate to assess for ischemia
Cannot be used in patients on high-dose B-blockers or in those
who use pacemakers for bradycardia
Adenosine radionucleotide imaging
Adenosine vasodilates vessels
Uptake of isotope is normal in patent vessels, but vasodilation
and uptake of isotope is limited in stenotic vessels
Not dependent on heart rate
- Abnormalities
Wall motion abnormalities can indicate active ischemia from increased
chronotropy/inotropy or a site of previous infarction
Decreased radionucleotide uptake during adenosine stress testing
indicates stenotic lesion
Coronary catheterization
-~ Invasive procedure to assess coronary vessels with contrast agent
~ Can be used for intervention — angioplasty or stent placement
Due to need for antiplatelet therapy, stent placement may delay surgical
intervention
* Medical management
Continuation or initiation of antiplatelets agents, statins, B-blockers, diuretics,
nitrates, ACE inhibitors, ARBs, and anticoagulants must be made on a case-
by-case scenario based on the patient and surgery

VALVULAR DISEASE

= Aortic stenosis
e Presentation



Angina, syncope, HF, or decrease in exercise tolerance
-~ Heart failure symptoms are secondary to a combination of ischemia, left
ventricular hypertrophy (LVH), and LV dysfunction
- Syncope is secondary to decreased carbon monoxide (CO)
Systolic ejection murmur at right upper sternal border
ECG
-~ Pulsus parvus: diminished pulse wave
-~ Pulsus tardus: delayed upstroke
* Causes
Calcific degeneration, bicuspid or unicuspid aortic valve, rheumatic heart
disease, history of chest radiation
Classification

Normal: valve area >2.5 cm?, mean pressure gradient <5 mm Hg
Mild: valve area >1.5 cm?, mean pressure gradient <20 mm Hg
Moderate: valve area 1 to 1.5 cm?, mean pressure gradient 20 to 40 mm Hg
Severe: valve area 0.7 to 1.0 cm?, mean pressure gradient >0 mm Hg
Critical: valve area <0.7 cm?, mean pressure gradient >50 mm Hg
Pathophysiology
Coronary perfusion is compromised and many patients have coexisting CAD
Aortic stenosis causes compensatory LVH to preserve EF
LVH will reduce the compliance of the LV and can lead to LA hypertrophy and
increased LA pressures
Increased left atrial and ventricular pressures can transmit and cause elevated
pulmonary and right heart pressures
Anesthetic strategies
Adequate preload necessary to maintain forward flow during anesthetic
induction
Maintain sinus rhythm to preserve atrial kick and ventricular filling
-~ Atrial fibrillation prevents adequate preload
Minimize tachycardia to allow time for adequate ventricular filling
~ HR <80 to 90 bpm
Maintain contractility
-~ Use caution with beta blockers and calcium channel blockers
Maintain SVR and afterload
 Cardiac intervention
Aortic valve replacement (AVR) should be considered in symptomatic severe
aortic stenosis, moderate aortic stenosis undergoing bypass surgery, or
asymptomatic severe aortic stenosis with a decreased ejection fraction



AVR can be done through open surgery or a transcatheter approach
* Qutcomes
Progressive disease
Once symptoms are present, without intervention, mean survival is ~2 to 3
years and is predicted on symptoms
- Angina: ~5 years
~ CHF: ~3 years
- Syncope: ~1 year
= Aortic insufficiency
* Presentation
Acute aortic insufficiency (Al): acute weakness, dyspnea, and syncope
~ Elevated SBP and low DBP
- Bounding pulse
Chronic aortic insufficiency: symptoms similar to acute Al, but milder and
more prolonged in onset
Early diastolic murmur at third left intercostal space
Bisferiens pulse: two systolic peaks seen on arterial tracing in aortic
insufficiency
- First wave represents blood ejected with systole
- Second wave represents reflected peak from the periphery
* Causes
Acute
~ Endocarditis, blunt chest trauma, aortic dissection of a thoracic aneurysm
Chronic
- Biscuspid valve, rheumatoid diseases, degenerative aortic dilatation
Classification
Severe aortic regurgitation is a regurgitant volume of more than 50%, color jet
width of >65% of the left ventricular outflow tract diameter, and Doppler
vena contracts width >0.6 cm
Pathophysiology
Aortic insufficiency causes volume overload and pressure overload from the
increased left ventricle volume — LVH
Increased left ventricular pressures can cause pulmonary edema and CHF
Increased myocardial oxygen requirement secondary to LVH and decreased
aortic diastolic perfusion pressure — decreased coronary blood flow —
angina (even in the absence of CAD)
Anesthetic strategies
Increase preload and heart rate to maintain forward flow



Reduce afterload and SVR to prevent increased regurgitation
Maintain PVR to prevent pulmonary edema
Chronic aortic insufficiency is well tolerated, but acute aortic insufficiency can
result in significant hemodynamic instability
 Cardiac intervention
Surgical AVR is indicated for symptoms of HF or absence of symptoms with a
diminished ejection fraction
Surgical AVR is indicated over medical management in acute severe Al
= Mitral stenosis
* Presentation
Dyspnea, chest pain, orthopnea, and HF symptoms
Mid-diastolic murmur at the apex
* Causes
Almost exclusively rheumatic disease, but other causes are calcifications and
endocarditis
Classification
Normal valve area: 4 to 6 cn?®
Mild: 1.5 to 2.5 cn?
Moderate: 1.1 to 1.5 cn?
Severe: normal valve area: 0.6 to 1.0 cm?
Pathophysiology
Increased left atrial pressure — pulmonary hypertension and CHF
Increased left atrial dilation — atrial fibrillation
Low left atrial flow — increased thromboembolism risk
Fixed CO and increased pulmonary pressures — pulmonary edema and
eventual RV failure
Left ventricle is protected by the stenotic valve
Anesthetic strategies
Increased LV preload for forward flow
Maintain sinus rhythm
- Very dependent on their “atrial kick,” which accounts for ~35% of their
CO vs. ~20% 1n normal patients
Prevent bradycardia to maintain ventricular filling
Maintain contractility
Maintain systemic vascular resistance
Avoid hypoxia and hypercarbia, which can worsen pulmonary HTN
 Cardiac intervention
Percutaneous balloon mitral valvuloplasty can be considered for severe,



symptomatic mitral stenosis if no thrombus 1s present

Mitral commissurotomy is indicated for severe, symptomatic mitral stenosis
when valvoplasty is not possible

Mitral valve replacement (MVR) is indicated for moderate-to-severe mitral
stenosis with abnormal valve anatomy

= Mitral insufficiency

Presentation
CHF, decreased exercise tolerance, palpitations
Holosystolic murmur at the apex
Causes
Cardiac 1schemia, rheumatic heart disease, endocarditis, intracardiac tumor,
trauma, degenerative tearing of the chordae tendineae
Classification
Severe when vena contract width >0.7 cm, central mitral regurgitant jet <40%
of left atrium, regurgitant volume >50%
Pathophysiology
Acute mitral insufficiency can cause volume and pressure overload of the left
atrium and ventricle — pulmonary congestion
Portion of stroke volume regurgitated — decreased cardiac output
Anesthetic strategies
Prevent bradycardia and maintain preload for forward flow
Decrease afterload and SVR to prevent increased regurgitation
IABP may be helpful to prevent hypotension and maintain organ perfusion
Cardiac intervention
Mitral valve repair or replacement indicated for EF <60%, severe pulmonary
HTN, or signs of HF

= Tricuspid stenosis

Presentation

Dyspnea, fatigue, peripheral edema

Diastolic murmur over the left sterna border
Causes

Rheumatic, carcinoid, endocarditis, extracardiac tumors

-~ If rheumatic, patients almost always have coexisting mitral disease as well

Pathophysiology

Increased right atrial pressure — atrial fibrillation

Increased venous congestion
Anesthetic strategies

Increase preload and prevent bradycardia to encourage forward flow



Increase systemic vascular resistance
Prevent increases in pulmonary vascular resistance
 Cardiac intervention
Tricuspid balloon valvotomy
Tricuspid valve replacement
= Tricuspid regurgitation
* Presentation
Right HF, ascites, hepatomegaly, jugular venous congestion
* Causes
Annular dilatation from any process that causes RV dilatation, pulmonary
hypertension, rheumatic heart disease, endocarditis, carcinoid heart disease,
radiation
Pathophysiology
Progressive RA and RV pressure and volume overload — right HF
Increased RA dilation — atrial fibrillation
Anesthetic strategies
Prevent volume overload
Prevent bradycardia
Maintain contractility
Maintain systemic vascular resistance
Decrease pulmonary vascular resistance
Cardiac intervention
Tricuspid valve repair or replacement
= Hypertrophic cardiomyopathy
* Myocardium, especially left ventricle, becomes asymmetrically hypertrophied
with a prominent septal knuckle
* Dynamic outflow obstruction occurs in up to 70% of patients
Occurs due to systolic anterior motion of the anterior mitral valve leaflet
meeting the anteroseptal segment of the left ventricle — obstructs the left
ventricular outflow tract
Management
- Reduce chronotropy to allow diastolic filling
- Negative inotropy to relieve obstruction
~ Maintain preload
- Augment afterload
* Cause of sudden cardiac death
= Endocarditis prophylaxis
* 2007 American Heart Association made recommendations for specific conditions



that warranted infectious endocarditis prophylaxis prior to dental procedures
Prosthetic heart valves
History of endocarditis
Heart transplant with abnormal valvular function
Congenital heart defects
~ Unrepaired cyanotic defects
~ Repaired congenital heart defects with prosthetic material
~ Repaired congenital heart defects for first 6 months after repair
~ Repaired congenital heart disease with residual defects
* Antibiotic choice
Target gram-positive coverage with amoxicillin, ampicillin, a first generation
cephalosporin, a second-generation cephalosporin, or clindamycin

ARRHYTHMIAS AND ELECTRICAL DISORDERS

= Implications of arrhythmias
» Arrhythmias are associated with increased perioperative risk due to likely
association with underlying cardiac disease
* Consider postponing elective surgery if rhythm is new and underlying cause is not
known
= Classification of arrhythmias by location of the electrical disturbance
* Atrial
Atrial fibrillation, atrial flutter, multifocal atrial tachycardia, premature atrial
tachycardia, and sinus bradycardia
* Atrioventricular node
Heart block
* Ventricular
Premature ventricular contractions, Long QT syndrome, Wolff—Parkinson—
White syndrome, ventricular tachycardia, and ventricular fibrillation (Fig. 6.4)
= Atrial fibrillation
* Defined by irregular rhythm with the absence of P wave on ECG
Disorganized atrial electrical activity — irregular conduction of ventricular
impulses
 Implications
8% increase in perioperative mortality within 30 days
Loss of atrial kick diminishes cardiac output
~ Atrial contraction responsible for 15% to 30% of cardiac output
Increased thromboembolic risk due to decreased atrial flow



~ CHAD?2 score

Congestive HF (1 point)

Hypertension (1 point)

Age >75 (1 point)

Diabetes (1 point)

. Stroke or transient ischemic attack (2 points)

~ CHADS?2 score and yearly stroke risk

0 points =2%

1 point =3%

2 points = 4%

3 points = 6%

4 points = 9%

5 points = 13%

FIGURE 6.4 Wolff-Parkinson—White Syndrome. ECG pattern of Wolff—
Parkinson—White with its characteristic delta-wave. (Reproduced from Badescu GC,
Sherman B, Zaidan JR, et al. Atlas of echocardiography. In: Barash PG, Cullen BF,
Stoelting RK, et al., eds. Clinical Anesthesia. 7th ed. Philadelphia, PA: Wolters
Kluwer; 2013:1719.)

6 points = 18%
Rapid ventricular response
-~ Atrial fibrillation can be associated with a rapid ventricular rate that
diminishes ventricular filling
~ Associated with decreased BP, shortness of breath, and lightheadedness
* Causes
An underlying cause of atrial fibrillation is not always found
Associated with heart disease, pulmonary disease, alcohol use,
hyperthyroidism, inflammation, and surgical stimulation or stress
e Treatment
Rate control and/or rhythm control



Anticoagulation should be considered prior to conversion and immediately
after cardioversion if atrial fibrillation has persisted greater than 48 hours
-~ Patients with an elevated CHADS?2 score who remain in atrial fibrillation
should be considered for long-term anticoagulation
Cardioversion should be considered for hemodynamically unstable patients
with acute-onset A-fib
-~ In patients with chronic A-fib, use cardioversion with caution; should
ensure there 1s not a clot in the RA, as cardioversion could cause the clot
to embolize
= Atrial flutter
* Reentrant rhythm caused by a premature atrial rhythm
The ventricular refractory period prevents all impulses from being conducted
to the ventricles
* Complications and treatment are the same as atrial fibrillation
= Multifocal atrial tachycardia
* Tachycardic rhythm associated with three or more P wave morphologies
Due to clusters of cells initiating electrical impulses
* Associated with chronic obstructive pulmonary disease and treating the
underlying cause can improve rate control
* Does not respond to direct current (DC) cardioversion because it lacks a reentrant
mechanism for termination
= Heart block
* First-degree AV block
PR interval >0.2 seconds
» Second-degree AV block
Mobitz type I (Wenckebach): progressive lengthening of the PR interval with
missed beats
Mobitz type II: PR interval remains constant with missed beats
* Third-degree AV block
No association between P waves and QRS complexes
Independent atrial and ventricular rates
= Left bundle branch block (LBBB)
« RR’in V5 or V6
* Implies LVH, HTN, and/or CAD
» Often difficult to diagnose a MI if the patient has a preexisting LBBB
 Caution should be used in these patients during placement of a pulmonary artery
catheter
RBBB can occur during placement (~5%) — complete heart block



= Right bundle branch block (RBBB)
* RR’inVl or V2
* Does not imply cardiac disease
= Unifasicular block
» Block of one of the fascicles of the left bundle
* Left anterior hemiblock is more common than a left posterior hemiblock
Left anterior fascicular/hemiblock (LAFB)
~ ECG: left axis deviation with RBBB
Left posterior fascicular/hemiblock (LPFB)
- ECG: right axis deviation with RBBB
= Bifasicular block
* Presence of an RBBB with involves of one or two of the fascicles from the left
bundle
RBBB + LAFB is more common vs. RBBB + LPFB
= Junctional escape rhythms
* Nodal rhythm
* Impulses can be conducted retrograde (to the atria) and anterograde (normal; to
the ventricle)
* P wave can be close to, precede, or lost in the QRS
« Commonly asymptomatic, but can be associated with hypotension and reduced
cardiac output
« Common arrhythmia seen under general anesthesia when volatile anesthetics are
used
e Treatment
Increase heart rate
- Ephedrine, atropine, glycopyrrolate
-~ Isoproterenol, epinephrine
~ Temporary pacemaker
-~ Short-acting B-blockers can be helpful if the arrhythmia is secondary to
sympathetic stimulation
= Wolff-Parkinson—White syndrome
* Preexcitation syndrome with the Bundle of Kent accessory pathway
Current is transmitted from the atria to the ventricles, but not through the AV
node
 Induced through sympathetic stimulation and several classes of drugs
Sympathetic stimulating drugs: ketamine and ephedrine
Rate control drugs: B-blockers, calcium channel blockers, and digoxin
- May block conduction through the AV node — forces all conduction



through the accessory node
* Procainamide blocks conduction via the accessory pathway
* EKG findings
Short PR interval (<0.12)
Wide QRS interval (>0.12)
Delta waves
= Brugada syndrome
* Genetically inherited disease affecting cardiac ion channels (SCN5A sodium
channel)
Associated with sudden cardiac death
Polymorphic ventricular tachycardia can morph into ventricular fibrillation
* Cardiac testing
Baseline ECG may show ST elevations in V1-3, right bundle branch block
ECG is negative in 30%
Echocardiogram is generally negative
Cardiac MRI is useful in diagnosing arrhythmic RV dysplasia
-~ Fatty replacement in the RV infundibulum
* Anesthetic considerations
Consider preoperative implantable cardioverter defibrillator (ICD) placement
If no internal ICD is present, place pads on patient for possible defibrillation
Avoid increased vagal tone and bradycardia
= QT prolongation
* Causes
Genetics
-~ Channel alterations that either reduce potassium outflow or increase
sodiunvcalcium inflow
~ Congenital long QT syndrome
» Autosomal recessive syndrome
Increased sympathetic activity can precipitate reentrant circuits and
cause torsades
Only 60% of patients with long QT syndrome show prolongation of QT
on screening ECG (QT >420 ms)
Strategies to avoid cardiac events
B-blockade
ICD placement
Avoid sympathetic stimulation
~  Romano—Ward syndrome
-~ Jervell and Lange-Nielsen syndrome



Drugs that can prolong QT

-~ Antipsychotics, antidepressants, antibiotics, a